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FOREWORD

About 126 million km? area of India 1s and and serm-and, which accounts for 38% of the
country's geographical area The fragile ecosystems of these areas are threatened because of
explosion 1 human and livestock population Continuing overexplonanon of natural vegetation
cover has resulted 1n extensive degradation of pasture lands and deforestation 1n these tracts with
consequent negative impact on agnicultural production The scattered multipurpose tree species
on grazing lands are common scene 1n and and semu-and landscapes of India Silvipastoral
system 15 the vital life support system of rural folks It 1s a matter of concern that such an
mportant life support system 1s continuously degrading The need for improvement and efficient
management of such silvipastures was felt long back 1n 1958, when a scheme of pasture
development was mtiated at Central And Zone Research Institute (then Desert Afforestation
and Soi1l Conservation Station), Jodhpur, India, under the leadership of Mr C § Chnstian, an
UNESCO expert Since then the UNESCO and Central And Zone Research Institute, Jodhpur,
are having close co-operation 1n research and developmental activities 1n various fields

Recogmzing the pioneenng work of Central And Zone Research Institute 1n the field of
silviculture, agrostology, agroforestry and range management, UNESCO entrusted the task of
orgamzing an International traimng course on "Silvipastoral systems for And and Semi-and
Ecosystems” to the institute This course organized from November 15 to December 5, 1995,
attracted a number of participants from seven Asian countries besides seven from within the
country The lectures delivered duning the traimng programme by a galaxy of scientists and
other professionals on various aspects of silvipastoral systems have now been brought out 1n
form of present compendium

The book contains all the necessary informations related to structure, function,
management, improvement, utilisation, etc of silvipastoral systems of and and semi-and regions
of India The informations given in the book is up-to-date and based on the exhaustive research
work of vanous researchers I am sure that this book will be a valuable addition to literature on

silvipastoral systems

2 8- 3“8_)
A.S.Faroda
Director
Central And Zone Research Institute,
Jodhpur-342 003, INDIA



PREFACE

Developing countries in South and South East Asia primarily have peasant agriculture with
livestock as their mainstay, especially in arid and semi-arid regions. Increasing human and
livestock population on one hand and sustainability considerations on the other dictate greater
focus on research and training on silvipastoral systems. Research efforts in the past two
decades have generated interest and awareness about silvipastoral systems. Silvipastoral
systems are of paramount importance in livestock based economies of tropics as these systems
have higher biomass output per unit of lands over the productivity of the single component
systems. Components of silvipastoral systems vary across South and South East Asians
countries but their problems are similar.

Silvipastoral system encompasses a wide spectrum of subjects in the fields of various
biological sciences like agrostology, silviculture, pasture management, tree genetics, animal
sciences, etc., and social sciences. The scientists at Central Arid Zone Research Institute,
(CAZRI) Jodhpur, representing 33 disciplines in various biological, physical, chemical and
social sciences, have contributed substantially to research and development of silvipastoral
systems since its inception. The United Nations Educational, Scientific and Cultural
Organisation (UNESCQ), realizing the importance of training in this field, assigned the
responsibility of conducting an international training to CAZRI. The material provided during
the Training-cum-Workshop on “Silvipastoral Systems in Arid and Semi-arid Ecosystems' held
from November 15, to December 5, 1995 has been_arranged in this book to give a
comprehensive update of theoreticai aspects and techniques of management of different
silvipastoral systems in the perspective of arid and semi-arid ecosystems.

Fifty two topics broadly cover various aspects of resource appraisal and management,
characterization propagation and genetic improvement of different comiponents, alternate
landuse systems, fodder and livestock management, integrated pest management, and
socio—economi'c aspects and transfer of technology. The book will help readers get an insight of
the structure, dynamics and productivity aspects of the silvipastoral systems for arid and
semi-arid regjons.

The support and services received from UNESCO, Indian Council of Agricultural Research
(ICAR) and National Tree Grower's Co-operative Federation Ltd., Anand, India are gratefully
acknowledged. Editors acknowledge the secretarial services rendered by Shri M.M.Batra,. Mrs.
Sreedevi Mohanan, Shri P.PMishra and Mrs. Kamla. Our special thanks are due to Shri
S B.Sharma for efficient word processing and formatting the book for publication.

Editors
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SILVI-PASTORAL APPROACH FOR ARID AND SEMI-ARID AREAS :
ISSUES AND STRATEGIES

A.S. Faroda

Introduction

Agronomic researches have shown that under specific soil and climatic conditions, planting,
certain combinations of crops and trees simultaneously and/or sequentially can increase
efficiency 1n resource use (Gupta and Gupta 1993). India accounts for about 15% of the total
livestock population of the ‘world with only 2% of the total geographical area. Due to ever
increasing population pressure of human and associated demands, there is little possibility of
allocating, arable areas for forage production. Therefore, the increase in forage production is
expected from the lands otherwise not suitable for sustainable agricultural production. Vast
tracts of such lands which are suitable for forage production are available in arid and semi-arid
regions of the country.

In India 12 million ha area is said to be under permanent pastures and grazing lands but
biomass production from these lands is very meagre (Singh 1989). Similarly, based on the recent
surveys, 158 million ha area is classified as wastelands (Singh 1989).. This provides ample
opportunities to exploit such lands for preduction of forage and fuelwood Integrated
silvi-pastoral system of farming is low input technology for efficient utilisation of marginal and
sub-marginal lands, especially in arid and semi-arid. regions. Through this, forage and leaf
fodder 15 obtained besides timber and fuelwood. This seems to be most effective proposition to
feed our livestock 1n arid and semi-arid areas.

Problems

India has a large huivan population crossing over 800 million, which is next to China, and it
has been estimated that by 2000 AD it would be around one billion. As mentioned earlier, we
have huge livestock population comprising about half of the world’s buffaloes, one-fifth of
cattle in addition to 78 11i@11i5r'1 goats and 48 million sheep but the production in respect-of milk,
heat, wool, etc., is too meagre to meet the demand of ever rising human population (Deb Roy
?939)_ The principal factor behind low livestock productivity 1s inadequate feed and fodder
including their poor quality.,

The projectea estimates of availability and requirement of green fodder by 2000 AD are in
‘flllzl::me of 540 andh700 million tonnes, respectively. Similarly, there is acute shortage of
o0d and other forest products with per capita available woodland of less than 0.12 ha
Tf:lf_;[_;hi?;:;dﬁ%mge of 1.6 ha, and moreover, the w;)od productivity of these la‘nds is very
fuelwoo d‘;:eads yI. against the world average of 2.1 m /ha/yr. The deficit and high cost of
1o prevalent wasteful buming of 300-400 miilion tonnes of freshly collected

dung whi o : v
o 1% which could otherwise have been used in building and improving, soil fertility status (Deb
Oy and Pathak 1983),



Growing perenniat woody Species with grasses offers many adQvaIfiuges W a very fow
expense. Infact, highly productive, modern agricultural systems are efficient in terms of human
energy and time but are highly inefficient from overall energy point of view, as 5 to 10 units of
energy from various sources afe required to produce single unit of food energy 3s output
(Steinhart and Steinhart 1974). However, systems for enhancing productivity of land under
different uses are available but its full benefit is not achieved, mostly due to short sighted
policies for quick gains (Tewasi ef al., 1991). Moreover, technologi¢s as on time are more
suitable for better environs, Resource poor farmers constitute 75% of the community and they
farm 25% area. Their lands, beil'g marginal are more suitable for agro-forestry/silvi-pasture as
an alternative system of land use (on the basis of land capability).

Silvi-pastoral systems which have been well recognised as low ifput and cost effective
tethnology can'e grouped into TWO Calegones . ‘orowse grazng and jore® vl ‘Pratesion greni.
In the former, woody component is grown for fodder; and in the latter it is grown for the timber,
while livestock mostly graze On forest floor vegetation, mainly grasses. The hostile
environmental conditions in arid and semi-arid regions often reduce substantially, the level of
herbage production even in improved. pastures, causing large scale livestock migration due to
forage scarcity (Singh 1995). To meet this situation and also to provide green browse during the
lean period, there is the need of contingency planning, devoted to overall pasture improvement
programme. Silvi-pastoral approach would be the right kind of thing and a silvi- pasture would
serve as an jnsurance against unforeseen situations.

Available Land Resources for Grazing

According, 16 Tyogh 2nd SR (LIR8), e totel wsen availeole €ot Pazing is auer 1212
million ha and this includes forests. pastures, miscellaneous tree groves and other types of lands
like cultivable wastelands and fallow lands. This roughly accounts for 40% of the total
geographical area of the country- States of Himachal Pradesh, J and K, Meghalaya, Nagaland
and Arunachal Pradesh have more than 70% of their land available for grazing (Table 1). In
extreme desertic (hot) landscape, especially in Jaisalmer district of Rajasthan 95% of its
geographical area is used for grazing domestic herds (Shankar and Kumar 1987). These pasture
lands provide main suppdn to over 406 million livestock in India (Fig.1). whereas forage
support in the form of stall feeding is not sufficient enough to feed even the dairy cattle.

Land Degradation And Grazing Resource Depletion

Due t0 ever increasing, human and livestock gogulation there is tremendous pressure on land
and water resources of India. Of the total-geographical area of India (328.6 million ha), 53.2%
is estimated to be affected by soil erosion and land degradation of one type or other (Table 2).
This process of land degradation is ultimately leading to desertification.

If we see the arid tract of Rajasthan, this process appears to be more acute. This part of the
country is ecologically and economically in one of the most disadvantaged regions. However,
like in other parts of the country, human and animal population is continuously increasing in this
tract. The human population in this part of country increased by 50% in first four decades of this



Table 1. Land resources available for grazing in India (thousand ha)

State Forest  Pastures Misc. Culti-  Total Total Total
tree vable fallow area repor -
crops waste land availa-  ting
and - land blefor area
groves grazing

Andhra Pradesh 6200 901 8276 894 3217 11488 27480

Assam 1985 184 250 107 177 2703 7852

Bihar 2923 142 232 418 3165 6880 17330

Gujarat 1966 845 4 1989 801 5605 18829

Haryana 130 27 (@ 47 185 300 4394

Himachal Pradesh 862 1161 40 129 59 2254 3186

Jammu & Kashmir 2759 123 94 145 96 3217 4506

Kamataka - 3030 1246 337 485 1378 6476 19050

Kerala 1081 5 55 129 70 1340 3885

Madhya Pradesh 14006 2806 167 1842 1675 20390 44211

Maharashtra 5303 1572 185 987 1664 8713 37556

Manipur 602 (b) 24 (b) (@) 623 211

Meghalay: 812 17 145 154 312 1740 2249

Nagaland 288 - 200 62 359 909 1112

Onissa 6640 559 409 246 782 8635 2249

Puryab 221 4 5 33 33 296 5033

Rajasthan 2163 1843 82 5741 3770 13402 34235

Sikkun 265 97 2 1 9 37 729

Tanul Naduy 3030 15] 183 316 2097 4777 12994

Tapura 578 (b) 98 2 4 682 1048

Uttar Pradesh 5612 298 549 1121 1132 9029 29759

West Bengat 1091 7 57 176 543 1874 3846

Anunachal Pradesl; 5150 - 35 173 463 2796 3520

i::‘:’;z ) 2116 1 33 173 463 279 3520

67334 12002 3462 15451 22872 121121 304313
3) Less than 509 hectareg
b) Included under the head

miscellaneous tree crops and groves
Source Smgh /1995y,

z:;‘lzr:; :l:}l“al;ol;:la:elm% in the next four c'iecades. Added tozthis. i1s the increase n density of
Sin 1ogs Thi.‘, . rms of Ad.ult. Cat!lelUmts (ACU) per-km”. It increased from 32 in 1956 to
denudation . alLeadatel :f affair is leading to r.uthless exploitation of resources resulting in
uUnder Cultivatiov{ ofyar‘u:ﬂy vegetated areas (Fig, 2). More and more land is being brought

: € crops, though crop husbandry is gamble in arid regions, if not



Table 2. Area under soil eresion and land degradation

Type of land degradation ~ Area(nullion ha)
Area subject to water erosion 111.30
Area subject to wing erosion including 7m ha area infested by 38.70
sand dunes
Area degraded through
a) Water logging 6.00
b) Alkali soil 256
o , 5.50
c) Saline including coastal sandy
d) Revines and gullies 3.91
e) Shifting cultivation 4.36
2,73

f) rivers and torrents

impossible. Surveys conducted by Central Arid Zone Research Institute, Jodhpur, India indicate
that under existing soil and climatic conditions, a maximum of only 50% of the total land area in
arid regions of Rajasthan, which accounts for over 60% of India’s total hot arid regions, 1s
suitable for arable farming Surprisingly, three arid districts of Jodhpur, Jalore and Barmer,
which sustain major parts of large animal population of desert region have, at bresem only
4.8-7.3% of the land under permanent pastures (Ghosh and Bohra 1993).

Likewise, in semi-arid regions, the grazing resources are continuously getting depleted. The
grazing pressure on semi-arid rangelands is estimated at 3.2 Adult Cattle Unit/hafyr. (Rekib
1981), whereas a semi-arid rangeland of good condition class has carrying capacity of 0.2 to 0.5
ACU/a/yr. (Raheja 1966). In general, grazing resources are depleting rapidly as a
consequences of ever increasing human population pressure and heavy grazing pressures on
.grasslands/pastures, and also because of_' the lack’of soil and water conservation measures and
proper, regenération strategies, which are highly essential for improving rangelands/pastures.

Silvi-pastoral Approach : A Multipurpose Production System

The question has to be raised whether silvi-pastoral systems, indeed constitute an optimal
formula for degraded regions of arid and semi-arid tracts. In both, the prime necessity is 10
upgrade environmental hospitability for plants and animals so as to increase it for humans
Upgrading through classical means of irrigation, fertilisation and the use of improved crop or
pastoral species is a slow and highly expansive business. On the other hand, trees are the
organisms with an ecological investment strategy (Oldeman and Westra, 1980). Matter and
energy are immobilised in long lived woody structures. Litter recycling functions by virtue of
these structures as a long term process with very few losses. To integrate trees into pasture
lands, that is to build a silvi-pastoral system, is the eduivalem of creating some degree of



- Fig. 1 A Lasiurus sindicus pasture in extreme Thar desert - Herd of cattle under Prosopis
cineraria :

Fig. 2. Sparse vegetation in a degraded land grazed by sheep and goats



decrease in immediately available productivity; an increase of accumulated production to be
harvested with longer intervals, and a cheaper production method, because of its recycling

virtues.

Owing to all above mentioned benefits of silvi-pastures, United Nations Education,
Scientific and Cultural Organisation (UNESCO) under Man and Biosphere (MAB) programme
launched an integrated project on arid land (IPAL) in northern Kenya during eatly seventies
(Lamprey 1983). The project’s area resembles larger parts of the Sahel and dry north-eastern
Africa which were being degraded due to overgrazing and excessive exploitation of arboreal
species. *Action strategies mainly centred on integrated silvi-pastoral approach. This integration
has been accepted by the project as an important aspect of rational development of the region.

From all above discussions, it may safely be said that silvi-pastoral approach is a
technology, a landuse system. Systems of silvi-pasture may be either extensive or intensive.
Extensive systems include larger tracts of land of widely scattered trees with pastoral herbaceous
ground flora. Widely distributed Prasopis cineraria trees with many grass spectes in floor
vegetation in arid tract of Rajasthan, India is one of the best example of extensive silvi- pastoral
system. Similarly, in semi-arid regions of India, where productivity is low due to limitations of
soil and/or climate many such systems are common with different combinations of tree and
grasstherb species. Unfortunately, not much precise data related to productive and protective
aspects of these extensive systems are available to draw some inference. Intensive silvi-pastoral
systems include man engineered systems which are often location/site specific or in form of
improvement of traditional silvi-pastoral systems. Sufficient data related to various aspects of
such intensive silvi-pastoral systems are available, first let us discuss some cases in very brief.

In a study of silvi-pasture carried out at CAZRI's regional research station, Pali (located at
transitional zone between arid and semi-arid regions of Rajasthan) involving four tree species:
Acacia tortilis, Azadirachta indica. Albizia lebbeck and Holopielia integrifolia, each of which
were planted with four grass species: Cenchrus ciliaris, C. setigerus. Dichanthium annulatum
and Pannicum antidotale. Plots of each tree without grasses were served as control. The study
showed that there was no significant difference in grass production under different tree species.
The average dry grass yield was 28.0 g/ha for D, annulatum, 25.1 g/ha for C. ciliaris, 25.0 g/ha
for (" setigerus and 26.1 g/ha for P. antidotale (Tewari et al 1989). The growth of all the four
tree species in control as well as with grasses was recorded periodically upto 48 months. .
fortilis attained the ma>_(imum average height (375 cmv/tree)followed by 4. lebbek (327 cmitree).
fl. integrifolia grew least (239 cm/tree). The maximum reduction in height of all tree species
was observed when grown with /. annulatum grass, which varied between 27% to 51% over the
control (trees without grasses). All the four tree species exhibited least reduction in height with
C. setigerus (reduction ranged from 1% to 3.6%). The study revealed that on location specific

basis, combination of A. tortilis trees with (. setigerus grass is best for the transitial belt
between arid and semi-arid regions.

. P’°?“°“°“ potential of silvi-pastoral systems in semi-arid region can be judged from the
U . .
dy of Deb Roy et al. (1978) involving Albizia amara and [lardwickia binala as woody



component and (. ciliavis. Chrysopogon fulvus and Sehima nervosum as grass component. A
mixture of C. fulvus and S. nervosum grass produced 3.25 t/ha of forage under canopy of five
year old flardwickia binata, a very good timber and fodder species, planted at 4 x 6 m spacing,
The forage production from (. ciliaris was in an order of 3.06 t/ha. These pasture grass species
were slightly better under . amara. another important fodder and fuel tree. Roy and Deb Roy
(1986) found that two-third annual lopping of the canopy gave higher and more consistent leaf
fodder with 10 year old.{. amara (10.95 t/ha green and 5.59 t'ha dry fodder), the corresponding
dry fuelwood production was 10.2 tha. Annual lopping (one third intensity) of /7. binata
produced 3 67 kg/tree of dry leaf fodder and 5.53 kg/tree of fuelwood (ie., 1.16 and 1.77 t/ha,
respectively). at 10 years age.

A number of similar kind of studies are also available from varnous kinds of degraded land
situations. Studies of Singh e/ a/. (1993) on silvi-pastoral systetn involving Prosopis juliflora as
a tree component and /.eptochloa fusca as grass component on saline-alkaline soils of Kamal,
India, revealed that in 6 years under different spacement, wood biomass of 161.3, 68.7 and 80.9
t/ha. respectively in 2x2 m. 3x3 m and 4x4 m spacing was obtained, while the grass yield was
55.6. 68.7 and 80.9 t/ha, respectively,

There are many such examples to cite to elucidate the productive potentials of silvi-
pastures in arid, semi-arid and degraded land situations. However, to assess the relative
importance of silvi-pastoral systems in terms of productive potential as compared to pure
pastures and pure tree blocks in arid environmental conditions, the study of Harsh et a/. (1992)
is worth mentioning. The results of this study revealed that silvi-pastoral approach is highly
efficient as far as sustainable production is concerned and more over, such systems have multi
facet roles to play (Table 3).

Silvi-pastoral Systems : Some Crucial Issues

The agro-forestry research and development, whose silvi-pastoral system is an important
.component, is highly useful because rural poor are commonly portrayed as being its primary
beneficiaries. Silvi-pastures, like other agro-fofestry based systems is a landuse particularly
suitable for resource poor marginal lands, even for wastelands. Because such lands is usually
owned and cultivated by poor and small farmers and therefore, researches in silvi- pastoral
systems should be promoted as a way to improve social equity by increasing productivity of
poor lands. Before, initiating any silvi-pasture development programmne, thorough knowledge of
local socio-ecological environs should be gathered. ICRAF’s diagnosis and design (D and D)
methodology has been found higlﬂ); useful in identifying silvi-pastoral potentials for a particular
locality or area or regjon and this in turn is quite helpful in setting priorities for research. in fact.
these are the fundamentals for the success of any silvi-pasture establishument programme.

‘Stand Management : To manage the silvi-pasture stands, it is absolutely essential to
have clear cut idea of general objectives of the programme-such as to improve the well being of
poor peéple in a defined social and bio-physical circumstances-and also the specific :
objectives-such as to sustain yield at certain level. In silvi-pasture research and development
programmes it is always assumed that objective is to increase yield, and yield is often the only



city in different systems

Table 3. Fodder production and carrying capa

EESPY

Pure pas{:e a" Pure tree blocks b S;lvi-pesforal system ¢

e

!

Years after Grass Carrying L;af Carrying Grass Carrying Total Carrying ;i
- jnutial field fodder capacity fodder capacity fodder capacity fodder capacity

planting, yield (sheep/ yield (sheep/ yield  (sheep/ productio (sheep/ !
(¢ha) haiyr) (g/ha) hayr) (gha) halyr) n(qha) hajyr) |

F 10 24 - - 8.2 - 8.2 1.9

2 15 3.6 - - 123 - 123 2.9

3 20 4.8 - - 16.4 - 16.4 3.9

4 25 6.0 - - 20.5 - 20.5 4.9

5 20 43 - - 16.4 - 16.4 39

6 20 4.8 - - 16.4 - 16.4 3.9

7 15 3.6 385 92 124 23.1 35.5 85

3 10 2.4 11.0 2.6 84 6.6 15.0 36

9 10 2.4 11.0 2.6 8.4 6.6 15.0 36 !

Average of 9 16.1 3.9 6.7 1.6 133 4.0 17.3 41

yeats - }

. Average fuel - - 440 - - 2.64 - - }

Production !ﬁ

(a/ha) ﬁ

1. T . -
a = Cenchrus ciliaris was constituent species of pure pasture;

b* = Hardwickia binata and Calophaspermum mopane were component species of pure tree
blocks. established in spacement of 3m x3m (1,100 individuals/ha),

1_ _ . -
¢ = Cenchrus ciliaris was used as grass species and Hardwickia binuta‘Colophospermum
mopane were constituent tree species of the system.

Fuel production from tree starts after the fifth year of initial field planting; only average
values of fuel production are given.

6 sheep - one adult cattle unit.
Source: Harsh ef al. (1992).

.

ou.tput measured. Infact, there are usually other, often more important objectives like conserving
soil and its fertility and like minimising risk of fuelwood and fodder scarcity.

For better stand management it is pre-requisite to select the species (whether it is woody
°°mp°f‘e“t or grass) according to spetific objectives. Once the silvi-pasture is established,
P“’tECt.l(?n of stand is single most important factor. Social fencing of the stand is most viable
proposition. Fencing by physical means is not a long term solution. Public awareness can only
help in development of such stands as they are meant for their use. For better stand
Management, application of silvi-cultural technique at right time and right place is very

m, . .
90rtant and therefore, plant management is key factor for proper stand management to achievg
desired results.

Managi . :
aging Tree/Grass Interactions : Various management, practices, such as the

followin nimi ive 1 . sl
&, can minimise the negative interaction between trees and grasses in silvi-pasture
system (Harsh et af 1993).



When the tree seedlings are small, leguminous grass crops should be sown among them to
avoid shading by tall grasses. This is very helpful in initial stages of tree establishment and once
the tree species are established (i.e.. after 2 years) then perennial grasses can be ifitroduced.
When trees are fully matured both the canopy and roots can be pruned. The canopy should be
lopped. pollarded or thinned, and roots may be pruned by digging trenches (50-70 cm deep) near
the trees to cut trees” subsurface roots. Tree rows should be oriented east to west to minimise
the effects of shade.

As tree/grass interaction in a silvi-pasture is of prime importance and therefore, both above
ground and below ground interactions needed thorough investigation so that system can be
utilised fully.

Seed Production Aspect: Perennial grasses and tree species often pose seed production
prodlems. Unsynciironised’ seed npening, sudden and untimefy seed sfiading, difficufties in seed
collection and storage, etc., are commen problems associated with grass seed production. In
case of tree species, high fluctyations in seed setting, seed dormancy, cotlection and storage
problems, poor germination, etc are very common. Good germplasm is back-bone of any
silvi-pasture development programme and therefore, maximum attention should be given to
production aspect of grass as well as of tree seeds.

Silvi-pastures and Extension Strategies : Under ideal conditions the mechanism by
which the technologies and techniques are transmitted-are simply the links of researchers with
the farmers in a circular system with balanced flows of information and feed back. But this has
not yet affected agro-forestry and silvi-pastoral extension programme in India. Indeed the need
of extension in these fields has been recognised only recently (Warren. 1993). The
demonstration of successful silvi-pasture in a treeless landscape has been the pnmary tool for
expansion of such systems. Managing such systems by wvillage level cooperatives are very
successful in some areas (Bama, 1990). Such participatory approach for extension of
silvi-pastoral system establishinent in village common lands can be highly rewarding.
Non-governmental organisations can also play an important role in promotion of silvi-pasture
development by imparting education fo farmers in this technology as inspite of the fodder and
fuel wood supply crisis, farmers are still reluctant to take up such systems in their own lands
Three basic regions for this hesitant adoption of silvi- pasture and other agro-forestry techniques
under farmers” fields conditions are that:

e only few silvi-pasture models are suited to field conditions.
» extension efforts to create awareness about benefits of such system are weak.

 infrastructural facilities are Jacking to make such systems viable.

Land and Tree Tenure vs, Silvi-pastoral Systems : Land tenure giving security to
land owners and a sound lang record base would encourage long term investinent by the
farmers. Since silvi-pastoral approach depends on people’s right to plant and use trees, the
national or provincial rules of tree tenure and their relationship to land tenure is critical for
designing viable silvi-pasture development plans. The component of tree tenure i.e., right 0
own or inherit the trees; the right to plant trees; the right to use trees and tree products, and right



to dispose tree, 1f followed in true spirit for larger interest of rural masses can be very helpful in

expanding the silvi-pastoral development programmes. The scheme like "Tree patta’ i which

cultivator has some rights on trees but no right on land contain several undesirable clauses,

cufficient to make the scheme unpopular among, farmers.

Epilogue

The stlvi-pastoral or agro-forestry systems are biologically more complex than other ways of
using, land alone through arable farming or sole grass cropping or forestry. Con.sequeml)_/ such
systems require greater management skill. The current rapid rate of deforestation 1n @d and
s-emi-arid regions of India is largely outcome of continuing pressure on arable lands for different
commodities and ruthless exploitation of natural resources. It is against this background that
recent efforts for the integration of compatible components of forestry and crop/grass production
system viewed (Tewari ¢f al.. 1989)

Even though such silvi-pastoral systems have been in practice for centuries in hot and and
semi-and regions of India, new technical and socio-economic approaches are needed to increase
productivity and sustainability. The complexity of process that determines the responses of
grasses and trees to the environment and to each other require large scale scientific assessment
involving both "on station" and "on farm" researches However, beneficial an alternative model
of land utilisation may be, 1t will only be adopted if it is culturally and financially sound. But on
the basis of available evidences from the researches carried out so far, it could be concluded that
if compatible tree species are properly incorporated on pastures or on farm lands, over all
biomass level could be enhanced, even under unfavourable climatic, edaphic and economic
conditions in arid and semi-and regjons.
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CLIMATIC CONSIDERATIONS IN THE DEVELOPMENT AND
MANAGEMENT OF SILVIPASTORAL SYSTEMS

A. S. Rao, K.C. Singh and R.S. Singh

Introduction

The Indian arid zone extends in an area of 0.32 million km” in parts of western Rajasthan,
Gujarat, Punjab, Haryana, Maharashtra, Karnataka, Andhra Pradesh. These areas experience an
annual rainfall between 100 and 500 mm with a coefficient of variation varying from 40 to 70%.
Since arable cropping is successful only once in three years, silvipastoral systeins significantly
contributes for the economy of the people of arid region by supporting its 23.32 million
livestock through its milk and meat production. A large number of natural habitats of tree and
grass species of the Indian arid region have been identified which performed well under the
harsh climatic conditions of the region. However, for the management and development of
vegetation resource, an integrated knowledge on climatic range for component survival and
system requirements in the naturally distributed areas of tree and grass species in companison to
the agroclimatic conditions of the areas of introduction need to be carried out. Some of the
Indian arid zone tree and pasture grasses in relation to micro-climatic varations, rainfall and
radiation utilization, drought impact and forage yield predictions using the weather data are
discussed below:-

Rainfall and Silvipastoral Systems

Rainfall and its distribution at a particular location determines the choice of trees and
grasses for development of silvipastoral systems. Trees interfere rains to come to soil surface
through their canopy (interception, canopy drip) and their branches (stemflow) modlfymg the
1ain water availability within the field.

The mean annual rainfall in the arid western Rajasthan varies from less than 100 mm in the
extreme western parts of Jaisalmer district to more than 400 mm in the eastern parts of the arid
region of Rajasthan (Fig 1). The assured crop growing period in arid and semi-arid areas of
Rajasthan varies from 3 to 13 weeks under shallow soils and from 5 to 15 weeks under deep
soils (Rao ef al., 1994). Before the rainfall reaches the soil surface, tree canopies intercept rain
water which is lost as canopy interception. Rainfall interception losses from 13 years old Acacia
tortilis and 7 years old Holoptelia integrifolia at Jodhpur were 14-33% and 3-8%, respectively
under moderate to heavy rainfall conditions (Ramakrishna and Sastri 1977, Ramakrishna 1984).
Some of the hardy tree species suiting to the rainfall conditions are Acacia fortilis, Acacia
senegal, Acacia nilotica. Prosopis juliflora and Prosopis cineraria. Some of these tree species
£fow naturally on arid lands. The perennial grasses like Lasiurus sindicus, Cenchrus ciliaris,
Cenchrus Seligerus etc., grow in association with these trees.

High variability of rainfall in both time and space impinge on the phenological behaviour of
tree species. Studies on the influence of climate on Acacia species in Ceritral Australia showed
that soil moisture over various lag periods was the best predictor of flowering, while soil



— -~ - s R SF R 1, O o
e w b3 . 7y _.Ahe 1% 76 17 18'E

MEAN ANNUAL RAINFALL 30"

L ST IEL W) %0 Relsl 150 XMS

| PN S P ISR Wp— |

P

RN
RNE

31

y

Li

&

N

." .

e
i ﬂn

- 101 - 800
' E] 301 - 400 mﬂmﬂ 801 - 900

m 400 - 300 E 901 - 000
t‘ “ 201 - 609 1001 aND AROVE

"e rr

Fig. 1 Mean annual rainfall of Rajasthan

moisture, site differences and day length (time of year) were better predictors of fruiting (Friedel
et al., 1994). Bertiller et al., (1991) found that the timing of phenological events in arid zone
shrubs depended primarily on the depth of root systems and access to soil moisture and
nutrients. Deep rooted species were less dependent on immediately preceding precipitation.
However, a certain amount of moisture stress is required for arid zone tree species for initiating,
flowering and fruiting. For example, a drought year producing greater water stress (1.3 MPa)
than a wet year (1.0 MPa), had significantly greater inflorescence production and 3.3 times
greater pod production from mesquite (Scott and Felker, 1992).

For establishment of tree component in silvipastoral systems rainfall should be adequate
. during the first three years of establishment. To know the behaviour of rainfall, an analysis of
rainfall over entire western Rajasthan was carried out during different decades. The study
revealed that except in three decades 1921-30, 1931-40 and 1941-50, the remaining period was
favourable for the establishment of tree component in the region. The decade 1971-80 was
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exceptionally good (Fig 2). Trees normally do not compete for soil moisture during the first
three years, but in subsequent years tree-grass competition occurs depending upon the water
requirement, soil depth and spacing,

Grasses sprout after onset of the monsoon in the first week of July and their physiological
maturity coincides with the withdrawal phase of the monsoon. Under Jodhpur conditions, amorig,
some of the Cenchrus species, Cenchrus ciliaris produced higher dry matter yield, water and
energy use efficiency than Cenchrus setigerus, whereas under high rainfall conditions Cenchrus
setigerus performed better than C. ciliaris. Accumulated stress degree days showed that (.
ciliaris developed an early stress than C. sefigerus (Rao ef al.,1994). 1n very low rainfall areas of
Jaisalmer, 150 to 250 mm in a growing season [asiurus sindicus performs well.
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Fig. 2 Decennial variation in rainfall over western Rajasthan

Under better moisture supply and moderate fertilization, grasses show good root biomass
and productivity of above ground biomass during rainy season. Rao ¢t al. (1996) reported the
Productivity of (" ciliaris in relation to rainfall and fertilization. The maximum yield response (o
N fenilizatiqn occurred with growing season rainfall between 180 and 250 mm.

Impact Of Drought On Forage Production

Most of the grass spe;:ies practised in silvipastoral systems are drought hardy, but sensitive
10 extreme water stress like any other crops. Droughts frequently occur in the region at a rate of
onee in every 2.5 years making arable cropping not economical- Hence, silvipastoral systems is
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a boon for the region to get fodder support for the large livestock of the region. Earlier studies
conducted at CAZR1, Jodhpur (Shankarnarayan, et al. 1985) revealed that the promising grasses
of the desert like /. sindicus, P. turgidum. Panicum gntidotale and Cymbopogon jwarancusa can
survive under extreme arid and severe drought conditions (rainfall < 200 mm) and give an
average dryv forage vield of 290 kg/ha/year meeting, to some extent forage requirement of the

livestock of this region.

It is observed that the probability of experiencing severe drought conditions affecting grass
production m a rainfall zone below 200 mm is nearly 50%. Further, drought analysis in westemn
Rajasthan indicated that the region experienced only one disastrous natute of drought i 1918, 7:
severe. 14 large and 24 moderate nature of droughts during 1901 1o 1990. Decennial frequency
of drought years i.e.. the number of drought years of each category that occurred in each
successive decade revealed that the two decades 1931-40 and 1941-50 had the maximum
droughtiness and each experienced 7 drought years of different intensities. The decade 1971-80
was thie most favourable for establishment of silvipastoral system in the 1eZion 1 COMPANSON 1©
the other decadel periods with just three drought years and that 100 with two moderate and one
large intensity of drought (Fig 3).

bt a silvipastoral sysiem, normally the grasses take up most of the water from the upper
laye;s of the soil, whereas shrubs/trees take yp most of the water from lower layers of the soit
(Salaer al , 1989). .lcacia and Prosopis species have long tap root to reach 5-12 m deep under
ground water resources and are highly adapted to drought conditions. /* lamaruge is adapted 10
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salt and drought conditions of the Atacama Desert of northern Chile, where temperature ranges
from -12 10 36°C, the mean annual rainfall is less than 10 mm and the soil surface is covered by
a salt crust up 10 50 cm thick (NAS, 1980),

Solar Radiation and its Utilization

The tree/shrubs and pastures interact and modify the solar climate of a silvipastoral system.
The various processes include radiation interception by tree stands of various densities, effect of
canopy structure, effect of row orientation and spacing, effect of latitude and time of year on
solar paths, shade from a single crown and spectral quality of sunlight under partial shade
(Reifsnyder and Darnhofer, 1987).

In an expennmental study conducted at the Central Arid Zone Research Institute, Jodhpur on
radiation penetration in silvipastoral system during post monsoon month (October), 1992
revealed that //ardwickia binata along with grass allowed only 14% of global radiation to reach
the ground level. However, individual tree (//. binata) and grass components permitied 18 and
48% rachation to reach ground level respectively, during peak day hours. Albedo values were 33,
25 and 26% from pure /lardwickia binata, pure grass strips and /fardwickia binata with grass,
respectively at matunty stage of grasses. In another study at Jodhpur, the radiation penetration
under.{. tortilis was between 14 to 30% of that in the open dunng the day time. The net radiant
energy availability beneath the tree canopy was between 15 to 24% of that in the open indicating
the low levels of solar radiation is available to the grass grown under unlopped Acacia tortilis
plantation (Ramaknishna ef a/., 1981)

Studies were conducted at Chandan on silvi and horti-pastoral systems with P. cineraria +
L sundicus, ¢ moparne + L. sindicus: 7. mauritiana (cv. seb and golay + 1. sindicus; D. nutan-

Losndicus and 1. milotica + 1. sindicus to find out variations with respect to soil moisture and

nmucro-climate.

, The solar radiation Interception studies (Table 1) indicated that the highest interception was
WP cinerania + 1, sindicus (84%) systems followed by D. nutan- L. sindicus (81%), sole . 1.
nilotica (19%), sole 1. sindicus (78%), . mopane + L. sindicus (68%),4. mauritiana cv scb -
. sindicus (63%) and 7. mauritiana cv gola- 1._sindicus (49%).

The Il\i)e\:,::lzt;og values al:o followed the to.tal Fadféition in thefe different tree grass systems.
Followag - edo of' 19.?/0 was‘c?bserved in grass systems with /I. nilotica and C. mopane
sindicuy (23 I(;I"llllm ’dnd Z. mc‘mrmana cv. g0la(20.7%), P. cineraria + L. sindicus (21.8%), I..

~<A7)and % mauritiana cv.seb + L. sindicus (23.8%). The growth of L. sindicus was

not aff; .
was ”esc(;e:gz’a.trees o the mitial stage. Th‘e average dry forage yield of L. sindicus at Chandan
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Table 1.

Micro-climatic conditions (13:00 h IST) in different silvi and horti-pastoral
systems at Chandan (Jaisalmer)

Date Solar Net radiation Albedo

radiation Below Above

below canopy canopy

canopy

wm? wm* win :

L. sindicus
2007 1993 2371 710.0 97.1 221
1508.1993 235.6 658.4 130.3 240
02.09.1993 241.6 6283 265.6 284
08.10.1993 1102 551.7 843 232
7. mauritiana (cv. seb) +L. sindicuy
29.07.1993 401.7 5823 166.0 238
15.08.1993 2703 143.6 2503 241
08.10 1993 3126 597.0 140.5 20.6
Z. mauritiana (cv. seb) +L. sindicus
29.07.1993 503.2 6283 388.2 207
15.08.1993 675.0 030.8 4444 243
02.00 1993 436.4 6283 314.1 210
08.10.1993 398.6 567.0 43 4 252
Aondlonca +.. sindicus
29.07.1993 226.5 5287 255 19.3
15.08.1993 1918 5593 166.0 255
02.09 1993 2975 521.0 3550 249
08.10 1993 386.6 490.4 200.5 227
P cinerarta . sindicus
20.07 1993 140.4 971 33.2 29.4
15.08.1993 1555 1507 46.0 10
02.09 1993 196.3 106.0 1022 222
08.10.1993 419.8 613.0 2999 249
D. nutan + L. sindicuy
29.07.1993 2054 7024 217 207
15.08.1993 4062.1 669.1 039 245
02.09.1993 4288 6069.1 426.5 23.1
08.10.1993 326.2 163.5 383 33.8
C. mopane + 1. sindicus
29.07 1993 3533 600.2 S 792 193
15.08.1993 4500 6589 562 207
02.09 1993 530.0 694.7 - 4444 28.9
08.10.1993 365 524 255 264
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Vicro-climatic Interactions in Silvipastoral Systems

The Indian arid region is subjected to extreme temperatures between -4.4 to 50.0°C,
considerably influencing the vegetation demanding higher water requirements. In silvipastoral
systems, the canopy and pasture make the micro-climate more favourable by maintaining lower.
temperatures (by 2 to 9°C) and high humidity (by 3 to 11%). Energy balance studies at Jodhpur
on (cnchras grasses showed that the net radiation, soil heat flux and latent heat of vaporization
over the grass were higher during wet years compared to the values during low rainfall years

(Rao et al.,1993).

In general, leaf fall in deciduous trees like P. cineraria in silvipastoral systems starts during
+he winter months. The appearance of new leaf synchronizes with the increase in atmospheric
temperature 1t the beginning of spring season (February and March). This phenomena takes
place every year with the fall and rise in atmospheric temperature over the region. However,
concentrated leaf drop is not observed in evergreen and coniferous trees found in tropical forest

region

Studies on micro-climatic impact on Cenchrus ciliaris at Jodhpur showed that high air
temperature and windspeeds prevailing in the arid region at Jodhpur had a negative correlation
whereas, rainfall, humidity and rainy days had a positive correlation on forage and seed yield of
Cenchrus ciliaris. Seed yield of Cenchrus ciliaris increased from 67 to 153 kg ha” with a
gradual increase in quantum of rainfall from 150 to 400 mm. Rainfall at flowering and seed
setting stages reduced the seed yield (Rao and Singh, 1994).

Tree Shelters for Reduction of Wind Speed and Water Losses

In silvipastoral systems, trees/shrubs help in protection of the soil from the high winds.
Studies on the role of shelterbelts in reduction of windspeed, evaporation rate, soil moisture and
wind erosion were conducted at Jodhpur. The studies showed that the tree system of Cassia
Stamea + Albizzia lebbek was more efficient in reducing wind velocity followed by Acacia
tortilis + A. lebbek type of shelterbelt. There was also a decrease of 5-14% in pan evaporation
values in the leeward side at 2H distance. Soil moisture content was also higher in 0-30 cm

djplths in C. siamea + A. lebbek than other combination of trees (Gupta et al.,1984; Muthana e!
al 1934),

Esﬁmaﬁon of Fodder Production through Computer Models

. .Studies on finding quantitative relationships between growth of tree/grasses in relation to
nv: 5 :
Ironmental variables is under progress at the Central Arid Zone Research Institute, Jodhpur.

(Sin:hA:]niEf’(er 1model predicted yields of L. sindicus within +8 to -12% of recorded yields
general with th(:i 995). The ?’IEId. index (T/Tp), computed using the mode]l showed that in
increased from t“Cfease in yield 'lndex from' 0.40 to 0.85, the seed production of C. ciliaris

0 172 kg/ha. Rainfall explairied 1% seed and 36% forage yield, whereas the



yield index was useful for prediction of variations upto 24% seed and 76% forage yield (Rao
and Singh, 1994). ‘

SPUR model is being used for Simulation of Production and Utilization of Rangelands. The
model consists of five components viz., climate, hydrology, plant, animal and economics
(USDA,1987). The SPUR model takes into consideration the climate and day to-day vanations
in weather which have major influence on range processes such as forage production. livestock
water. insect dynamics and erosion. Hydrological estimations like runoff and sediment yield and
available soil moisture for plant processes are important componenis in the simulation model
The plant component simulates the flow of carbon and nitrogen through se\(eral compartiments
of the plant. Inputs required include the initial biomass content of each compartment and
parameters that control photosynthesis, respiration and nitrogen utilization, The animal
component considers forage palatability, abundance and location to control plant utilization by

animals.

The computer models which simulate the soil moisture availability to tree and pasture
production can help fodder estimations over large regions and also can help in management of
fodder resources from surplus to deficit regions during different drought conditions.

Conclusions

In silvipastoral systems, climatic interactions with tree and pasture grasses are very
important. High variability in rainfall of the arid regions influence choice of trees/grasses and
productivity from the systems. In silvipastoral systems, the tree canopy and pasture make the
micro-climate more favourable by reducing intensity of solar radiation, air temperature, wind
velocity and evaporation rates. Weather information can be made use of for estimation and
management of fodder resources for increasing forage production through suitable silvipastoral
systems in this forage deficit region.
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APPRAISAL OF BIOPHYSICAL RESOURCES OF THE ARID
ECOSYSTEMS FOR SUSTAINABLE LANDUSE PLANNING

Surendra Singh

Introduction

It is an established fact that for the sustainable integrated landuse planning, appraisal.
assessment and management of the biophysical resources of the degraded arid ecosystems is of
paramount importance. Accordingly, the integrated natural resources surveys, involving
landforms, soils, surface and ground water, vegetation and present landuse, using remote sensing
and field survey techniques have been completed in 0.24 million km? area of the hot Indian
desert (Abichandani et al. 1975; Singh et a/. 1976, Shankarnarayan and Singh, 1979; Dhir and
Singh, 1986; Shankarnarayan and Kar, 1983; Chatterji and Kar, 1992). The above resources,
using the concept of Major Land Resources Units (MLRUs) developed by Abichandani ef a/
1975 and Abichandani and Sen, 1977, have been integrated in the form of resource units
(ecosystems) The sustainable integrated landuse planning and management for different
resource units/ecosystems to develop them into croplands, grazing lands (pastures/silvipastures)
and forest lands at district, river basin, block and taluka level, has been suggested (Singh 1982,
1985)

In the present paper, the concept of ecosystem, type, evolution, and appraisal and
assessment of biophysical resources of arid ecosystems for their sustainable develc;pment into
silvipastoral/pastoral systems and rainfed/irrigated agricultural systems through proper landuse
planning and management have been highlighted.

Concept of Ecosystem

According to Tansley (1955), the ecosystem includes not only the organism complex but
also the whole complex of physical factors forming, what we call the environment of biome - the -
habitat factors in widest sense. The natural environment has two main components-the living
organisms including man (biotic) and their non-living environment (abiotic) and these two
Components interact upon and related to each other to produce an exchange of material in an
area designated as ecosystem (Fig, 1).

The living organism (biotic) has three parts viz., (1) producers, (2) consumers, and (3)
decomposers. These three constitute naturally renewable resources capable of growth and
feproduction with the rate of renewal, depending upon the physical environment and magnitude
°lf Propagating stock. In terms of natural resources, the non-living substances are classified as
either stock resources (mineral deposits) which have no means of renewal, or flow resources
(Water in hydrologic cycle, solar radiation, oxygen) which are in continuous supply.

Type and Evolution of Ecosystems

o l-lodhpur is a representative district of arid Rajasthan where different type of ecosystems
Olved during Quaternary period by denudational, fluvial and aeolian processes, have been



22

2. FLOw
BIOTIC{Living organiam)
NATURALLY RENEWABLE

RESOURCES

OF MATTER

ABIOTIC (Non--)jving envienr nmeant)
STOCK AND N'LOW RESOURCES

! ]
{ (2) FLOW OF MATTER (Nutrienis) }
| /// !
t 1 /
GREEN
PLANTS i %
HERBIVORES é/:l; CLIMATE
=z w GEOMORPHOLOGY
‘tr”////'::" _ GEULUGY
3 : SOILS
CARNIVORES o % < HYDROLOGY
DECOMPOSE;] - %
%//
%
.
)

Fig. 1 Ecosystem structure

identified (Fig. 2). Denudational ecosystems such as hills and rocky/gravelly pediments have
resulted due to weathering, erosion and slope retreat. Fluvial ecosystems viz, flat buried
pediments and plateaus, shallow to moderately deep, moderately deep to deep, and deep to very
deep flat aggraded older alluvial plains, deep saline flat aggraded older alluvial plains, flat
interdune plains, gravelly aggraded older alluvial plains, younger alluvial plains and river beds
and saline depressions had been created by fluvial process around 50-40 ka before present (BP).
Aeolian ecosystems such as sandy undulating buried pediments, sandy undulating older alluvial
plains, sand dunes and sandy undulating interdune plains were originated due to aeolian process
around 18-10 ka BP (Singh, 1983; 1992).
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Appraisal and Assessment of Biophysical Resources of Ecosystems

Fig. 3 Landsat band 5 image showing spectral and spatial characteristics of denudational,
fluvial and aeolian ecosystems and their associated biophysical resources.

Denudational Ecosystems

.

Hills: ‘This ecosystem comprising of sandstone, limestone, granite and rhyolite rocks cover
287.34 sq.km (1.26%) area of the district. It is, by and large, devoid of soil cover except along
the joints and fractures where thin cover of coarse deposits exists. The slopes are steep, varying
from 20° to 24° and they are affected by severe to very severe sheet to rill and rill to gully
erosion. The dominant plant community of this ecosystem is Acacia senegal-liuphorbia
caducifolia. The rocky surfaces fall under land use capability class VIII and the areas having
sediment cover belong to land use capability class VII ¢, ew (Anon. 1982).

Rockyrgravelly pediments and plateaus: This ecosystem occurs at the base of the different hulls
and occupies 1446.72 sq.km area (6.33%) of the district. - Due to physical limitations like the
rocky surfaces, devoid of soil cover and moderate rill to gully erosion, this ecosystem falls undet
the land use category of rocky/gravelly waste and is being used as grazing lands/pastures. The
surface and ground water potentials are very good and they have not been fully exploited. The
joints and fractures with thin soil cover support Acacia senegal-Maytenus emarginatus plant
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commumty This ecosystem belongs to landuse capability class V11 ¢, ew and rock outcrops to

class VI ¢, ew.

Fluvial Ecosystems

e horted pediments and plateaus: This ecosystem lies at the base of the rocky/gravelly
pediments and plateaus and covers 1762.98 sq.km area (7.71% of the district). It is almost level
.nd free from physical hazards. Due to good ground water potentials and better fertility of the
soils having 020 to 0.28 per cent organic carbon; 15 to 24 kg/ha available P20s and 230 to 350
Ly ha available K20, these lands are used under double cropping. The crops like wheat, chillies,
cumun, pearl millet, green’ gram and clusterbean are raised. The plant community of Capparis
dectcua-Z1ziphus nummularia occurs on this ecosystem and its soils qualify for landuse
capability class [11 ew, ¢ and of irrigated areas to class Il ¢.

Shaliow fo moderalely deep flat aggraded older alluvial plains: This ecosystem covers 1634.12
sq km area (7 15%) of the district. These lands due to the physical and climatic limitations like
the shallow light textured soils underlain by hard kankar pan, moderate to severe sheet to rill
erosion and low rainfall are largely used as grazing lands. The soils can retain 25 to 50 mm
moisture/m depth, 8 to 18 kg/ha available P2Os and 125 to 175 kg/ha available K20. The
culuvation is done in 20 to 30 per cent area and the crops like pear]l millet, green gram and
clusterbean are grown. The growth of the vegetation is stunted and the trees of Prosopis
cineraria are widely scattered with 0.5 to 1 plant/ha. The ground water is brackish to saline and
surface water could be harvested in nadis and tanks. The soils belong to landuse capability class
Vlc, sh(Anon. 1982). .

oderately deep to deep flat aggraded older alluvial plains: This ecosystem covers 1800.10
sqkm (7.87%) area of the district. The soils have good moisture retention capacity and adequate
fertility with 0.25 to 0.45 per cent organic carbon, 12 to 25 kg/ha available P20s and 140 to 220
kg/ha available K20. This unit falls under the favourable rainfall zone and is free from hazards.
Prosopis cineraria-Capparis decidua is the dominant plant community. The rainfed crops like
pearl millet, green gram, wheat and chillies are raised. The soils of this ecosystem fall under
landuse capability class 1T ¢, ew (Anon. 1982)

Deep flar aggraded older ailuvial plains: This ecosystem covers 507.14 sq.km area (2.22%) of
the district. These plains due to the almost level slope, absence of hazards, medium to fine
textured soils (sandy loam to loam and silty clay loam to clay) with 0.25 to 0.50 per cent organic
carbon, 12 to 24 kg/ha available P2Os, 160 to 350 kg/ha available K20 and 180 to 230 mm
::::htuuz retention capacit.y are intensively cultivated. The crops like pearl millet, clusterbean,
Thid eco, wheat and cumin are raised. The potentials of surface and ground water are good.
X System supports the plant community of Prosopis cineraria-Acacia nilotica ssp.
"hdica-Salvadora ofeoides and its soils belong to landuse capability class Il ¢, ew.

D cali

(16;5 o“al”’" Slat aggraded older afluvial plains: This ecosystem covers 261.19 sqkm area

int-erf/O) of the district. The salinity/alkalinity hazard has developed due to the man’s
erence with natural systems, excess irrigation by saline water and weathering of granite.
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Very severe salinity/alkalinity hazard has completely written off 2705 ha land from the
agricultural account and 10,705 ha land is affected by severe salinity/alkalinity hazard and the
cultivation is done only in pockets. The soils have 0.20 to 0.25 per cent organic carbon, 10 to 20
kg/ha available P;Os and 135 to 245 kg/ha available K20. Kharchia wheat is grown under
saline irrigated conditions. Ground waters are highly saline with 8 to 10 mmhos/ci electrical
conductivity. This ecosystem supports Salvadora persica-Prosopis juliflora plant community
and its soils belong to land use capability class V c,sa.

Deep 1o very deep flat aggraded older alluvial plains: This ecosystem covers 3629.11 sq.km
area (15.87%) of the district. These lands have light to medium textured deep'to very deep sand
to loamy sand and sandy loam soils underlain by weakly developed calcium carbonate layer at
160 to 250 cm depth. The major limitations of the soils of this ecosystem are deep percolation,
poor moisture retention capacity, low fertility status having 0.08 to 0.20 per cent organic carbon,
12 to 20 kg/ha available P2Os, 100 to 225 kg/ha available K20 and highly susceptible to aeolian
hazard

The rainfed crops like pearl millet, green gram and wheat are raised. The surface water
potentials due to rapid percolation of surface runoff are not good but ground water potentials are
good. The dominant plant community of this ecosystem is /’rosopis cineraria- Ziziphus
nummularia-Capparis decidua and its soils fall under the landuse capability class 111 c, ea
(Anon. 1982).

Iat interdune plains: This ecosystem covers 1267.71 sq.km area (5.56%) of the district. These
lands are almost level, their morphological and physico-chemical characteristics and fertility
status are almost similar to the moderately deep to deep flat aggraded older alluvial plains.
Rainfed crops like pearl millet, green gram and clusterbean are grown here.

The ground water potentials in the concealed sandstone formation are good and the surface
runoff generated by the surrounding stabilised sand dunes is stored in the rankas (cisterns) and
nadis.  The dominant plant community is ’rosopis cineraria-Sulvadora oleoides. This
ecosystem falls under landuse capability class 11 c, ea, ew.

Gravelly aggraded older alluvial plains: This ecosystem covers 782.41 aq.km area (3.42%) of
the district and due to the physical and climatic limitations like presence of the rock fragments
and boulders, shallow soils in pockets underlain by rocky strata, slight 1o moderate sheet to rill
and gully hazard and low rainfall varying from 200 to 240 mm is largely used as grazing lands.
The soils contain 0.1 to 0.2 per cent organic carbon, 8 to 16 kg/ha.available P2Os and 160 to 325
kg/ha available K20. The rainfed crops like pearl millet and clusterbean are grown in pockets.
Surface runoff potentials are good. The growth of the vegetation is poor and the dominant plant
community is Capparis decidua-Ziziphus nummularia. The soils of this ecosystem belong to
landuse capability class VI sh and soils of rocky areas to class Vil ¢, ew.

Younger alluvial plains and graded river beds: This ecosystem covers 668.81 sq.km (2.92%)
.area of the district. The soils are light textured and can retain 65 to 85 mm of moisture/m depth.
They have 0.20 to 0.32 per cent organic carbon, 10 to 12 kg/ha available P2Os and 150 to 280

kg/ha available K20O. These lands due to the availability of ground water are agriculturally very
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productive except the areas which are affected by salinity and aeolian hazards. The crops such
a5 wiieat, cumin, comriander, pearl millet and green gram are grown. The industrial effluents and
occasionally fioods have spoiled and damaged the adjoining agricultural lands, resulting in the
stunted growth and depletion of yield of rainfed and irrigated crops. Prosopis cineraria-Acaciu
silotice -Salvadora oleardes s dominant plant community.

Majenty of the soils of this ecosystem belong to landuse capability class 11l ¢, ew and of
irmgated areas to class Il c. The soils of the areas affected by salinity/alkalinity and aeolian
. hazard, flood and industrial effluent belong, to landuse capability class V sa and Vi c, ea, ew.

Saline depresstons: This ecosystem covers 211.67 sq.km area (0.93%) of the distnct and is
highly saline and fall under landuse category of saline waste. It is being used for extracting salts
of comumnercial value and also as grazing land. The ecosystem is devoid of vegetation excepting,
scattered bushes of Swacda fruticosa. lts peripheries, however, support Prosopis juliflora,
Salvadora ofeoides and Capparis decidua.  Soils are highly saline and belong to landuse
capability class V1] sa (Anon. 1982).

Acolian Ecosystems

Sandyv undulating aggraded older alluvial plains: This ecosystem covers 2977.92 sq.km
{13.03%) area of the district. Physical and climatic hazards are the major limitations of these
plams for the crop production. The soils are deep to very deep, sand to loamy sand having poor
motsture retention capacity 40 to 50 mm/m depth and organic carbon 0.04 to 0.14 per cent, 12 to
18 kg/ha available P20s and 70 to 1130 kg/ha available K20. Moderate, severe and severe to
very severe wind erosion/deposition hazard has affected this ecosystem. The undulating lands
are largely used as grazing lands and flat areas are cultivated with pearl millet and green gram.
The dominant plant community is Ziziphus nummularia-Calligonum polygonoides. The ground
water potentials are good. The soils of flat areas belong to landuse capability class 1V ¢, ea and
of associated dunes and hummocks to class VI ¢, ea.

Sandy undulating buried pediments: This ecosystem largely occurs in the south-western flanks
of the hills and covers 1295.35 sq.kin (5.67%) area of the district. These lands in spite of the
Physical himntations like the irregular slope, loose and highly permeable aeolian deposits,
moderate to severe and severe 10 very severe wind erosion/deposition and water erosion hazards
ar? used for growing rainfed and irrigated crops such as wheat, cumin, green gram and pearl
Millet. The soils can retain 65 to 90 mm of water/m depth and have 0.08 to 0.20 per cent
Organic carbon, 12 to 20 kg/ha available P20s and 100 to 225 kg/ha available K20. This
ecosystem supports the plant community of Acacia senegal. Calotropis procera-Calligonum

03/ e . . . .
Pl .vx,'(\)/nmdc.s and its soils belong to landuse capability class [V c, ea, ew and associated dunes to
Class Vl ¢, ea.

Sang dunes:

This ecosystem occupies 305931 sq.km area (13.38%). of the district. The
°bStacIe, para

are wel| bolic, longitudinal and transverse sand dunes belong to the old dune system. They
we ili . -
Stabilised and vegetated and alternate layers of calcium carbonate are developed within

them, . . L.
But due 1o Increasing, biotic stress such as cultivation by unscientific methods,
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overgrazing, lopping and cutting of trees, the crests and flanks of these dunes have beg
reactivated, resulting in the accumulation of fresh sand of 1.5 to 4.0 m thickness. The moistug
in these dunes occurs at 40 to 90 cm depth and it is more at the crest (2.24 to 2.59%}) an
gradually decreases towards the windward side (Singh, 1977). They have 0.40 to 0.15 per cex
organic carbon, 8 to 15 kg/ha available P2Os and 70 to 150 kg/ha available K20. These dune
are also well supplied with micro-nutrients viz, iron 2.9 to 15.4 ppm; zinc 0.20 to 0.40 ppm an
copper 033 ppm. The dominant plant communities are rlcacia senega/—CalIigonuj
polygonoides Prosopis cineraria-Calligonum polygonoides and Calligonum polygonoidesj
Clerodendrum phlomaoides (Anon. 1982).

v

The sand dunés of new dune system are barchan and shrub-coppice which largely occur j
the west of 250 mm isohyet. The dunes of this system due to loose and structureless sand ari
absence of vegetation are active and cause enormous damage to the -adjoining agricultural lancf
and engineering structures. The soils of this ecosystem fall under the landuse capability class V
c, ea.

3

Sandy undulating interdune plains: This ecosystem constitutes 1275.12 sq.km (5.55%) area a
the district. The morphological and physico-chemical characteristics, fertility status and landus
pattern of the sandy undulating interdune plains are almost similar to the sandy undulating
aggraded older alluvial plains. The ground water potentials under concealed sandstone am
limestone are good. The dominant plant community is Calligonum polygonoides-Ziziphw
nummularia-Calotropis procera. This ecosystem belong to landuse capability class IV c, ea an
associated dunes and hummocks to class VI ¢, ea (Anon. 1982).

Erosional, Depositional and Salinity/alkalinity Hazards

Water erosion, wind erosion/deposition and salinity/alkalinity are the major natural am
marn-induced hazards which limit the agricultural productivity of different ecosystems (Fig. 4 &
5). These hazards, according to their severity and extent have been classified into ‘slight’
‘moderate’, ‘severe’ and ‘very severe’ classes.

Water Erosion Hazard

Stight rill to gully erosion: This hazard in the form of rills of 0.2 to 0.4 m depth and 0.4 to 0.8 It
width and gullies of 0.4 to 1.0 m depth and 0.8 to 1.5 m width has affected 4.50 sq.km (0.02%!
area of the ecosystem of flat buried pediments and plateaus.

Slight to moderate shéet to rill erosion: This hazard in the form of gullies of 0.5 to 1.2 m depth
and 0.7 to 2.6 m width occurs in 993.52 sq.km (4.35%) area of the ecosystems of flat buried
pediments and plateaus, shallow to moderately deep flat aggraded older alluvial plains, gravelly
aggraded older alluvial plains and flat interdune plains. Such hazard has affected the largest are?
587.06 sq.km (2.57%) in the shallow to moderately deep flat aggraded older alluvial plains 7
some of these ecosystems, the sediments have been washed away by the sheet erosion and th¢
kankar pan is exposed, resulting in the depletion of their agricultural production and
productivity.



Fig. 4 \Vater erosion in the form of gullies and rills affecting biophysical potentials of the
denudational and fluvial ecosystems

Wind erosion/deposition in the from of sand dunes and sand sheets degrading
biophysical potentials of fluvial and aeolian ecosystems



29

Shght to moderate rill to gully erosion: This hazard has affected 27.37 sq.km (0.11%) area of
flat buried pediments and plateaus,flat gravelly aggraded older alluvial plains, sandy undulating
aggraded older alluvial plains and younger alluvial plains. The rills and gullies created by such
hazard are of 0.4 to 0.9 m depth and 0.9 to 1.25 m width and 1.0to 1.5 mdepthand 1.5t0 3.5 m

width, respectively.

Moderate sheel to rill erosion: This hazard in the form of sheets and rills has affected 488.07
sq.km (2.14%) area of the ecosystems of flat buried pediments, shallow to moderately deep flat
aggraded older alluvial plains and younger alluvial plains.

Moderate rill to gully erosion: This hazard has desertified 571.39 sq.km (2.50%) area of the
ecosystems of the rocky/gravelly and buried pediments, deep to very deep flat aggraded older
alluvial plains and gravelly aggraded older alluvial plains. The rills and gullies created by this
hazard are of 0.4 to 0.7 m depth and 0.7 to 0.9 m width and 1 to 1.5 m depth and 1.5 to 1.75 m

width, respectively.

Moderate gully erosion: This hazard in the form of gullies of 2 to 5 m depth and 3 to 8 m width
has desertified 5.20 sq.km (0.02%) area of the ecosystems of the flat aggraded older alluvial
plains and flat buried pediments and plateaus.

Moderate to severe bank erosion: This hazard is present in 29.10 sq. km area (0.13%) of the
district along the banks of the Luni, the Mitri, the Jojri and the gotabar rivers. The amount of
dissection in the upper reaches of these rivers varies from 5 to 8 m and in the lower reaches
between 4 to 6 m.

Severe rill 1o gully erosion. This hazard has desertified 301.37 sq.km (1.32%) area of the
ecosystems of the hills and rocky/gravelly pediments and plateaus. The gullies of 5 to 12 m
depth and 8 to 25 m width have been created by this erosion hazard in these ecosystems.

Severe 1o very severe sheet to rill and gully erosion: This hazard has desertified 1149.04 sq.km
(5.03%) area of the ecosystems of the rocky/gravelly pediments and flat interdune plains. The
rills of 0.5 t0 0.9 m depth and 0.9 to 1.5 m width and gullies of 2 to 8 m depth and 5to 12 m
Width have been created by fluvial action in these ecosystems.

It has been estimated that if this hazard continues unchecked, 133.07 sq.km and 755.35
sqkm area will be affected in future by moderate to severe and severe to very severe water
erosion, respectively in different fluvial ecosystems.

Wind Erosion/Deposition Hazard -

Slight wing erosion/deposition: This hazard in the form of deflation hollows, sand sheets of 100
10 200 cm thickness and low dunes of 0.9 to 1.25 m height has desertified 1889.51 sq.km
(8.27%) area of the ecosystems of the flat interdune plains, shallow to moderately deep aggraded
older plains and deep to very deep flat aggraded older alluvial plains. )

‘:;:g/” to moderate wind deposition: This hazard in the form of sand sheets of 150 to 450 cm
Ckness, hummocks of 0.9 to 1.5 m height and sand dunes of 2 to 4 m height has affected
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1069.68 sq.km (4.68%) area of the ecosystems of deep to very deep flat aggraded older alluvial
plains, sandy undulating interdune plains and graded river beds.

Maderate wind depasition: This hazard in the form of hummocks and sand dunes of 1 to 2 m
and 2 to 6 m height has desertified 2616.65 sq.km (11.45%) area of the ecosystems of the sandy
undulating aggraded older alluvial plains and sandy undulating interdune plains.

Moderate 1o severe vwind deposition: This hazard has affected 226.40 sq.km (0.99%) area of the
ecosystems of the sandy undulating aggraded older alluvial plains and sandy undulating
interdunc plains. L

Severe wind deposition: This hazard has desertified 1663.94 sq.km (7.28%) area of the
ecosystems of the sandy undulating aggraded older alluvial plains and sandy undulating,

°

mterdune plams.

erv severe wind deposition. This hazard in the form of sand sheets of 2 to 4 m thickness and
barchan dunes of 3 to 5 m height has desertified 2993.01 sq.km (13.09%) area of the ecosystem
of different type of sand dunes.

In case this hazard is not checked, it is expected that in future severe to very severe wind
deposition hazard will desertify 358.21 sq.kmm area of the deep to very deep aggraded older
altuvial plains.

Wind Erosion/Deposition and Water Erosion Hazards

Moderate wind deposition and gully erosion: These hazards in the form of sand dunes of 3 to 5
m height and gullies of 2 to 3 ni depth and 4 to 5 m width have affected 49.67 sq.km (0.22%)
area of the ecosystems of the sandy undulating aggraded older alluvial plains and sandy
undulating buried pediments.

Moderate 1o severe wind deposition and slight to moderate gully erosion- These hazards in the
form of sand dunes of 5to 10 m height, sand sheets of 250 to 450 cm thickness and gullies of 2
to'S m depthand 510 10 m width have affected 242.86 sq.km (1.05%) area of the ecosystem of
the sandy undulating buried pediments.

Severe 1o very severe wind deposition and gully erosion: These hazards in the fohm of sand
dunes of 10 to 20 m height and gullies of 4 to 8 m depth and 10 to 15 m width have affected
1052.49 sq.km (4.69%) area of the ecosystem of the sandy undulating buried pediments.

Salinity/Alkalinity Hazard

Slight salinity alkalinity: This type of man-induced hazard developed due to tank irrigation has
affected 15.05 sq.km 0.06%) area of the ecosystem of younger alluvial plain of the Mitri river.

"Slight to moderate salinitysalkalinity: This man-induced and natural hazard has degraded 188.30
sq.km (0.82%) area of the ecosystems of the flat aggraded older alluvial plains, saline younger
. alluvial plains and the graded river bed of the Luni river.
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sever o saltminy alkalinity: This man-induced hazard has affected 117.20 sq.km (0.51%) area of
the ecosystems of the deep saline flat aggraded older alluwvial plains and the saline younger

alluvial plams of the Lum nver.

\overe to very severe salinilv-alkalinity: This natural salinity hazard has desertified 238.72
sa km (1 05%) area of the ecosystems of the saline flat aggraded older alluvia! plains and saline

depressions

11 case this hazard is not cliecked, it 1s expected that 215.35 sq.kim area in younger alluvial
plamns and 275.75 sq.km in moderately deep to deep flat aggraded older altuvial plains will be
affected by severe salinity/alkalinity hazard in the near future.

Based on the extent of different hazards, it has been observed that out of the total 22.860
sqkm area of the district, the largest area 10459.19 sq.km (45.76%) is affected by wind
erosion/deposition, followed by water erosion 3586.11 sq.km (15.69%), complex hazard
1345 02 sq km (5.89%) and the salinity/alkalinity hazard 559.27 sq.km (2.44%). The remaining
6910 41 sq.km (30.22%) area is free from all the above hazards. The distribution and extent of
these hazards will enable to fix up the priorities for the reclamation of the major problematic

areas for rational landuse planning of different ecosystems.

Biophysical Characteristics of Common Grazing Lands (orans)

The biophysical and Landsat 1mage characteristics of the common grazing lands (orans)
have also been evaluated under different ecosystems (Table 1). The variations in geomorphic
features and soils of ecosystems have caused the variations in the type of vegetation, its growth
and density and are closely related with the Landsat image characteristics. The degraded
common grazing lands (orans) on rocky/gravelly pediment and saline alluvial plain appear in
mulky white to light grey and whitish yellow in tone on the Landsat TM false colour composite.
Whereas, these grazing lands on sandy alluvial and younger alluvial plains appear in whitish
yellow to light brown and light red in tone due to the better stand of vegetation.

Temporal Changes in Common Grazing Lands (orans) |

The superimposition of maps of grazing lands prepared from the Survey of India
'opographical maps of 1958 and Landsat TM false colour composite of 1986 revealed that over a
f: :Z:i::ci’: years the extent of common grazing lands decreasgd by 9 to 30 per cent.under
saline s z);]stelm-s (Table 2). The decrease .m. the extent of gr.azmg l.ands associated with the
Pediment ac szlnn 1s lowest due to the sah.mty hazard a'nd .hlghest in case of rogky/g,ravelly
water Ty dec:c h ol." the land has been reclaimed for cultivation due to the avgnlabxhty ground
activty fike ooy :ase. in the exte:-n of common glazn?g lands (.oran.?-) due tgthe mcregsed ht.mlz.m
them ang (g leatlo.n of marginal lands, cqmtmctxon of residential dwejllmg,s and mdustne.s in
balance of o 1 :irf.zllsu\g, trend of urban'xsau.on (Shaxfma (t'f al.. 1989 dx.sturbed the ecolo;jz,xc_:al
of the common &,l.e ecosystems, resulting, .m' d‘esemﬁcatxon and depletion of the productivity

grazing lands (orans) and adjoining agricultural lands.
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Table 1. Biophysical and Landsat image characteristics of grazing lands (orans) located
under different ecosystems

licosyacm. Extait  Geomorphology Soil Vegetation Landsat image
of characteristics
grazing
land
(ha)
Sandy 15-150 Flat and undwlating  Fine sand to Prosopis cineraria, Ziziphus Fine texture, whitish
alluvial topography, Joamy sand mauritiana, Prosopis juliflora, yellow tone
plain irregular slope underlain by Acacia senegal, Acacia tortilis,
varying from 1° cacosconcretiona Tecomella undulata, Calotropis |
-30 °, presence of Iy zome procera, Capparis decidua,
moderate to severe Celligonum polygonoides,
wind erosion/ Aerva pseudotomentosa,
deposition hazard Ziziphus nummularia, Cenchrus
biflorus, fleusine compressa,
FEleusine granulata, Lasiurus
, sindicus, Aristida funiculata
Younger 25-438  Flat topography, Coarse wextured  Acacia nilotica, Prosopis Coarse to mottled
alluvial upto 1° slope, deep  smdtoloamy  cineraria, Prosopis juliflora, texture, light brown
plain to very deep smd and sandy  Salvadora oleiodes, Capparis to light red tone
sediments and nills  loam decidua, ‘Liziphus nummularia,
ad gullies in Eleusine compressa, Cynodon
pockets dactylon, Cenchrus ciliaris,
Cenchrus biflorus,
Desmostachya bipinnata,
Ductyloctenium sindicurn
Saline 58-290 Flat topography Saline sandy Salvadora persica, Salvadora Fine to mottled
alluvial upto 1 slope, loam to loam oleoides, Prasopis juliflora, texture, whitish
plain moacrately deep to and clay loam  Capparis decidua, yellow to milky
very deep sediments  underlam by Desmostachya bipinnara, whitc to whitish
and presence of kankar pan Aleuropus lagopoides grey tane
salmity hazard
Rocky/ 35-1000 Frodedflatocky/  Coarse smdto  Ziziphus manritiana, Acacia Fme to mottled
gravelly gravelly surfaces, loamy smd and  senegal, Acacia nilotica, texture. light yellow
pediment coarse textured gavelly ssnd  Capparis decidua, Ziziphus to brown to Light
sediments along wnderlain by nummularia, Calotropis grev tone
faults and fractures, weathered and  procera, Cenchrus biflorus,
presence of rills and*  solid rocky Eleusine compressa,
gullies strata Dactyloctenium sindicum,
Avristida funiculata, Panicum
antidotale

Source : Sharma et al. (1989).

Suggested Landuse Planning And Management

Ecosystems Suitable for Development of Silvipastoral/Pastoral Systems :
Appraisal and assessment of physical potentials and limitations of the biophysical characteristics
of different ecosystems revealed that hills, rocky/gravelly pediments and plateaus, shallow flat
aggraded older alluvial plains with hard kankar pan, gravelly aggraded older alluvial plains,
sandy undulating aggraded older alluvial and interdune plains, sandy undulating buried
pediments and sand dunes are the most suitable ecosystems for the developmemnt and
management of silvipastoral/ pastoral systems (Fig. 6). Adoption of these systems would not
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Tzble 2.Temporal changes in the extent of common grazing lands (orans) under different

. ecosystems
Ec-osystem Extent of grazing land (ha) Reductionin  No. of samples
1958* 1986** the area (%)

L—Sgly alluvial plain 316 223 29 59
Younger alluvial plain 154 125 19 26
Saline alluvial plain 170 155 9 13
Rocky/ gravelly pediment 527 367 30 25

* Based on survey of india topographical maps.
»* Based on landsat TM false colour composite.

only be consistent with the landuse capability class of the ecosystems but will also generate
higher biomass yield per hectare without further degradation of their biological productivity.

Degraded hills could be developed into woodlands by providing exclosures and planting of
cacia senegal. Prosopis juliflora and Euphorbia caducifolia along the joints, fractures and
crevices.

Rocky/gravelly pediments and plateaus and gravelly aggraded older alluvial plains could be
developed 1nto silvipastoral system by reseeding with grasses like Cenchrus ciliaris, Cenchrus
setigerus and Dichanthium annulatum and planting of Dichrosiachys nutan, Acacia torlilis,
Acacia senegal, Prosopis juliflora, Albizzia lebbeck, Commiphora wightii and FEuphorbia
caducifolia, using, suitable soil and water conservation measures and by providing water points
for animals. Shallow flat aggraded older alluvial plains with hard kankar pan are best suited for
the development of pastoral system by reseeding with improved grasses like Cenchrus ciliaris
and Cenchrus setigerus with proper management practices and by providing water points for the
ammals (Anon. 1982),

Sand dunes and undulations of the sandy undulating aggraded older alluvial and interdune,
plains and sandy undulating buried pediments in the form of dunes and hummocks, are
fecommended for the establishment of silvipastoral system with suitable wind
er°.Si°n/d€position control measures like wind breaks, shelterbelts; stubble mulching and wind
Strip cropping, The trees, shrubs and grasses suited for establishment of silvipastoral system are
Acacia tortilis, Acacia senegal, Prosopis cineraria, Ziziphus nummularia, Calligonun
polygonoides, Acacia Jacquemontii, Cenchrus ciliaris, Lasiurus sindicus and Cenchrus setigerus
(Saxena and Singh, 1976). The watering points should also be provided-in the adjoining
INterdune plains for the animals.

.Sandy undulating aggraded older alluvial and interdune plains and sandy undulating buried
Pediments in the west of 250 isohyet should not be used for cultivation except those falling
u'n d_er Indira Gandhi Canal Command area. They are best suited. for the development of
:::spastora.] and. horti-silvipastoral systems with proper wind erosion/deposition control

ures like wind breaks, shelterbelts, stubble mulching and wind strip cropping and by
Providing watering points for the animals.
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Fig. 6 Ecosystem s suitable for silvipastoral/pastoral development in Jodhpur districts.

In the east of 250mm isohyet, the undulating parts of these ecosystems like dunes and
hummocks are recqmmended for establishment of silvipastoral and horti-silvipastoral systems
with suitable wind erosion/cieposition control measures. In the above proposed systems, the
grasses viz, Cenchrus ciliaris, Cenchrus setigerus can be taken between the rows of fruit and
non-fruit trees i.e. Ziziphus mauritiana, Prosopis cineraria, Acacia lortilis and Albizzia lebbeck

(Vashishtha, 1994).

Saline flat aggraded older alluvial plains and saline depressions, not fit for cultivation, could
be developed into silvipastoral/ pastoral systems with salt tolerant species like Tamarix
articulata, Prosopis tamaruga, Atriplex nummularia, Cressa cretica, Salsola bryosma,
Dichanthium arinulatum and Sporobolus helvolus (Anon. 1982),

gcotsystems Suitable for Development of Rainfed/Irrigated Agricultural
ystems

To the east of 250 mm isohyet, fluvial and aeolian ecosystems viz; younger alluvial plains,
flat buried pediments, flat aggraded older alluvial and interdune plains and flat sandy aggraded
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der alluvial plains and flat parts of the undulating aggraded older alluvial and interdune plaing
an sandy undulating buried pediments are fit for development of rainfed/irrigated agricultural

stems (Fig. 7). The sustainable development and management of these ecosystems need
sy )
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Fig.7 Ecosystems suitable for rainfed/irrigated agricultural development in Jodhpur district

Suitable measures like contour bunding, contour furrows, shelterbelts, appropriate landuse
pattem, suitable crop rotation, improved scientific methods of cultivation and irrigation, proper
fnéintenance of fertility status and harvesting of surface runoff in farm ponds for supplementary
mgation,

~ Intercropping of grain legumes such as green gram, clusterbean, cowpea and groundnuts
With pear! mijye; and sunflower, grain legumes with fodder legumes and legumes with trees has
been provedq a viable system for sustainable development of rainfed agriculture under above
ecosystems (Daulay, 1994), |
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Conclusion

In the study area, sixteen and ecosystems created by denudational, fluvial and aeolian
processes have been 1dentified and mapped These ecosystems were formed during Quaternary
penod, under two major wet and two dry climatic phases Accelerated wind erosion/deposition,
water eroston, wind erosion/deposition and water erosion combined and salimty/alkalinity are
the major environmental hazards affecting the biological productivity of these ecosystems
Sigruficant vanations exist in the physical potentials and limutations of biophysical resources of
different ecosystems Based on these factors and landuse capability, sustainable development of
each ecosystem into silvipastoral/pastoral and rainfedimgated agncultural systems, using
proper so1l and water conservation measures, has been suggested
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CHARACTERISTICS AND BEHAVIORAL ASPECTS OF ARID AND
SEMI-ARID ZONE SOILS

R.P. Dhir

Introduction

Rock dependent vanability of parent matenal, physiography, past history of landscape
evolution and climate have combined to give a large variety of soils in drylands. The range of
soils includes the sticky, dark coloured clay soils or Vertisols from basalts, limestone and shales,
through reddish coarse to medium textured soils or Inceptisols/Alfisols of granite and schist
terrain to highly sandy soils of dunes and plains (Toripsamments). The soil vanability together
with the climate and physiography create a vast range of situations which influence the choice of
tree-grass combination as also on management seeds. Of course, in developing countries with a
high population dependency on land, the first priority is always for cropping and plantation
crops. Not only the lands which capability wise are suited for the purpose, but often even
marginal lands are put to farming, Therefore, it is only such lands which posses a severe
limitation for cropping due to soil depth, slope, erosion, salinity or climate that are available for
pasture or silvipasture uses. The paper briefly discusses the characteristics, properties and
behavioural aspects of these soils of arid and semi-arid zones.

Arid Zone Soils

Sandy Soils : These highly coarse textured soils have a prominent occurrence in Indian
subcontinent, Persian Gulf countries as also in Central Asia. In the Indian arid zone, such soils
occupy 11.4 MHa or 42.7 per cent of the area (Dhir ef al., 1991). These occur often in form of
dunes and hummocks. The soils usually contain 4-12% clay, 3-12% silt and rest is sand fraction
with some lime and gypsum. These soils do not show any profile development and are
classified as Torripsamment.

These soils have a high infiltration rate (8-38 cm h'l) but a low water retention capacity (4
to 15% w/w). However, under unsaturated situation, the water conductivity is very low and
decreases very fast with increasing tension. Thus, whereas the saturated state conductivity of a .
sandy soils is five times larger than asandy loam soil, the conductivity at 500 k Pa is 200 times
less in a sandy soils (Oswal and Khanna, 1981). This property has significant implications.
Highly restricted water movement will permit full utilisation of moisture only if plant roots are
able to reach the sites where the water is held in the soil. Thus plants with a fibrous root system
stand to use stored moisture fully. This resistance to water movement is also a great advantage
in arid zone situation with a high atmospheric moisture deficit during a major part to the year.
The stored soil moisture remains protected in the soil till such time that it is utilized by the
growing plant. Gupta (1979) found that soils of bare dunes and sandy plains remained almost of
field capacity through out the year except in top 50 cm layer.

The sandy soils pose hardly any aggregation. Therefore these have a high basic erodibility.
This fact together with strong wind regime and sparseness of perennial vegetation cover create
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severe wind erosion. Gupta (1‘981) reported a soil loss of 325 and 615 t ha! from partially
stable and unstable sand dunes. Dhir (1994) reported similar losses from cultivated lands and
degraded pasture lands in the sandy plains for the study year 1985. Interestingly, lands with
optimum stand of vegetation experienced very little erosion. Drift sands whether in form of
barchans or sheet are unstable and therefore a protection in form of micro-wind barriers is a
necessity before establishment of a silvipasture system.

The sandy soils often contain only half to one-third of nutrient reserves compared to loams
and fine textured soils. These are also very low in humus (Dhir ef al., 1991). However, despite
this, the picture in term of available form of various major and micro nutrient elethents, except
nitrogen is satisfactory (Table 1). The soils are able to support a healthy perennial vegetation
cover such as permitted by the agro-climatic condition of arid zone without resort to costly
fertilizer inputs.

Table 1.Organic carbon and available phosphorus and potassium (mean values) in soils

Soil series Organic carbon P2 Os K20
(%) (kg ha™") (kgha ™)
Sandy
Dunes 0.05 13.8 - 142,
Chirai normal 0.11 11.6 180
Chirai hummocky 0.09 14.4 166
Kolu ' 0.09 17.3 190
Kumprawas 0.14 21.0 195
Molasar ‘ 0.12 16.6 189
pal 0.17 18.4 247
Sandy loam
Pipar 0.22 19.2 240
Panchroli 0.24 20.4 260
Khatawas 0.20 18.3 247
Clay loam
Gajsinghpura 0.20 11.0 273
Asop . . 031 11.0 337

A sizeable part of whatever rainfall is received in arid areas comes in form of few wet
spells. Because of the above described low water retention capacity, considerable fraction of
water percolates to deeper strata. This feature makes the sandy soils, particularly those of the
dunes, where permanent- vegetation cover is desirable from conservation view point, ideally
suited for a silvipasture system. In this situation, the grasses and shrubs utilized the moisture
from n upper 2 m strata or so whereas trees make use of the deeply percolated water. Thereby, a
full use of the rainwater is ensured for maximization of biomass production as well as
enhancement of grazing period. A schematic representation of silvipasture system in relation to
quantum of annual rainfall is presented in Fig, 1.

Hardpan Soils: In some situations, the solum is underlain by a cemented lime-nodular strata
' at depth ranging from 30 to 60 cm. This indurated strata has some permeability to water but acts
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Fig. 1 Hardpan soils with strongly developed calcrete. The calcrete at 40-70 cm depth is highly

indurated and needs rupturing for successful establishment and growth of trees.

as a serious barrier to roots of grasses and most of the trees. It is only species like Zizyphus
nummulgria which has tenacious enough roots that penetrate this strata. Therefore the hardpan
soils as such permit a very stunted growth of trees compared to deep soils in the vicinity.

It is often seen that the hardpan is most onngly cemented only in upper 20-50 ¢cm (Fig. 2).
In such situations breaking of the upper cemented strata can permit establishment and reasonable

growth of tree species. Therefore, the treatment needed is mechanical breaking of the hardpan in
Pits meant for tree plantation.

Rocky, Gravelly Plains and Hills : Such lands occupy nearly 6.3% of arid zone of
Rajasthan. The soil cover is thin and patchy. The situation permits raising of short grasses only.
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Fig. 2 Schematic sketch of a silvi-pastoral system on duny habitat. It also shows depth of
wetting front for a modal rainfall region-A, B and C represent depth of wetting
for sub-normal, normal and above normal rainfall years, respectively.

Ahuja (1977) showed that such lands could provide a mean average dry forage yield of 334 to
1335 kg/ha depending on soil depth and rainfall regime in a combination of
Aristida-Eleusine-Cenchrus.  Contour trenching was found advantageous and resulted in
60-70% increase in productivity. The land has serious limitation for trees. It is only hardy
species like Acacia senegal which are able to survive, though growth rate remains sub-normal.

Saline Soils : Soil salinity is a problem in most arid tracts. ‘In Rajasthan arid tract there are
0.23 Mha of such lands. The soils are often loam to clay loam and have mean profile ECe of 15
to 80 dSm™'. Such lands are devoid of a significant vegetation cover. The tolerant species like
Sporobolus sp form some cover in rainy season when the salts concentration gets diluted.
Biomass production is only 50-250 kg ha’! depending on severity of salinity. Salvadora sp,
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Capparis and Prosopis juliflora are some of the trees and bushes found in moderately saline
situation.

Because of various factors, leaching of salts is not feasible. However, some improvement is
possible through manipulation of land surface. Ahuja and Bhimaya (1966) found that digging of
treniches was helpful in growth of grass. Further, creation of 0.75 to 1 m high mounds
ridge-cum-furrow were found useful in establishment and growth of trees like Acacia nilotica,
A. tortilis, Tamarix, Salvadora and P. juliflora.

Semi-arid Zone Soils Poor Landuse Capability

Lands suffering from severe soil depth limitation, gully erosion and salinity are amenable to
silvipasture landuse. However, here the texture of soils have a vast range ie., from dark
coloured, silty clays over basalt and shales to gravelly loamy sand over granite, sandstone and
some gneisses.

Shallow Soils in Basaltic Zone : These occur on mesas and plateaux of varying height
and on side slopes. The soil is often gravelly clay and dark coloured but the thickness of solum
is 30 cm only. Besides, there are frequent rock exposures. However, in many situations, the thin
soil is underlain by a thick weathering zone, which is fine textured and pervious to roots and
water. Such lands permit a very productive silvipasture system.

Amongst the trees, Albizia lebbeck, Acacia tortilis, Dichrostachys sp., Leucaena sp. and
Pongamia sp. are more suitable. Results of an exben‘ment are given in Table 2. Continuation
of this work has since shown that over a period of seven years the grazable biomass production
average 3.56 to 445t h'l, which was about the same as obtained from control without
tree component,

Pruning of tree provided 200 to 425 kg ha! of dry leaf and 720 to 890 kg ha™! of fuel
wood. Hardwickia binata is another promising species. The silvipastoral system also brought
about considerable improvement in soil fertility compared to grass cover alone (Table 3).
Staggered trenching and contour bunding have been found highly advantageous.

Red Gravelly Shallow Soils : These soils have a widespread occurrence in peninsular
India, Though the solum is thin, it is underlain by a weathering zone. Thus the situation permit
establishment and maintenance of a good stand of trees alongwith the grass cover as stated in
case of black soils above.

Salt Affected Soils : There are nearly 8 M ha of salt affected and waterlogged soils
essentially in arid and semi-arid zones. Most of these are alkali or sodic with pH 1:2 value of
8.510 10.5. The surface 50 cm shows maximum deterioration of soil properties and it also has
higher concentration of dissolved soils.

Though reclamation of these lands using gypsum, sometimes pyrites, as an amendment, has
been practised for several decades with commendable results, in situation of non-availability of
£ood quality irrigation waters, or resource constraints o community lands, adoption of this
Costly technology is not a feasible proposition. In these cases, a productive silvipastoral system
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Table 2. Dry leaf fodder and fuel yield of MPTS pruned at different height from ground
level and dry forage yield of natural grasses and introduced species on medium black soils

MPTS Dry Yield From MPT's Dry Forage
(kg/ tree) Yield (tha)
Pruning upto 50% Pruning upto to 75% Total
height height
Fuel Fodder . Fuel Fodder

A. indica 0.40 0.14 042 0.13 2.50 -
A. amara 1.41 0.15 0.42 0.07 266
A. lebbeck 0.10 0.02 0.08 0.03 232
A. tortilis 3.04 0.36 1.34 0.18 2,52
A. pendula - - - - 2.55
C. pentandra - - - - 2.15
D. strictus 0.30 0.42 0.26 0.19 242
D. cinerea 2,65 0.63 2.19 0.24 269
P. pinnata 0.04 0.05 010 011 2.73
L. leucocephala 0.18 0.03 0.35 0.05 3.00
T. belerica - - - - 2.52
Z. mauritiana - 0.57 0.22 031 0.02 1.92

can be established. Studies at CSSRI have shown that Casuarina equisetifolia, Acacia nilotica
and of course, P. juliflora can be established. The grass species Leptochloa flusica was found to
perform well on these land and gave a yield of 47 t ha'lin 15 cuttings spread over a period of 50
months (Singh ef al. 1989). :

Alkali soils have adverse conditions for early establishment of trees. There a series of
approaches have been attempted to create a favourable niche by spot treatment of land. Several

Table 3.So0il physico-chemical properties under silvi-pasture and open grasslands after

seven years
Silvipasture pH EC Organic Avail-  Avail-  Field Dry
mmhos carbon ableN ableP capa- forage
(%) (kg/ha) (kg/ha) city yield
(/ha)
Leucaena 7.2 0.18 0.98 237 16.6 15.6 528
leucocephala ‘
Acacia nilotica 7.5 0.22 0.71 216 15.6 15.2 447
Albizia lebbeck 7.6 0.28 0.68 208 15.0 14.8 5.63
Albizia procera 7.6 030 0.62 197 142 14.7 421
Open grassland 11 0.28 0.60 178 13.0 143 5.95

Source: Hazra (1990).
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Table 4.Effect of treatments and planting techniques on survival, height, DSH and DBH of
mesquite 24 months after planting

Treatment - Survival Height DSH DBH
(%) (cm) (mm) (mm)
Soil
With S 92 294 38.6 13.1
Withogurtasgrass 92 370 48.0 18.3
C.D. (P=0.05) ns 62 6.9 49
Filling mixture
Qriginal soil 63 153 18.0 58
Gypsum 88 323 38.8 13.9
Gypsum + rice husk 100 394 55.0 21.1
Gypsum + FYM 1‘2’3 4;3 fgg 1%
C.D(P=005) - :
Planting method
Pit 100 323 47.5 17.2
Auger 100 358 46.5 173
Trench 88 349 38.8 13.9
C.D.(P=0.05) bs ns 7.0 ns

methods namely pit, auger hole, ridge plantation and trench plantation have been attempted.
The results of one such study are presented in Table 4. It is seen that addition of gypsum and
organic matter brought about significant improvement in survival percentage and growth of
trees.
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DISTRIBUTION AND MAPPING OF SALT AFFECTED SOILS
UNDER DIFFERENT ARID ECOSYSTEMS FOR THEIR
UTILIZATION OF GRAZING RESOURCES

Nepal Singh

Introduction

Accumulation of salts in the soil profile and weathering zone/substrata or retention of salts
transported from outside the area are characteristic features of arid environments. However, the
magnitude and composition of the salts vary greatly, depending upon the nature of source rock,
geomorphic evolution of the area, mechanical composition of surface sediments and drainage.
So far as the vast area of arid Rajasthan and Gujarat is concemed, these factors are far from
constant and thus we have great irregularity in the distribution of salt affected soils. Though
local and regional saline depressions or playas are sporadically dotted all over this arid region,
there are three large tracts, two in arid Rajasthan and one in Kachchh area, where soil salinity
assumes an unusual proportion and poses a real regional problems (Dhir and Singh, 1979,
Kolarkar et al., (1980). The first one is in the extreme north-west in the flood plain of old
Ghaggar system, where about 0.2 million ha area is occupied by salt affected soils (Dhir et al.,
1978).  Second is located in the south and south-west of Jodhpur, forming the
Bilara-Pali-Sanchor and Balotra triangle in Jodhpur, Pali, Barmer and Jalor districts where
nearly 7000 km? area is occupied by salt affected soils (Dhir et al., 1979;, Kolarkar et al,, 1980
Singh et al., 1992 and Singh and Kolarkar 1995). The third one is located in Kachchh and
Saurashtra region in Gujarat state where 31000 km? is occupied by salt affected soils (Singh and
Kolarkar 1990). Apart from these natural salt affected soils, a large area also has secondary
salinisation problem duc to use of saline and high RSC water for irrigation. These secondary
salinised soils also behave like natural salt affected soils and remain out of cultivation for a
number of years (Dhir ef al., 1975., Singh et al, 1994). There are some areas under canal
imigation, particularly in Sardar-Samand (Pali district) and Bilara (Jodhpur district) where
fecondary salinisation took place due to seepage from canal and high amount of water used for
Imigation. The ground water table has risen upto 1-2 metre and due to capillary action the salts
are deposited on surface even in cultivated lands. Some of the cultivated lands have gone out of
cultivation (Kolarkar et al., 1980). The present discussion deals with the occurrence of salt
affected soils, their characteristics under different ecosystem of arid region and suggest some
amelioration measures for planning and development of these lands.

Environment

The present discussion is essentially related to the arid western Rajasthan and adjoining
K?C}_’Chh region of Gujarat state lying in the 200 to 450 mm rainfall zone. About 90 per cent
@n 18 received during June to September and. the average minimum and maximum temperature
1§ around 19°C and 34°C, respectively. Temperature reaches as high as 48°C in the month of
May and June and goes down to 8°C in winter. The evapotranspiration rate is 3102 mm per year
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and humidity varies from 60 to 80%. Topographically, the region is characterised by vast
alluvial plains, pediments, buried pediments with small dunes and hills.

Identification and Mapping

Natural and man-induced salt affected soils can be easily identified, separated and mapped
from aerial photos, Landsat black and white images and TM FCC due to the distinct variations
in their shape, size, pattern tonal, spatial and spectral characteristics. The genetic and physico
chemical characteristics also enabled to separate these salt affected soils from each other.

Natural salt affected soils are, by and large associated with saline depressions and low lying
older alluvial plains and exhibit whitish yellow to whitish grey tone on Landsat TM FCCs.
They are of semi-circular to circular and elongated shape. Most of them have low density of |,
natural vegetation. These soils have grass cover in pockets like Dichanthium annulatum,
Sporobolus marginatus, Eleusine compressa, Chloris virgata and Cyprus rotundus, and are
dominantly sandy loam to loam and clay loam in texture. The lands have high density of
Prosopis juliflora, Capparis decidua, Ziziphus nummularia and Salvadora persica in random
specks of whitish grey and dull red tone on FCCs in the similar textural class soils. These salt
affected soils in association with rocky/gravelly and buried pediments occur in pockets and
appear in dull white to whitish grey tone with specks of red on Landsat TM FCC. The salt
affected soils associated with younger alluvial plains and river beds could be easily and quickly
identified and mapped due to their location, pattern and presence of high density of Saccharum
bengalensis, Acacia arabica, Prosopis juliflora in pockets. They are of elongated shape and
constitute highly saline, loam to clay loam soils with high moisture regime. Due to surface
crust, mottled texture and high spectral reflectance these exhibit white to whitish grey tone with
dark grey specks on Landsat MSS band 5 black and white image. Some river beds and saline
Rann exhibit in similar milky white tone because sand and high salt crust surfaces appear in
similar tonal reflectance without any natural vegetation cover. Some of the saline soils have
spotted Prasopis juliflora vegetation which appear in red.

Man-induced salt affected soils or secondary salinised salt affected soils associated with
canal and saline-sodic wells water irrigation in the older alluvial plains appear in whitish to dull
red tone on Landsat TM (FCC). The whitish tone of these lands is due to high spectral
reflectance from surface salt crust and dull red tone is caused by chlorophyll content of standing
crops in field. They occur in continuous patches and in elongated slope under different
physiographic setting. These wastelands appear in white to dark grey tone and mottled texture
on Landsat band 5 black and white image (Singh ef a/. 1992).

Genesis And Morphology

Genesis of Salt Affected Soils : During the Pleistocene period altemate dry and wet
phases have played a significant role in the formation of saline depression (rann), saline alluvial
plains and associated natural salt affected soils. Calcium sulphate being less soluble was
deposited in the upstream of drainage basin and created saline alluvial plains, whereas moré
soluble sodium chloride was carried downstream to the confluence of the rivers resulting in the
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formation of saline depressions. Due to capillary action, evaporation and upward movements of
calts, the salt affected soils came into being (Ghosh, 1964, Ghosh and Singh, 1968, Taylor,
1955). The whole profile of alluvial sediments is highly charged with soluble salts and
.naximum concentration is found at surface through capillary action and high temperature during
;w2 period of May and June (Dhir and Singh, 1979).

Such saline-alkali soils associated with rocky/gravelly and buried pediments resulted due to
the deposition of salt from weathered rock material. The soluble salts released from the
weathered material were transported and deposited in nearby areas through the surface runoff

(Kolarkar et al., 1980).

Morphological and Physico-chemical Characteristics of Salt Affected Soils

The distribution of various categories of salt affected soils under different ecosystem were
identified and mapped in arid Rajasthan from Landsat TM FCC, in conjunction with ground

truth (Table 1 and Fig. 1).

(@) Medium to fine textured older alluvial plains sall affected soils: The dominant
morphological characteristics of medium to fine textured older alluvial plains soils are almost
level slope, surface salt crust and highly saline through out the profile. These are moderately
deep to deep, light greyish brown to dark greyish brown (10 YR 6/1 to 10 YR 4/2) sandy loam
to loam and clay loam, medium moderate sub-angular to angular structure, strongly calcareous,
underlain by moderately hard to very hard substrata of lime concretion or wéathered rock.
These soil profiles have subsurface drainage problem due to hard undemneath substrata. The
dominant tree vegetation is Prosopis juliflora and Capparis decidua shrub. FEleusine compressa
and Dichanthium annulatum are the grasses in patches.

Thf“ dominant soluble salt in saturation extract of these soils are sodium-chloride, followed
by calcium and magnesium-sulphate. The ECe value ranges from 1.32 to 182.0 dS m! and pH

;r)om 8.1t0 8.8. The SAR and ESP values range from 9 to 1442 and 9 to 86, respectively (Table

() Light to medium textured soils of younger alluvial plains: The momhologicél
Cmtedsﬁcs of salt affected soils of younger alluvial plains are nearly level to gentle slope
With superficial sediments. These are deep, loamy sand to sandy loam and loam, moderately
hard, brown to yellowish brown (10 YR 5/3 to 10 YR 5/4), medium sub angular blocky
::;cct;rte» strongly c‘-':llcareous,-underlajn by thick zone of gravel/pebbles of riverine nature. The
CommO:d tree species are I?ros.opis Juliflora and Acacia arabica and shrub Tamarix spp. The
saturateg g@ss of these soils is Saccharum bengalensis in patches. The whole profile is

with salt and flooded water during the rainy season.

proﬂT:?SP:):iiCO-che@cm characteristics of saturation extract revealed that the salinity in the

Saturatiog Odium-chloride followed by calcium and magnesium-carbonate. The ECe value of

value £ extract ranges from 2.5 to 30.0 dS/m and pH (1:2) 8.3 to 8.8. The SAR and ESP
anges from 12 to 45 and 22 to 30 respectively (Table 2).
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Table 1:Distribution of saline/alkali soils under-different land forms
Categories . Areakm®

Jodhpur Sojat-Pali Pali-Jalor-
district Rohit tract Balotra tract]

A Natural saline/alkali soils

@ Medium to fine textured soil of 160 1213 1106

older alluvial plains

(b) Medium to fine textured soil 86 200 ) 300

of younger alluvial plains

(¢) Fine textured saline depr- ession 31 15 17

(Rann)
B.  Relict-salinity/atkalinity 30 465 531
C. Man-induced secondary sali-

nised saline/alkali soil

(a) Medium to fine textured, 110 270 )

canal irrigated high water
table area of older alluvial
plains

(b) Medium to fine textured soils 68 460 200

of older alluvial plaing
irrigated by saline and RSC
well waters

©) Coarse to medium and fine £ 160 492

textured soils of younger
alluvial plain irrigated with
saline and RSC well waters.

(¢) Natural depression (Rann): The morphological characteristics of saline depression
(Rann) soils are characterised by well levelled, bowel shape, high salt crust at su#face and
remain under water for 3-4 months. These are deep, clay loam to silty clay loam and silty clay,
light greyish brown to pale brown (10 YR 6/1 to 10 YR 6/3), hard on drying, angular structure,
strongly calcareous, underlain by a thick zone of lime coated pebbles or hard rocks.. These are
completely ill-drained both at surface and internal drainage. The maximum salt concentration is
at surface and in subsoil it decreases with depth. These are completely barren and Prosopis
Juliflora is found only near the periphery of the rann.

Saturation extract analysis of these soils revealed that the salinity is mostly sodium-
- chloride type and their first two layers have sizeable content of calcium and magnesium. There
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Table 2. Physico-chemical characteristics of saline-alkali wastelands in w. Rajasthan

Cation met ! Anion met ™!
Type of wasteland Soil depth  Organic pH ECe Na K Ca Mg Cl HCO3 S04 SAR ESp
and location (cm) carbon (1:2) (dSm-1)
(%)

A. Natural saline/alkali O
wasteland associated with
Medium textured 0-10 025 8.6 1.32 6.5 0.10 52 3.7 75 8.02 0.12 31 93
flat older alluvial 10-30 038 87 261 163 013 30 6.0 150 108 004 7.7 206
plain 30100 012 88 S8l 478 015 52 28 150 90 147 239 248

100-120 0.12 8.2 822 69.5 050 5.0 7.0 625 190 0.2#} 284 259
Medium to fine 0-2 0.39 7.7 1524 1391.0 435 875 325 12600 40 2900 179 49
textured flat 2-12 047 8.0 99.8 913.0 37.5 365 315 70000 45 3905 15 47
older alluvial 12-28 032 8.1 634 606.0 27.0 27.0 110 3300 50 3365 139 45 ‘
plain 28-70 021 87 18.1 146.0 100 3.0 1.5 90.0 6.0 64.5 97 39

70-120 0.21 85 6.0 480 90 20 0.5 400 5.0 143 43 29

Yo\mger allavial -3¢ 034 %3 2.1 174 02 212 20 100 90 27 12
plains/river bed 30-60 0.28 8.7 4.7 477 02 22 20 35.0 7.0 4.0 29 26

60-90 0.29 8.6 13.9 1217 02 105 3.0 1250 5.0 77 4 29
90-120 025 8.8 273 2217 03 320 160 2500 100 100 45 30

Rocky/gravelly and 0-5 0.12 8.1 59.8 58882 205 272 83 40000 8860 14750 1442 86
buried pediments 5-15 0.07 84 19.8 18836 6.6 345 160 15000 3780 1842 394 65

15-30 0.06 8.8 94 839.1 33 51 211 7500 1115 1546 40 29
Saline depression 0-20 0.18 83 1661 4391.0 44.8 283 369.0 45000 456 4286 283 81
(Kaparda) 20-55 0.16 9.2 68.6 652.1 1.08 14.6 302 600.0 50 235 137 67

55-110 0.12 9.2 234 2217 08 6.7 7.7 2200 32 13.5 102 352
110-140 008 92 276 2608 09 96 8.0 260.0 28 167 61 66
140-190 0.03 9.8 33.7 3080 33 119 150 310.0 26 296 8 55

B. Mun-Induced saline/alkali
wastelands associated with

Medium to fine 0-15 034 90 894 8695 89 560 385 8350 42 1037 126 65
textured flat 15-25 022 86 1684 1169.5 147 440 375 15800 37 23270 261 79
older alluvial 25-40 011 89 391 1869 30 40 170 1750 35 315 59 45
plain 40-65 006 B89 160 1608 33 60 40 1400 50 281 80 SI

65-110 0.05 87 682 5347 64 170 320 5330 30 1531 108 6l
Younger alluvial 0-24 010 91 632 173 05 436 16 110 75 14 8 20
plain . 2445 028" 97 249 212 03 15 09 80 145 14 19 24
' 45-65 021 98 312 293 02 09 07 80 175 57 14 25

4 65-75 011 98 344 283 01 47 10 100 185 56 17 23
Rocky/gravelly 0-15 011 80 1296 12434 173 440 51.0 12300 25 1232 180 50
and buried 13-25 009 80 255 2434 34 45 80 1950 25 628 97 39
pediment 25-40 005 79 690 6956 69 135 185 6050 30 2265 194 49

are few cases of sodium-calcium-chloride or sodium-chloride-sulphate type. The ECe value

indicate that the profile have upward salts movement and the value ranges from ESP 84 to 283

and 52 to 81 respectively (Table 2). The distribution of salts in the natural salt affected soi!
" profile presented in the Fig. 2.a. :

Relict Salinity : The morphological characteristics of relict salinity soils are level surface
“and free of salt but their sub soil and sub strata have sizeable amount of salt. These soils have
cultivation'in pockets and associated with natural salt affected soils. These moderately deep t0
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deep, sandy loam to loam and clay loam, brown to yellowish brown (10 YR 5/3 to 10 YR 5/4),
granular surface and angular block structure mn sub soils, moderate to strongly calcareous,
underlain by lime coated gravelly substrata or weathered rock coated with lime These soils
have good density of vegetation because of non-saline surfaces and cultivated crop in pockets

The physico-chemucal charactenistics of saturation extract indicate that the salimty is
sodium-chlonde followed by calcium-magnesium sulphate type and ECe value ranges from 2 0
to 100 dm and pH 78 to 95 The SAR value lies in between 20 to 32 (Table 2) The
distnibution of salts 1n the soil profile 1s presented in Fig 2b

Man-induced Salt Affected Soils (Secondary Salinisation)

(a) Secondary salimisation under canal irrigation due to mgh water table About forty years
back three major reservoirs namely Sardar Samand, Jaswant Sagar and Hemawas were bult to
develop surface umgation The 1rmgation water 1s brackish with EC 15 to 35 dS/m and the
command area soils have developed serious salimity problem Dunng the rainy season, the
ground water table reaches up to 1 to 2 metre which 1s saline in nature In summer through
evaporation, high salt crust is formed at surface and entire area looks like salt affected lands A
sizeable area 1s out of cultivation due to hugh salimty 1n the profile and Prosops julifiora have
grown on these barren lands The problem 1s clearly due to build up of permanent high water
table and requires the intemmal drainage system Morphologically, these soils are deep, sandy
foam to loam, and clay loam, dark greyish brown to dark yellowish brown (10 YR 4/2 to 4/4),
sub-angular to columnar structure, strongly calcareous underlain by a thick zone of hme
concretion or lime coated gravel/pebbles

The saturatton extract analysis of salt affected soil indicate that the salintty 1s sodium(-)
chloride, followed by calcium-magnesium-chlonde-sulphate type The trend of salt movement
1s upward and maximum salt concentration at surface and in subsoit decreases with depth The
ECe value ranges from 10 to 43 dS/m and pH between 78 to 8 I The SAR value ranges from
30to 140 and ESP 40 to 85 0 (Table 2)

(b) Secondary salimisation due 10 use of saline and high RSC water for wrrigation These
sotls developed due to irngation with saline and high RSC well water in the region  About 80%
wells have problematic water and,on ingation accumulate the salts in the profile
Morphologically these are deep, loamy sand to sandy loam, loam and at places clay loam, brown
to yettowrsh brown (10 YR 5/3 to 40 YR 5/4), slight to moderately calcareous, medium
moderate sub-angular blocky, underlain by varied substrata like lime concretion, gravel/pebbles
and weathered rock

The saturation extract analysis shows that the sality 1s sodium-chlonde, followed by
calcium-magnesium-chlonde-sulphate type unlike the natural salt affected soils The trend of
salts in the profile 1s upward but not 1n continuity The ECe value ranges from 7 0 to 16 dS/m
and pH from 8 0to 8 5 The SAR value ranges from 20 to 35

The lugh RSC well water irmigated soils have low concentration of salts 1n profile but they
show high pH values a manifestation of sodicity These soils are hard and compact and difficult
to plough on drying and puddled on wetting The soil profiles have large vanability in salt

)
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concentration. Morphologically these are deep loamy sand to sandy loam, brown to yellowish
brown (10 YR 5/3 to 10 YR 5/4), moderately to strongly calcareous, weak to medium
sub-angular blocky, underlain by gravel/pebble substrata along the drainage courses.

The saturation extract analysis, of these soils revealed that salinity is sodium-chloride-
carbonate type and calcium and magnesium are in a very small amount. The ECe value ranges
from 2 to 5 dS/m and pH from 8.8 to 9.8. The crop fails due to high sodicity and infiltration rate
is reduced. .

Salt Affected Soils of Kachchh District : The salinity/alkalinity problem is more
widely spread in Kachchh district than in arid Rajasthan. Nearly 70% area is occupied by these

Table 3. Salt affected soils in Kachchh district under different ecosystem

Categories Area pH ECe
km?> % (1:2) dSm -!
. Saline eroded land along 784 1.72 8.1-8.5 23-92
channels
2. Fine textured flat deltaic plains 844 1.85 7.7-8.1 32-84
3. Medium to fine textured 1805 3.96 7.8-8.2 12.57
coastal alluvium .
Highly eroded gullied lands 536 1.18 7.6-8.0 4-39
Banni marine alluvial flat 2353 5.16 8.0-9.5 0.93-129
6. Coarse to medium textured 303 0.66 8.0-8.5 15-49
alluvial plains
7. Tidal affected mud flat 3392 7.44 7.8-8.4 74-96
8. Little and great Rann of 17156 37.61 8.0-8.6 60-180
| Kachchh

soils under different physiographic relief. The cause of salt accumulation is aridity (200 mm
rainfatl), followed by landscape evolution and fine grain parent material, in conjunction with
drainage pattern. o

The area affected by the salinity/alkalinity under different ecosystems have been mapped
with the help of TM FCC band 5 black and white images in conjunction with ground truth. The
extent of salinity under different ecosystem is given Table 3.

The salt affected soils of Kachchh district are highly variable in texture, colour and parent
material and physiographic relief. The district has large variability in parent material like
sandstone ferrugendus rock, limestone and basalt and these soils’ have developed from the
alluvial sediment of these rocks. Later on, the lime accumulated and coated the rock pieces or
lime concretion zone developed. Because of hard substrata and surface physiographic relief
these soils have drainage problem which have resulted in the salinity/alkalinity in the soils.
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Morphologically, soils are moderately deep to very deep, loam to clay loam, silty clay loam,
silty clay, highly variable in colour because of parent material variability. The dominant colour
is greyish brown to dark greyish brown and reddish brown to dark reddish brown, olive grey and
brown. These are calcareous and have lime concretion, lime coated gravel/pebbles or weathered
rocks in substratum. These are completely barren except deltaic and Banni uplands. The
dominant tree vegetation is Prosopis juliflora and grasses Dichanthium annulatum and

Sporobolus marginatus.

The saturation extract analysis of these soils indicate that the salinity is sodium-chloride
type, followed by calcium-magnesium-sulphate. The ECe value is highly variable and ranges
from 32 to 294 dS/m and pH 7.6 t0 9.5. (Table. 4). The surface has high salt crust with upward
movements (Singh and Kolarkar, 1990).

Amelioration of Saline/alkali Soils

Natural Saline/Alkali Soils : Dominantly natural salt affected soils have a very severe
limitation in arid region of Rajasthan and Kachchh, like excessive soluble salt in the solum,
depth limitation, water erosion, poor drainage and devoid of natural vegetation, except very few
plants of Prosopis juliflora, Capparis decidua, Ziziphus nummularia and Salvadora persica.
The most important limiting factor in the arid region is non-availability of sufficient good
quality water for reclamation of such salt affected soil through leaching;

Based on resource potential, limitation and physio-chemical charactenstic of these salt
affected soils, the suitable measures like field bunding, trenching, levelling, deep ploughing and
adding of organic manure to improve the physical conditions of soil and to leach down the
soluble salts through the ponding of rain water are suggested for the amelioration of these
natural salt affected soils. Most of the salt affected soils of the region are barren or having
vegetation in pockets. Their substrata is substantially hard and compact. These lands could not
be brought under cultivation due to severe land limitation. A good pasture could be developed
on these lands where slight to .moderate. salinity (ECe below 5-6 dS/m) exist. [Lleusine
compressa, Chloris virgata and Cyperus rotundus grasses under protection could be established.
The trees like Prosopis.juliflora, Salvadora persica and shrub like Capparis decidua, Zizyphus
nummularia  could be established along with grasses on large scale. The saline Rann after
extracting the salt could be used for pasture and shrub like Sporobolus marginatus and
Haloxylon salicornicum could be planted (Singh et al,, 1992).

Secondary Salinised Salt Affected Soils : The secondary salinised or man-induced
salinity soils exist largely under older alluvial and younger alluvial plains. Earlier these were the
good cultivated lands but use of saline, high RSC well water and canal water for irrigation have
" converted them into saline/alkali soils. The canal water irrigated $oil could be reclaimed
through the improved internal drainage. The lowering of ground water table will help to check
the salts movement. The saline well water irrigation is accumulating the salt in the upper part
of profile. These soils could be reclaimed if physical condition of soil could be improved
“through the adding of organic manure, green manure, deep ploughing and field bunding before
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rain to arrest the rainwater. The rain water will leach down the salts to the lower part of profile. -
These lands should be kept fallow for 3-4 year and Kharchia 65 wheat variety alang with 40-80
kg/ha nitrogen will provide the good'yield (Dhir et al ,1977).

The use of RSC water well for irrigation have converted the land into sodic soils. The
permeability of these soils reduced even in sand to loamy sand soils. These soils could be
reclaimed by use of gypsum, depending on gypsum requirements of the soils. The RSC water
up to 5 ml can be tolerated in the region (Joshi and Dhir, 1989, Singh ef al., 1994, Joshi and
Singh, 1985). Above this value the crop yield decreases. It has been suggested 5-6 tonne/ha
gypsum is sufficient to reclaim the sodic soils.
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INVENTORY AND STATUS OF FORAGE AND WOODY SPECIES
IN DIFFERENT ECOSYSTEMS

Suresh Kumar

Introduction

Amongst three major structural components of an ecosystem, viz. i) the Primary producers,
ii) the Consumers and iii) the Detritus, the primary 'producers or plants in arid and semi-arid
regions have not only importance in sustaining the livestock as well as the economy, but also
have a much greater role in maintaining ecological equilibrium of these lands. Though dry
farming predominates in semi arid region with livestock rearing being a secondary vocation, the
arid regions have perpetually livestock based economics. And with increasing grazing pressure
for example, of 3.2 ACU/ha instead of 1 ACU/ha in one of the semi-arid areas (Rekib, 1981)
and 1-4 ACU/ha instead of 0,2 to 0.5 ACU/ha in arid area (Raheja 1966), the forage and woody
species in different habitats are being continuously and increasingly degraded. In order to
achieve the twin objective of optimising the forage yield as well as maintaining natural
production system in sustained condition, a first hand inventory of these resources is essential.
The present paper describes such an inventory and its dynamics in the arid and semi-arid region
of India. B

The Environment : Amongst various approaches to delimit arid zones, the one based on
moisture index:

Im = (Annual water surplus-Annual water need )/ Annual water need x 100

of Thornthwaite is most acceptable. The regions having Im = -66.6 or less are classified as
arid and those having Im = -33.3 to - 66.6 are semi-arid. Arid regions will therefore have an
annual water deficit of two thirds of the potential evapotranspiration (PET) or more (Ramana
Rao et al, 1983), while semi-arid regions will have such a deficit ranging from one third to two
thirds of the PET. Going by this criteria semi-arid and arid areas in India occupy nearly 9.56
lakh km? (30.50%) and 3.18 lakh km? (10.16%) area, respectively (Table 1). Different attributes
of forage and woody species occurring in this region are discussed below:

Species Composition \
Grass covers : Of the five major grass covers identified by Dabadghao and Shankarnarayan
(1973) following two have been identified for arid and semi-arid regjorn:

Sehima-Dichanthium T, ype : This occurs on brown to dark grey to black soils with low
soluble salts and poor in lime. The rainfall range is 300 to 2000 mm, with summer
temperatures (June) 27-38°C and winter (January) 17-28 °C. This occurs on 17.4 x 10° sq. km
area mainly in Peninsular India including Central Indian plateau, the Chhotanagpur plateau, the
Aravalli ranges, covering 12 states, namely Gujarat, Maharashtra, Madhya Pradesh, Orissa,
Apdhra Pradesh, Karnataka, Tamil Nadu and Kerala, as well as south-west Bengal, southem
Bihar and southern hilly portion of Uttar Pradesh and Rajasthan. Floristically it is comprised of
24 perennial grasses, 129 other herbaceous species of which 56 are legumes. Sehima is
Predominant on gravelly land where its cover could be as high as 87 per cent. Dichanthium
OCCupies mainly level land with its cover approaching 80 per cent. The woody perennials
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Table 1. Arid and semi arid zones of India

State . Area

Lac km Per cent

of total

Semi-arid
Maharashtra 1.89 19.82
Karnataka 1.39 14.57
Andhra Pradesh 1.38 14.49
Rajasthan 1.21 12.64
Tamil Nadu 0.95 9.95
Gujarat 0.90 9.47
Uttar Pradesh 0.64 6.72
Madhya Pradesh 0.59 6.22
Punjab 0.32 332
Haryana 0.27 2.80
Total 9.54 100.0
Arid
Rajasthan 1.95 61.0
Gujarat 0.64 20.0
Punjab 0.16 5.0
Haryana 0.13 4.0
Andhra Pradesh 0.22 7.0
Karnataka 0.09 3.0
Maharashtra 0.01 04
Total ' 298 100.0

include different species of Ziziphus, Acacia catechu, Mimosa rubicaulis, Anogeissus latifoha,
Soymida febrifuga and sometimes succulents such as Fuphorbia.
Dichanthiyum-Cenchrus-Lasiurus Type : This occurs on undifferentiated alluvial soils,
grey and brown of desert having high soluble salts. The annual precipitation ranges from
100-750 mm and the mean temperature during summer (June) is high; 42-43 °C with winter
temperature touching -1 to 4°C. It occupies 4.36 x 10° sq. km area in the different states namely
northern portiori of Gujarat, Rajasthan (excluding Aravallis), western Uttar Pradesh, Delhi state
and Punjab (semi-arid). This type has 11 perennial grasses, 45 other herbaceous species of
which 19 are leguminous. The predominant woody perennials of this type are Prosopis
cineraria, Acacia nilotica, Salvadora oleoides, Ziziphus nummularia, Acacia senegal,
Calotropis procera and Cassia auriculata which often impart it a look of savanna.

Forest Covers : Besides, woody perennials are also scattered in forests of this area. As most
forest stands are degraded these are serving as grazing grounds. Like grass covers, the
- predominant classes identified by Champion and Seth (1968) in the revised classification of
forests are again two, as given below :
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| Tropical dry deciduous Forests (Group 5)

2. Tropical Thomn Forests (Group 6)

These two largely correspond to the two grass cover described above in respect of species
composition and spatial extant,, though forest cover distribution is more precise. In the former
type, two major classes i.e. Teak (Tectona grandis) and non teak are identified. In the Teak
forests, Anogeissus latifolia and Terminalia are major associates. In the non teak bearing
forests, the dominant genera are Anogeissus, Terminalia alongwith Diospyros, Boswellia and
Sterculia. The most important factor is absence of Dipterocarps i.e. species of Shorea. It has
three climax formation and a variety of edaphic formations.

Tropical thon Forests are dominated by a variety of species of Acacia, Euphorbia,
Capparis and Prosopis alongwith many edaphic varants. Thus, it is evident that the
composition of woody perennials given by Dabadghao and Shankamarayan (1973) in two afore
cited grass covers broadly matches that of Champion and Seth (1968).

The important top feeds in this zone are Acacia catechu, A. nilotica, A. leucophloea, Adina
cordifolia, Ailanthus excelsa, Albizia lebbeck, A. amara, Anogeissus latifolia, Azadirachta
indica, Bauhinia purpurea, Butea monosperma, Cassia siamea, Dalbergia sissoo, Hardwickia
binata, Iicus bengalensis, F. religiosa and Ziziphus rotundifolia. These herbaceous and woody
elements in Indian arid zone have been shown to have strong habitat affinities. On the basis of
physiognomuc features of vegetation on different landforms and rainfall situations, following six
major vegetation types have been identified (Satyanarayan, 1964).

Major Vegetation Types In The Indian Thar

Mixed Xeromorphic Thorn Forest : Besides the Aravallis as the boundary line, there
are several rugged scattered hills which are mostly made up of sandstone, granite and rhyolite.
The plant communities growing on these hills are grouped under the mixed xeromorphic thomn
forest because the communities are largely dominated by thomy and spiny species, which
include some evergreen non-thorny species as well. The soils of such habitats are skeletal,
yellowish brown to brown, loamy sands. Low hills and rocky areas of 150 to 350 mm of rainfall
Zone are largely dominated by the Acacia senegal community which under protection attains
density of 72 plants per ha and 100% frequency. The Anogeissus pendula-Acacia senegal
“ommunity occurs in 350-500 mm rainfall zone where as in 500-700 mm zone Anogeissus
pendula community is predominant with Acacia catechu as the chief associate. But on higher
elevations A. pendula combines with Baswellia-serrata. The density of plants having 15-35 cm.
DBH ranges from 200 to 500 plants per ha.

The chief shrub associate in 150-350 mm rainfall zone are Commiphora wightii, Ziziphus
Mimmularia, Grewia tenax, Euphorbia caducifolia, Mimosa hamata and Sarcostemma acidum.
The associated trees that are short with crooked boles include Salvadora oleoides and Maytenus
emﬂrginata. The associates of 4. senegal community in the ‘medium (350-500 mm) rainfall
?“e .mCIUde Wrightia tinctora, Moringa concanensis, Azadirachta indica, Bauhinia racemosa,

ordia gharaf and Acacia leucophloea. In the higher rainfall regions (500-700 mm) the
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associate species are Securinega leucopyrus, Dichrostachys cinerea, Grewia villosa, Barlerig
prionitis, B. acanthoides, Cassia auriculata, Abutilon indicum and Dipteracanthus patulus.

The ground flora in the low rainfall zone is poor and includes a few species of grasses ang
forbs such as Cymbopogon jwarancusa, Aristida funiculata, Eleusine compressa, Aristida
hirtigluma, Tragus biflorus, Oropetium thomaeum, Melanocenchris jacquemontii, Enneapogon
brachystachys, Indigofera cordifolia, Lepidagathis trinervis, Blepharis sindica, Tephrosia
purpurea and Tridax procumbens. In the higher rainfall zone (300-750 mm), some more species
are added viz. Eremopogon foveolatus, Heteropogon contortus, Brachiaria ramosa
Bothriochloa pertusa, Hackelochioa granularia, Sehima nervosum, 1ndigbﬁera tincloria,
Tephrosia petrosa, Boerhavia diffusa, Pupalia lappacea and Achyranthes aspera.

Mixed Xeromorphic Woodlands : This formation largely having spiny species mixed
with non-spiny and ever green species, occurs on the flat older alluvial plains and lower
piedmont plains with deep depositions of sandy loam or clay loam or clay soils underlain with a
hard kankar pan at 25 to 100 cm depth.

The plant communities encountered in the desert plains are 1. Salvadora oleoides- Prosopis
cineraria 2. Prosopis cineraria - Ziziphus nummularia - Capparis decidua, 3. Salvadora
oleoides - Capparis decidua - P. cineraria, 4. Salvadora oleoides, 5. Capparis decidua -
Salvadora oleoides - P. cineraria, 6. S. oleoides - C. decidua, 1. P. cineraria - S. oleoides - Z.
nummularia, 8. S. oleoides - Cassia auriculata, 9. P. cineraria - C. decidua, 10. P. cineraria - Z.
nummularia, 11. C. decidua, 12, Z. nummularia, 13. S. oleoides - P. cineraria - Z. nummularia

and 14. P. cineraria - Acacia nilotica.
L ]

The above plant communities, by the inclusion or exclusion of any one species, affect the
association significantly. Therefore, these may be regarded as phases or ‘facies’ of the climax
community, largely indicating the extent of degradation reflected in the preponderance of
Tephrosia purpurea, Crotalaria burhia and Indigofera oblongifolia.

The common shrub associates of all above communities include Calotropis procera,
Balanites aegyptiaca and Acacia jacquemontii. The forbs and grasses are Aerva persica,
Tephrosia purpurea, Crotalaria burhia, Convolvulus microphyllus, Heliotropium subulatum,
Pulicaria wightiana, Celosia argentea, Eleusine compressa, Dactyloctenium sindicum,
Desmostachya bipinnata, Cenchrus ciliaris, C. setigerus.

Mixed Xeromorphic Riverine Thorn Forest : The Jawai, the Sukri, the Mitri and the
Luni rivers and their tributaries in western Rajasthan form a narrow belt of younger alluvium
having deep sandy soils without a hard pan. There is a very good density of trees viz, Acacia
nilotica, A. cupressiformis, Salvadora oleoides, S. persica, Tamarix articulata, Tecomella
undulata, Tamarindus indica, Albizia lebbeck, Ailanthus excelsa, Ficus reIigidsa, F

bengalensis, Moringa oleifera and Ziziphus mauritiana.

Acacia nilotica-Prosopis cineraria community is predominant in the irrigated fields along
the river courses and represent the climax of this region. On medium heavy soils, S. oleoides
-and P. cineraria dominate. Degradation beyond this stage rapidly gives way to Tamarix-
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Ziziphus, A. Jjacquemontii and finally to grasses and sedges viz,, Desmostachya bipinnata,
Cyerus arenarius and C. biflorus.

The plant communities on the terraces of the river banks are 1. Acacia jacquemontii -
(,‘assic.z auriculata, 2. A. jacquemontii-Aerva pseudotomentosa, 3. Salvadora persica-Tamarix

articulata, 4. Salvadora-C. decidua.

The grasses and forbs in these communities are Cenchrus ciliaris, C. setigerus, Aristida
adscensionis, Digitaria adscendens, Dactyloctenium aegyptium. Chloris virgata, (ynodon
dactylon, Crotalaria burhia, Boerhavia diffusa, Digera muricata, Pulicaria wightiana.
Volutarella divaricata, Xanthium strumarium and Indigofera cordifolia.

Lithophytic Scrub Desert : Eroded rocky surfaces, gravelly plains and pediment plains
with shallow soil deposition in depressional pockets support stunted, multi-stemmed shrubs and
trees which are cushion- shaped pillow-forms due to heavy grazing,

Capparis decidua-Ziziphus nummularia is the most prevalent shrub community on eroded
rocky surfaces and piedmont plains. Stray plants of Acacia senegal and Prosopis cineraria also
grow along the deep tunnels. Associated shrubs, under shrubs, forbs and grasses are Lepradenia
pyrotechnica, Calotropis procera, Aerva persica, Tephrosia purpurea, Crolalaria burhia.
Sericostemma pauciflorum, Bonamia latifolia, Tribulus terrestris, Orygia decumbens. Cleome
papillosa, C. brachycarpa, Boerhavia elegans, B. diffusa, Mollugo cerviana, Indigofera
cardifolia, Dactyloctenium sindicum, Oropetium thomaeum, Eleusine compressa, Eragrostis sp.,

Aristida hirtigluma.

Psammophytic Scrub Desert : This formation has woody vegetation predominantly of

shrubs, on aeolian deposits viz. stabilised sand dunes, undulating hummocky older alluvial

Plains and interdunal hummocky plains with very deep loamy sandy often calcareous. Typical

psammophillous species are Aerva persica, A. pseudotomentosa, Crotalaria burhia. Panicum

turgidum, Cyperus laevigatus, Calligonum polygonoides, Clerodendron phlomoides. Cenchrus
biflorus, Aristida Suniculata and Citrullus colocynthis, Dipterygium glaucum and Haloxylon

salicornicum.

Sand dunes with moderate sand deposition support the following communities: 1.
Calligonum polygonoides - Clerodendron phlomoides, 2. C. polygonoides - Panicum turgidum,
3. Acacia Jacquemontii - Acacia senegal, 4. Maytenus emarginatus - Calotropis procera, 5. M.
émarginatus - A. senegal, 6. A. senegal - Calligonum polygonoides, 1. Crotalaria burhia - Aerva
Pseudotomentosa, 8. C. burhia - Sericostemma paticiﬂorum - Leptadenia pyrotechnica.

The sand dunes in the moderate rainfall zones (250-300 mm) are more stabilised and bear a
larger number of small trees and a few shrub species, such as Prosopis cineraria, Salvadora
oleoides, Balanites aegyptiaca, Tecomella undulata, A/Iaytenus emarginatus, Lycium barbarum
and Acacia jacquemonm

The sand dunes in 2 higher rainfall zone (300-400 mm) are highly stabilised and support
Mixed Xeromorphic woodland instead of Psammophytic scrub desert.
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Halophytic Scrub Desert : This formation is localised in low lying saline basins and
depressional areas called rann or playa wherein the salinity decreases towards the periphery and
succulent halophytic namo- phanerophytes and chamaephytes, generally of Chenopodiaceae,
Zygophyaceae. dizoaceae and Portulacaceae grow more towards the periphery.

The plant communities recorded in various ranns are; 1. Suaeda fruticosa-Aeluropus
logopaides. 2. [Haloxyvion recurvum-Salsola baryosma-Sporobolus marginatus, 3. Sporobolus

helvolus-Cyperus rotundus, 4. Peganum harmala-Fleusine compressa.
1)

Other halophytic species common to the above communities are Zygophyvilum simplex,
Cressa cretica, Euphorbia granulata, Portulaca oleracea, Fagonia cretica, Trianthema
portulacastrum, [ichinochloa colonum, Chloris virgata, Schoenfeldia gracilis. Dactyloctenium

aegyptium and Dichanthium annulatum.

Growth Pattern and Phenology

The strong monsoonic climate forces vegetation to have a strong periodic growth restricted
to rainy season. New vegetative sprout from perennials and germination from annuals takes
place immediately after a few showers in June-July. Maximum growth is attained by the end of
September followed by flowering and fruiting by the end of October. In arid grazinglands,
growth is limited from July to September. In semi-arid parts e.g. at Sagar, five phenological
behaviour were identified by (Pandaya, 1964 a & b).

Species
1. Ephemerals completing ' Zornia diphylla, Cassia tora, Cleome
life cycle in one monsoon viscosa, Aristida royleana
2. Complete life cycle during Paspalum rovleanum, Panicum humils
monsoon but recur in
following season
3. Germination to fruiting Volutarella ramosa, {eviandia
in one season but seed latebrosa
maturation in next season
4. Showing 2 or more o Cynodon dactylon, Dichanthium
flowering flushes annulatum, Bothriochloea pertusa
5. Those with one flowering Indigofera linifolia. Evolvulus
and fruiting flush each - alsinoides

year, although period of
. flowering may cover 2 seasons

Perennial species respond positively with more vegetative growth within a season if rains
were more.
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Herbage Yield

The herbage yield has been estimated as 3.3 tvha in Dichanthium-Cenchrus-Lasiurus type
and 3.5 vha in Sehima-Dichanthium type. However, these have potential of 5 and 6 tha,
respectively (Singh, 1988). These estimates however do not include the yield from the ligneous
components which often vary due to complexity of factors like soil, biotic factor and uneven
nature of the stand. .

Ecological Status

It is widely believed that tree shrub savanna are the climax formation in arid and semi-arid
zones wherein most of the grasslands or rangelands are in a state of arrested preclimax or
disclimax. Bharucha (1975) and Satyanarayan (1964) believed that western Rajasthan has
polyclimax. Shreve (1951) demonstrated that each habitat in each division of the desert area has
its own climax. While use of the term climax is debatable for the desert vegetation, the
phenomenon of progressive and retrogressive succession on different habitats worked out in past
3 decades at the Plant Ecology Section of CAZRI, Jodhpur, India is most well understood aspect
( Gupta and Saxena, 1972; Saxena 1977, Kumar, 1994). These are described below:

Changes in Vegetation Upon Degradation

Upon over utilization and degradation, dominant elements are reduced to very low
dominance or complete absence. Even associates are also replaced by lower successionals.
Their cover and herbage yield declines by 2-8 times and 4-8 times (Table 2) respectively, upon
degradation. The percent of climax species may decline much below 40% level. Density may
first increase due to spurt in growth of non palatables and thorny species which Dyksterhuis
(1949) called invaders. But ultimately the density also declines. Vigour and cover of plants is
adversely affected upon degradation. Hedging and browselines are obvious consequences.
Dominance diversity relation change upon degradation

Dominance-Diversity Relations : It is well-known that slight degradation increases
alpha diversity before it actually declines due to severe degradation. In a study in the Bandi
Catchment of the upper Luni basin in the Rajasthan desert (Kumar and Shankar, 1987), diversity
and equitability of woody perennials in different sites was studied. Sites having degraded grass
covers such as Oropetium- liragrosiis or Dactyloctenium-Eleusine type exhibited a low density
and low equitability of woody perennials (Kumar and Shankar 1987). Sites with an optimum
cover of Dichanthium- Desmostachya showed an intermediate diversity and equitability. This
finding was further confirmed by the fact that the dominance-diversity curves of the woody
Vegetation in degraded sites were geometrical while those of the non-degraded site, log normal
in distribution. Similar trends were found in Jaisalmer, too (Kumar, 1990).

Impact on Stability and Equilibrium : Arid ecosystems are more resilient and less
Stable hence fragile. Vegetational changes upon degradation that are within the bounds of
Fesilience j e, , dynamic equilibrium, should be dlstmguxshed from those representing permanent
Changes dye to degradation. To what extent permanent or resilient changes reflect degradation
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Table 2. Vegetation cover & yield under degraded and non-degraded condition

Grasscover Herbage cover %) Herbage yield (kg/ha)
Non-degraded Degraded Non-degraded Degraded

Dichanthium annulatum  4-8 0.5-2 4000 _130-1100

Desmostachya bipinnata

Eleusine compress 3-9 0.5-2 1200-1500 100-600

Desmostachya bipinnata )

Sporobolus marginatus 4-7 1-3 1400-2600 300-500

Dichanthium annulatum

Cenchrus ciliaris 4-6 1-2 2000-2500 300-400

C. setigerus

Eleusine compressa 3-4 0.5-2 800-1000 175-450

Dactyloctenium sindicum

L. sindicus 5-14 2-4 4000 400-500

C. sindicus-P. turgidum 5-8 2-3 1500-2000 300-500

Aristida-Eragrostis-C. 2-3 0.1-1 500-800 100-200

biflorus )

cannot be determined because we do not know to what extent vegetation changes indicate a
disruption of equilibrium. It is therefore, desirable to set up a benchmark as reference with-
which to compare existing vegetation. This benchmark could only be the potential vegetation:
that a piece of land can afford to support. Gaussen (1959) called it plesioclimax. The.
successional status of vegetation with respect to climax obviously reflects its ecological status.

Assessment of Vegetation Degradation : The proportion of decline in the climax
vegetation as well as total vegetation compared to the Plesioclimax can be measured through a
variety of parameters (Kumar, 1992 a). The exact mathematical relation between the dynamics
of each parameter with respect to increase of degradation has not yet been fully understood.

-

Remote Sensing for Monitoring Vegetation-Degradation : A basic ground
radiometric study in this direction has revealed that the spectral response of vegetation in a
non-degraded site in Mohangarh (11.7% total cover, 1,162 kg/ha dry matter yield) was different
from that of the degraded site near Satyaya (3% total cover, 680 kg/ha of dry matter yield). In
fact, the reflectance at 450 mm showed a negative but significant correlation with the total
percentage of cover and dry forage yield. Thus, it is possible to monitor vegetation degradation,
using inputs in digital image analysis, for the whole region.

Modelling the Deg'radation : Attempts in this direction have, however, been made by
using multivariate techniques of classification and ordination of vegetation of Indian arid lands
(Kumar, 1990). Multivariate analysis yielded such site and species groups that are indicators of
the degradation status. This was also confirmed by the dominance diversity trends. The species
groupings corresponded to the successional status which enabled to predict the degradation
stage. Further evidence was supplied from the relative density of spiny species and browsé
species in.these sites (Kumar, 1992 b).
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Vegetation Recovery Through Protection : Foc studying the impact of protection on
the regeneration of depleted vegetation, a large number of areas representative of all desert types
of habitat were selected and their vegetation was monitored for as long as twenty years.
Analysis of these data revealed (Shankar, 1983) that protection improved the grass cover and
promoted the regeneration of shrubs and trees in the exclosures. These habitats acquired the
potential vegetation of desired composition and biomass yield rather slowly and the duration
required for this development varied from over 5 to 15 years (Table 3). Increase in-herbage
yield through protection ranged from 3 to 13 times in different habitats (Table 3).

Condition of Grazing Lands

In the extensive survey of range resources in different pants of and zone, condition
classification of grazingland as proposed by USDA was adopted after little modification by
Shankar and Kumar (1983) in survey of Luni basin, Jaisalmer and Jalor. The emerging picture
is that over 70% of grazinglands have poor to very poor condition class. Of the remaining,
nearly 13 per cent belong to the *Good’ class, 14 per cent to the ‘fair’ class and only 2-3 per cent
could be assigned to excellent status. This indicates the severity of biotic degradation by
increasing livestock. In a study on recovery of depleted vegetation on different habitats,
Shankar (1983) has convincingly demonstrated that desired range condition could be achieved
within 5 to 15 years of protection. For accelerating this process, it should be reseeded with the
species of ‘higher ecological status. With improvement in range condition, herbage production
also increases.

Condition of woody perennials is also not very fair. Not only these browse plants are
understocked but are also badly cut and lopped. In a study in Jaisalmer, Shankar and Kumar
(1987) estimated that existing forage shrub tree cover was much less, 1.5 to 9.5%, than the
desired level (Table 4). Similar situation prevails in entire arid region and leaves much scope
for improvement.

‘Epilogue

Though arid regions of India are constrained by climatic, edaphic and biotic factors, they
support a large diversity of grass and browse species. Distributian of these ‘species is habitat
specific, the full optimum expression in terms of cover, vigour and herbage yield is attained at
particular habitat. ‘However, the potential yield is rarely achieved because of increasing biotic
pressure; the increasing livestock which graze the biomass too frequently and at shorter intervals
allows only very poor growth. This has also resulted in decline in the grazingland area available
per livestock. The range condition is poor. The browse yielding plants are understocked and
degraded. An estimate of demand-supply situation revealed that arid zone of north west
Rajasthan is highly deficit in respect of forage. Given the protection the yield could be
enhanced. Addition of crop residues would further bridge the gap.

In respect of quality, grazing resources in arid region of India are rich in various nutrients
and minerals. Quite often deficiency of one element in grass component is compensated by its
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surplus amount in browse materials. Palatability of different plants varies according to their
phenophases and here too, complementarity is seen.

Thus in the existing environmental conditions, grazing resources are rich in diversity,
palatability, nutrient and mineral status but poor in vigour and yield. Standardized range
management strategies should help in improving the yield.

In the semu-arid zones, the area under natural grasslands is limited and cannot be perhaps
increased because of pressure for crop cultivation on good lands. The marginal and degraded
lands provide forage to the grazing animals to a limited extent as these are overgrazed.
Improvement and grazing management of these rangelands is required. .
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REMOTE SENSING IN THE IDENTIFICATION AND MAPPING OF
GRAZING LANDS

Amal Kar and Balak Ram

Introduction

Land for grazing is one of the most neglected and misused natural resources in many arid
lands, including those in India, While researchers are engaged in refinement of techniques for
improvement of this fragile land, there is growing awareness now that a proper evaluation of the
conditions of the grazing lands is possible through viewing these lands on satellite images
before, during and after the techniques for improvement are applied. This is especially because
of the capabilities of the satellite-bome sensors to look at the earth’s land features in different
spectral bands and over a large area simultaneously. The synoptic viewing capacity of the
satellite sensors, as well as the easy availability of the products, as compared to the aenal
photographs, and possibilities of mapping the different thematic boundaries using different
spectral bands and band combinations, have led to wider use of satellite remote sensing in the
identification, maping, assessment and monitoring of the different earth resources. Vegetation
mapping, involving the identification and mapping of crops, forests, pastures and other open
grasslands, is one of the major fields in which the remote sensing research is directed to. We
shall discuss here the different remote sensing techniques which are used for identification and
mapping of grazing lands, with some examples from the arid zone of India.

Remote Sensing: Basic Concepts

" Most sensors on the remote sensing satellites record the energy transmitted by the earth
features through space in the form of electric and magnetic waves(Star and Estes, 1990). This is
also known as the electromagnetfc radiation. The sensors in the satellites are built with such
specifications that these can record some specific wavelength bands of the electromagnetic
spectrum. The wavelength bands are decided on the basis of the reflectance properties in
different wavelengths from different earth features which the sensors can ‘see’ on the earth
surface. In the arid region these include terrain features like -hills and other rocky/gravelly
surfaces like the pediments, pavements and plateaus with different lithology, sandy, non-sandy
and salt-affected alluvial/colluvial plains, sand dunes and interdune plains, other small sandy
undulating plains, saline depressions, etc., major soil types, vegetation cover including crop
fields, pastures and forests, most of the land use categories, including the wastelands, fallow and
other culturable wastes, settlements, etc., as also the water bodies. In other words, the sensors
.can record the reflectance from a host of different earth objects. It is also possible to measure the
Intensity of reflectance from the tonal gradation, and through it, the subtle changes in the said
fesource (i.e. changes in water bodies, maturity level of crops and natural vegetation). One of the
Fey factors deciding the utility of a satellite image is its ground resolution, or the capability to
identify an object of a particular size. If an image has a resolution of 30 meters then it means that
each picture element on the image represents an area of 30m x 30m on the ground. Therefore,
usually any object or a group of objects smaller than the size of 30m x 30m is not recorded as a
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picture element (pixel) on it. Since a pixel is a very small square on the image it is practically
impossible to identify an object on a single pixel. A minimum cluster of at least 5-6 pixels is
required for proper perception of the object on an image. There are some exceptions to the above
rule. In some cases it is possible to identify images even if these are not in the resolution of the
pixel, like when a narrow linear feature (a road, a railway track or a structural lineament) with
sharp tonal contrast with the surrounding terrain occurs on the image, or 'when a small water
body (a small pond) with deep water exists amidst a barren sandy land. In both the cases the
tonal difference between the object in question and its surroundings is so vastly different that it
is recognised in spite of its smaller size. ' ‘

1

A number of remote sensing satélliles are now sending data regularly to a network of earth
stations. Among these the Indian Remote Sensing Satellite (IRS) with its two sensors, the LISS |
and LISS I, the French satellite, Systeme Pour 1’Observation de la Terre (SPOT) with its two
sensors (ML A and PLA) and the Landsat satellite of the USA are notable. The Landsat satellite
system has, of late become non-functional because of a series of technical snags, but the regular
satellite remote sensing of the earth’s resources began with the predecessors of the Landsat, the
Earth Revolving Technological Satellite (ERTS), in 1972. It carried only one sensor called the
Multi-Spectral Scanner (MSS) which recorded the reflectance in four wavelength bands. The
ground resolution was about 80m, and hence was a major drawback. The Landsat series from the
mid-seventies started carrying two sensors, one for recording data in four spectral bands at 70m
ground resolution (MSS) and the other in seven bands at 30m resolution (Thematic Mapper or
TM). Some of the useful wavelength bands for different applications are provided in Table 1.

Table 1. Amenability of different remote sensing sensors and wavelength bands to land
resources studies

Potential applications Sensors and band names Wavelength bands
(micrometer)
Soil/ plant discrimination &  LISS [&]] band | 045-0.52
coastal mapping TMband 1 0.45-0.52
Plant vigour assessment &  LISS [ & IJ band 2 0.52-0.59
turbidity assessment TMband 2 0.52-0.60
SPOT MLA band ! 0.50-0.59
Discrimination of vegetation LISS I & If band 3 0.62-0.68
type, Landform & dranage TMband 3 0.63 - 0.69
mapping SPOT MLA band 2 0.61-0.68
Delineation of water bodies, LISS I & I band 4 0.77-0.86
shore zone mapping & TM band 4 0.76 - 0.90
biomass determination . SPOT MLA band 3 0.79-0.89

There are other remote sensing satellites and products also, whicH are used less frequently
-and have some specific utilities and limitations. Notable among these are the NOAA weather
satellites (AVHRR) with pixel resolutions of 1.1 km (Local Area coverage, LAC) and 8 km
(Global Area Coverage, GAC). The images from these satellites are used usually for very broad
regional scale mapping of weather and vegetation pattern, especially at 1: 1 million scale or
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smaller, because of their resolution constraints. Microwave satellite remote sensing with
synthetic aperture radar (SAR) has its utility in the mapping of rugged and undulating terrain
with dense vegetation cover, like that in the hilly forest areas of the equatorial region where
cloud cover persists for most part of the year. The other major application is for estimation of
near-surface soil moisture. It also provides very impressive images of the dune-covered areas of
the deserts which give low tonal contrasts on the standard colour images. The next generation
IRS satellites will carry a microwave payload, along with the usual multispectral scanner. The
potentialities of the sensor in characterization of arid grazing lands are being tested (Tueller,

1995).

The sensors transmit the data to a network of earth stations where these are recorded in
magnetic tapes. Users have a choice to ask for data in magnetic tapes for display and analysis
through a computer, or in the form of paper prints. With so much of information on the land
resources, being made available by the satellites almost twice a month, it is necessary to decide
about the types of sensors and bands/band combinations for different applications.

It is generally recognised that the band 2 images of Landsat and IRS satellites are more
useful for land use mapping, while band 3 images are good for landform and soil mapping. The
band 4 images are useful for water bodies mapping and also for discrimination of green

Py

vegetation.

Characteristics of Grazing Lands

In order to decide about the appropriate remote sensing products for mapping and
monitoring the grazing lands one has to first make an inventory of the different ecosystems in
which these resources occur. In the arid lands the grazing lands occur in many different
Zeomorphic or terrain situations. These include the slopes of the hills, the flat pedimented areas
with rock outcrops or very shallow and gravelly soils, shallow to moderately deep colluvial
plains, sandy plains, alluvial plains, sand dunes and interdunes, margins of the saline
depressions (the playas or the ranns), and many other landforms. Reflections from these
landforms and the vegetation over them are not recorded separately on the remote sensing data
Products, but as a complex of the landform-soil-vegetation-moisture complex whose identity is
limitgd by the ground resolution of the image. Visual interpretation of the images, therefore,
Needs a trained eye to distinguish between the image pattern of such different complexes under
different terrain situations. The differentiation is relatively easier in those arid lands where
Tangelands are contiguous, vast and are well managed (e.g. in Australian and US deserts), but
such situations are not found in most of the deserts and other arid lands in the developing
nations, where the grazing lands are in moderate to severe degradation states.

In India the national land use classification system puts grazing lands under the head
"permanent pastures”. A land use classification system has also been proposed by Sen (1978) for
the arid zone of India. Almost every village in the arid western part of Rajasthan state (which
contains about 61 per cent of the country's total arid lands and is also known as the Thar desert)
has a common grazing land whose ownership vests with the elected village council (Panchayat).
In locat language these lands are called Oran, Gochar, Agor, Beed, etc. All these lands are



78

subjected to unrestricted open grazing, as animal husbandry is a major occupation in this desert
(second only to agriculture), and there is very high pressure on these lands. Only a very few
permanent pastures, which are owned by the religious trusts, have a better vegetation cover of
trees and tall shrubs, but not grasses and under-shrubs.

Various kinds of culturable wastelands on the landforms with poor land capabilities are also
used for open grazing, as also the land kept fallow from cropping in some. of the year(s).
Excepting the fallow lands most other lands where open grazing is practiced are the marginal _
lands with low carrying capacity. As per the land records available with the Government of
Rajasthan, the permanent pastures and the other grazing lands in cuiturable wastes together
occupied 874,000 ha or 4.19 per cent area of western Rajasthan in 1990-91 (Anonymous, 1992).
This is about 49 per cent of the total estimated grazing lands in Rajasthan state and 8 per cent of
that in India. As grazing pressure on these lands is increasing there is more degradation of the
land and at a faster rate. Between 1956-57 and 1990-91 there has been 92.9 per cent increase in
the total grazing lands (including permanent pastures and culturable wastes) in westem
Rajasthan, but the conditions of these lands have not improved. Most of the increases have been
reported in the districts receiving an average annual rainfall of less than 350mm, but much less
in the wetter districts like Jhunjhunu, Sikar and Jalor (Table 2). This is because of the low
potentialities of many lands for rain-fed cropping in the dry west, as compared with those in the
wetter eastern part of the desert. Ganganagar district did not have much grazing land because of
widespread canal irrigation. So, the figure of 500 per cent increase in the district is not very
significant. Moreover, if we look at the area of the grazing lands over the years from 1956-57 to
1990-91 we find a very slight increase from 1959-60 onwards in most districts (Fig. 1). The
sudden leap in the area figures in 1959-60 could be due to transferring of some lands from
“‘culturable wastes’” and the ‘‘barren unculturable wastes’ to the category of ‘‘permanent

Table 2. Changes in grazing land area in western Rajasthan (1956-57 to 1990-91)

Areain’000 Ha Average
.| Distfict . Year o Year _Cha;\g:e_ _ “annual rainfall

1956 - 57* 1990 - 91* in percentage (mm)
Bikaner 8 84 1950.0 259.4
Jaisalmer 52 108 107.7 171.1
Banmer 89 207 132.6 264.9
Gangangar 2. 12 500.0 253.7
Jodhpur 44 122 1773 306.9
Churu 12 46 2833 325.7
Nagaur 51 ' 73 43.1 372.6
Jalor 47 46 -2.1 : 421.6
Pali 52 91 75.0 490.4
Jhumjhumu 46 41 -10.9 444 4
Sikar 50 44 - -12.0 . 465.5
Total 453 874 92.9 ‘

*Source: Trends in Land Use Statistics, Rajasthan (1992)
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GRAZING LANDS IN WESTERN RAJASTHAN FROM 1956-57 TO 1990-91
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Fig, 1 Grazing lands in western Rajasthan from 1956-57 to 1990-91

pasture™ in that year. The trend is not very spectacular since then. Instead, there are field and
remote sensing evidence that the classified grazing lands like the orans are now being intruded
for culuvation and other non-grazing purposes, and there is widespread degradation.

As land degradation continues regeneration of vegétation becomes a serious problem.
Saxena (1992)mapped the broad distribution pattern of plant species in the grasslands of western
Rajasthan. The total livestock population in western Rajasthan is 22.6 million as per the 1092
livestock census (Anonymous, 1993). This means that one hectare of grazing land is allotted to
26 amimals, consisting mostly of sheep and goats, although the figure will be slightly modified if
the ammals are converted into Adult Cattle Units (ACUs). Such crowding of animals on the
already degraded lands creates niore problems of land management.

The spatial pattern of degradation of the grazing lands needs to be understood and
Periodically monitored on the basis of their total environmental set up for any meaningful actiorr
On development. This is now possible to a large extent through satellite remote sensing, Part of
the problem in correct estimation of the grazing lands from secondary land records is that the
fécord recognises oran, gochar, agor, beed and other similar lands allocated for permanent
Pasture as the “*permanent pasture and other grazing Iands . The record does not recognise the
different culturable wastes as grazing lands, although such lands are regularly used for grazing.
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While permanent pastures may remain almost unchanged over the years, the area statistics for
various culturable wastelands keep changing, depending on the rainfall which is very
unpredictable. This creates problem for proper estimation of the land actually put to crops and
that kept out of it. Another dimension of the problem is that the land classified as *‘barren,
unculturable wastes’” is also used for grazing, as these support some small shrubs and grasses,
especially after a good monsoon rain. Satellite images of post-monsoon season show them as
carpeted with vegetation, although the quality of vegetation may be poor. As we shall see,
satellite remote sensing can provide better answers to some of these questions.

Remote Sensing Applications in Identification and Mapping of Grazing
Lands B

Visual Remote Sensing : Visual interpretation of remote sensing data products, especially
the large 'scale paper prints of the standared False Colour Composite (FCC), is the simplest way
to identify and map the grazing lands and the different types of terrain on which these occur. The
most commonly used format is a paper print of the standard FCC of bands 2,3 and 4 of IRS and
Landsat images. These products, at a scale of 1: 250,000 or 1. 50,000, provide the application
scientists many valuable information on the different land resources, including the grazing land
resources. Green vegetation appears on these FCCs in red, but a closer look shows different hues
of red, from hght brown to reddish brown and dark brown, denoting various phases of matunty
and greenness and various types of plant cover. The permanent pastures (orans), which are not
so degraded and have a reasonable cover of green vegetation, appear in light brown to reddish
brown tone on the FCCs of dry cool season. The National Remote Sensing Agency(NRSA),
Hyderabad, has catalogued the tones and textures of the different land use and land cover
features on the standarc‘i FCCs, and can be used as a guide (NRSA, 1986, 1989). The penimeters
of these lands are easily demarcable. lmages of mid-September to mid-October (Kharif season)
and of md-January to mid-February (Rabi season) provide better information, the latter having
more usefulness in a rain-fed cultivation area, because of the sharp tonal difference bvetween the
orans with perennials and some annuals and the harvested fields. Encroachment to the orans can
be identified 1f the boundaries on the FCCs are superimposed on a older map of the oran at the
same scale. The types of encroachiment can often be interpreted from the tonal variation within
the oran. For example, a ploughed land within the oran will usually appear as a rectangular plot
with light yellowish tone, while the same plot with crops will appear as a'reddish brown to red
rectangle. Degraded orans have a mottled appearance where the brownish tone of the vegetation
occurs in association with the barren areas having light yellow to creamy white and light blue
colours, depending, on whether the oran occurs on a sandy plain, salt-affected plain or a rocky
surface.

In the case of the open grazing lands there is no defined outer boundary. The motled
appearance then makes it difficult to properly identify the grazing lands. FCCs of images taken
just after the monsoon rains, in September or early October, can be difficult to interpret in such
cases, because of the uniform reddish tone over the whole scene. Similarly, in the areas having
numerous short fallow lands on a light textured soil, interspersed with open grazing lands, the
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Jmost similarly reflecting surfaces make it difficult to distinguish between the open pastures
and the fallow lands. It is, therefore, necessary to have a knowledge of the terrain conditions
pefore one comes to any conclusion from the image interpretation

Using topographical sheets of 1958 and Landsat TM FCC of 1986, Sharma et al.(1989)
mapped and compared some of the orans in Jodhpur district. They found a decline in the area of
different orans by 9 to 30 per cent, mainly due to encroachment by the cultivated land and
urbanization. The maximum decline was found in the rocky/gravelly pediments with shallow
collavium, where the exploration of ground water encouraged the farmers to reclaim land for
cropping. The decline was minimum in the saline alluvial plain due to predominant salinity

hazard

In Kachchh district of Gujarat, adjoining the state of Rajasthan, a vast salt-affected plam
called the Banni, is considered to be a saline waste with some potentials for grassland
development. Cultivation is nowhere practiced in the Banni as the soil is highly saline-alkaline
(EC 3-15 mmhos/cm: pH 7.1-9.0). The land has a flat disposition and much of it becomes a vast
stretch of water dunng the rains. Yet, the naturally adapted, coarse-tufted and salt tolerant
grasses and other bushes have proved to be a boon for the cattle rearers who move over this
plain for good pastures. Field studies suggested some areas of distinct vegetation banding, with
denser distribution of grasses and small shrubs, including, Prosopis juliflora, on relatively lugher
elevation. The lower segments of the land containing the salt marshes (ranns}) are almost devoid
of vegetation, except some aquatic weeds. Using paper prints of the sigle band Landsat TM and
IRS images of the dry, cool period (bands 3 and 4), and analysing them through an analogue
Image Analyzer, Kar (1993) could highlight the vegetation banding across the Banni and could
map them properly. Simulatneously, a digital terrain modelling was carried out for the area,
which brought out a structurally controlled undulating surface. Superimposition of the
vegetation distribution pattern on the simulated land surfaces, helped in proper mapping, of the
grasslands on the high level mud flats and in explaining their typical distribution pattern in
relation to a neotectonically disturbed terrain. It also explained why the western part of the
Banni should have a higher density of Prosopis juliflora thickets. The bright red tone of this
thicket on the FCC is easier to identify in the absence of crops and can be used to separate it
from the grass-cum-woodlands with a lighter tone (Kar,1993).

Ram et al.(1993) reported the mapping of grazing lands in an area of 20,875,000 ha in
western Rajasthan from Landsat TM FCCs at 1: 50,000 scale and IRS LISS 11 FCCs at I:
250,000 and 1: 50 000 scales (Fig, 2). These were then verified using the field-based
information on the type and distribution pattern of permanent pastures and other open grazing
lands, as well as the secondary land records on permanent pastures. An area of 952,000 ha, or
456 per cent of the total geographical area of western Rajasthan was found to have grazing
lands. This included the orans and other permanent pastures, the culturable wastes and the
So-called barren unculturable wastes, provided these had an appreciable plant cover at the time
of imaging The land records (Anonymous, 1992) on the other hand, suggested a figure of
874,000 ha (5.19%) under permanent pastures for 1990-91. If we add the area of culturable
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wastes (4507,000 ha) to the reported area of permanent pastures, we get a staggenng figure of
5351,000 ha (25.6% area of western Rajasthan) as grazing lands (Tables 3).

If the tonal signatures of the grazing lands on satellite images are to be believed, then the
land records can not be relied on for proper mapping of the grazing lands, even if we allow a
small margin of error for visual interpretation of the satellite images and thi? quality of prints.
The difference is too high and can only be explained by degradation and encroachment into the
classified lands. Now, considering an area of 952,000 ha available for 22.57 million animals, the
density of animals per ha of grazing land is 24, which is too high. The recommended density is
1.3 animals per ha considering the poor conditions of the grazing lands in the arid areas
(Bhimaya and Ahuja, 1969).

Using such visual remote sensing methods in association with other available records it is
possible to improve our knowledge of the grazing lands, find out the constraints and monitor the
changes in them. It is also possible to map the patterns of degradation in these lands, as was
found by Singh et al. (1992) who mapped westemn Rajasthan through Landsat TM and IRS LISS
[} FCCs for desertification, including vegetation degradation.

Digital Remote Sensing: The visual interpretation of the grazing lands is very much
dependent on the quality of the paper prints and interpreter’s abilities. Some of these factors are
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Table 3. Grazing lands in western Rajasthan as per land records and remote sensing
(1990-91), in relation to livestock population

. (As _per Govt. land records) Grazing land Livestock +
Total land through population
Permanent " Culturable for grazing remote (million)
Dustrct Pastures* Wastes* (col.2+3)* sensing *
h}@ 84 1075 1127 67 2.01
Jmsalmer 108 T 2903 3010 166 0.81
Barmer 207 266 475 224 3.16
Gangmag.ar 12 76 88 26 232
Jodphur 122 67 191 114 2.78
Churu a6 24 70 49 1.69
Nagaur 73 15 88 72 2.80
Jalor 46 26 A 72 85 1.69
Pah 91 39 129 87 2.73
Jhunjhunu 41 6 47 27 1.07
Sikar a4 10 54 1.52 35.00
Total 874 4507 5351 952 22.57

*Area in *000 ha; +1992 animal census; Source: Statistical Abstracts, Rajasthan (1993)

neutralized when digital techniques are applied to the scenes. As we have noted earlier, the
image is an assemblage of many small picture elements or the pixels. The spectral characteristics
of these pixels are sought to be understood in the digital image processing and these assume
more importance when a proper monitoring is attempted. The reflectance from any single land
surface is different in different wavelength bands. The reflectance in the near-infra red band will
be different from that in the red, green or blue bands. In digital remote sensing an attempt is
made to evaluate and manipulate statistically the spectral response from any land surface, as
registered through the digital number (DN) in each pixel in the different bands and band
combinations to get the best outputs of the land cover. This far outweighs the standard FCCs in
many respects, as it is not dependent on interpreter’s bias, but it also needs a detailed
background of remote sensing and the terrain.

The most popular digital technique for vegetation mapping is Normalized Difference
Vegetation Index (NDVI) which is calculated as (band 4 + band 3)/(band 4 - band 3). The
difference increases as the vegetation becomes more green or dense (Fig.3). The other simple
methods are the Ratio Vegetation Index (RVI, calculated as band 4/ band 3) and Modified
Normalized Difference (MND; calculated as band 4-(12*band 3))/ (band 4 + band 3).
Greennesg Vegetation Index (GVI), Perpendicular Vegetation Index (PVI), Soil Adjusted
yegEtation Index (SAVI), etc. are the other methods applied to the scenes for extracting
formation on vegetation condition (Tueller, 1989; 1995).

One of the methods for spectral enhancement is to calculate the greenness index. For [RS
LISS 1 images this is calculated as:

-0.1072 b1 -0.1219 b2 -0.4341 b3 + 0.8861 b4,

| “./here bl, b2, b3 and b4 are the digital counts in the four bands. Greenness responds to the
combination of high absorption in the visible bands and high reflectance in the near-IR band
(Sharmna et al.,1990),
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For the Landsat TM4 and TMS sensors the Greenness is calculated as:
-0.2848 b1 -0.2435 b2 -0.5436 b3 +0.7243 b4 +0.0840 b5 -0.1800 b7.

When used in association with indices for Brightness and Wetness, a Tasseled Cap
transformation is achieved, which attempts to explain the terrain conditions for vegetation ana
other resource studies in a better way (Crist and Kauth, 1986). Sinular algorithms can also be
used for IRS LISS Il bands. Another spatial enhancement technique is Principal Component
(PC) merging which is a complex one and attempts to retain the spectral informatton of th:
different bands in different planes. PC1 contains the overall scene luminance, while all otlier
PCs contain interband variations. Usually the first three PCs contain most of the information
However, it is still very difficult to interpret the resuits from PC analysis, and one is never sare
what the outcome will be of analysis on the same scene, but for different dates.

The simplest method of digital analysis is to carry out a radiometric enhancement of the
different bands of an image, especially through contrast stretching, followed by supertmposition
of the bands to produce a good FCC (Fig.4). Among the spectral classifications, the eastest and
the surest one is to attempt supervised classification which involves providing ‘training sets’ 1o
the scene, especially based on a knoWledge of the termain. The scene is then classified by the
system into different spectral groups on the basis of the information contained in the trammny
sets. Therefore, more the number of training sets in different tonal regions, the better the results
are. In contrast, the unsupervised classification is a poor classifier, as it automatically splits the
DNs into some groups with equal intervals.

Digital remote sensing has many possibilities for mapping the grazing lands and for
monitoring, the changes. Tsunekawa ef al. (1996) mapped the broad land cover umts
Rajasthan, using the NOAA-11/AVHRR LAC mode images of 1989. The study found that
NDVI can be used for a macroscopic division of the land cover, but it is essential to use the
albedo values with the NDVI for broad, regional scale mapping, inspite of NOAA 1mage’s
coarse resolution. Potdar et al. (1993) found that the NDVI mapping can simulate the three
broad ecological zones in the Thar. In the Banni land of Kachchh Jadhav et al. (1993) monitored
the changes in grazing lands using supervised classification technique with maximum likelihood
classifier, on the multi-temporal scenes from Landsat MSS and TM, as well as IRS LISS Il
sensors (1980 to 1988). They reported an increase in the Prosopis cineraria thickets and salinity
ingress during the period,

Digital remote sensing can also be used to accurately map the changes in the orans and
other permanent pastures. For arid Australia Pickup and Chewings (1988) used the Landsat MSS
data and a model for grazing cattle distribution on grid cell basis to generate the patter of
movement of the cattle and to calculate the total number of cattle at a particular distance from
_ water point. Simultaneously, on the MSS band 5 (now 3) they separated the signatures of
tandscape changes due to different grazing intensities at various distances from the water pornt
and on the basis of vegetation type. This was done through coregistration of two images of an
area, acquired in successive passes, followed by calculation of the DN in each pixel of the W0
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Digijtally enhanced SPOT MLA FCC of Sri Madhopur area, showing conditions of
permanent pastures (1-7) on 10 October, 1990. Number 1 and 5 have better plant
cover than the others, but there are marks of encroachment for other purposes in 5 and
7. Number 2, 4 and 7 are less vegetated and more degraded
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ymages and remapping the image with the difference between the DN in two images. Using
these values in difference band 5 image as signatures of the intensity of grazing in a vegetation
type and considenng them as a surrogate for cattle pressure (and hence distribution), they could
identify the areas which are highly degraded by cattie grazing and need to be protected, as also
the sites for possible relocation of the grazing areas. Pickup (1995) also developed a simple
model based on the Landsat MSS PD54 transform values in bands 2 and 3 and the bare soil
signature to find out the vegetation cover index and intergrating it with the rainfall pattern,
predicted the herbage production changes in the rangelands with changes in land conditions and
the amount of grazing in arid Australia.

A study undertaken using IRS LISS [ subscenes of Luni Development Block of jodhpur
district and Srt Madhopur tehsi} of Sikar district for supervised classification and NDVI
mapping, and superimposing the results on old topographical maps, found shrinkage in the size
of the permanent pasture, especially due to enlargement of cultivation area, settlements, roads
and constructions related to public facilities. There are bnght prospects of using digital remote
sensing in association with Geographic Information System (GIS) for monitoring the different
kinds of grazing lands.

Yet, years of research also suggest that the DN values of the sparse vegetation in grazing
lands of arid regions are less amenable to digital processing,. This is especially because the pixel
registers reflectance of far more heterogeneous items, including plants and soil cover, and also
because the leaf area index in the desert plants is very low and varies from location to location.
As Tueller (1995) mentioned ‘“The real problem with using remote sensing classification tools
to map is that the results are difficult to extrapolate to other cases. Often the signatures used to
depict a specific plant community do not hold up when attempts are made to use a similar
classification during a different season, year..."*(p.200).

Conclusion

Remote sensing is useful for vegetation mapping, but it has some limitations also. As the
technology advances those limitations which are sensor-based are taken good care of. The result
Is increasingly better image resolutions and judicious classification of spectral bands for
different land resources applications. For many purposes, like finding out the area extent of the
grazing lands, their terrain conditions and status of vegetation cover, simple FCC’s in paper
prints may be useful. However: at times the areas look so similar that the features are difficult to
differentiate through visual interpretation. This is when the help of different digijtal techniques
are felt more, as such techniques provide a much better classification, without any bias of the
Interpreter However, detailed studies like estimation of plant communities, their densities, or
biomass, are difficult propositions and need to be standardized.

References

Anonymous, 1992, Trends in Land Use Statistics. Directorate of Agriculture, Rajasthan Jaipur.

Anonymous, 1993, Sratistical Abstract, Rajasthan. Directorate of Economics and Statistics,
Rajasthan, Jaipur. '



86

Bhimaya, C.P. and Ahuja, L.D. 1969. Criteria for determining condition class of range lands in
western Rajasthan. Annals of Arid Zone 8, 73-79.

Crist, E.P. and Kauth, R.J. 1986. The Tasseled Cap de-mystified. Phofogrammelric Engineering
& Remote Sensing,52: 81-86.

Jadhav, R.N., Kimothi, M.M. and Kandya, A A. 1993. Grassland mapping/monitoring of Banni,
Kachchh (Gujarat) using remotely-sensed date. Infernational Journal of Remote
Sensing, 14: 3093-3103.

Kar, A. 1993. Digital terrain analysis, granulometry and remote sensing of the Banni land of
Kutch for development-related morphological classification. ' In, Applied
Geomorphology in the Tropics (Ed. P.R. Sharma). Rishi Publications, Varanasi, pp.
87-104.

Pickup, G. 1995. A simple model for predicting herbage production from rainfall in rangelands
and its calibration using remotely-sensed data. Journal of Arid Environments, 30:
227-245. _

Pickup, G.-and Chewing, V.H. 1988. Estimating the distribution of grazing and patterns of cattle
movement in a large arid zone paddock: an approach using animal distribution models
and Landsat imagery. International Journal of Remote Sensing, 9: 1469-1490.

Potdar, M.B., Pokama, S.S. and Sridhar, V. N. 1993. Response of vegetation in the Thar desert
to monsoon. rainfall; an investigation using NOAA AVHRR and meteorological data.
Journal of Arid Environments, 25: 19-26.

Ram, B., Gheesalal, Chauhan, J.S. and Malakar, A R. 1993. Agricultural landuse in arid zone of
western Rajasthan, In, Remote Sensing in Geography (Ed. S.M. Rashid). Manav
Publications, Delhi, pp. 239-258.

Saxena, S.K. 1992. Present distribution of vegetation. In, Thar Desert in Rajasthan (Eds. AK.
Singhvi and A. Kar). Geological Society of India, Bangalore, pp. 75-80.

Sen, AK. 1978. Landuse Classification in Indian Arid Zone. CAZARI Monograph 9. Jodhpur.

Sharma, K.D., Singh, S., Singh, N. and Bohra, D.N. 1989. Satellite remote sensing for detecting
the temporal changes in the grazing lands. Jownal! of the Indian Society of
RemoteSensing, 17(4). 55-59.

Sharma, SP, Bhatt, HP. and Ajai. 1990. Generation of brightness and greenness
transformations for IRS-LISS [I data. Journal of the India Society of Remote Sensing.
18(3): 25-31. .

Singh, S., Kar, A., Joshi, D.C., Ram, B., Kumar, S., Vats, P.C., Raina, P., Kolatkar, A.S. and
Dhir, R.P. 1992. Desertification mapping, in western Rajasthan. Annals of Arid Zone,
3: 237-246. . )

Star, J. and Estes, J. 1990. Geographic information Systems: An Introduction. Prentice Hall,
New Jersey. )

Tsunekawa, A., Miyazaki, T. and Kar, A. 1996, Desert mapping using NOAA/AVHRR in
Rajasthan,‘lndia. In Disasters, Environment and Development. Oxford-IBH Publishing
House,New Delhi, pp. 283-297. '

Tueller, PT. 1989. Remote sensing technology for rangeland management. Journal of Range
Management, 42: 442-453.

~Tueller, P.T. 1995. Remote sensing in the management of rangelands. Annals of Arid Zone, 34
191-207.



REMOTE SENSING DATA PRODUCTS AND VISUAL
INTERPRETATION TOOLS FOR LAND RESOURCES AND
GRAZING LAND STUDIES

Amal Kar and Surendra Singh

Introduction

Satellite remote sensing has now become a major source of-information for land resources
studies,including studies on geomorphology, geology. soil survey, land use and land capability,
vegetation cover, water resources (both surface and ground water), natural hazards,
desertification and a host of other related fields. Compared to the vertical aernial photographs,
which usually have very high resolutions, the satellite imagery has a coarser resolution. Yet the
satellite data products are in great demand. Some of the major factors responsible for wide
acceptability of the satellite data, even during the initial stages of its application when Landsat 1
(then known as ERTS 1) was launched by the USA, are its easy availability, vider area covered
per scene, synoptic viewing of the area and almost distortion-free mapping of different thematic
boundaries from its different spectral bands and band combinations. Vertical aerial photographs
are usually restricted in most countries because of their many defence related applications. A
number of optical instruments are used for interpretation of the air photo pairs. These include
simple stereoscope to advanced zoom stereoscope and other photogrammetric equipment. This
article will be restricted to satellite remote sensing only.

Satellite Data Products

In the Indian subcontinent data products from three major satellites are being extensively
used. These are: Landsat (US), SPOT (France) and IRS (India). The application potentials of the
images in different spectral bands from these sateilites are presented in Tables (1 to 3).

Utilities of Single Band and Multi-band Data : It is generally recognised that band 2
images of Landsat and IRS satellites are more useful for land use mapping, while band 3 images
are good for landform and soil mapping,. Band 4 images are useful for water bodies mapping, as
also for detection of subsurface water potential courses. While appreciating the utility of the
single band data, it is also to be recognised that much better information on all the land
characteristics could be extracted from the False Colour Con{posites (FCCs) of different*bands,
especially a combination of band 2+3+4 (the standard FCC). At a scale of 1:250,000 or 1:50,000
these FCCs provide useful information on almost all the aspects of terrain conditions, including
vegetation cover.

The MSS and IRS LISS 1 FCCs are useful in broad groupings at 1:250,000 scale. For
example, in the geological and geomorphological applications, interpretation of Landsat MSS
and TM, and also IRS LISS 1 and 2 FCCs may yield almost the same number of lithological
and landform boundaries, but the TM and LISS 2 FCCs will be more helpful because of their
higher resolution, leading to quicker interpretation arid better accuracy of mapping, The higher
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resolution of TM and LISS 2 is also very helpful in the delineation of vegetation cover
boundaries and in identification of settlements.

Table 1: Landsat spectral bands and their application potentials

Sensor Spectral Wavelength  Applications
band  (micrometer) ¢
Multispectral Scanner 1 0.5-0.6 Regional geological structures and rock
(MSS) (Resolution: 80m) units
2 0.6-0.7 Topographical features and land use
mapping;, vegetation type discrimination
3 0.7-0.8 Forest cover mapping;, crop identification
4 0.8-1.1 Shore zone mapping, land & water
boundary demarcation: soil moisture zones
Thematic Mapper 1 0.45-0.52 Bathymetric mapping in shallow water,
(TM)(Resolution; 30m soil/vegetation discrimination
for bands 1-5 and 7:
120m for band 6) .
2 0.52-0.60 Plant vigour assessment; turbidity
assessiment
3 0.63-0.69 Landform & drainage mapping,vegetation
type discrimination
4 0.76-0.90 Shoreline mapping, water bodies
delineation; biomass determination
5 1.55-1.75 Vegetation/soil moisture content

. differentiation;, snow/cloud differentiation
10.40-12.50  Thermal mapping, vegetation stress

Thematic Mapper (TM) 6
(Resolution:30m for analysis; soil moisture determination
bands 1-5 and 7: 120m
for band 6)
7 2.08-2.35 Hydrothermal mapping; rock type

discrimination

Among the non-standard FCCs a combination of bands 2+4+7 or bands 3+4+7 may be
useful for geological mapping, while a combination of bands 3+4+5 may provide better
information on drainage network and crop areas.

Standard Paper Prints : For most purposes the standard FCCs of Landsat TM and IRS
Liss 2 (at 1:250,000 and 1:50,000) provide the required information in sufficient details.
Therefore. it is important to decide, first, about the scale at which one wishes to map the land
features, including vegetation. If it is a broad regional scale mapping then a FCC at 1:250,000
scale may serve the purpose. A mosaic prepared from FCCs at 1:1 million scale may also be
useful, but this product is better in areas of good tonal contrasts. Incidentally, the full scenc
standard paper print of the above mentioned satellite data are generally available in either single
band (black and white product) or in FCC from the respective national facilities at scales
ranging from 1:1 million to 1:250,000 and 1:50,000. Enlarged prints can also be obtained at
1:100.000, 1:25,0Q0 or 1:10,000 scales, or at other user-defined scales The scale is selected by
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Table 2. SPOT spectral bands and their application potentials

Sensor Spectral Wavelength  Applications
band (micrometer)
High resolution visible
(HRV) imaging
instrument
1 0.50-0.59 Assessment of plant vigour
a) MSS (MLA)

{Resolution: 20m)

to

0.61-0.68 Landform and drainage line
mapping.discrimination of vegetation

types
3 0.79-0.89 Delineation of water bodies and water
courses; shore zone mapping,
b) Panchromatic (PLA) 0.51-0.79 Combination of the above

(Resolution: 10m)

the user on the basis of his needs and the pixel resolution of the image. For example, a SPOT
PLA has a sharper resolution and, hence, can be used without problem at 1:10,000 scale. For
IRS LISS 2 and Landsat TM the largest scale which can be used without pixel blurring is
1:50.000

Standard Film Negatives and Positives : The film negatives and film positives
(transparencies) are available for single bands and also for the FCCs at 1.1 nullion scale for
Landsat MSS and TM, as also for IRS LISS 1. For LISS 2 the smallest standard size is
1:500,000, while for SPOT the smallest standard size is :400,000. The negaiives can be ordered
if the user wishes to generate images at his own, while the small transparencies are generally
ordered for the FCCs and enlarged optically at the desired scale to overlay the image pattern on
a base map. although single band black and white transparencies (including those of SPOT PLA)
are also used for specific purposes.

Geocoded FCCs are very useful for repeated monitoring of changes 1n land cover and land
uses, and especially for’land degradation mapping. These products could be easily superimposed

Table 3. IRS spectral bands and their application potentials

Sensor Spectral Wavelength  Applications
. band (micrometer)
a) LISS-1 (Resolution : 1 ' 0.45-0.52 Coastal mapping; shallow water
72m) and bathy metric mapping; soil/plant -
discnimination
b) LISS-11 (Resolution : 2 0.52-0.59 Turbidity assessment;, plant vigour
36.25m) assessment
3 0.62-0.68 Landform and drainage mapping:
discnmination of vegetation types
4 0.77-0.86 delineation of water bodies and water

courses; shore zone mapping, biomass
determination
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on the topographical sheets without any significant distortion across the printed area. Otherwise,
the standard products are known to have slight distqrtions which may not affect one time unit
delineation, but may be crucial in mapping the changes. An user can also ask for the geocoded
products of the different satellites. However, these are usually consulted for some critical areas
and at 2 scale of 1:50,000 or larger, because of the high cost of the products. Geocoded products
of SPOT, Landsat TM and LISS 2 are very useful for visual interpretation of mapping.

Some Simple Equipments For Visual Interpretation

v

There are several simple, easy to handle equipments for visual interpretation of satellite date
products. Some of these are useful for proper viewing of the paper prints, while some others
help in viewing the transparencies and negatives. A few of the products are described below.

Light Tracing Tables : The photographic prints of the FCCs and single band black and
white images are usually viewed under normal light for recognition of the features. Sometimes
the tonal contrasts become poor, either because of processing defects or inherent properties of
the features. The interpreter then needs an additional tool for proper visualization of the features
The problem can be solved if the image is viewed on a light tracing table. These tables are fitted
wiih tube lights under an opaque glass top. The defused light passing through the glass brightens
the objects without any glaring effects on the eyes and, thus, helps in easy identification of
different units on the basis of their tonal differences, and also for mapping of those units directly
on a tracing sheet. Some of the tables are additionally fitted with magnifying glasses for
identification and mapping of very small units. These tables are easy to manufacture and,
therefore, the users can interact with local furniture makers to either modify some existing tables
or to manufacture new ones according to the required size, height and other specifications.

Optical Enlargers : Two kinds of optical enlarger are very useful for visual interpretation
and mapping. These are as follows.

Optical Pantographs: Where the scale of imagery does not match with the scale of the base
‘map, the imagery needs to be enlérged or reduced to the scale of the base map. An optical
enlarger is used for this purpose. The one that has been recommended by the Department of
Space (Govt. of India) and is available in the Indian market, is Optical Pantograph which can
carry any film negative, film positive (transparency), or photographic print up to 9" x9"size (240
mun) in its copy holder for continuous enlargement to 4x size, or reduction to 1/4th the original
size. The light source is below the copy holder for the transparencies and negatives, and above it
for paper prints. The illuminated image is seen at the desired scale vertically above the copy
holder, and on a glass top. The movement of the copy holder up and down is motorised, so the
user can easily match the scales and features of the original as it is enlarged or reduced to the
scale of the base map or image. By putting a standard glass top over the viewing desk one can
enlarge the features from 4x to 5x. For example, the standard film negatives and transparencies
of Landsat images (including those of FCCs) are now available in 9" x 9" (240 mm) format,
corresponding to the scale of 1:1 million . The 4x magnification of these products yield images
at 1:250,000 scale. Since topographical sheets are also available at 1:250,000 scale, the details
can easily be transferred from the magnified image to the topographical sheet at that scale or any
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other base map at 1:250,000 scale. Transfem;lg the features from a 1:250,000 scale
photographic print to a base map at 1:50,000 scale, however, involves 5x enlargement, This
requires the help of an extra glass top. The instrument’s carriage can also be tilted in X and Y
directions through push buttons. This helps in correction of minor spatial distortions in the
image while transferring the details on the above maps.

Optical Enlarger (Procom 2): For large scale mapping from the 9"x 9" (240 mm) format
transparencies and negatives (1:1 million scale images for Landsat and LISS I; 1:500,000 scale
images for LISS 2 images), the best results are achieved when the data products are put in the
holder of an optical enlarger. The instrument is called Procom 2. It allows light to pass through a
2"x2" window. An enlarging lens system then enlarges the lightened area on to a platform. The
images could thus be effectively enlarged up to about 50 times or more, depending on the lens
system used and the resolution of the image. When the 1: 1 million transparency is enlarged to
1. 50.000 scale, the enlargement factor is 20x. Landsat TM and IRS LISS 2 transparencies are
particularly suitable for enlargement through this equipment to the scale of 1: 50,000, especially
because of their higher resolution compared to the MSS and LISS 1 images. The instrument is
also helpful for mapping at cadastral scale, provided the resolution of the image is still better, as
is found in the case of SPOT MLA and PLA images. There are other useful models of optical
enlarger also.

Image Analyser : Sometimes the satellite data products are available to an user in the form
of a single band BW print or negative. Characterisation of the land surface under such
circumstances is to be carried out on the basis of one’s ability to interpret the subtle tonal
variation in the BW images. An anélogue image processor, called the Image Analyser, can be
useful in deciphering the details in areas of very low tonal variation. The TV camera of the
equipment first senses the BW image (at 9" x 9" format or smaller), either in transparency form,
or as a paper print, and reproduces it on the monitor. The video processor unit then allows the
operator to alter the contrast and also to density slice the gray shades of the image on the basis of
information supplied for small "training sets". The ultimate product on the monitor is a colour
coded image. The area under each colour within the displayed total area can be found out, using
the equipment’s digital meter, as also the assigned value for each colour. Recent improvements
suggest attaching the Image Analyser with a small IBM compatible computer having a VGA
card, enough memory and disk space as well as good pixel resolution. A software called Frame
Grabber records the image seen on the screen of the Image Analyser and saves it in a computer
language This allows the interpreter to carry out many statistical analyses on the scene, to saveit
On computer for future use and also to take print of the analysed scene at desired scale and time.

Additive Colour Viewer : We have noted earlier that standard FCC of band 2+3+4 is
very usefu] for land resources mapping. However, if the FCC prints are not readily available, but
the film negatives/positives of individual bands are, then FCCs could be prepared through the
use of an Additive Colour viewer. The instrument’s carriage can hold four transparencies of 70
mm size on a single plane. Between the light source and the transparency holder is a set of three
fiters in blue, green and red. The operator can put these filters on any three bands and
Co-register them on the screen or the viewing desk and see the final output of the three-band
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images in colour. The operator is, thus, at a liberty to create his own colour composites,
providing, any colour to any band. The standard FCC, on the other hand, assigns blue, green and
red filters on band 2, 3 and 4, respectively, Although this equipment was in great demand during
the early phase of satellite remote sensing, it 1s not very popular now.

Diazo Printer : Apart from viewing the colour composites we can also prepare the diazo
colour pnints, using a Diazo printer and diazochrome film. To produce a standard FCC, the
transparency of band 2 is first put face to face with a yellow film and kept inside the printer. A
mercury vapour lamp then exposes the film. The film is then moved into an ammonia chamber
where it is developed. Subsequently the band 3 transparency is placed face to face with a
magenta film, and the band 4 transparency with a cyan film for exposure and development in the
manner stated above. The three films are then co-registered to produce a FCC. The quality of the
product is, however, not very high. In a colour photographic enlarger, on the other hand, light is
passed through blue, green and red filters over the negatives and a colour composite print is
produced.

Digital Image Processing

The visual interpretation of the images in print is, sometimes, constrained by the poor
quality of the print and/or some inherent characteristics of the raw data. Under such
circumstances several digital image processing, techniques are very useful. However, digital
image processing is a costly affair and, hence, needs to be carried out with clear objectives in
mind and in areas with specific problems. We shall discuss some basic features of this
technique.

Digital image processing is a powerful tool and does not depend on the bias and/or
limitations of the interpreter. In this technique the interpreter uses the Computer Compatible
Tapes (CCTs) of the desired scenes and run them through a host computer. Therefore, it requires
a robust computer hardware system, including a good digital computer with enough disk space
and. memory, as well as peripherals like a tape drive, a digitizer, a plotter, a printer and, if
possible an in-built camera and a photo-write system. It also needs a software package to
perforni different kinds of processing on the image, so that the desired patterns emerge from the
raw scene. The basic processing techniques for enhancing the vegetation features have been
mentioned earlier (Kar and Ram, this volume).

There are several good software in the market. These include ERDAS, ISROGIS, PAMAP,
EASYPACE, SPANS, etc., which can be used in any IBM-compatible machine, especially using
the UNIX or SUN working environment. Most software are raster-based, but some can also
handle vector data structure (e.g. PAMAP). Remote sensing software are now increasingly used
in conjunction with GIS capabilities. Most remote sensing software have, therefore, either
simultaneous GIS capabilities, or are compatible with some GIS, so that the user can transfer his
results from image interpretation to the mapping platform with a greater degree of accuracy. It
also helps the interpreter in creating appropriate database for modelling the past, present and

- future of the resource he analyses. ERDAS software is compatible with ARC INFO GIS.
Software are also available for use in Macintosh and Intergraph machines.
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There are many functions which can be carried out with the remote sensing, software. These
include rectification of errors in the image, like radiometric and geometric rectifications, which
is a basic requirement in any image processing. [t is also possible to perform enhancement of the
features in the image, especially through contrast stretching. There are three major types of
stretching, These are linear stretching, non-linear stretching and density slicing, The latter one
includes many complicated statistical algorithms for feature enhancement. Other capabilities
include band combination, filtering (low pass and high pass), as well as supervised and
unsupervised classification.

Further details on different aspects of remote sensing and its application potentials are

available in Lillesand and Kiefer (1979), Colwell (1983), Sabins (1986), Patel and Singh (1992),
Bonham-Carter (1994) and Rao et al. (1994).
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AMELIORATION OF PROBLEMATIC ARID SOILS THROUGH
SILVIPASTORAL SYSTEM

D.C. Joshi

Introduction

Silvipasture involves growing grasses between trees or planting trees on the grassland. The
term has been scientifically defined recently, but the concept is in practice in India since long.
In silvipasture system trees, shrubs and grasses are grown simultaneously on a piece of land,
which are complementary to each other. It offers a sustainable land management system which
increases overall productivity of the land, conserves soil resources, improves environment,
offers an efficient system for utilisation of rainfall and stored soil moisture and recycling of the

nutrients.

Establishment of such a multistorey system on the degraded arid areas is not an easy task. It
requires a holistic approach keeping in consideration the low erratic rainfall, sandy shallow
saline soils with low fertility, uneven and sloping topography, scarce saline ground water, large
livestock population and sometimes the apathetic attitude of local residents.

Soils, which form the foundation of the ‘multistorey system’, vary widely in terms of their
potentials and limitations. Therefore, a successful silvipasture programme should have a good
appraisal of soil resources. Based on the knowledge of soil characteristics, selection of proper
plant species and appropriate soil moisture conservation techniques can be made. This is
discussed through a brief appraisal of the problematic soils of arid Rajasthan. The relevant
physico-chemical characteristics and the available water holding capacity of soils are reported in
Table 1 and 2 respectively.

Problematic Seils

Dune Complex Soils: The sand dunes in arid Rajasthan are mostly of parabolic shape, but
longitudinal, transverse and barchan dunes also occur. These dunes are associated with narrow
interdunes. The dune-interdune association has been termed dune complex and is the largest'
single unit occupying 30-40% area in arid Rajasthan. These occur in less than 250 mm rainfail
zone and also in the 300-400 mm rainfall zone. Due to intense biotic activities, these are under
severe degradation and need immediate attention.

The soils associated with dune complex are uniformly fine sand, pale brown to yellowish
brown (10 YR 6/3-6/4) and 150 cm deep. The silt and clay contents are 0.4-1.3% and 1.8 to
4.5%, respectively. The CaCO3 (0.6-5%) content is mostly in diffuse form. The interdune soils
are similar in colour but have slightly more silt, clay and CaCOx These soils have been
classified ag mixed, hyperthermic Torripsamments.

The surface of dune complex is uneven. Besides the slopy and uneven dune swales the
Interduneg are also filled with thick sand sheets, hummocks and barchanoides. The available



96

Table 1. Physico-chemical characteristics of the problematic soils

Depth Particle size distribution (%) CaCO3  Moisture pH Elecm
(cm) (%) - equivalent (1:2)  Conductyy
(%) ity(EC,
dSm -1)
Clay Silt Fine Coarse
sand sand
Dune complex
0-25 19 1.1 96.0 45 1.5 20 8.04 0.16
25-50 438 1.5 86.9 43 14 35 801 016
5G-75 4.2 14 89.9 3.5 1.5 3.0 8.04 0.16
75- 100 55 1.5 38.8 3.5 1.3 45 8.10 0.16
Light brown sandy
0-20 3.8 3.8 88.6 10.0 0.8 4.8 9.80 0.24
20-40 2.6 16.3 64.3 50.0 4.9 15.8 7.45 0.66
40-60 13.0 14.1 58.2 76.2 83 171 7.54 0.26
Hard pan soils
0-10 7.2 6.8 74.7 11.3 - 7.8 8.21 0.11
10-30 9.3 83 69.3 12.6 0.2 10.3 8.24 0.13
30-50 104 92 67.1 12.0 1.3 10.5 820 0.15
Below 50 13.2 11.6 22.1 14.3 386 - 830 0.30
Gravelly uplands
0-8 59 33 74.1 11.9 4] 17.3 820 0.24
8-15 7.6 6.7 549 15.4 14.2 21.3 8.50 0.25
below 15 Gravelly layer
Salt affected ) X
0-20 28.7 291 30.3 0.5 113 30.1 7.07 28.6
20-50 16.4 249 49.0 0.6 85 215 723 19.9
50-70 16.6 249 51.0 0.8 6.7 286 7.44 213
70- 100 24.6 283 40.0 0.4 6.8 36.1 7.30 261 |

water capacity is low (50-80 mm/metre). The surface soil dry quickly but in subsoil moisture 15
available for deep rooted plants. )

Light Brown Sandy Soils

These are soils of sandy plain. Scattered sand hummocks and occasional sand dunes occur
on these plains. The soils are brown to yellowish brown (10 YR 5/3-5/4), loamy fine sand/fine
sand and weakly aggregated. The silt and clay content ranges are 3.6 to 6.2% and 1.8 to 3 2%,
respéctively. The subsoil is loamy sand, weak subangular blocky with some what more of silt
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Table 2. Moisture retention capacity of some typical arid soils

Soil groub/series ) Available moisture capacity
- (%) (mm/m)
Dune complex 3854 52-78
Light brown sandy soil
Thar 4.7-6.8 53-84
Chiral 5.8-74 72-86
Grayish brown loam 50il
Pipar 10.3-17.2 75-125
Gajsingpura 14.3-17.2 160-190
Asop 12.3-15.2 140-165
Shallow hard/gravelly soil
Kolu 5.6-7.2 35-68
Bher 6.8-9.7 48-78
Kumparabas 7.4-94 63-84

and clay. Below 60-90 cm depth lime concretionary layer occurs. This concretionary layer is
pervious to roots and water. These soils are members of coarse loamy, mixed, hyperthermic
Cambids/Calcids.

Hard Pan Soils

These are generally 30-40 cm deep sandy soils, underlain by a compact lime concretionary
strata. The soils are pale brown to yellowish brown (10 YR 6/2, 5/4), fine sand to loamy sand
and weakly aggregated. Clay and silt contents are in the range of 6.1 to 8.4% and 4.0 to 5.5%,
respectively. The substrata is compact due to lime and silica and is impervious to roots and
water These have been classified as coarse loamy, mixed, hyperthermic, Lithic Petrocalcids.

These soils have root zone limitation. The available water capacity is also very low (39-50
mm/50 cm depth). Because of these limitations the soils do not support perennial and deep
rooted plants.

Gravelly Uplands

In and region of Rajasthan such soils occur in two situations: i) associated with sandy plain
and ii) in the pediment zone. The gravelly upland soils associated with sandy plain have thin
veneer of fine sand/loamy fine sand, underlain by a thick zone of loose lime concretionary
material. These soils have severe_root zone limitations, very low available water capacity and
are moderately prone to wind and water erosion.

The gravelly soils associated with pediments may vary in texture from fine sand to sandy
loam and loam. The solum has appreciable mixture of rock fragments. Moderaje slope,
Moderate to severe water erosion, low available water capacity and appreciable mixture of
gravels in the soil mass are the constraints of these soils. However, frequent runoff from the
adjoining hills and ‘protection against hot wind are favourable conditions for silvipastoral
Management,
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Salt Affected Soils

In arid and semi-arid regions, high salinity in soils and ground water assumes unusual
proportion and poses a problem to reckon with. Natural saline flats, saline depressions, relict
saline and secondary salinised lands due to high water table are common. Such lands are better
suited for silvipastures than arable cropping.

Natural salt affected soils are scattered as small patches throughout the arid Rajasthan, but
their major occurrences ate in the flood plains of Gaggar river in Hanumangarh, Bikaner and
Shri Ganganagar districts and in the south-eastern part in Jodhpur, Pali, Nagaur and Jalor
districts. The soils are grayish brown to dark grayish brown (10 YR 5/2, 4/2), loam to clay loam
and silty clay loam. These are 60-150 cm deep. The soil profile is highly saline (EC 20- 80
dSm"l). Salinity in the surface soil is high and gradually decreases with depth. The soil profile
is very compact with prismatic/columnar structure.  Water infiltration and permeability in the
profile are restricted. During rainy season water remains ponded on the surface. Relict saline
soils have high salinity in the substrata. The waterlogged soils associated with high salinity are
common in canal command areas. Seepage from main canal and high water table in the
irmgated fields have resulted in the development of this problem. *Such lands have gone out of
cultivation in the IGNP area and in other small imgation projects in south-eastem and
Rajasthan.

Inherent Fertility Status

The degraded problematic soils are generally low in the available nutrient (Tables 3 and 4).
The sandy soils contain low organic carbon (less than 0.1%), 10-15 i(g ha”' available phosphorus
and 140 to 200 kg ha'! available potassium. With slight increase in the silt and clay content
there is increase in the available nutrients. The loam and clay loam soils contain 0.3 to 0.4%

Table 3. Major nutrient status of the problematic soils

Soils Organic carbon Avatilable phosph-  Available potas-
. (%) : orus (kg ha -1) sium (kg ha h
Dune complex 0.10-0.16 10-15 116-392
Light brown sandy 0.12-0.15 9-15 78-482
Hard pan/gravelly upland 0.15-0.25 15-20 300-890
Salt affected ©0.08-0.73 9-25 67-400 -

organic carbon, 15-20 kg/ha phosphorus and 200-700 kg/ha potassium in available form. The
available iron, manganese, zinc and copper content of these soils vary widely (Table 4). All the
soils are well supplied with the available Fe and Zn but Mn and Cu is marginal to low in dune
complex and other sandy soils. The salt affected soils have been found to contain adequate
amount of micronutrients to meet the requirement for silvipastoral management (Joshi ¢! al..
1981, 1983). Micronutrients are well distributed in the profile which can meet the requirement
- of deep rooted trees.and shrubs.
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Table 4. Micronutrient status (ppm) of the problematic soils

Soils Fe Mn Zn Cu
Dune complex 3.5-27.5 1.1-16.0 0.27-191 0.12-1.52
(7.8) (6.1 (0.80) (0.44)
Light brown sandy 3.4-8.6 4.0-13.4 0.41-132  0.36-0-89
(6.2) (8.0) (0.85) (0.50)
Hard parv/gravelly upland 2.5-7.6 3.0-12.0 0.30-1.21 0.25-0.75
(4.5) (6.0) (0.70) (0.40)
Salt affected 2.6-16.0 6-29 0.56-3.37 0.55-2.08
- (6.07) (12) (1.10) (1.10)

Data 1n parenthesis indicate mean values

Land Capability Classification

Land capability is the inherent capacity of land to perform at a given level for general
landuse. The major factors which govern land capability classification are inherent soil
characteristics, landscape features and the climatic factors. Under this system the agricuftural
use of land is confined to class 1 to 1V, while the alternate uses are recommended for lands with
capability classes VI to VIi. The land capability classification also identifies the constraints that
limut the tanduse viz. the climates (c); soil depth (d); texture (s);, wind erosion (ea), water erosioit
(ew), salimty/alkalinity (sa). topography (t) and drainage (d). Landuse capability surveys for
some of the arid zone district (Table 5) revealed that in Jaisalmer and Barmer districts, receiving
<100-250 mm rainfall, the majority of the area qualified for class VI and VIl and thus
recommended for silvipasture,

Silvipasture: Alternate Landuse for Problem Soils

In the arid region low and erratic rainfall, high temperature and dust storms in summer
Impose severe restrictions on the use of land for arable cropping. In the rainfall zone of less than
250 mm, silvipasture rather than arable cropping has been regarded as sustainable landuse
Irespective of the soil type and terrain characteristics. In.the rainfall zone of 250-500 mm the
dune complex, hard pan, shallow gravelly uplands and salt affected soils qualify for landuse
Capability class V1 and VII which suggest that these areas are mainly suited for silvipastoral land
uses. However, because of socio-economic constraints, the dune complex are being cultivated
for rainfed crops. The crop yields are meagre and this practice of cultivation inflicts damage to
Soil. Silvipasture is a better alternative for such lands.

Table 5. Land capability classification of typical arid zone district

m Rainfall Land capability classes (Area knt” )

S (mm) Il v Vi Vil Vil
Barmer 200-300 1673 5844 7555 10698 2043
Jaisalmer <100-250 280 2492 16389 13671 5568
Jalor 400-500 5376 2623 406 1471 764
Nagaur 300-500 9555 3425 3540 190 1020
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The swales of sand dunes and uneven topography of the interdunes impose restriction on
soil working, The dune complex soils have low moisture retention capacity and high infiltration
. rate. The rain water received during good/normal rainfall years reaches to lower horizons.
Because of low capillary movement of water in sandy soil, the moisture remains localised at
some depth. The shrubs, grasses and trees feeding in different zones can utilise this moisture.
The vegetation canopy also protects the sandy soils from erosion. The leaves shed by the
vegetation enrich the soil.

The dune complex soils are most susceptible to wind erosion. Therefore the first step 1s 1o
create micro wind break. This can be achieved by using locally available materials like dried
twigs of the bushes and trees. In Indian desert the twigs of Prosopis cineraria, Zizyphus
nummularia and Calotropis procera and whole plant of Crotolaria burhia. Aerva persica and
Calligonum polygonoides are used. In Iran and China twigs of /faloxylon sp. and Tamarix sp.
are used. The trees, shrubs and grasses suitable for dune complex are listed in (Table 6). After
establishment of microwind break these plant species can be grown. The runoff water should be
conserved in situ.

On vast stretches of sandy plain, particularly in the rainfall zone below 250 mm, frequent
droughts lead to failure of the rainfed crops. The tree species can be planted at 4m x 5m or Smx

5m interval and grasses can be grown in between Here the soil/moisture conservation -

measures like revegetation mulching and vegetative barriers should be adopted.

Hard pan soils are recommended for silvipasture because of their severe root zone

limitations and droughtiness. On these soils Prosopis juliflora, and .lcacia tortilis can be

grown by breaking the compact lime concretionary strata. The shrubs like .lerva tonentosa.
Crotolaria burhia and Calotropis procera naturally come up on these lands. The grasses like
Sehima nervosum and Dichanthium annulatum can be grown. Contour bunding and field
bunding are essential to conserve the rain water.

On gravelly uplands it is difficult to establish trees. However cacia senegal. .lcacid
tortilis, Prosopis juliflora can be grown by following soil and moisture conservation measures.
The shrubs like Capparis decidua and Ziziphus nummularia are well suited for these lands. The
grass cover including Aristida funiculata and herbs like /ndigofera cordifolia also do well on
these lands. The sheetwash should be checked by providing contour trenching, contour
furrowing and staggered contour trenching,

For saline flats, the plant species are selected according to the salinity level and
physico-chemical characteristics of the soils (Table 7). For establishment of tree saplings the

pits are dug and the saline soil is replaced by good soil. Ridges of 0.8 to Im height are
created in east-west direction and the grass seeds are sown on ridges in between the tree rows o
sodic soils. Application of gypsum @ 50% soil gypsum requirement is essential. For planting
trees the compact subsoil layer should be broken and gypsum mixed with the soil should be
refilled in the hole Gypsum can also be uniformly applied in the fields, mixed with soil and
then rain water allowed to be ponded. This will improve the soil physico-chemical properties:
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Table 6. Plant species, suitable for dune complex

r,_ Trees Shrubs Grasses

Rain fall 150-250 mm

Acacia tortilis Calligonum polygonoides Lasiurus sindicus
cacia senegal :lizyphus' nummularia Panicum antidotale
Acacia jacquemontii Zizyphus rotundifolia

Rain fall 250400 mm

Frosopis cineraria Calligonum polygonoides Cenchrus ciliaris
Tecomella undulata Zizyphus mauritiana Cenchrus setigerus
Acacia tortilis Saccharum munja

Acacta sencgal
Rainfall 400 mm and above
Prosopis cineraria

ibizzia lebbek Panicum turgidum
Colophospermum mopane Ziziphus mauritiana Saccharum munja
Acacia senegal Cenchrus ciliaris
Pongamia glabra Cenchrus sefigerus

Pongamia pinnata
JAcadirachta indica
Ailanthus excelsa
Cassia siamea

I)albergia SISS00

Harsh, L.N. (1996)

Treatment of 5 t ha™ gypsum progressively increase the infiltration rate over the years
(Anonymous, 1980). In medium black soil with alkali problems, gypsum treatment does not
Improve the forage yield. Howewer, different soil and moisture conservation measures like
bunding, corrugation and tied ridge planting have some positive effect on forage yield. At
Gudda (Haryana) Grewal and Abrol (1986) from an alkali soil, reported the fresh foliage yield of
7710 16.5 t ha'' of Karnal grass (Diplachne fusca) grown in aséociation with A. nilotica in flat -
Surface planting, Higher forage production was recorded under ridge planting. Abrol and Gill
(1988) suggested planting tree seedlings in auger holes filled with a mixture of original soil, 2- 3
kg gypsum and 7-8 kg farm yard manure in sodic soils for afforestation. . The auger holes of 15
tm diameter and 180 cm depth have given better performance of plant species than shallow (60
€m) auger holes,

In arid regions, soil are also severely degraded due to irrigation with high residual sodium
Catbon (RSC) water. After 10-15 years irrigation such lands are turned unfit for cultivation. In
?ases of water containing high RSC (15-20 me L']) the soils become very compact, water
nfiltration restricted and nutrient availability also becomes limited (Joshi 1988, 1989).
Amelioration of such soils has been attempted by application of gypsum @ 100% of the soil
Bypsum Tequirement + quantity of gypsum required to neutralise RSC in excess of 4 me L

-
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Table 7. Plant species suitable for salt affected soils

Species Soil EC (dSm ™) ]
High (more than 16) Medium (8-16) Low (4-8)

Tree/shrubs  Prosopis juliflora Acacia leucocephala  Azadirachta indica
Tamarix articulata Dichrostachys Acacia aneura
Prosopis pallida nutans Colophos permum mopane
Prosopis tamarugo Acacia nilotica Lucalyptus camaldulensis

Prosopis chilensis
Salvadora sp.
Casurina equisetifolia
Atriplex sp.
Haloxvion recuwrvum
Suaeda fruticosa
Grasses Sporobolus marginatus Heteropogon contortus
feleusine compressa Cenchrus setigeruy
Dactvioctenum sindicum
KNarnal grass

(Joshi and Dhir 1990, 1994). Gypsum application decreased the pH of the surface soil by 0.3-
0.4 ynits and SAR. The accumulated infiltration rate was higher in the gypsum:-treated fields.

During 1979, unprecedented flash flood in the river Luni deposited 40-100 c¢m thick saline
sediments on the most productive lands. These lands turned barren and even a blade of grass
was difficult to grow. Gypsum application as per 100% soil requirement followed by leaching
was effective in reducing salinity (Joshi and Dhir 1990). Higher level of gypsum was more
effective in lowering SAR. Increased infiltration due to gypsum application further heiped in
lowering, the salinity Such reclaimed lands can be brought under silvipastoral land use, because
of paucity of good quality water for irrigation of arable cropping,

The silvipastoral systems and their various facets when compared with traditional land use
have been found to yteld more than 7 times with year round forage availability and also very
high protein and nutrition for animals. The multitier system has been found highly economic
compared to other forms of land use. Gupta and Mohan (1982) found the silvipastoral system to
be more remunerative than the rainfed farming in arid and semi-arid climates.

Under poor soil, water and nutrient situations of problematic soils, where cropping is not
possible, the silvipasture: serves the twin purpose of forage and wood production. In addition 1t
also conserves the eco-system. By following the silvipasture techniques based on soil
characteristics a holistic development of the area can be achieved

References
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WIND EROSION AND ITS CONTROL IN ARID REGIONS

J.P.Gupta

Introduction

Movement and deposition of sand is an important factor for degradation of otherwise
productive lands. Out of 175 million ha area suffering from degradation in the country, about 60
million ha is due to wind erosion alone. As much as 58% area of western Rajasthan is occupied
by sand and semi-stabilized sand dunes. Wind erosion is one of the main problem of the region
and is doubly harniful as both areas from where the soil is removed and where it is deposited.
jose their productivity. Moreover, sand transported and deposited by aeolian process do not
remam stationary but move further along the wind direction causing damages to crops,
economic establishment and communication channels, etc. Degradation of land through wind

erosion is major threat to agriculture and allied activities.

.

Wind Erosion Process

The wind erosion process may be divided into three distinct phases:(i) initiation of sand
movement, (11} transportation, and (1ii) deposition. Initiation of soil movement results from
turbulence and velocity of wind. Wind velocity near the smooth ground surface is zero, sotne
distance above this is smootli and laminar but above this it is turbulent. If the soil particles are
attached to each other strongly, they can resist the force of wind and do not move. The initiation
of soil movement thus depends upon the force of turbulent wind, the surface roughness and the
size of soil grains. The amount of sand moved depends upon particle size, wind velocity and the
distance across the eroded area The quantity of soil moved varies as the cube of excess wind
velocity above the constant threshold velocity, the square root of particle diameter and gradation
of soil. Deposition of sand occurs when the gravitation force is greater than the forces holding
the particles in the air The process generally occurs when there is a decrease in wind velocity
Ccaused by vegetation or other physical barriers such as fencing, ditches, etc.

TyPes of Sand Movement

(1) Surface creep: 1t is the rolling or creep of the larger particles over the surface. The soil
Particies are generally too heavy to be lifted by wind. They move primarily by the impact of
Particles in saltation and not direct force of wind.

(1) Saltation: 1t is the bounding or jumping of soil particles mostly 1n the range of 0.05 to
05 mm. The movement of particles due to wind erosion is predominantly by this process.

- (i) Suspension: 1t is the floating of small sized particles in the air stream. Fine dust is
Picked up by bigger particles in saltation. Once entered in the turbulent air tayers are lifted high
into g . . .

10 air by upward eddy currents Fine sand, silt, clay and organic matter are generally, eroded
by this process.
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Causes And Factors of Wind Erosion / Deposition

Natural Factors : High wind velocity, scanty rainfall, structureless sandy soil, extreme
vanation of diurnal and annual temperatures and high evaporative demand of the atmosphere are
the main factors responssble for wind erosion 1n and regions The wind regime builds up from
April onwards and the strongest winds are observed 1n the months of Apnil to June During, dust
storms activity wind speed often reaches 60 to 80 km hr! (Ramaknshna, 1992) Drought
conditions result in sparse vegetation Thus along with excessive biotic interference deteriorates
fast and causes soil to blow off more vigorously The observattons made by Knshnan (1977)
show that 1n and regions the dust biows up to 20,000 to 30,000 ft

Measurements of dust blowing from the surface to a height of 3 metres indicate that the
average amount of dust blowing on the day of dust storms vares from 050 to 42 q ha™' in
lodhpur [n case of Jawsalmer. hawever, where the wind speeds are high, an average of
511q ha' was recorded Removal of grass cover in an area of about 2000 m® at Chandan
(Jaisalmer) resulted 1n soil removal of 1 065 m® within three years The chimattc wind erosion
indices for some stations of and Rajasthan are presented in Table 1.

Table 1: Climatic wind erosion indices (%) for some stations of Indian desert.

Station Climatic Wind erosion Index category
(a) (b)
Jaisalmer 3259 7378 High
Jodhpur 371 6 81 Very low
Nagaur 230 4 58 Very low
Jaipur 194 2 44 Very low J

(a) Based on mean annual wind velocity
(b) Based on mean wind velocity of summer months (March-Sept )

Mimmal threshold velocity for mitiating wind erosion was found to be 5 km hr' for
Bikaner and 10 km ha ™' for Jaisalmer (Gupta ef a/ , 1981) The cntical wind velocities for the
above two sites were 15 and 25 km hr", respectively Much of the wind action 15 confined to
summer months Apnl to June It 1s duning the summers that the ground vegetation cover s
mimmum. facilitating severe wind erosion

Besides the wind speed. the major soil factors affecting erodibility are soil texture | state
and stability condition of soil particles  Soil texture plays an important role in determining the
erodibility of particular soil to wind erosion (Table 2) The soils of the and zone are
predominantly formed of coarse particles 1e sand Fine to medwm sand predominated 1n thetr
fabrics with little s11t and cldy, the quantity of latter two particles seldom exceeds 25% together
Thus, while the sandy components predonunate tn particles size (80-95%), orgamc matter 1§
low Such soils are generally structureless and single grained to weakly subangular blocky
This makes these soils prone to wind erosion The data presented 1n Table 3 shows a relative
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Table 2. Wind erodibility indices for different soil textures.

Predominant soil texture Soil erodit_;lility in_cliex
(mg ha " year

Loamy sand and sparic material 360-700
Loamy sands 300

Sandy loam 200

Clay and clay loam 200
Calcareous loam 200
Non-calcareous loam, silt loam 2%clay. and organic soil 125
Non-calcareous and silt loam 20% clay 100

loss due to wind erosion from different soil types in Rajasthan. [rrespective of wind velocity,
soil loss was found to be higher from Bikaner than from Chandan and Jodhpur. Grain size
distribution 1n a particular soil is also related with erodibility. Soil samples from Bikaner and
Chandan showed higher percentage of grains in the range of 0.1 to 0.25 mm in the eroded
samples showing thereby higher susceptibility of this fraction to wind erosion (Table 4).

Anthropogenic Factors : In arid regions, besides climatic vagaries and erratic monsoon
the escalauon of human and animal population are major factors causing deterioration in the

Table 3. Soil loss due to wind erosion in western Rajasthan,

Mean wnlld velocity Soil loss (kg ha N
(km hr~
Chandan Sand Bikaner Sand Jodhpur loamy
Sand
5 1.0 0.5 0.3
10 8.0 120.8 14
20 76.7 273.7 15.6

40 1276.0 1605.2 -

ecosystemn  The arid region at present has an average density of about 90 persons per km? and
Is one of the most thickly populated in the world. During the last few decades, the human and
animal population has registered a substantial increase in the area consequently more and more
marginal lands are put under cultivation. Thus, the increasing activities of human and animal,
cultivation particularly on duny complex, over exploitation of trees for fodder and fuel and
indiscniminate grazing have accentuated the erosion/deposition process. The magnitude,
however.depends upon factors such as soil type, slope and land use, etc. Dhir (1989) and Raina
(1992) have also reported an acceleration of wind erosion due to human activities in arid zone

Impact of Wind Erosion/Deposition

Soil Loss - Gupta and Aggarwal (1980) recorded a loss of 9.6 ¢cm and 0.2 cm top soil layer
from a bare and swbble covered sandy plains, respectively during April to June 1977 The
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Table 4. Grain size distribution in the field soil and eroded samples from two sites in
western Rajasthan.

Site Soil description % distribution of soil grain (mm)
0.25 01100.25 0.05
Bikaner Field soil 12.8 620 05
Eroded soil 12.8 69.4 0.6
Chandan Field soll 16.0 66.6 1.5
Eroded soil 14.8 73.5 © 04

pasture land remained free of erosion. During stormy days of 1973 to 1975, the sediment load
up to 3 m above the land surface at Jodhpur and Jaisaimer was 0.5 to 4.2 q ba' and 5.1 q ha™!
respectively. The removal of grass cover from 2.0 km? caused soil loss of 1065 m™ in three
years with a loss of 0.53 m soil depth. The grain size distnbution in these sediment included
fine sand (55-75%), clay (6-15%) and silt (14-39%). During an unusual strong wind reginie in
the year 1985, characteristics of aeolian sediments from three different land forms were studied
by Ramachandra ¢/ al. (1992). Thick sand sheets (40-100 cm) were a commeon feature in
interdune, while in sandy plain the magnitude of sand features was much less (20-50 cm).
Shallow gravelly area generally escaped sand deposition. During the same stormy period,
acceleration in wind erosion due to cultural practices was also observed (Dhir, 1989). The
sandy plains deep ploughed with tractors lost 2630 to 3160 t ha! soil while the fallow lands
with 2-4 per cent vegetation cover lost 207-283 t ha”' soil The loss from pasture with 8-12 per
cent vegetation cover was negligible.

Loss of Nutrients : The removal of top soil by wind erosion also causes loss of plant
nutrients and thus productive lands are turned unproductive. A mean of 192.4, 101.2 and 103.9
kg, ha”' N, P and K was found to be lost in two months under arid zone conditions (Gupta and
Aggarwal, 1980). The concentration of nutrients was maximum in soil grains having diameter
less than 0.05 mm, the total nutrient loss was highest from bare soil having higher percentage of
grain of diameter greater than 0.1 mm. .The content of nutrients in fence line deposition was
higher than the field proper (Dhir, 1987). The effect of wind erosion on the fertility status of
different land uses showed (Raina, 1992) that a decrease in organic carbon at degraded site was
more in oran (50.7%) followed by cultivated (50.3%) and pasture (39.4%). In case of K, the
decrease was 55% in cultivated 35.2% in oran and 12% in pasture lands. The decrease in P was
maximum in pasture land. Thompson (1952) reported loss of 27 kg available N, 12 kg available
P and 158 kg available K per hectare annually.

Loss of Crop Yields : It is a common belief that the crop yields in severely eroded lands is
half to two thurd of that from uneroded field. Bittu (1989) recorded 30% loss 1n crop yield due
to soil deterioration through wind erosion in 40 years.

Control Measures

The control measures are broadly of two types viz., (i) Sheltering the soil from wind
. erosion, and (ii) Creating soil condition resistant to wind action. The control practices may
include the following-
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Table 5. Yield of dryland crops

[ Crop  Yieldkg ha-1
. 1942 1982

Pearl nullet 1000 700

Moth bean 800 500

Plantation of Wind Breaks and Shelterbelts : Wind break is any type of barrier used
for protection from winds-while shelter belt is a barner longer than wind break usually
consisting of trees and shrubs. The importance and utility of shelterbelts in checking the wind
erosion has been well recognized. Considerable work has been done on the plantation of trees as
wind breaks and shelterbelts. The effectiveness of shelterbelts in reducing the wind velocity
depends on velocity and direction of wind and also on canopy growth, design and geometry of
shelterbelts Prosopis juliflora, Azadirachia indica and Afbizzia lebbek as three row shelterbelt
along the lhighways in pyramidal shape were found suitable in desert areas (Kaul, 1985).

The percent reduction in mean wind speed of 8 years old 5 m tall shelterbeits of Prosopus
Jquliflora. Cassia siamea and Acacia tortilis was maximum at 2H distance (Gupta,1993) The
reduction 1n wind speed by all the three types of shelterbelt dunng monsoon was higher than
summer possibly due to better canopy growth. The use of shelterbelt also brought about 50%
reduction in wind erosion. A mean loss of 548.8 kg ha™! soil from bare field reduced to 351, 300
and 184 kg ha’' by shelterbelts of Prosopis juliflora. Acacia rortilis and Cassia siamea,
respectively. The total nutrient loss was also found to be maximum from bare soil without
shelterbelts followed by 2. juliflora. 1. tortilis and C. siamea showing thereby the conservation
of so1] fertility by the shelterbelts. Ganguli and Kaul (1969) and Bhimaya ef /. (1958) reported
that shelterbelt when planted across and on boundaries of agricultural fields effectively control
sand drift and protect crops.

Sand Dune Stabilization : The sand dunes and their movement is a menace to productive
agricultural fields and other economic establishments and therefore deserve stabilization. Water
balance studies in arid zone has revealed considerable moisture (2-5 per cent) stored in lower
depths of unstabilized dunes éven in the peak evaporation months of May-June (Gupta, 1979).
The reason is low capillarity. This shows that there is considerable scope for the stabilization of
such areas. Techniques have been developed for fixing and afforestation of sand dunes by
CAZRI. These have been used by the state agriculture and forest departments for arresting the
movement of sand dunes.

Stubble Mulching : Close growing crops are generally more effective for erosion control
than are inter tilled crops. Experiences have shown that close growing crops protect soil, but
inter tilled crops lose soil by wind erosion. The practice of planting the crops normal to
Prevailing wind direction is useful. Under stubble mulch farming, crop stubbles are left in the
field and the next crop is planted with minimum tillage. 1n mid west dust bow] of United states,
large scale mechanised stubble mulch farming is practised as a measure of protection to the
Cultivated farm land from wind erosion. In arid zone of India, Mishra (1974) reported a decrease
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in soil loss by 28.6, 46.5, 54.6 and 63.5 per cent after 15,30,45 cm and whole stalk pearl nullet
stubbles left in the field. In western Rajasthan (Bikaner), total soil loss occurred in 75 days was
1449 t ha”' from bare fields but reduced to 22.5 t ha™' from the field covered with 10-15 cm
stubbles of pearl millet (Gupta and Aggarwal, 1980). Crops stubbles also reduced surface
evaporation and eventually helped in growth of vegetation. This practice, however, has
limitations to its adoption on large scale because the farmers are reluctant to leave stubbles in the
field because they are useful as animal feed.

Wind Strip Cropping : Strip cropping consists of growing alternate strips of cultivated
crops and close growing crops in the same field. The main advantage of this practice are’ (1)
Physical protection against blowing of sand provided by vegetation, (ii) soil removal limited to
a distance equal to the width of strip, (iii) greater conservation of water, and (iv) possibility of
earlier harvest. Field strip cropping of grass strips to legumes (mung bean and moth) n a ratio
of 6:1 has been found useful for the control of wind erosion and higher crop production Strips
of perenmal grass of Lasiurus sindicus and Ricinus commuwmys at nght angle to the prevailhing
wind direction reduced the mpact and threshold velocity of wind to the minimum and thus
checked the wind erosion and increased the production of crops in between protective strips
(Mishra. 1971). Wind strip cropping as recommended in USA and Canada may not be feasible
because of Indiati land tenure system and small scattered holdings. However, the field stnp
cropping system of grain legumes or cereals in grass strips seems promising, for it can be
applied to individual fields and holdings..

Primary and Secondary Tillage : The objective of proper tillage is to produce rough
cloddy surface. for wind erosion control Excessive tillage of land when 1t 1s dry breaks clods
and exposes it to wind action. The results of a study showed that clods greater than 5 mm size in
the disked field were 42% but when disked and planked they reduced to 12.7% (Table 6)

) Wind erosion in 5 days period in disked and planked field was 42 t ha™! in contrast to only

0.5 t/ha in disked field (Gupta and Gupta, 1981). The sandy soil ploughed with tractor were
found to lose 2630 to 3160 t ha™' soil but fallow land having 2-4% vegetation cover lost only
207 10 283 t ha *! soil (Dhir, 1989). Direct seeding by tractor operated drill without prior
seed-bed preparation has been observed to yield as much pearl millet as with seeding after
preparatory tillage

Conclusion

To conclude it may be mentioned that wind erosion/movement of sand is a menace
seriously affecting theproductivity of agricultural lands and other econoinic establishments and
therefore need conservation. Various technologies like minimum tillage, shelterbelt plantation,
sand dunes stabilization, wind strip cropping, pasture development and silvipasture system
* suiting to different agro-ecological zones have been developed and need wider adoption.
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Table 6. Soil loss from cultivated field.

Soil treatment Soii condition (clods >5mm) Wind velocity Soil
km hr'h) eroded

Clods Mean Mean dimension Max.  Min. (tha™h
(%) wt.(g:) Length Width

 Ploughedand ~ 12.7 L.75 2.1 12 201 260 40.1

Planked

Ploughed 12.4 111.80 79 6.5 20.1 260 0.50
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SAND DUNE STABILIZATION AND SHELTERBELT PLANTATION
TECHNIQUE FOR ARID REGIONS

L.N. Harsh and J.C. Tewari

Introduction

About 5.2 billion ha area of land mass is classified under drylands. Of these 3.97 or 75%
of drylands are atleast moderately degraded. Nearly 216 million ha of rainfed croplands or.about
47% of their total area in the world drylands (457 million ha) are affected by various processes
of degradation, mainly wind and water erosion of soil, depletion of nutrients, and physical
deterioration {Dregne et al. 1991, The largest area of degraded rangelands occurs in Asia,
followed by Africa (Table 1). More than 100 countries are either moderately or severely
affected with the problem of soil erosion. In India 53 per cent of the land is subject to various

Table 1. Global status of desertification/land degradations in agriculturally used drylands

Continent Irrigated land Ramfed Rangelands Total
croplands agrculturally
Tatal Degraded % Total  Degrade% Total  Degrade % Total  Degrade %
(m/a) (m/ha)_ (m/ha) dmha (m/Mha)  dm/ha (m/ha)  dm/a
Alrica 10.42 1.90 18 79.82 4886 61 134235 995.08 74 1432.59 1045.84 73.0
Asia 92.02 31.81 35 21817 12228 S6 1571.24 1187.61 76 1881.43 1311.70 69.7
Australia 1.87 0.25 13 4212 1432 34 65722 361.35 55 701.21 37592 53.6
Kurope 11.90 1.91 l6 2211 11.85 54 11157 8052 72 14558 9428 64.8
N. America  20.87 5.86 28 74.17 11.61 16 483.14 411.15 8S 57818 42862 74.1
S. America 8.42 1.42 17 21.35 6.64 31 390.90 297.75 76 420.67 30581 72.7
Total 145.50 43.15 30 45774 215.56 47 4556.42 3338.46 73 5159.66 3562.17 69.0

forms of land degradation(Singh, 1989). Keeping in view of severe problem of desertification,
United Nations have launched a programme to combat Desertification (Plan of Action 10
Combat Desentification - PACD) in 1977 in almost all the countries. In that, soil conservation
was one of the major activities. Since then most of the countries have developed or standardised
the technologies for sand dune stabilization and shelterbelt plantation. The present paper briefly
describe the sand dune stabilization techniques are being used in different countries.

Sand Dune Stabilization

Winds are dynamic force which cause soil erosion. Not all the winds causes soil erosion.
but only the air currents which are able to blow the transport sand grains, can modify the surface
pattern of sandy areas. The threshold of wind velocity at which sand can be transported differs
according to grain size of sand particles to be moved and it is for grain size of 0.10-0.25 mm,
S.6m/sec. for grain size 0.25-0.50, 6.0 m/sec. for grain size of 0.5-1.0 and 7.0 m/sec. for grain
Size of more than 1.0 mm in diameter.(Baghold, 1941)

Sand particles are deposited behind ridges, clumps of plant residue and other barners or are
camed off the field. The surface is gradually becomes drifted with hummocks of sand. These
sand hummocks ultimately leads to formation of different types of dunes viz., Barchans,
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“Parabolic, Coalesced parabolic, longitudinal, transverse and obstacle dunes. These dunes are
further grouped into two major groups i.e. old and new formations. Old dunes are established,
but due to over exploitation their margins became loose and sand drift starts whereas new dunes
are active and also mobile. Therefore, more emphasis is required to stabilise the second type of
dunes. The technologies developed for sand dune stabilization by different countries are

descnibed here.

India and Pakistan : About 58 per cent region of arid western Rajasthan is being covered
with different types of dunes with different intensities. Since 1961 CAZRI has developed the
sand dune stabilization techniques and with that technology Forest Department of Rajasthan has
stabilised more than 90,000 ha area. The steps used in sand dune stabilization are: (i) protection
from biotic interferences, (ii) erection of micro wind breaks in form of checker board or parallel
strips (iii) establishment of a vegetation cover through direct seeding or by transplanting of
adapted species and (iv) after care of newly established dune. In almost all the countries these
steps are being followed with some minor modifications in mulch matenals and using of
different species which are suited to their conditions.

1) Protection against biotic interferences. Different fencings ‘were tried to see their
efficiency but results revealed that on the sand dunes Barbed-wire with iron post are most
effective. Recently live fencing has also been found economical and viable because of
accelerated cost of steel.

iiYMulching: Affected dunes must be treated by fixing micro wind breaks across the wind
direction in parallel strips or in checker board design at the spacing of 2 m apart on the crest and,
5 m apart on the middle and heel of sand dunes to save the seedlings from the over deposition of
moving sands or from the exposure of roots. For erecting the micro-wind breaks the locally
available bushes like Zizyphus nummularia, Crotolaria burhia, Leptadenia pyrotechnica,
Calotropis procera, etc. are used.

. i) Afforestation of treated dunes. Afforestation of dunes can be done by any of the two
methods: (a) by direct seeding and (b) by transplanting,

(a) Direct seeding: The success in afforestation on dunes through direct sowing could not
be achieved because of erratic rainfall, long dry spells and deposition of moving sands over the
seedlings. = Further, during high wind velocity, seed of tree and grasses are blown away. Some
efforts were made to stabilise the dunes through aerial seeding. (Kumar and Shankararayan,
1988) recorded about 8.14 per cent germination on the aerial seeded dunes. Among trees and
grasses maximum germination was found in Colophospermum mopane (51.4%) followed by
Acacia tortilis (9.0%), Citrullus colocynthis (7.25%), Ziziphus rotundifolia (4.84%), Prosopis
cineraria (3.8%) and Lasiurus sindicus (0.03%). But after three years there was sharp decline in
the survival of tree species except in Lasiurus sindicus grass which infact showed the increase in
its"total population. Hence, success through direct sowing is not satisfactory. Recently, seeds
broadcaéting of different tree species were done in the sandy soils of CAZRI, Jodhpur Research
Farm. The seeds were treated with Jalshakti, a polymer, @ 2 kg/100 kg seeds. The results
revealed that even after 3 years, the survival was 25 per cent in Colophospermum mopane
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followed by Acacia tortilis (20%) and Acacia bivenosa (15%). In contrast, all other species
showed only 5-10 per cent establishment (Harsh et al. 1989). The seeds of C. mopane treated
with Jalshakti were also broadcasted in other areas near village Salawas and their survival
ranged between 25% to 30%. For massive afforestation aerial seedling seems to be the only
answer at present with repeated seeding on the same area.

(b) Through transplanting: Better results are achieved by planting the nursery raised
seedlings. Normally the seedlings are raised in perforated poly bags of 10" x 4" size or in the
sun dried bricks prepared from the mixture of sand, clay and farmyard manure in equal ratio.
The deep planting is preferred to facilitate the root systems to get in contact with the moist zone,
which happens to be in the depth of 50-60 cm below the surface. The tree species suited for
sand dune stabilization are Acacia tortilis, Prosopis juliflora, Acacia nubica, Calligonum
polygonoides, Colophospermum mopane, Acacia bivenosa, Prosopis cineraria, Ziziphus
nummularia, Parkinsonia aculeata and Cordia rothii. In grass and creepers, Lasiurus sindicus,
Cenchrus ciliaris, Panicum antidotale and Citrullus colocynthis. For the semi-stabilized sand
dunes or stabilized dunes, some other species are also found suitable. They are Acacia salicina,
Hardwickia binata, Albizia lebbeck, Azadirachta indica, Maytenus emarginata, Balanites

roxburghii and Tecomella undulata.

Iran : About one-fourth of Iran is desert and dunes have developed in many parts of the desert.
These dunes became a serious menace to communicatioﬁ system, village settlements, and
agricultural fields. Because of seriousness of the sand dunes problem in terms of the physical
damage caused by moving sand, atmospheric pollution and human discomfort caused by air
bom dust, sand dune stabilization has been the major priority of soil conservation service of
Ministry of Natural Resources, Islamic Republic of Iran. They have followed the same steps as
described in Indian context but, recently they have used bitumen mulch, which has proved to be
an effective means of stopping sand movement. It has been reported that more than 75,000 ha of
active dunes, have stabilised. The species used for stabilization and found most successful are
presented in Table 2.

Country has also attempted to use aircraft for mass seeding in duny areas, but still it is at
experimental stages. Similar technology and plant materials are being used in Saudi Arabia.

China: About 33% area of China is desert which is located in desert steppe and steppe zones
in the east part of Helan mountain and in the east regions of Wushar Ling Mountain. In order to
Control land and desertification Chinese Government has set up some organs, including the
National Sand Control Co-ordinating Group and local desertification control organs. In the past
40 years these organs played an important role in desertification control. Since 1978,
91,000,000 ha of land have been afforested and the forest cover increased from 5.05% in 1950’s
to 7.09% in 1994,

In Naiman County and Dayijian Fang in Zhanggoutai of Zhangwu County in Harquin Steep
and dune establishments are the living example. Along ‘the railway tracks in Naiman the
desertified land composed of mobile dunes is mainly stabilized with plants and engineering
Measures (sand barriers). In Tree plantations viz. Pinus sylvestris, var. Mangolica, Artemisia
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Table 2. Suitable species for sand dune stabilization in Iran

Species Distribution

Haloxylon ammodendron Turkestan, Khorassan, western and
middle eastern Iran

1. aphyllum Turkestan and foothills of Khorassan

11 recurvum Baluchistan

IL multiflorum Baluchistan

11 salicornicum Baluchistan

H. articulata South-west Iran '

Suaeda resomarinus Throughout [ran

Calligonum persicun Throughout Iran

Tamarix stricta Saline soils where water table is
nearer the surface

Aristida pennata Throughout Iran

Panicum sp. Throughout Iran

halodendron. Salix flavida and Caragana microphyla are commonly used. By this way mobile
dunes are fixed and railways are guaranteed to pass unimpeded. Vegetation cover increased
about 30-50% from 10%. The sand erosion reduced about 60-70%. The organic matter
increased to 600-800%.

Central Asia: About 15 per cent area of the Central Asia is occupied by barchan dunes and
other patches of natural deflation. The sand dune stabilization also includes the same steps as
mentioned in Indian context. But recently emphasis on new technologies have been given viz,
development of new concepts of sand stabilization, improvement of physical features of sandy
soils. application of gel and new substances for improving soil structure, testing of new
chemicals for sand dune fixation, improvement of techniques for establishment of forest
plantation, etc. '

Sand drift and sand dune problems are not only in South Asia or Central Asia, but also very
common in Coastal areas of many countries, in African continents and Australia,

North Africa: In Tunisia, about 188000 ha of sand dunes have been fixed with different tree
species, of which 70,000 ha are now productive forest. In Libya since 1952 extensive
programime of sand dune fixation have been undertaken. The national programrﬁe aims to create
a green belt 50 km wide extending along the entire length of Libyan coast from Tunisia to
Egypt. Some 83,000 ha of dunes in this belt have been stabilised and planted. In Algena, main
programme is to develop a green belt measuring 1,500 km long and between 20-40 km wide to
protect an area of some 3.5 million ha against encroachment of desert from the south. In Tahrer
(Egypt), which was onginally covered with sand dunes, has now been stabilised. About 60,000
ha land now planted with fruits and fodder. In Mauritania since 1980, about 2000 ha have been
reafforested and stabilized the dunes (Skoupy 1991).

In other countries like Senegal, Mali, Burkino Faso, Chad, Niger, Nigeria and Sudan, the
major emphasis has been given on the sand dune stabilization and development of wind breaks.
In all the countries it was realised that biological fixation costs half as much as mechanized
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stabilization. It has added advantage of involving the local community in transforming their
own environment as well as to get the employment.

All above mentioned countries have also followed the same sand dune stabilization
techniques which have been described in Indian context.

Shelterbelt Plantations

The areas which are not covered by sand dunes but are highly vulnerable to soil erosion or
soil drifting also need attention. On these land dryland farmung are the common practices, and
due to high desiccating winds, the crop production declines steadily. Therefore, to protect the
top fertile soils, shelterbel* plantation/wind breaks around the farm is an important measures.
The shelterbelts are strips of tree species planted in staggered way against the wind direction.

Design and Establishment of Shelterbelt : Design: Depending on wind velocity,
shelterbelt design type and layout differs from site to site. The shape of shelterbelts should be
triangular in cross section of pyramidal in structure, i.e. the tallest trees should be in the centre
row followed by flank rows of medium height trees and lateral row should be of bushy plants.
All these should be planted in staggered or zig-zag way to avoid any tunnelling effect. To have
protection from the wind throughout the year, it is necessary to include both evergreen and
deciduous trees in the shelterbelt. There should be adequate space between fast and slow
growing trees to avoid suppression.

Spacing (i) There should be a minimum spacing of 2.4 m and a maximum of 7.6-9.1 m
between the two rows and (ii) within the row spacing should be a minimum of 0.9 metre for
shrubs and a maximuin of 6.1 m for tall trees.

Species selection: (i) Tree species should be adapted to the site, (ii) the height and crown
density should be sufficient to provide adequate protection, (iii) species should be drought
tolerant, salt and wind resistant, (iv) they should have deep tap-root system, and (v) should also
have a tendency to develop erect or drooping branches to discourage bird perching,

For arid region of western Rajasthan, the following tree/shrub species are most suitable for
shelterbelt plantations. For flank or lateral rows Prosopis juliflora, Acacia bivenasa, Ziziphus
nummularia, A.  fortilis, Cassia siamea, Calligonum polygonoides, Acacia senegal,
Colophospermum mopane and Tamarix articulata are suitable.

For central rows Albizia lebbek, Azadirachta indica, Acacia nilotica var. indica, A. nilotica
var. cupressiformis, Dalbergia sissoo;~Hardwickia binata, Eucalyptus camaldulensis, and
Tamarix articulata are suitable. ’

Establishment of Shelterbelts: Shelterbelts are generally planted at right angles to the
Prevailing wind direction. Successful shelterbelts of Acacia nilotica var. indica and Dalbergia
815500 over a length of 1-2 km were established at the Central Mechanised Farm, Suratgarl, in
Bikaner district, in early sixties by Arid Zone Research Institute, Jodhpur. Again in the
Seventies 3 rows constituting Acacia tortilis, Cassia siamea and Prosopis juliflora as flank row
and Albizia lebbeck as central row were established at CAZR], Jodhpur.
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For successful plantation of tree species shelterbelts, planting pits of 60 x 60 x 60 cm should
be dug out and half filled with loose weathered soil. Six to nine-month-old seedlings should be
planted in the pits provided around with saucer-shaped depression. The planting should be done
after the first effective monsoon rain. -

Function of Shelterbelts: Effect of shelterbelts (eight-year-old) on wind speed,
evaporation rate, soil moisture, wind erosion, soil fertility and crop production were monitored
at Jodhpur (Gupta e/ al., 1984; Muthana ef al., 1984).

Effect on wind speed: The wind directions in the Indira Gandhi Nahar Project area are narth-
east to north in winter, whereas during the rest of year they are mostly south-westerlies. A
narrow belt, passing through Jaisalmer-Phalodi in the eastern part, records the highest wind
speed during the summer season. The maximum wind velocity that can be expected normalfy m
the area is about 30-40 km/hr but occasionally reaches as high as 100 km/hr resulting in severe
dust storm. Observations on daily wind speed during summer and monsoon season at 2H
(H=height of shelterbelt) distances in the windward side and at different distances (2H, 5H and
10H) in the leeward side with different tree combination were recorded from the experimental
field (Table 3). The frequency analysis of wind direction revealed that the wind break planted
against the wind direction was very effective on 92% of days. Wind speed reduction was higher
during monsoon season than in summer, due to better canopy growth. The wind reduction in
Cassia siamea-Albizia lebbeck type shelterbelt was maximum at 2H and 5H distances which
was followed by Acacia torlilis - A. lebbeck type shelterbelt (Table 3).

Table 3. Reduction of mean wind speed (%) at different distances in the leeward side of
different shelterbelts

Shelterbelt types Summer Monsoon
Distance from the shelterbelt
. 2H . SH 10H 2H 5H 10H
P. juliflora - A. lebbek 33 17 12 38 26 21
C. siamea - A. lebbek 36 17 13 46 36 24
A. tortilis - A. lebbek 36 25 13 46 36 20

Source: Gupta et al (1984)

Effect on evaporation: The evapo-transpiration is maximum in arid region which is greatly
influenced by wind speed. The study revealed that there is a decrease of 5-14% in pan
evaporation values in the leeward side at 2H distance (Table 4).

Effect on soil moisture. Soil moisture content was higher at 0-15 cm and 15-30 cm depths
in shelterbelt plantation consisting of C. siamea - A. lebbek than the other combinations of tree
species used for shelterbelts (Table 5). This indicated that shelterbelts delayed the soils from the
drying and moisture loss was less when compared with bare field.

Effect on soil erosion and fertility. Constitution of shelterbelts has varying effect on soil
“erosion. Among 3 combinations used in shelterbelts, maximum reduction in soil loss was
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Table 4. Effect of C. siamea - A. lebbek shelterbelts on pan evaporation values during 1978

Sites Pan evaporation (mm dug)

] April May ' June July
Windward side 11.0 14.5 13.4 6.0
Leeward side 9.5 13.8 12.4 5.7
9% decrease in 14.0 80 8.0 50
pan evaporation

Source: Gupta ef al (1984)

recorded (184 kg/ha) with C. siamea - A. lebbek followed by P. juliflora - A. lebbeck (351
kg/ha). In unsheltered area the soil loss was 547 kg/ha. The minimum soil erosion in case of C.
siamea - A. lebbeck type shelterbelt was due to dense canopy cover compared to Acacia tortilis -
Prosopis juliflora type of shelterbelt (Table 6).

The maximum nitrogen loss was in bare soil (191 g/ha) while it was lowest in case of C.
siamea - A. lebbeck (64.5 g/ha). The phosphorus loss was 101.0 g/ha from bare field while in C.
siamea - A. lebbeck type shelterbelt plantation, it was 34 g/ha. The potassium loss recorded
from bare soil was 1039.0 g/ha, while with C. siamea - A. lebbeck type shelterbelt it was only
350 g/ha. The nutrient loss was maximum in bare field, followed by shelterbelts with P.
Juliflora - A. tortilis and C. siamea - A. lebbeck.

Water-use-efficiency and grain production: The water-use efficiency in plots at distances of
5H, 10H, 15H, 20H, 25H and 30H under the shelterbelts was in order of 1.5, 1.51, 3.09, 3.79,
5.62 and 2.65 kg/ha/mm, respectively, with a grain yield (bajra) of 3.7, 6.1, 6.3, 8.8, 9.8 and 5.9
q/ha, respectively. The average yield with and without the sheltered area was 6.8 g/ha and 4.8
9/ha, respectively. Hence, by providing shelter to bajra crop the grain yield increased by 42%
over control. Effect of shelterbelts on grain, fruits and vegetables in different countries have
been reviewed by Chandrasekharaiah (1987).

Performance of shelterbelt tree species: Muthana ef al. (1984) recorded the height and per
cent survival of trees planted in shelterbelts. The study revealed that after 7 years (1973-80) .

Table 5. Effect of different types of shelterbelts on moisture status of soil

'TYBG of shelterbelts Soil Moisture status of soil (w/w)% days after irrigation
depth ,
- 1 2 3 4 5
P. juliflora - A. lebbeck 0-15 10.8 15 74 52 4.1
15-30 12.1 95 9.2 7.0 6.1
C. siamea - A. Lebbeck 0-15 11.4 8.1 7.1 5.7 43
15-30 12.2 9.9 9.2 7.8 72
A. tortilis - A. Lebbeck 0-15 92 6.8 5.6 45 34
15-30 10.3 8.4 7.4 6.4 4.4
f}f’lﬁ soil ( Without - 0-15 10.1 7.8 6.5 47 4.1
Prellerbelt ) 15-30 113 8.5 7.9 6.4 -

Source: Gupta er o1 (1984)
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Table 6. Effect of different types of shelterbelts on soil erosion and nutrient loss due to
wind erosion

 Shelterbelt types Total amount of soil loss  Nutrient loss due to wind erosion g/ha
(kg/ha) (20 April-26 lune) Nitrogen Phosphorus Potassium
'P.juliflora- /. lebbeck 3512 123.0 65.0 664.4
C. siamea- A. lebbeck 1843 64.5 341 350.1
LA tortifis- A. lebbeck 300.0 113.0 455 570.0
Rare soil (without 546.8 191.4 101.2 . 1039.0
shelterbelt ) o e .

Source: Gupta et al. (1984)

among, the 4 species, C. siamea attained the maximum height (649 cr/tree) with 79% survival.
The lowest height was attained by . juliflora (543 crv/tree) with 7% establishment (Table 7).

Other Types of Shelterbelts: In addition to perennial tree shelterbelts, some other types
of shelterbelts are also in use. These are: (i) micro-shelterbelts (planted by annual tall crops),
and (ii) artificial shelterbelts (Netlyon).

Micro-shelterbelts: Micro-shelterbelts, also known as “Annual shelterbelts’, are made up of
tall-growing annual plant species which provide sheler to low-growing plants like vegetable
crops, as perennial tree species in shelterbelts take long time to be effective (5-7 years). The
studies conducted at Central Arid Zone Research Institute, Jodhpur from 1976-1981 by Gupta et
al. (1984) revealed that 3 rows of pearl millet as shelterbelt has increased the yield of cowpea
and okra crops in order of 21 and 44% over unsheltered crop in summer season (Table 8). In
addition to an increase in vegetable yield, the sheltered field provide an additional remuneration
from bajra fodder which come to about Rs. 1,600 per hectare.

Artificial shelterbells: In New Zealand, recently artificial shelterbelts were used for
protecting kiwi fruits (Richard, 1986). The artificial windbreaks or shelterbelts are constructed
from a porous (typically 30-35%) plastic woven or knitted cloth. Typical fence heights are
between 4.5 and 7.0 m. The study revealed that rows of kiwi plants adjacent to woody
shelterbelts produce only 13 flowers/cane as compared to 32 flowers/cane for rows adjacent to
artificial shelterbelt. The woody shelterbelts have root and moisture competition with the
sheltered crop. It was estimated that 30% of orchard area is lost in natural shelterbelts whereas
in antificial shelterbelts whole area can be used in crop production. In India, artificial shelterbelts
have however not been tried so far.

Table 7. Mean growth in height and establishment of tree species in shelterbelts

Tree species Mean growth in height (cm) (1982) Establishment (%)
Cassia siamea 649 79
»|Acacia tortilis 624 94
Prosopis juliflora 543 87
Albizia lebbek 564 : 96

Source: Muthana et al. (1984)
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Table 8. Vegetable yield (q/ha) of ladyfinger and cowpea vegetable crops as influenced by
micro-shelterbelt

Treatment 1976 1977 1978 1979 1980 1981 Mean Percentage increase
' yield  over unsheltered

Lady’s finger crop

(1976 -78)

Unsheltered 243 176 286 - - - 235 41.0

Sheltered 482 222 293 33.8

Cowpea vegetable

crop (1976-81)

Unsheltered 302 148 3520 155 234 358 286 21.0

Sheltered 41.1 247 564 179 269 408 346

Source: Gupta ef al (1984)

Management and Renewal of Shelterbelts : Several kinds of trees with different
growth characteristics are normally required to provide foliage for optimum structure of a
shelterbelt over a period of years. The structure, however, is not static one, even when the right
species were selected. Once a shelterbelt is established, the relationship among the species
changes. The height, density, cross sections of the shelterbelt changes with time. These changes
greatly affect the structure and efficiency of the shelterbelt. Therefore, management practices
are required to develop and maintain a shelterbelt at a state of maximum effectiveness.

Following methods are used to manage a shelterbelt.

Pruning: Pruning of innermost rows of tree species facing the leeward side is essential to
facilitate cultivation of crops. The pruning should be employed to trees damaged by wind,
insects or other reasons. Many trees develop multiple stem and leaders and individual branches
that suppress more desirable species should be removed. It also provides adequate porosit);.

Thinning: During the dense thicket stage, trees begin to compete with their neighbours for
light, moisture and nutrition. Thinning is necessary to increase the area for tree to provide space ,
for crown expansion. The thinning can be accomplished by complete removal of one or more
rows or removal of individual trees on the basis of their conditions. The removal of individual
or entire row is feasible upon the growing conditions and their role in the shelterbelts. These .
can be done by two types, viz. low thinning, and (b) crown thinning,

Renewal of shelterbells: Preferably before they reach the stage, when trees start declining in
their growth or dying off, the shelterbelts should be renewed. This can be done by two means,
namely, (a) by removing the half of shelterbelts and replanting the new seedlings or planting
new belts midway between the existing plantation. The older belts would then be removed
when the younger ones become effective.
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REHABILITATION OF DEGRADED GRAZING LANDS
S.K. Saxena and Surendra Singh

Introduction

There is an increasing demand for food, fodder, fuel and fibre with the escalation of human
and livestock population. Man and domestic animals activities have reduced or destroyed the
biological potential of the land which ultimately lead to imbalance of a fragile desert ecosystem.
Major natural resources have been degraded to an unbelievable low level with amazing rapidity .
Loss of plant cover causes the loss of soil by way of wind and water erosion leading to
desertification. In Rajasthan much of the area due to human interference in many ways has
created the degraded lands or wastelands which at present have negligible productive potential.
The land degradation due to soil salinity, erosion, waterlogging, deforestation, overgrazing and
unscientific methods of agriculture practices, is causing serious concern. To halt this process,
the Govt. of India established, the National Wasteland Development Board (NWDB)in the year
1985. Its sole object was to bring five million hectare of land every year under fuelwood, forage
and fodder plantation. This was only possible by initialling a massive programme of
rehabilitating the degraded land/ wasteland by planting trees, shrubs and grasses to increase the
availability of fuel, fodder, forage.

Category of Wasteland/degraded Lands

The NWDB initiated the process to know the extent of degraded lands in the country and
their present status of degradation, limitation and physical potential as it is essential pre-
requisite for carrying out the rehabilitation work. A technical task group was constituted to
define various wastelands occurring in the country. According to task group the wastelands are
defined as "The land which is degraded and is presently lying underutilized except the current
fallow due to different constraints". (Anonymous 1988). Different categories of wastelands are
defined by the task group and following discussion is based on the land categorization (waste
lands) of this task group. In arid and semi-arid parts of Rajasthan we come across mostly
eleven degraded/wasteland areas barring of glacial, steep sloping and shifting cultivation. The
Wwastelands with the help of remote sensing techniques (TM data) have been mapped at 1:50,000
scale in 182 districts of 19 states of the country having more than 16% of wasteland area.

Degradation of Grazing Land

Livestock holders make use of almost all the available habitats except the cultivated lands,
(tin crop is there) constituting nearly 62% area for grazing their-animals. Due to continuous
grazing with heavy livestock pressure the botanical composition of grassland/grazing lands gets
modified. High yielding perennial grasses like Cenchrus, Lasiurus, Dichanthium and Panicum
etC. are the first victim of overgrazing. Continuous grazing leads to complete extermination of
all these grasses. Almost all the village commons, wastelands, and long fallows, could be seen
with extreme degradation. Here only pioneer species of colonization like Aristida funiculata,
Cenchius biflorus. Eragrostis poaoides, Tephrosia purpurea and Indigofera cordifolia are
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encountered. Gupta and Saxena (1972) in their successional studies of grasslands have indicated
these species as initial colonizer. Bare soil experience quick runoff and less moisture status
(Saxena and Prakash 1992). The degraded vegetation mentioned above is generally less
productive and non-palatable but under stress this is also consumed by livestock.

Rehabilitation of Different Type of Degraded Grazing Lands

The main objective of wasteland/grazing land rehabilitation should be to provide a
vegetation cover that is functional, ecologically suitable and acceptable to the local people. It
should also gjive an aesthetic look. One has to plan and design the revegetation strategies which
should give positive growth impact and establish quickly (Saxena ef al. 1994). It shall be an
ideal situation if species suiting to the habitat as well as for fulfilling the requirement of grazing
animals are selected. Local vegetation surrounding the rehabilitation site can be taken as an
indicator for selection of suitable species. The following discussion essentially deals with
rehabilitation of different type of degraded lands.

Gullied and/or Ravinous Lands : These are formed as a result of localized surface
runoff affecting the friable soil material (deep alluvium) and causing land dissection which on
ramification leads to the ravinous land formation. Ravinous degraded lands are concentrated in
the south-east of Rajasthan through the Yamuna and the Chambal rivers courses. In eastern and
western parts of Aravalli, due to faulty agricultural practices, much of the area is converted into
dissected gullied land. In 12 states of India, about 4 m ha of table land are affected by such
problem whereas 4 to 6 m ha are likely to be threatened (Bali 1985). Reclamation measures for
such lands include, gully control and water conservation in the form of gully plugs, check dams
and drop structures. Gully plugging by growing grasses like Cynodon dactylon, Desmostachya
bipinnata on gully floors should be taken as the first measure. Trees and shrubs species like
Acacia nilotica, A. senegal, A. leucophloea, Balanites aegyptiaca. Capparis decidua, P.
Juliflora, C. sepiaria, Dichrostachys cinerea, . nutans. Azadirachta indica, Pongamia pinnata
may be planted on the bank of the gullies (See also Table 1,1a,1b & Ic). Ravinous uneven beds
may be planted with 4. tortilis and P. juliflora. Close planting of Saccharum bengalense
especially on the bank of gullies will provide higher order of soil protection.

Trees with good crowns like A. nilotica, Albizzia lebbek, P. juliflora (tree form), P.
cineraria may be utilized in revegetating the catchment areas. It shall reduce the intensity of
runoff and cutting of the bank (Table 2). A composite check dam of earth/brick masonry is
necessarily required for large catchments (7.5-15.0 m wide). Bench terracing in shallow ravines
area for agriculture. Drop structure may be built at the erosion spots like gully heads to lower
down the water current/speed. Development of water storage structures on suitable site will help
in developing good crop/horticultural trees/forest trees etc.. These above approaches are
warranted in different areas to fit.

Uplands with or without Scrub : They are largely undulating rocky or gravelly areas
with small rills. Here the slope ranges from steep to moderate. There is a thin soil cover with
distinct water erosion hazards. In many cases the lower slopes are covered by rocks debris. In
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order to spread the water evenly and allow it to penetrate at lower depth the sloppy lands need
the soil conservation measures.

Contour furrow and trenching at a regular interval of 3-5 m may be carried out on
moderately sloping land. It will allow to increase the moisture regime and help in gathering the
soil as well. During, monsoon, natural vegetation whose seeds have accumulated by air dispersal
along the contour line shall grow extensively. In order to hasten the process of succession, the
reseeding with desirable grasses like Cenchrus ciliaris, C. setigerus. Cymbopogon jwarancusu
Eremopogon foveolatus, Heteropogon conlortus and Sehima nervosum may be carried out by
dibling just after first shower. Pelleted seeds or rooted slips of the above grasses may be
transplanted after effective monsoon shower. On steep sloping land, terracing, should be
practised. To check the biotic disturbances live hedges of Kuphorbia caducifolia of and Acacia
senegal may be developed (Table 3).

Water Logged and Marshy Lands : The marshy lands, though of less value, support
good biological diversity than the adjoiming land. Marshy areas are quite difficult areas for
rehabilitation. These are partly controlled by the process of aquatic ecosystem and surrounding
hydrology (Loucks 1996) and partly by the activity or process on the adjacent uplands. The
water in the marshy lands, generally derived from the adjacent upland, brings lot of soil along
with organic carbon and phosphorus.

Waterlogged areas which get colonized by mesophytic species, mostly tall grasses, become
the reproductive habitat for many a birds. Though majorty of birds are higlily mobile but these
land provide some support in various phases of their life cycle. :

(1) In and areas like Indira Gandhi Nahar Pariyojana many a waterlogged and marshy lands
have been developed along the main canal and its tributaries (Saxena 1991). Duning summer
months the marshy land comparatively become partially dry and serve as grazing ground for
wild life as well as bovine population. During, drought and famine period the partially
palatable/unpatatable species like Typha angustata, Saccharum bengalense, S. spontanium
provide cut fodder for livestock and dried out lands become grazing, ground to livestock, as
new growth and tender foliage material become available. Quter fringes of marshy lands
may be rehabilitated by Cynodon dactylon which can provide grazing material for almost
whole year.

(ii) In coastal marshy land, Mangrove patches along sea coast support good top feed species
like Rhizophora sp. and Avicinia sp. These species are much exploited for fodder and fuel
purpose. Large scale plantation of these two species to restore the ecological balance of
such area may be undertaken.

Saline/Alkaline Lands : In desert areas there are natural saline affected lands locally called
as Ranns. These are low lying areas where the water along, with sodium salts accumulate from
surrounding uplands. Continitous accumulation of salt in the form of white encrustation does not
permit any vegetation to grow. They are quite flat areas with heavy textured saline/alkaline soils
During summer the hard surface provide typical cracking pattern in the ground. In desert tract
majority of the ranns are surrounded by high stabilized dunes. The peripheral zone of these
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ranns support halophytic species like Suaeda fruticosa, Sporobolus marginatus and Prosopy
Juliflora. Tamerix aphylla. Salvadora oleoides. S. persica occur quite sparsely.

Some treatments are needed to increase the production potential of grazing matertal in ths
habitat. Bunding may be carried out at a regular interval of 5-6 m apart. The process will help in
leaching out the salt of the raised bunds where salt tolerant species of grasses like Dichanthium
annulatum, Chloris virgata, Cenchrus setigerus and Sporobolus marginatus etc. may be grown
through pelleted seeds or rooted slips. The portion between the two bunds species like Suaeda
Sruticosa, Salicornia sp. Atriplex nummularia; Haloxylon salicornicum, Salsola sp., all being
good halophytes, may be tried through broadcasting of seeds (Table 4). Few top feed species
like S. olevides, (. decidua, Dichrostachys nutans may be grown on .bunds or along margin of

the saline depression.

Degraded Forest Land : Degraded forest areas are mostly on hilly and undulating terrain,
pediments and piedmont plains which have steep slopes at places. In Thar desert most of these
areas are in highly degraded state and require rehabilitation to check erosion of skeletal soil. -
Species common on them are -lcaciu senegal, A. leucophloea, . catechu, .1nogeissus pendulu.
Boswelia serr;al_a,»fl:aa’lruchta indica, Moringa concanensis. ‘Butea monosperma. Wrightia
finctoria, Grewia tenax, Rhus mysorensis, Commiphora wightii, Mavienus emarginalu.
Fuphorbia caducifolia and Dichrostachys cinerea. All these species are well adapted to the
terrain but exist i small nucleus due to degradation. Hence the poly bags raised seedlings of
these species 1may be transplanted on rocky site.

In this case soil conservation measures like contour furrowing at 8-10 m interval with
20-30 cm deep furrow, 60 cm wide contour trenching, bunding are required to be developed for
improving, the soil moisture status. Even with plantation the existing genmules of annual species
shall be first to colonize along the trenches with significant forage production (Ahuja 1975).

in order to have good ground forage matertal species like Bothriochiga periuva, €
setigerus, Apluda mutica, Sehima nervosum, [l contortus, Cymbopogon jwarancusa may be
sown between the tree/shrub rows (3 to 5 m spacing) by dibbling the pelleted seeds or rooted
slips transplantation. Brick wall (1m high) may initially be raised all around the treated area and
a live hedge of . senegal <. caducifolia may be developed ( refer Table 3).

Degraded Pasture/Grazing Lands : Continuous heavy grazing modify the botanical
composition of the gras;slands. Palatable perennials with high forage potential like (‘ernchrus
ciliaris. C. setigerus, Lasiurus sindicus, Dichanthium annulatum, Panicum antidotale etc. are
the first victim of overgrazing. Continuous grazing of these species together with prevailing
drought and faniines result in their complete extermination. At present almost all grazing lands
especially village commons, "Orans & Beers" do not support these productive spectes. Pioneer
species like Aristida funiculata, A. mutabilis, C. biflorus, Eragrostis poaoides and Indigoferd
cordifolia may be seen. Gupta and Saxena (1972) in their successional studies have shown these
pioneer species as indicator of overexploitation, Loss of ground cover has a bearing on runoff
and moisture status. Higher soil bulk density lead to lower infiltration rate céusing low moisture
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storage 1n soil profile. Village commons need priority for rehabilitation. It can be achieved only
with the 'co—opéfation and active participation of local people.

Being 1 the vicinity of the village it becomes essential to check the movement of grazing
animals. Several methods may be adopted.

(i) Barbed wire fencing with 4 strings and different posts like angle iron, stone slabs,- wooden
posts may be tried.

(il) Ditch digging and bund formation is another method. It is labour intensive and needs
continuous maintenance. Live fencing of desirable species should be raised'along the bunds
which will become effective 1n 5-7 years period. lsuphorbia, Parkinsonia. A. senegal, P
Juliflora, 1. tortilis are preferred species (Table 3).

(iii) Planting of multipurpose leguminous species of topfeed value should be selected for
plantation in the grassland area (Table 1,1a,1b & 1c).

(iv) The area in question for rehabilitation should be divided into four to six compartments and
one part may be taken up each year.

(v) Forage cutting should be preferred overgrazing. It will allow sustainable forage production
from the rehabilitated sites. It is difficult to have managed grazing,

{v1) The reseeding is needed to enhance the annual forage production because under natural
conditions the progress of succession is quite slow (Shanker, 1983). High yielding species
like C. ciliaris. C. setigerus, 1), annulatum. . antidotale, and Lasiurus sindicus (Table 3)
depending on the soil type may be sown through 1-2 years old seeds or rooted slips or
dibbled along the rows in the furrow at 10 mm depth.

(vin)Introduction of top feed species like /. tortilis. A. nilotica. Prosopis cmeraria, Salvadora
oleowdes, .1 senegal, Dichrostachys  nutans, Ziziphus  nummular.a,  Calligonum
polvgonoides. Capparis. decidua may be transplanted. The sapling should be raised 1n
polyethylene bags and must gain 6-9 months age. A density of 30-50 trees/ha 1s quite
desirable.

Sand Dunes : In desert tract large area is covered under stabilized and unstabilized sand
dunes of various types. These are largely utilized as grazing ground for the livestock. Excessive
grazing and removal of grasses and scrub vegetation lead to loosening of sand structure. With
high wind velocity (above 12 kmph) the sand piles on the dune crest and leeward side. It creeps
down to the adjoining fields. Cultivation of the stabilized dunes also accelerate the process of
soil erosion Prosopis cineraria. .| senegal, M. emarginatus. Calligonum polygonoides. I.
pyrotechnica. Clerodendrum phlomoides and Lycium barbarum are the common species which
occur with poor plant density. The ground vegetation include Cenchrus and . ristida species.
Few may witness Lasiurus and ’anicum species as well.

Simple protection: Indian desert has a good seed nucleus of desertic forage species which have
the capacity to regenerate and establish themselves very well on dune complex, if not utilized
before seed dispersal. In this context the foremost criteria for the stabilization of moving sand 18
to stop any cultural operation and animal grazing, Simple protection of the dunes for 4-6 years
period enable the forage vegetation to grow and establish well and check the sand movement
completely. Areas or part of the dunes which remain uncovered by forage species need the
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introduction of seeds of such species during monsoon season through dibbling or broad casting,
On such dunes introduction of top feed species with 30 trees/ha and/or 100 shrubs/ha may be
(ransplanted. Here shrub species or small trees like Calligonum, Maytenus, A. jacquemontii,
Ziziphus nummularia. Colophospermum mopane, Capparis decidua may be given preference.
Here the non-palatable species like Clerodendrum phlomoides may be utilized to develop as live

hedge through vegetative propagation (Table 1,1a,1b & 1c).

Specialized Techniques : Moving dunes like barchans and active part of the stabilized
dune with much sand piling should be taken up first for stabilization/rehabilitation through
standard technique developed by CAZRI. To check fast movement of sand a chess-board of 1-3
metre size should be laid out with the help of available brush wood like Tephrosia purpurea,
Aerva persica, A. pseudotomentosa, Calligonum polygonoides, Leptadenia pyrotechnica and
Calotrapis procera etc. Here these plants should be cut above the ground, leaving a part to
regenerate back. This process is to be carried out before monsoon. Desirable trees and shrub
species (table 1,1a,1b & 1c) with 3-6 m spacing may be transplanted during monsoon period,
after an effective shower. Live-hedge of species like Calotropis procera, Clerodendrum
phlomoides, Acacia jacquemontii, Leptadenia pyrotechnica and Lycium barbarum should be
raised all around the rehabilitated site. Cenchrus and Lasiurus grass seed, rooted slip or pelleted
seeds may be sown between the plant rows.

Mined Wastelands : Rajasthan is quite rich in its mineral wealth. Arid ecosystem of
western Rajasthan is much disturbed by mining activities causing many hazards. Abandoned
mining sites convey the sad story of the area. Largely the pre-mined sites used to be the grazing
ground for livestock. Mining creates complete loss of woody perennials and forage species. Site
of destruction through excavation and piling of mining muck make the tract unsuitable for plant
life to establish. Thus these areas need to be rehabilitated which should provide a protective and
productive plant cover by trees, shrubs and grasses.

For rehabilitation each mining, site has its own peculiarity and need separate treatments for
successful rehabilitation work. Before taking up the rehabilitation work, the site characteristics
like soil, pH, EC, nutrient status, dumps slope, compactness and many allied characteristics
should be undertaken. Vegetation adjacent to the mining area should be studied. All this will
give an insight to develop the plan of work for systematic rehabilitation. Some of the following
Steps are given below:

 Surface configuration, land levelling, soil compaction,stabilizing the piles, bunding, contour
furrowing, terracing etc. are required.

* Many sites may need the trans;ion of soil for reclamation purpose.

* Addition of farm yard manure, tank silt/bentonite/chemical fertilizer.

+ Select suitable plant material, mostly multipurpose leguminous species.

* Creation of suitable pit size 30 em’ to 60 cm’,

* Developing a water storage structure for summer watering,

* Grass seed broadcasting/pelleted seed or rooted slips.

* 6-9 months old tree/shrubs transplanting during monsoon.
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- Pits weeding and hay/stone mulching, in the pit.

« Fortrughtly or monthlv summer watering (@ 10 litre/pit for first 3 years.

« Live hedge of suitable plant species like /*. juliflora, Parkinsonia. Tamarix (table 37 may
be raised. Out of the live hedge thorn fencing of > jufiflora or any other thorny sp. available
n the area may be carried out. Stone wall of Im height may also be erected in a rocky
situation.

« Local people co-operation and co-ordination is essential for successful rehabilitation work

v
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ROLE OF CONSERVATION METHODS IN ESTABLISHMENT OF
TREES AND HIGHER PRODUCTION OF FORAGE SPECIES IN
SILVIPASTORAL SYSTEM

N.S.Vangani

Introduction

Indiscriminate exploitation of natural resources for meeting the ever increasing demand for
food, fodder and fuel have caused land degradation. The continuous degradation has led to
imbalance in land-water-plant and human-animal systems.

The land capability classes V to VIII are categorised as degraded lands; have one or more
limitations of slope, erosion,stoniness, rockiness, shallow soils, wetness, climate, etc. Such
parameters generally make these lands unsuited to cultivated agricultural crops and limit their
use largely for pasture, forest and wildlife and are mostty Government lands or comunon lands in
denuded conditions. Some of the lands may be beyond management and as such are worth
writting off. Reduction in Range production due to erosion have been reported by Lowdermilk,
(1951}, Sanmpson (1952) and Stoddart and smith (1955). However, most of these lands have a
great potential for producing fodder, fuel, fibre and low quality timber by adopting existing
technologies for restoration. The technologies could be such as soil and water conservation
measures supplemented with proper silvipastoral: combination of afforestation and grassland
development, Increased in forage due to soil erosion control have been reported by .'ample
(1957) and Nixon (1957) but the definite benefits in the terms of production from grasslands
have not been reported.

Rain water in the form of runoff is basic soils erosion agent. If the runoff is appropriately
managed within the limits, erosion could be checked. Thus, twin objectives of conservation of
resources and their efficient utilization will lead to a better vegetative cover and there by
reducing the soils erosion hazard. !

A suitable Soil and Water conservation measures adopted and the results of the
experiments conducted by the scientists of CAZRI on effectiveness, forage production and tree
Plantation are being highlighted.

Before drawout the achievements on forage production through conservation measures, it
will be worthwhile to have discussion on tree plantation; essential component in silivipastoral
system.

Micro catchment water harvesting (MCWH): A micro-catchment is a very small watershed,
Varying from 100 to 300 n12, designed to collect runoff for the consumptive use of a single tree
(Evenari ef al., 1971; National Academy of Sciences, 1978).

. It is a well known fact that the percentage of runoff increases with decreasing catchment
S1ze. The practical significance of this fact is that a tree having a catchment of its own gets
relatively more runoff water than a comparable trée on the terrace of runoff farm. This is
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illustrated in Fig. 1. and is based on the results of experiments in the Indian desert (Sharma,
1986). It has been found that small watershed are efficient producers of runoff water, being able
to harvest ten to fifteen per cent of the annual runoff.

Micro-catchments are very simple to construct. A large, gently sloping plain is subdivided
into nucro-catchment of various sizes, with a border check about 15 cm high raised around each
catchment. At the lowest point of each catchment, an infiltration basin, 30-40 cm deep, is made
and a tree is planted in it. After heavy rainfall the whole micro-catchment is flooded, but a light
shower causes ponding only in the basin, -

MCWH is practised in North Africa, Afghanistan, India, [srael, Mexico and Pakistan
(National Academy of Science, 1978; Sharma et al., 1986). It was also found that salinity in the
profile of infiltration basins decreased considerably, even to a point where it no longer
presented a hazard to the growth of moderately salt sensitive crops (Evenarn ef al., 1971).

The advantages of MCWH are: (1) construction is inexpensive compared with other water
harvesting methods, (2) vast areas can be used for plantation solely on the basis of local water,
(3) the relative water harvest is higher than that of larger tatchments, and (4) there are no
conveyance losses.

A modification of MCWH is desert strip farming or contour catchment water harvesting
(CCWH) (Fig.2). This method uses a series of strips, which are created by grading the soil to
form a series of ndges behind which the water infiltrates. CCWH is regarded as a modification
of MCWH this is not necessarily so. CCWH was tested in the Arizona (Morin and Matlock,
1975) over an area of 40 ha, and in Israel in Wadi Mashah and Sede Boquer over similar areas
(Boers and Ben-Asher, 1979).

Roaded catchment water harvesting (RCWH): RCWH is widely practised in western
Australia. Roaded catchments consists of series of parallel compacted roads with exaggerated
camber which adjoin to make V-shaped channels that discharge into a collector drain at the
lower end (Fig. 3). The roaded catchment was developed from field experience, from which
design rules-of-thumb were produced for the gradients of roads and collecting channels to
ensure that no serious erosion would occur. The size and shape of the roads and the catchment
layout have evolved mainly through intuition and by taking into consideration the construction
equipment. Individual roads vary from 50 to 300 m long and 5 to 12 m wide; the catchment area
can very up to about 10 ha (Hollick, 1975).

Water Conservation

Contour trenching
Sloping lands, steeper than 1 to 10% with shallow depth of soils would result in a very
, open degraded type of vegetation. Such areas are treated by digging trenches strictly along the
contours. Tree seedlings suitable to the locality and fast growing are introduced or seeds of tree
species are sown on the berms formed of the excavated material on the down slope edge of the
" trench.
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Contour trenching consists of excavated trenches and forming bunds at trenches along a
uniforin level or at a particular contour across the slope of uncultivated wastelands. The main
objectives of contour trenches are to reduce the amount and intensity of runoff, conserve
moisture and soil, thus help in the establishment and accelerating the growth of trees in
afforestation programme. The runoff collected in trenches which ultimately percolated through
the soil and travel down and benefits the slopy lands in middle and lower parts of the catchment

Coutour trenches are excavated at suitable vertical interval depending on the slope of land.
Their cross sections are designed to collected and convey the runoff expected ‘from interspace
between the successive trenches. The side slopes of the trenches are 1:1 or 1/2:1 according to
the nature of soil. Trenches are continuous or staggered type. Nommally continuous trenches are
15 m long with cross section rarely exceeding 0.3 x 0.3 m. A common practice is to have 4 m
long trench at an interval of 4 along the contour line. The staggered trenches are shorter lengths
and occur in a row along, the contour with interspacing between them. In the alternate row, the
trenches will be located directly below one another. The trenches in successive rows will be
staggered with the trenches in Lipper row and the interspace in the lower row being directly
below each other (Fig.4). The length of the trench and interspace between the trenches in the
same Tow may be suitably arrived at so that there will not be long unprotected sloping lands. In
and areas, trenches of 1.5 m x 45 cm x 45 cm are dug at 3 m space staggered on contour. The
excavated soil is piledup on the down hill slope along the trench length. The seeds are either
sown on berm of the trenches on in diagonally half filled trenches. The following equation is
used to calculate the capacity of the trenches.

“Runoff = (W x D)/[100 HI (1 + X/L)]
where,

QRunoff = depth of runoff from area in cm (considering intense storms at recurrence intervalof
5-10 years)

W = Width of trench in cm

D = depth of trench in cm

HI = horizontal interval in metres

L = length of trench in metres

X = gap in between the trenches in metres.

Surface mulchng : The practice of surface mulching has a role in reducing evaporation
dryland areas. Mulches of plastic films and organic wastes have proved useful Plastic mulch is
a costly input. Often the advantages are not commensurate to the achievable benefits. Moreover,
the application of such mulch is quite cumbersome and in case of organic wastes, the quantity
required to cover the field is a constraint. Further, in very sandy soil situations, since the soils
are self mulching, the practice may not be of much advantage in drylands cropping. But mulch
-application can certainly be advantageous in reducing the supplemental irrigation requirement
during the initial establishment of tree crops in Agro-horticulture and Agri- silviculture systems
(Singh, and Vangani 1989). Since the surface soils will be wet more frequently in such cases,
" the mulch will substantially reduce the surface evaporation following irrigation. Quantity of
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mulch material required will be small and its application is easy for only the planting basins
need to be mulched and not the entire field which will be required for field crops. Mulches of
gravel if available from digging of planting pits and organic wastes can conveniently used for

such conditions.

Use of sub-surface barriers for water and nutrient conservation : It has been
estimated that about 40% of the total rainfall s lost as deep percolation in sandy soils. Field
trials with three sub-surface barrers i.e. asphalt, bentonte clay and pond silt, each placed at 60
cm depth in 2-5 mm  thickness allowed 80-85%, 60-70%,50-60%, retention of the total rainfall,
in the root zone. respectively (Anonymous, 1988). These barners, reduced the leaching losses
of nitrogen

Bentomite as sub-surface moisture barrier: Bentonite clay is a natural resource of westem
Rajasthan. As sub-surface moisture barrier, it has been found to reduce deep percolation of
moisture from the root zone. In pits the bentonite can be placed laterally too, thus creaung a
burted pot like structure, which in particular is suitable for initial establishment of tree plantation

(Anonymous, 1988)

Iffect of sub-surfuce barrier and mulches on soil moisture retention; Both bentonite barrier

Table 1. Effect of bentonite barrier and mulch on moisture retention and
growth in date palm

Treatment Mousture storage (mm) Increment in height of
in 60 ¢cm soil profile on plant (cm) between
27 -10-87 2-11-87 24-4-80 10 4-11-87
Control 16 49 13
Mulch 51 53 53
Barner 67 70 62
Barner ~ mulch 83 87 79

Source . Anonymous, 1987

/!
and surface mulch of plant residue showed higher moisture storage than the control treatment
(Table 1). This was caused by reduced losses of moisture in evaporation and deep percolatton

The and region of Rajathan, experiments conducted on soil and water conservation
measures at Range management areas; Jadan, Jaisalmer, Bhopalgarh and Palsana reveals that
there could be subsmmuz_il increase in forage production with this technology. The soils and
rainfall charactenstics and also initial vegetative cover were vanable at all the four sites

Jadan Range Management Area (76.89ha) had rolling topography and primarly the soils
were pravelly to sandy loam to fine loam, eroded 10 a large extent, thereby expositg stones and
boulders at vanous locations, with average slope of 1 to 2 per cent. Due to rolling topography
and long length of slopes. the area was subjected to severe sheet and rill erosion. Dunng
experiment (1961-72) the rainfall varied from 119.2 to 789.0 mm. The following are the details
of soil and water conservation treatments.
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+ Contour furrows 23 cm deep and 61 cm wide forming a cross section 929 sq.cm. (1 sq.ft.)
were dug and excavated earth was formed into the mound on the down slope side. These
were spaced 8 to 10 metre apart. ‘

« Contour bunds of 0.56 m? cross sectional area were consturcted at vertical interval (V.1)-of 60
cm. across the slope. The bunds were provided with one random rubble dry stone masonry
spillway, for excess storm water.

« Contour trenches of 0.18 m? cross section (0.6x0.3m), were dug at 0.6 m V.I. Afterevery 60
m length 1.5 m space was left unexcavated to serve as spilling section during heavy rainfall

In order to compare the effectiveness and economiics of these soil congewation structures
constructed within the fenced area, a:pair of plots of 0.0081 ha was laid in between the
structures. Also a pair of same size plots were laidout in the untreated areas which were also
fenced. While selecting the sample plots care was taken to see that the botanical composition of
sample plots in treated and untreated areas and slope was also identical, as far as possible. The
vegetation of these plots was harvested in the beginning of November every year.

The data from contour furrows revealed that there was highly significant increase in forage
yield from treated plots over its control. An average increased forage yield per year was 638 7
per cent (230.8 to 2012.5 per cent), i.e. 1.354 tonnes/ha. irrespective of rainfall amount received
in the year. The increase in forage yield duning first year was 230.8 per cent and there after very

N

remarkable increase in next five years was recorded.

The effect of contour bunding on forage yield was also significant. An average increase n
yield as a result of treatment was 168.8 percent. (15.2 to 2689 per cent). The increase was
remarkable during first year, there after it showed downward trend in subsequent years.

Forage yiéld as a result of contour trenches were significantly higher over their control
The increase in forage yield was of the order of 181 per cent during first three year and also in
subsequent two years but latter on it showed decline. However, an average increase in forage
yield as a result of contour trenching treatment was 165 per cent over the control. Over all
- increase in forage yield from all the three treatments over the untreated area in presented in the
Table 2.

It is revealed from Table 2 that within the three treatment there is significant difference in
forage production. Probably because; the distance between two successive contour bund and
contour trenches was large as compared to the contour furrows. Hence there was more uniform
spread of water in the later, thus, enhancing the soil moisture regime (Morth, et al, 1971,
Wasivlah ef al., 1972) and resulting in better growth of grasses.

In the treated area of contour trenches, the increase in forage yield was low, because most
of the runoff was traped in the trenches. Thus, limiting the spread of water to lesser area and
less moisture regime. However, in the case of contour bunds, the spread of water was on large
area resulted in better vegetative cover, as compared to contour trenches.

From this experiment it was concluded that on rangelands in westem Rajasthan with
shallow soils and rolling topography, contour furrows of cross section , 929 Cm? horizontally
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Table 2. Increase in forage yield (per cent) as a result of soil and water conservation

_measures.

We; Rainfall Contour furrows Contour bunds Contour trenches

{mm)

Yield Per Yield Per - Yield Per
(t/ha) cent (t'ha) cent (t'ha) cent
19061 544.9 0.54 230.8 2.24 2689.0 0.47 181.0
1962 2799 2.09 983.4 1.78 410.6 1.19 434.7
1963 2504 - 0.58 888.4 1.26 436.4 0.68 369.1
1964 394.0 1.84 1673.6 1.47 2955 1.24 207.3
1965 4776 2.06 878.7 0.65 60.6 0.64 70.9
1966 446.2 0.07 8119 0.22 152 0.88 792
1967 1 789.0 1.31 300.8 0.28 337 0.42 492
1968 1262 0.35 20125 0.04 2072 0.05 281.4
1970 586.0 1.34 408.8 1.23 159.6 1.82 386.7
Mean 4327 135 638.7 1.02 1688 - 082 165.0

Source : Field date

spaced at 8-10 metre apart is the most useful soil and water conservation measure to improve the

forage production.

This was not the end of soil and water conservation measures tried on the rangeland for
more forage production. In another experiment tried at the four centres (Jaisalmer,
Bhopalgarh,Palsana and Jadan) western Rajasthan. Eight plots (30 m wide, 130-160 m
length)were treated with contour furrows and contour bunds of the following specification
seperately and combination against one plot as control.

Contour furrows ‘ ,

X. section Vertical spacing
(height or depth)
15cm 12.5cm
10cm 10.0 cm
:  Contour bunds
, 75 cm 80.0cm
[ 70 cm 60.0.cm

In order to evaluate the combined effect of furrows and bunds, the above sections were
tried in four possible combination in four plots. The remaining four plots were provided
seperately with series of bunds and furrows having above specification. The control plot and the
two plots with furrows were equipped with H. flume and stage level recorder for measuring
excessive runoff. But during the study period no significant runoff water was recorded from
these plots.
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Monthly observation on soil moisture revealed that moisture percentage attains-a peak by
the end of July or sometimes in August depending upon the distribution of rainfall. Percentage
increase in soil moisture over the control plot is presented in Table 3.

From the above Table 2 it 5 revealed that bunding of 75 cm high and 80 cm vertical spacing
combined with contour furrowing 10-15 cm depth and 100-125 cm vertical spacing seems to be
better for soil and water conservation in different types of rangelands of the arid zone.

Table 3. Per cent increase in soil moisture from treated plots over the control plot

Location  Depth 1966 1967
(cm) : .
Contour, Contour Contour furrow < Contour Contour Contour furrow
furrow bund and bund furrow bund and bund
I 1l I Il
Jaisalmer 0-5 100.4 45.6 129.5 83.4 130.2 127.7 154.6 105.7
5-18 754 189 909 8.3 705 750 9.0 469
15-25 40.0 23.6 47.2 49.1 881 9.6 25.8 333
Bhopalgarh -3 250 263 27.2 9.1 291 -17.1 8.1 223
: s-15 320 30.8 30.0 194 6.9 9.1 a5 132
15-28 431 210 179 135 810 3.3 9.3 132
Palsani o5 50 5.5 -1.8 37 31 0.5 14.0 3.
3-18 51 0.5 19 62 75 74 12.3 2.6
15-25 12 2.7 43 0.76 28.5 24.0 16.6 163
Jadan 0-5 43.6 0.2 191 10.0 183 19.4 11.6 0.97
5-15 53% 353 8% 572 %6 18.1 14.6 0.20
15-25 771 34.7 40.0 56.2 21 213 20.7 17.9
| Contour bunds bunds 80 cm Furrows 10 cm V1. 10cm
& furrow VI &75cm deep125em V1 15cm
lugh deep
I Contour bunds bunds 60 cni Furrows 12,5 cm V.1
& furrow V.1 & 70cm 15¢cm deep 10-cm V.I 10
high cm deep
Source Wasiullah et al, 1972. -

Further Wasiullah et al. (1972) reported the perennial grass species such as Lasiurus
sindreus, Cenchrus ciltarts, Cenchrus setigerus and Eleusine compressa were benefited by soil
conservation measures at Jaisalmer, Bhopalgarh and Jadan where the soils were shallow, but m
deep sandy soils at Palsana, the perennials were adversely affected and. Iristida and cyvperus spp
increased in their number. This tally with observations on increase 1n moisture percentage.
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DEVELOPMENT OF WATER BODIES IN OPEN PASTURE LANDS
M.A. Khan

Introduction

Water is a scarce commodity in the arid zones of India which covers about 12% of the
country’s geographical area. The most acute water shortages in India occur within the hot arid
belt of Rajasthan. This region accounts for 61% of the area classified as arid within India and is
spread over eleven western districts of the State. The terrain within this region is dominantly
sandy and has a disbrgahised drainage network. In addition, much of the area is underlain by
deep and often saline groundwater aquifer. In this region rainfall is low and erratic and
generally occurs in the monsoon months from mid-June to mid-September. Meagre water
supply, high seepage and evaporation demand restrict the activities to support the land
management systems and to increase total biomass production in the region. The relatively
higher rate of infiltration and permeability lead to reduced surface runoff which is generally
expected as a result of high magnitude storms. '

The river Luni and its tributaries originating from the Aravalli hills are the only rivers with
defined drainage network which drain into the saline Rann of Kutch. This drainage system too
is ephemeral in nature and flows during rainy months, making the problem of water bodies
development extremely different. The drainage system in the rest of the area which occupy
more than two third of the total area is undefined and the streams originating, from the isolated
hills disappear under sand. These streams can be tapped and utilised for conjunctive usage.
They can also be utilized for diverting and spreading over large areas for improving moisture
regime in open pasture lands. Development of water bodies through utilization of rain runoff
Temains the major source to develop silvi-pastoral systems, improved crop production and for
domestic purposes.

Rainwater Harvesting Structures

Nadi ; Nadi is constructed for storing water available from adjoining natural catchment during
the rainy season. In arid Rajasthan, construction of nadi is one of the oldest practice and is still
the common source of water for conjunctive uses. The capacity of nadis generally ranges from
1200 to 15000 m3, depending upon physiographic conditions and rainfall pattern. At present
Most villages in the region have one or more nadis. According to the 1982 census, the number of
nadi in Nagaur, Barmer and Jaisalmer districts were found to be 1436, 592 and 1822,
Tespectively.

Traditional nadi has the limitation of high evaporation losses from free water surface,
Seepage losses through porous sides and bottom and heavy sedimentation due to degradation in
the catchmen, Depending upon the physiographic setting and wetted area, the contribution to
ground water recharge from these structures ranges from 0.06 m in rocky pediments to 1.58 m
sand-y plains. A study conducted by the Central Ground Water Board using the recharge pits
has Indicated that a pit of 3m x 3m x 3m, was sufficient to divert 6500 m3/year to the ground
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water reservoir (NDWM, '1988). Recharge from a pond of 2.25 hectare area and storage
capacity of 15,000 m? in north Gujarat alluvial area could, therefore, be induced to create ground
water recharge of 10,000 m? in one rainy season.

Nadi should be located in areas with lowest elevation to have thé benefit of natural drainage
and need of minimum excavation of earth. Surface of the catchment area should preferably be
impermeable.  If necessary, the catchment area may be structured artificially by soil
conditioning and guide bunds to divert runoff in the nadi from other adjoining areas. The
surface to volume ratio should be kept minimum possible (less than 0.3) for reducing the
evaporation losses. Silt traf) should be provided at the inlet point to prevent sediment load entry
in the structure. The inlet should be stone pitched to prevent soil erosion. In order to prevent
seepage losses through sides and bottom, these should be lined with either LDPE sheeting or
stone masonry. In case of LDPE lining it should be embedded properly in the soil. An
exploitation well should be constructed at a suitable point of nadi with water lifting device to
facilitate the withdrawal of water from the nadi. The stored nadi’s water may be utilized for
taking up silvipastoral activities and improving the range management which will help in
environmental improvement and meeting demand of fuel and fodder. Central Anid Zone
Research Institute (CAZRI), Jodhpur, developed the improved design of nadi with LDPE lining
for maximising surface water availability in water-scarce areas.

In Barmer district, improved design of Jasder nadi for a capacity of 18,100 m> was
developed. In the command area of nadi, plantation of suitable species of trees and grasses were
taken up during 1987-88, utilising nadi water. Tree species of Colophospermum mopane,
Acacia. tortilis, Dichrostachys nutans and Ziziphus nummularia were planted in rows at a
distance of Sm x Sm in each case. In between tree rows, Cenchrus ciliaris grass was sown in
July, 1988. The grass production in 1989 was around 500 kg/ha. The survival of woody plants
(trees) was over 60% and growth was very encouraging. The trees now have gained 3-4 m
height and 0.3 to 0.5 m girth. The development of trees with the supplemental irrigation from
the nadi has improved the environ_ment, beside providing fodder and fuel.

Tanka : Tanka is a small circular or square underground tank constructed with lime mortar or
cement plastér. It is constructed normally on fallow ground where surface runoff can be
diverted to the fank by creating a clean catchment all around. This system is an ancient practice
and still very common in western Rajasthan.

Tanka is constructed in different sizes depending upon water requirement. Smaller tanka is,
however, generally better managed and conserved water is used more judiciously than the bigger
tanka. A tanka constructed utilising traditional method is not strong and is generally subjected
to leakage from sides and bottom. In addition, sediment entry with runoff is not protected and
some evaporation takes place from the top as the structure is covered only with thorn.

In order to overcome problems encountered in a traditional tanka, CAZRI, has developed
improved designs of this structure for capacities ranging from 10,000 to 6,00,000 litres (Khan.
1992). Vertical surfaces in improved tanka are made of stone masonry with cement plaster and
the base is made with 10-15 cm thick cement concrete layer. Inlets and an outlet are protected
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with iron bars and gratings to protect waste materials entry into the fanka. Silt entry in the
structure is restricted by providing silt traps at inlet poirits. Top of the structure is covered with
stone slabs with cement plaster, leaving only an opening for the withdrawal of water. In western
Rajasthan a large number of improved fankas have been constructed for conjunctive uses.

With the construction of 1,42,000 litres capacity fanka in Sar watershed, plantation of trees
like Acacia tortilis, Acacia senegal, Acacia nilotica, Prosopis juliflora, Prosopis cineraria and
Colophospermum mopane was taken up during the year 1991, 1992 and 1993. In.the 6 hectare
silvipastoral block, spacing between the rows and the plants were kept'at 10 m and 5 m,
respectively. In the 4 hectare block, where only trees were planted, 3m spacing between the
rows and the plants were maintained. The plant density in the silvipastoral block was 200 per ha,
while in the tree block it was 1000 per ha. Trees established utilizing fanka water were 1,500 in
1991, 1,300 in 1992 and in 1993. In the village, 15 fankas of 10,000 litres capacity each were
also constructed for raising, forest nursery and for the establishment of fruit orchards. In recent
time a large number of tankas have also been constructed for sand dune stabilization and for
afforestation in western Rajasthan.

Khadin: Khadin is a unique practice of water harvesting and moisture conservation in suitable
deep soil plots surrounded by some sort of natural catchment zone In this system, runoff from
uplands and rocky surfaces is collected in the adjoining lower valley segments. The plots are
vigorously built-and managed to make the entire system a self-contained unit for cultivation. On
the earthen bund, trees and grasses are established for increasing fodder and fuel availability.
Grass also helps in stabilization of bund, whereas, tree works as a wind break and thus reduces
the evaporation losses from free water surface in the khadin bed. Under the condition of
evaporation, soil moisture and fertility are maintained in the deposits behind the earthen bunds.
The total energy input of rainwater, sand-silt-clay accumulation and cultivators’ own activities
are interwoven into a complete production system. In this system, there is a progressive
increase in crop yield every year due to the deposition of fresh silt and clay in the khadin bed.
There is also fast gain in the tree height due to the continuous supply of moisture from the
system. '
The depth of water trapped in a khadin varies from 50 to 125 cm, depending upon tlie
catchment characteristics, rainfall pattern and storage capacity of the khadin bed. This gradually
depleted through seepage and evaporation, leaving the surface soil moist and fit for sowing.
Data on salinity in soil profile (0-120 cm) shows that average EC in Rupsi Khadin in Jaisalmer
district was 2.2 mmhos/cm, whereas, outside it was 36.2 mmhos/cm (Kolarkar ef al. 1983).

The khadin system of cultivation has witnessed a fluctuating fortune. During the nineteenth
Century due to the rivalry among the local inhabitants, k#adins were completely neglected and
fell into disrepair. It was only during the second half of the twentieth century that the
Government again recognised the need of the khadin cultivation. Old khadins were repaired and
" new farmsg were constructed. Since 1965 the government has repaired 66 khadins in Jaisalmer
district. At present more than 500 khadin farms have been revived, covering an area of 12,150
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hectares of farm lands. CAZRI, has developed the improved designs of khadin to optimise the
process -of infiltration, runoff generation and routing, as well as soil and water storage capacity.

Anicut : Anicut is a structure constructed across a stream. It is an earth fill section with a
spillway and is designed to hold sufficient water to submerge a substantial upstream area during
the rainy season. The retained water sinks into soil profile and then seeps down to replenish
adjacent wells. These wells are used for irrigating small patches of land for the establishment of
forest trees and for other uses. Water retained behind the anicut is used for lift irrigation in the
adjoining area. Anicut can support intensive silvipastoral activities in the areas where rainfall is
unreliable. It is also useful for reclamation of a gully through bank stabilization and
sedimentation, regeneration and improvement of overall environment.

With the construction of anicuts in Jhanwar watershed (Jodhpur district) static water levels
in wells located downstream increased from 1.8 to 2.2 m as compared to increase of only 0.5 m
in wells located in adjoining areas. It has also helped in regeneration of plants of different
species and grasses in the upstream area which has improved substantially the availability of
fodder and fuel. Studies conducted for two years in Pali district have shown that the presence of
anicuts increased aquifer recharge from 5.2% to 38.5%. Also in the vicinity of anicuts, a thick
forest has come up which has improved the economic condition of people in the area.

Gully Plugging : About 4 million hectare land in India is affected by gully and ravines
which threaten another 4-6 million hectare of productive table lands. Much of these areas are in
semi-arid regions and the rest in the drought affected parts of soil conservation region in eastemn
red soils (Das, 1977). However, with the proper management the runoff through gullies can be
harvested for groundwater recharge, for the improvement of silvipastoral lands and for other
uses. In western countries the gully control works started as back as 1900 AD. However, in
India such works were taken up on extensive scale since 1960.

The gully plugs may be of brush wood, wooden logs (Fig.1), Where gully problems are
present, drop spillway with earthen extension walls can be constructed to intercept and divert
- runoff in the adjoining areas for irrigation while checking erosion. The projects help to restore
some of the degraded lands and recharge ground water. Altemately, streams can be barricaded
by low channel sills to increase water depth so that water can be lifted for irrigation along
upstream sides. These lands could otherwise lie fallow due to long dry spellé and drought. The
specification and spacing of gully plugs are given in Table 1.

Water Harvesting Dams : In ravines or heavily gullied lands, small earthen dams with
drop inlet spillways are often constructed. These create a small storage to increase ground water
recharge, promote better vegetative growth and provide water for irrigation during monsoon as
well as winter season. The optimum size of these structures with regard to catchment area and
potential command varies greatly and is dependent on site characteristics.

Water Spreading : Water spreading is a practice where flood water is deliberately collected
from a large area or from stream sources and diverted into a smaller area. It improves the
rangeland through irrigation or overall improvement of moisture condition in degraded lands, 0



151

Seedlings

7

e 7

(Mgx) H=1.0m

0 o
~ I
gt —_———

Front view of Brushwood qully check

-0~ —~10-2.0~ e —r0— 4
| Seedling ! I
| | e - | |
Binding wires | ~~
NG L T |
N < ~N d
0.€-O.G ~
<
~ - :
- — H=l.8m (Mox}
i ozl ]
Foundation 05

Front view of log gully check

Fig. I.  Gully control structure
that natural and artificial regeneration of vegetation are accelerated. It is also adopted to
recharge groundwater for various future uses.

Surface runoff can be intercepted by constructing, long dykes and then led along to spread
over the receiving area through a staggered system of dykes and ditches. Generally water from
4 10 12 ha area can be spread over 1 ha. Alternately, an earth fill is put across the stream with
extension diversion dyke to lead water for spreading. The method adopted are syrup pan system
of spreader and spur dykes, pondage bank of spreaders only, and short spreader and ditch
system. In between the spreader dykes, shallow furrows could be provided to facilitate quick
and uniform absorption of water. To permit outflow from spreader dyke, stone pitched rock
weep holes are provided.

For recharging groundwater, basin method is followed, particularly on irregular topography.
On the river beds shallow furrow ditch system is followed. Meadow flooding over extensive
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Table 1.Specification of materi: Is and location of gully plugs in gullies

Stope of guily Width of gully  Location Type of gully Vertical interval
bed (%) bed (m) plug (m)
0-5 45 Gully bed Brush wood 3.0
4.5-10.5 Gully bed and 2.25-3.0
side branch
75-150 At theconfluence Sand bag -
of two gullies
7.5-15.0 * At the confluence Brick masonry - ‘
of all branches
of compound
) gully
5-10 4.5 Gully bed Brush wood 3.0
4.5-6.0 Gully bed and Earthen 1.5-3.0
side branch

area is followed in gently sloping areas which are free from gullying (Rao, 1972; NAS, 1974,
UNEP, 1983).

Percolation Tank : Technological development in pumping method and well construction,
high water demand for domestic and crop husbandry uses have resulted in large scale
exploitation of groundwater. In the arid and semi-arid regions where rainfall is scanty,
replenishment of ground water is not in proportional to its utilisation. Under such situation,
artificial groundwater recharge through water harvesting method may be recommended.

Percolation tanks are generally constructed on the small streams or rivulets with adequate
catchment for impounding surface runoff. These tanks will have no surplus weirs as these are
used entirely for recharging the aquifers through percolation. Construction of this structure
takes into account the catchment area, likely runoff, designed storage at the site as well as the
area of benefit of the structure. The construction of such structure is considered to be very
useful as means of water conservation and to strengthen the drinking and irrigation water
sources.

Limitations

« Percolation tanks are effective in deep and pervious soils.

« Desiltation of percolation tank is essential otherwise fine sediments may reduce the soil
porosity, resulting in less percolation. '

 The catchment and bed of the percolation tank must be free from salinity, otherwise it will
deteriorate the groundwater quality.

Subsurface Barriers : In desert, ground water recharge, whether direct from rainfall or
through stream flow, is not regular but discontinuous, reflecting the variable nature of rainfall
and runoff. The response of river flow on the replenishment of wells located along the banks is
imgdiate. However, meagre recharge during runoff period does not sustain the wells for a
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cufficiently long time due to which scarcity of water is felt. To some extent the yield of such
wells can be improved by abstracting the sub-surface flow of sandy bed streams through
construction of subsurface barriers across the stream beds.

Subsurface barrier is the most suitable structure as it is safe from flood havacs, does not
need elaborate overflow arran'gement and periodic desilting. The silt from surface area at
upstream side of barrier is flushed away during flash floods whereas entire storage of water
being underground, evaporation losses are also insignificant. The construction needs a 30 to 60
cm wide concrete or brick masonry wall extending down to the impermeable basement or
compéct foundation. Subsurface barrier may also be constructed with angular rock pieces
arranged in the form of dry masonry 100 cm wide wall or with a 250 micron polyethylene
sheeting, properly embedded in the soil. Construction of two-sub surface barriers of 10 m length
each, within 300 m from the water supply well, is enough to store water required for a village
with population of 500 (NDWM, 1988). As the domestic wells are located in the village, there
1s need for constructing these structures ciose to the village only. One of the structures should
be in the upstream side whereas the other should be downstream. If only one structure is
constructed, it should be downstream of the wells to intercept the basin subsurface outflow of
ground water from around the wells. During dry season, when the pumping, water level in the
well is low, the hydraulic gradient is reversed and the water is drawn from the ground water
mound downstream.

Study conducted for 3 years at Kalawas, Jodhpur district, revealed that with the construction
of a sub-surface barrier the rate of depletion of ground water was reduced from average 1.0 m to
03 m per year (Table 2 and Fig. 2).

Sand-Filled Dam : Sandy river beds underiain by hard impervious strata below and having
no surface flow, except in flood seasons, are a common feature of arid and semi-arid regions.
Creation of conditions where surface water could be conserved in deep sandy bed, thereby
reducing evaporation, is also important (Wipplinger, 1958).

Table 2.Effect of sub-surface barrier (SSB) on ground water recharge (1990-1992)

Item Before the construction of ~ After the construction of
S.S.B. S.S.B.

Rate of depletion in ground water ~ 0.80- 1.20 m 0.20-040m
per year .

Water yield per day 80-120 m3 100-145 m3
Tube wells - -

glgreBase incommand areadue to - 10 hectare
Recharged area

a) Upstream 400 m

) Downstream 700 m

C) right band . 180 m
9 Left band : 110 m
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Fig 3. Sand-filled dam — a novel system of water conservation

Sand-filled dam (Fig 3) 1s basically a subsurface barrier that 1s used for stoppmg the flow
and storing water 1n sand bed for domestic water supply and groundwater recharge in the
vicimty The river bed gets filled with sand and gravel deposits carried by niver flood durning
monsoon season Flood water 1s stored 1n the basin in voids and pore spaces of sand particles
and the upper sandy mulch prevents 1ts evaporation losses [nitially the dam height 1s kept few '
centimetres above the stream bed and as the reservoir gets filled up with sand and gravel the
height of dam 1s gradually raised 1n stages The basic principle involved 1n raising dam height
stages 1s to allow velocities of flood through the basin to transport most of the fine sediments n
suspension (clay and silt) over the damn crest, which otherwise get deposited 1n the reservorr,
thus reducing storage capacity To increase the effectiveness of storage, water stored n the
upper reaches of the reservoir 1s guided and drained to a common draw off point where pumping
station 1s located The natural greenery that develops around the water points helps mn
Improving the environment 1n arid areas

Studies carned out for four years at Jodhpur revealed that evaporation reduction in sand
filled reservoir was about 92 per cent, although reduction 1n storage capacity was nearly half In
Comparison to other treatments the quality of stored water 1n sand filled reservoir was supenor
(Khan, 1992)
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Heading/Limitations

« Deposition of fine sediment load in the reservoir transported by runoff water reduces its
storage capacity PBvaporation losses from the reservoir are also increased as a result of
favourable capillary action of the deposited matenal

o Runoff water received from salt affected catchment area detenorate the quality of stored
water as well as ground water

« Construction of sand-filled dam reduces recharge of aquifer downstream of the river

Conclusion

In the water deficit regions such as western Rajasthan, sustainable development of
silvipastoral system can be achieved by adopting specific technology packages, including
development of water bodies m open pasture lands and management of rainwater for
repleruishment to ground water The methods of water harvesting or artificial recharge, norms
for planming and destgning and rationale for justifying costs are site-specific
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WATER USE AND PRODUCTION POTENTIAL OF SEWAN
(LASIURUS SINDICUS HENR.)PASTURES IN THAR DESERT

K.C. Singh and S.D. Singh

Introduction

The population of livestock in the and region of Rajasthan has mcreased from 13 70
mullion 1n 1961 to 23 18 mullion 1n 1992 Thus, ammal husbandry 1s the main source of
livelithood and pasture production has a significant role 1n the economy of the Indian and zone
The estimated fodder requirement 1s 23 95 mullion tonnes of dry fodder against the present
production level of 903 mullion tonnes leaving a shortage of 63 20% (Venkateswarlu et
al 1992) Lasiurus sindicus, Cenchrus ciliaris and Cenchrus setigerus are some of the
promising desert grasses that give sustainable production under the harsh climatic conditions of
the region [asturus sindicus commonly referred to as Sewan 1s a natural species of the Thar
desert region dominating farge areas n the extreme and parts of Jatsalmer, Bikaner and Barmer
districts of Rajasthan This grass 1s lughly tolerant to water stress and therefore, performs well 1n
the sandy souls of thus region receiving annual rainfall below 300 mm

The land forms of Indira Gandl Nahar Project (IGNP) area are high sand dunes and
interdunal plains covering 58% and 23% area,respectively Moisture storage capacity of these
soils 1s very low and many interdunal areas are underlain by a hard pan or a salty substratum
Therefore, intensive surface 1rngation from the canal for crop production 1s bound to result in
problems of water logging and salt infestation, and hence such lands are best suited for
grasslands Light imgations by sprinkler to the active root zone of grasses would not be as
mjunous as heavy irngations for crops and would yield highly palatable and nutritive forage that
would not only meet the requirements of local animals but would also be stored 1n fodder banks
to combat the drought situation common 1n westemn Rajasthan The areas domunated by L
sindicus grass in stage-11 of IGNP have also been proposed for development into high producing
pasture lands by sprinkler imgation for sustammng precious livestock wealth’ of the
region(Kaushik, 1985) Fortunately with the construction of Indira Gandhi Nahar water 1s
available for imgation to . sindicus grasslands in Jaisalmer region

Management of Natural Grassland of L. Sindicus

About 80% of the total land area of Jaisalmer 1s covered by the sprawling L sindicus
grasslands It performs well on sandy plains but also grows on low dunes, hummocks and hight
textured soils The rainfall zone with 100-150 mm 1s predonunantly occupted by natural stand of
L sindicus grassland, 1e Nachana, west of Puggal, Mohangarh, Sultana and Binjewala Under
better moisture conditions supported by optimal fertilization, grass gives good yield (Anon
1986) and (Rao et al ,1996) Hence, the first step for raising the forage production from these
natural grasslands should be to bning the population to an optimal level by planting seedhings or
rooted ships dunng the monsoon season A population density of (53,333 plant/per ha) regulated
by imnter and intra row spactngs of 75 and 25 cm, respectively 1s adequate for rain fed sown
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pastures (Anon, 1986). The inter and intra-row spacings of 75 and 40 cm, respectively (33,333
plants/per ha ) were recommended by Bhimaya and Ahuja (1967). Still another factor limiting
to biomass yield is nitrogen deficiency in soil. The root biomass of L. sindicus during the rainy
season decreases due to nitrogen deficiency. Hence, application of fertilizer @ 20 kg N per hato
L. sindicus grasslands is another step to boost its forage production under rainfed conditions.
Harvesting of grass at the flowering stage of growth is also necessary to obtain nutritive forage,
besides increased production (Shankarnarayan and Singh, 1990). Attempts have been made to
incorporate tree species in natural grasslands, however, choice of species varies for different
grasslands depending upon rainfall and soil types (Shankarnarayan and Singh, 1990 and Singh,
1995) Planting, of tree Species across the wind direction like Acacia tortilis on the boundaries of
grassland as windbreak is also conducive to high yields as it reduces the wind velocity and
provides protection to the sprinkler irrigation. Prosapis cineraria and Zizyphus nummularia are
also good top feed tree/bush for plantation in such grasslands. The shelterbelts of three rows of
A. tortilis and one row of P. juliflora will give high effectiveness in Jaisalmer region for
controlling wind speed and also reducing the evaporation from the surface of the soil. These
grasslands may be used as reserve grasslands and grass should be harvested only for storage in
fodder banks to meet the forage requirement of animals during drought years or lean period.

Water Use and Forage Yield of L. Sindicus

Rainfall at Jodhpur mainly occurs in July and August, but time extends with moderate rains
in some years by the end of September. The area does not receive rains during October - May.
The experiments conducted at Jodhpur revealed that the distribution and quantum of rainfall
significantly influenced the forage yield. The height of this grass ranged from 90 to 130 cm
with a mean of 104 cm while the number of tillers of plant ranged from 40 to 101 with a mean of
63 per plant (Singh ef al., 1996). The grass matured in October giving a yield of 3587 kg
DM/ha in the high rainfall year of 1990 followed by 3392, 3030, 3003 and 2955 kg DM/ha in
1992, 1994, 1991 and 1993 respectively ( Table 1). The water used by L. sindicus varied from
144 mm in a low rainfall year (1991) to 326 mm in a good rainfall year (1994) with a mean
value of 226 mm. The water use efficiéncy of the grass was the highest in 1991 (21 kg
DM/ha/mm) and lowest in 1994 (9 kg DM/ha/mm) with a decrease in value with the increase in
water use per unit of water consumed. The data further revealed that the grass had utilized the
thermal energy efficiently for higher production of forage in years of good rainfall and moisture
availability conditions in the region. The heat use efficiency of the pasture grass varied from
0.60 to 0.77 with a mean of 0.68 kg DM/ha/°C (Table 1). Similar results were also reported by
Singh and Rao (1996).

Effect of Water Conservation on Forage Yield of Perennial Grasses
k]

Field experiment on three perennial grasses viz., Lasiurus sindicus, Cenchrus ciliaris and
Cenchrus setigerus with and without water harvesting was conducted to see the effect of water
conservation on the initial establishment of grass and subsequent effect on forage yield in
 1990-95 at the Central Arid Zone Research Institute, Jodhpur. The soil was sandy loam having
soil profile 80 - 100 cm. The water harvesting treatment was inter-row water harvesting (IRWH)
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Table 1. Water use, Dry forage yield and water use efficiency of L sindicus

Particular 1990 1991 1992 1993 1994  Mean
Plant height (cm) 1297 942 1092 901 960 1038
Number of tillers plant 1 100 8 401 550 400 807 633
Dry forage yield (kg DM ha -1 ) 3587 3003 3392 2955 3030 3193
Water use (mm) 271 144 240 149 326 226

Water use efficiency (kg DM ha 1324 20 85 1413 19 83 929 1547

-1 -1)

Heat use efficiency ( kg DM 077 064 073 060 065 068
-lo

ha” " C)

(Source Smgh eral , 1996)

1n which 30 cm wide and 15 cm deep ditch was alternated by 70 cm wide raised beds Two rows
of grass were planted on the edges of ndges 1n a compressed row system

C setigerus showed the highest increase 1n forage yield due to IRWH followed by C
cthanis (40 %) and least by L sindicus (Table 2) (Anon,1990-1995) C sefigerus being a grass
that performs well 1n the rainfall zone above 400 mm responded maximum to conserved water
by inter-row water harvesting system C ciiaris also produces high forage in the rainfall zone
above 300 mm and therefore utilized conserved water effectively by giving higher yield

Table 2. Air dry forage yield (kg/ha) under inter-row water harvesting(IRWH)and flat
surface control(FSC)(IMean yield of 6 years 1990 to 1995)

Grass species IRWH FSC % increase 1n yield
over FSC (Control)

C setigerus 2449 1397 7530

C alanis 2770 1972 4047

L smdicus 3500 2698 2973

L sindicus yielded maximum 1n the high rainfall years 1992 and 1994 and showed least
percentage (25%) ncrease 1n the yield due to IRWH (Table 3) In below normal rainfall years
(1991, 1993 & 1995) though the forage yield was less compared to high rainfall years but
percent increase 1n yield due to IRWH over control was highest 31-53% Thus, IRWH can
Increase forage yield of L sindicus by 32-50% 1n the years below normal ramnfall Further, lugh
relative humidity associated with good ranfall had a positive effect on forage yields but
maximum air temperature varied between 32 7 and 38 6°C and wind speed that vaned from 5 4
to 10 km ph had negative effect on forage yield (Singh et a/, 1995)

Irrigation by Sprinkler in Sown Pastures of L. Sindicus

Field experiment was conducted to study the effect of different levels of supplemental
Imgation by spnnkler method on the yield of established pasture of L sindicus at CAZRI,
Jodhpur (Singh et al , 1990) One month after irngation, grass was cut The data revealed that
Increasing quantities of supplemental 1mgation were related to increased yield of forage (Table
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Table 3. Forage yield of L sindicus in different rainfall year as influenced by water
harvesting systems

year Annual Rainfall Airdry (kg/ha) Forage yield Increase 1n yield

(mm) IRWH (kg/ha) FSC over FSC %
1991 1923 3643 2381 5300
1992 3843 3810 3048 2500
1993 2196 2809 2143 3110
1994 5445 4666 3714 2560
1995 3396 2952 2238 " 3193

(Normal ramfall at Jodhpur 360 6 mm)

4) 92 mm of supplemental imgation gave highest forage yield (4 6 tonnes/ha) and water use
efficiency (37 kg/mm of SUPIR)

In another expeniment at the same site, the water use and production potential of sprinkler
imgated L sindicus pasture was studied by Singh ef a/ (1990) mvolving different water deficit
replacement (100, 90, 80, 55, 32 and 0%) factonally combined with 0, 40, 80 and 120 kg N/ha
In the plot with 100% water-deficit replacement, before cut the soil was depleted by 92% of
available water in November and 4 to 11 mm available soil moisture level mn summer No
wilting symptoms were observed 1n grass even at such tugh moisture tensions The treatment
combining 80 kg N/ha and 90% available water deficit replacement (about 100 mm water) gave
the highest (25 1 tonnes/ha) green forage and 8 8 tonnes/ha of dry forage Water-use efficiency
declined on applicatton of more water under low fertility and increased steadily up to 400 mm
imgation Thereafter WUE 1ncreased at a constant rate of 42 kg green fodder per mm of
umigatton up to 700 mm which was the total imgation requirement to mamntamn /. sindicus
throughout the year under hugh fertility (80 kg N/ha)

In the study area the vegetation composition was recorded 1n July Out of total 22 8 per cent
of ground cover, 115 per cent was contributed by the L sindicus At Bikaner increasing
quantities of urngation water by sprinkler increased the forage yield to a maximum of 12
tonnes/ha under 0 6 IW/CPE ratio of irngation level (Anon, 1986) Yield was nummum at with
the lowest level of imgation (0 1 IW/CPE ratio) The optimum level of imgation to natural
grassland was found to be 440 mm used for 6 inigations at monthly interval (Table 5)

Table 4. Influence of supplemental irrigation (SUPIR) on forage yield of L sindicus

Supplemental 1rrigation Total water Forage yield  Use efficiency of SUPIR
(mm) (mm) (tonnes/ha) (kg/mm of water)
0 257 12 -
40 657 23 28
84 1097 28 19
92 1177 46 37
105 1307 45 3l
120 1457 45 28

Source Singh eral, 1990
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Table S. Wa?er use and dry forage yield of L. sindicus under sprinkler irrigation at
Bikaner,1986-87 (Total of 6 cuttings)

Supplemental irmgation Total water use Dry forage yield
(IW/CPE ratio) (mm) (t/ha)
I (06) 440 12
I (04) 185 9
I (02) 145 7
s (O 1) 110 5

Another prelimunary trial was also conducted at the CAZRI, Jodhpur, the green forage
yield of L sindicus was maximum in August ( 5 4 t'ha) followed 1n February (4 3 t/ha) cutting
Dry forage yield was also highest (3 3 t/ha) in August with one supplemental imgation The
total green and dry forage yields of 6 cuttings obtained from June 1987 to March 1988 were 19 0
and 8 7 t/ha, respectively (Singh 1991)

The carrying capacity of 1mgated grassland on year long basis could be increased to 3 adult
cattle wruts/ha as against one adult cattle urut under rainfed grasslands with only 400 mm
tmgations and a total of 5 cuttings 1n a year yielding approximately 10 tons dry forage/ha/year if
following schedule 1s practised The first cut of ramnfed L sindicus taken at the end of August
Sprinkler 1migation at 100 mm given 1n the month of October and November Grass cut at the
flowering stage at the end of each month Third 100 mm of imgation given 1n nud- February
and cutting taken by muddle of March The fourth 100 mm of imgation given at the end of
March but this time grass cut at the end of June (as lugh wind velocity 1n Western Rajasthan
duning Apnl-June causes severe erosion) In this way one cut from rainfed grass and four cuts
from sprinkler imgated grass can be obtained per year

Conclusion

Water resources 1n arid areas of Rajasthan are very limited and the scarcity of water for
meeting the human and animal needs 1n many areas has been a problem particularly 1n the recent
years  Under such a setting, imgation for increasing the production of forage grasses 1s
unthinkable But the extreme drought condition that prevailed in the recent years leading to
large scale scarcity of fodders has left no option

The land forms of IGNP area are sand dunes and 1nterdunal plams covenng 58% and 23%
area, respectively The levelling of high sand dunes for irngated cropping 1s most difficult
Many mterdunal areas are having gypsiferous hard pan and frequent imgations for cropping will
lead to the problems of waterlogging and salt infestation Thus, intensive 1mgation 1s neither
safe nor feasible and the lumited water of IGNP area in stage II can be most realistically utilised
by Providing supplemental umgations to the adjoining grasslands of L smdicus This species can
abstract and utilize soil moisture from even below the wilting point However, under better
Moisture conditions supported by optimal fertilization and plant population 1t gives lugh yields
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Further, high water and heat use efficiency enables L sindicus to survive n ho?Thar desert The
plantation of trees for top feeds, wind break and shelterbelt 1s also suggested  Apart from
ytelding palatable and nutntive forage,  sindicus will also help 1n conserving the vulnerable
soil resource tn the fragile and ecosystem Proper management of irmgation and cutting
schedule gave dry forage yreld of 10 tons/ha/year with only four additional 1rmgations of 160
mm each
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USE OF EFFLUENT WATER IN SILVIPASTORAL SYSTEM OF ARID
REGION

R.K. Aggarwal and Praveen Kumar

Introduction

Industrial development which is often considered key to prosperity takes a heavy toll of
environment. Roy and Rai (1993) identified 20 centers of industrial development and in all the
locations the problem of pollution was grave. First in their list was Bombay region where nearly
3000 industrial units pollute the surroundings by emitting SOz, NO2, particulates, ash, fugitive
gases (like NH3, CO) and effluents containing Cl, organics and ammonia. The situation in
second most polluted region Ahmedabad-Baroda-Surat industrial belt with 2000 large scale and
6300 small scale industries, is nearly the same. Central Board of Pollution Control, New Delhi
in 1981 reported the existence of 317 major industrial units besides a number of small scale
industries discharging their effluents directly in Ganga and turning it into a highly polluted river.
Similarly other rivers are also being heavily polluted by industrial activity.

The industrial development had been rather limited in Western Rajasthan till seventies,
mainly due to characteristic physiography and harsh climate of the region. But the region is now
catching up fast with rest of the country as a number of industries based on local raw materials,
steel rolling mills, cement industries and textile dyeing and printing industries are being set up.
Unfortunately all these industries contribute to air, land and water pollution. Chimneys from the
mills and power houses release COz, CO, N20, NO and SO2. Dust and particulate matter is
added into atmosphere by foundries, cement mills and coal based electrical units while the
industries like dyeing and printing and steel mill generate a large amount of effluents. It has
been estimated that nearly 3 million cubic meter effluents are discharged by 88 large scale and
47 medium scale industries in Rajasthan every day and a large part of it emanates from textile
dyeing and printing industries.

The textile dyeing and printing with more than 1000 units is the major industry in Westem
Rajasthan giving direct or indirect employment to a large number of people. The development of
this industry started in 1970s, and has since grown in an unprecedented manner. Generally
weaving and finishing are the two integrated processes in the textile industry. However, in this
region only finishing operations are performed as the "Grey cloth" is obtained from other parts
of the country. In the process of finishing this cloth various operations (Fig.1) are carried out,
using either water or aqueous solutions. Theoretical estimates have suggested that nearly 7 liter
water is required in processing each meter of grey cloth (Fig.1) and the 75% of the water used is
discharged as effluents. The effluents largely contains i) Alkalis, ii) residual dyes, iii) starches
and cellulose, iv) soluble salts mainly Na, Ca, v) silicate, vi) Oils and fats and vii) -other
Impurities. It has been estimated that in Jodhpur, Pali and Balotra alone nearly 10, 15 and 7
million liters effluents are discharged every day. Due to the lack of economically viable
technologies for treatment, these effluents are discharged without any treatment thereby
affecting the soil, water and plant system of this otherwise fragile desert ecosystem.



e R
0.54 0.20
Grey .............. Desizing Grey mercerising,............
(0.40) | (015)
Effluent effluent
(starch, fats) (starch

caustic, surfactants)

1.21 o 217
............. Scouring or Keiring Bleaching ...
(0.90) (1.63)
Effluent (starch, fats, Effluent (chlorine,
detergents, pigments, alkalies alkalies)
1.25 v 1.20
............... Dyeing or printing - Afterwashand .............
(0.94) after treatment
. (0.90)
y
Effluent (dyes, salts Effluent (dyes, salts,
surfactants) thickners, detergents)
Finishing
(No effluent) —» Packing

Fig.1 Different processes of textile industry, the amount of water in litres used (without
parentheses) and the amount of effluents in litres generated (in parentheses) in
- processing of each meter of cloth.

Chemical Composition of Effluents

The analysis of effluents (Table 1) shows that on the basis of dissolved solids, high pH, Na
content, Biological oxygen demand, chemical oxygen demand and colour, the effluents do not
meet the ISI standards for diséharge in stream while the content of elements like Pb, Cd,Zn, Cu
is within the permissible limits. The high BOD of the effluents may deplete the oxygen
dissolved in the stream and may adversely effect the aquatic life.

The color of the effluents might also interfere with the transmission of sunlight to the lower
depths and may adversely effect the photosynthetic efficiency of phytoplankton (Nemeron,
1963). On the other hand the high content of sodium and dissolved solids make the effluents
viscous which too can be harmful for aquatic life (Arockiasamy,1982). Therefore, these effluents
can be considered unfit for direct discharge in the stream. But inspite of these regulations the



Table 1. Chemical composition of effluent of textile industry.
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ﬁxems chatactensics Range ISI Standard 3307 (1965)
Colour Reddish to light green 75 *
pH 90-111 55-90
TDS (ppm) 5700 2100
BOD for 5 days 390 - 560 500
at 20 °C (ppm)

COD (ppm) 1000 - 2800 -
Sodum (%) 97 600
Chlonde (ppm) 1800 - 2600 600
Nitrate (ppm) 40-58 450
Lead (ppb) 10- 134 100
Cadmium (ppb) Traces 20
Zinc (ppm) 0011-0537 50
Copper (ppm) 0071-0748 30
lron (ppm) Traces- 0 67 30

* Unuts on platmum cobalt scale

Source Ketkar (1989), Aggarwal and Praveen-Kumar(1990)

effluents are being discharged 1n the three non perennial rivers of the region namely Bandi, Luni
and Jojn, leading to the problems of nver and groundwater pollution besides degradation of
arable land

Adverse Effect of Industrial Effluents on Environment

Pollution of Rivers

Industnial effluents of the western part of Rajasthan flow through many drains and
ultimately go to the three nvers viz , Lum, Bandi and Joynn They flow in thear full capacity only
dunng rainy season and gradually dry up with advance of the lean season Dunng the lean
season these mvers carty only the industrial effluents At Balotra town in Barmer district, Luni
Tecerves effluent of a large number of textiles units to the tune of about 7 mullion litres per day
containing 45-50 tons of toxic substances which £go upto Sindn nver In Pali, Bandi niver
Teceives nearly 90 tons of alkali, acids, dyes, oils etc alongwith 15 mullion litres of water every
day from Pali These effluents travel tn Band: upto village Dundara where 1t merges with Lum
In Jodhpur, river Jojn recerves approximately 10 mullion litres of industnal effluents containung
nearly 60 tons of toxic matenial which flow n this nver for 60 km upto the Kaleewa Thob
Village where this river disappears 1n sand dunes The discharge of these effluents remarkably
change the quality of niver water The chemucal analysis of the water of the nver Band: (Table 2)
Indicated that before entenng into Pali the water had low pH, EC, BOD and COD and was
Suttable fc/)f agnculture as well-as for human and ammal consumption However at Pali due to
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Table 2. Chemical quality of the water of the river Bandi as affected by discharge of

effluents at Pali.

) flow peniod (Oct 1990)
Characteristics Upstream Downstream
Color Nil reddish brown
clanty Clear Haghly turbid
EC mS/cm 16 64
pH 84 97
COD (pmm) 20 370
Total hardness (ppm) 160 25
Total alkaliruty (ppm) 200 1630
Na C1 (ppm) 584 1432
Na2 SO4 128 944

Source Report of under Ground Water Department, Pal (1992)

addtion of a large quantity of effluents the pH, EC, BOD, COD and the content of Na2SO4 and
NaCl are increased suddenly making 1t unfit for irngation and aquatic Iife Rana (1986) recorded
acomplete absence of fishes, microphytes and macrophytes from the Nama (1987) has reported
hugh growth of the algae belonging to the genera of Anabaena, Anacystis, Arthrospira, Carteria,
Ceratium, Chara, Chlamydomonas, Chlorella, Chlorogonium, Chlorococcum, Gomphonema,
Fuglena, Lepocinchis, Oscillatoria, Phacus, Phormidium, Spirogyra, Stigeoclonium, Tetraedron
etc which impart unacceptable taste and odor to water They also produce substances which are
toxic to other microorganisms and sometimes to the livestock

Ground Water Pollution

Protection of ground water from pollution 1s one of the major problemof the day However,
once the surface water bodies like river, ponds etc get polluted, 1t 1s practically impossible to
exclude the ground water pollution The river Jojn and Bandi have become a pool of industrial
effluents at Jodhpur and Pai1 respectively and almost ail of the wells along the course of both the
nivers are charged by industrial effluents The effluents enter in the aquifer by means of lateral
filtration as a result of direct interconnection of alluvial and river water as well as due to
vertical filtration of nver water from inundated area

The mdustnal effluents have a typical odor and the colour 1s use are following British
spellings generally purple or reddish brown in beginning but turns to hght green dunng the
course of 1ts flow The report of Ground Water Department Pali (1992) and Vangani (1993.
personal communication) mentioned that the water from some wells situated near the down
stream of Jojrt nver m Jodhpur and Bandi nver 1n Pali had this color even though the intensity
was less The water from such wells show high value of pH, EC, RSC and high content of Na,
COs and HCOj3 (Table 3) Jam er al (1993) also reported that the EC, SAR and the RSC of the
wells situated near the Bandi nver were much higher than the wells of far off Rao er al (1993)
estimated the bactenal population
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Table 3. Chemical composition of well water in Pali and Jodhpur (Salawas). NP: Non
polluted wells P: Polluted wells

[ Charactenstics Pali . _Jodhpur_
NP* prx NP P
'EC dS/em 44 113 - 21 52
TDS ppm 2860 7160 - -
pH 805 775 72 95
Na+ (ppm) 807 2220 4002 1499 6
RSC 08 288 22 3908

*NP Non polluted wells ** P Polluted wells
Source Jam ef al (1993) Repott of ground water Board Pali (1992) Vangam{personal communication)

in the wells polluted by industnial effluents and non polluted wells at vanous locations
along the course of Bandi river They found that the bactenal population in the wells polluted
by industnal effluents was 6 77x10%ml and 9 33x10%/ml at Punaita and Jevdia respectively as
against 41 00x10? and 63 33x10° n the non poliuted wells The lower bacterial population
the polluted wells was attnbuted to the toxic effect of industnal effluents Mohnot and Dugar
(1987) had also reported considerable detertoration in water quality of wells from Balotra to
Karana village on the banks of Lumi  According; to the standards laid down by ICMR and WHO
the water from most of these wells 15 unfit for drinking and 1migation of crops on a large scale

Impact on Soil and Crops

Sometimes the channels carrying the effluents get blocked and effluents are spilled over
the arable land and at other times the fields are wrnigated with the ground water contaminated
with industrial effluents In both case the end result 1s the complete degradation of the soil
productivity  Accumulation of industnal effluents on land even for a short durations leave the
land completely barren due to deposition of salts and waste matenial Such lands when dry
show whitish/coloured hard compact encrustation mosaic Irnigation with contamunated ground
water within a span of 10-15 years has rendered nearly 4000 ha of land in Palt and 1000 ha
land in Jodhpur uncultivable along the course of Bandi and Jojn nver respecttvely Mohnot and
Dugar (1987) have also reported a stnking case of village Salawas near Jodhpur, where the
ground water contaminated with industrial effluents was used for irngation This reduced the
crop yield by more than 25% Aggarwal et al (1994) reported the application of only 850 liters
of effluents 1n one year as a number of penodic spot 1mgations on a pit resulted in marked
increase of pH, EC, SAR of soil (Table 4) Rao et al (1993) have reported that the imgation with
the contaminated well water markedly reduce the microbial population and the activities of
various enzymes 1n sotl

Effect of Industrial Effluents on Human/Animal Health

At present, there 1s a scarcity of the reports on this subject But 1n the areas where the
industnal water, has polluted the ground water sources for drinking water, higher incidence of
Pain 1n joints and congenital defornuty 1n cluldren have been reported (Rajasthan Patrika 1985)

(3
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- Table 4. Changes in soil pH, EC and SAR due to irrigation with industrial effluents.

Soil characteristic treatment Depth (cm)
0-15 15-30 30-45 45-60
pH*
Control | 82 83 83 8.1
A 8.6 8.6 8.5 8.0
EC (dSm™)*
Control | 1.1 0.98 0.83 0.80
A 29 214 1.62 143
SAR
Control [ 6.19 1.95 1.03 0.84
A 743 - 4347 18.10 24.71

I = Initia} before start of irrigation
A = After irrigating for one year:
*Saturation extract.

Source: Aggarwal et al. (1994)

The higher rates of abortion and adult mortality have alsc been observed in animals drinking this
water. The greater incidence of dermal diseases in the workers of textile industries has also been
observed (Nama 1987). Acute changes in morphology and behavior accompanied by 70-75%
higher rate of mortality in the rats directly exposed to industrial effluents is also reported
(Mohnot and Dugar 1987).

Treatment And/or Reutilization of Industrial Effluents

Due to the adverse effect of industrial effluents it has become necessary to either treat the
effluents before discharging in the drains or reuse it for plantations of economic importance to
reverse the process of degradation of environment.

Attempts have been made both in India and abroad to remove or reduce the level of
pollutants from the industrial effluents either for their reuse or for the safe disposal. Netzer e/
al (1976) analyzed the dye-house wastes of various textile mills and found lime coagulation,
activated carbon adsorption, ozonation and polymeric adsorption treatments to be successful in
removing the colour, soluble 6rganics and heavy metals from these wastes. Mitchell et a/.(1978)
found the activated carbon produced by the pyrolysis of peanut shell most effective in removing
colour from a textile factoty waste water. Randall and King (1980) achieved complete treatment
of dyeing and finishing effluents by combining the chemical and biological process. Rana (1987)
suggested the treatment of textile effluents first with lime and then inoculation of algae for
improving their quality. Aggarwal and Praveen-Kumar (1990) found the combination of flyash
(bumnt coal from thermal power plants) and gypsum effective in removing the color and
reducing the pH of the effluents. The Scientist at CMCRI, Bhavnagar (Dasare and Rao,1993)
have developed a technique of electrolytic decomposition for decolorizing the waste water. In
this technique electric current is passed in a special type of electrolytic cell developed at the
CMCRI. Nearly 4 KWH energy is used in this process for removal of each kg of dye from the
printing  bath solution. This decolorised solution can then again be used for the printing
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purpose. The process of reverse osmosis is also being used in some textile mills, for recovering
+he NazSO4. Nearly 6-8 KWH energy is used in this process in recovering Na2SO4 from 1000

litre effluents.

Rai (1993) has listed a variety of plants which can act directly or indirectly to reduce the
pollution load. Aquatic plants like Salvia, Lemna and Spirodella can be used to bring down the
nitrogen and phosphorus load from wastes. Eichhornea crassipes can effectively reduce BOD,
COD, heavy metals and phenols from effluents. Sacroid bacteria can be used to convert
complicated organic substances into simpler ones. Algae like Anabaena, Oedogonium can
increase the oxygen supply in effluents and thereby promote the bacterial growth which can
further decompose organic substances.

On industrial scale, however, effluents are first treated chemically to precipitate the
dissolved impurities and then the sludge is collected. However, even then the values of pH, EC,
SAR, and RSC are high for considering it suitable for irrigating crops (Table 5). Thus taking
into consideration the high cost of treatment and also the quality of treated water, better
technologies need to be developed but at the same time utilization of effluents for biomass

Table 5. Quality of water discharged from common treatment plant.

Appearance Slightly colorled and free from suspended solids
pH 80-85

EC (dSm-1) 92

SAR ) 110-162.2

RSC (meq/T) 30.7-47.6

Hardness < 50 ppm

TDS About 4000 ppm mamly soluble sodium salts
COD 250

Source : Mathur 1987 and Rao et al. 1993

production should also be studied. This assumes significance in the arid area where water is
scarce and greening is necessity, This approach on long term basis would improve the
environment while maintaining the ecological balance.

Establishment of Trees and Grasses With Industrial Effluents .

Since the cultivation of crops is not possible with industrial effluents, therefore, attempts are
being made for using effluents for cultivation of trees and grasses. Prosopis cineraria, Acacia
nilotica, Acacia tortilis, Acacia senegal, Tecomella undulata, Prosopis juliflora are the major
trees of this region. Grasslands in Western Rajasthan are the major source of fodder and have the
Potentials to meet upto 44 per cent (9.86 M mt) of the total fodder requirement (18.50 M. mt) of
animal population. The area available for grass production in each of the 11 arid districts of
Rajasthan is given in Table 6. More than 50% of the total area of the districts is available for

§Orage production in Barmer Bikaner, Jaisalmer, Jodhpur and Pali with highest value of 97% for
aisalmer
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Table 6. Total area (sq. km) available for grass production in different districts of

Western Rajasthan.
District Total area Area under grass Percent (%)
production
1. Bammer 28387 15387 54
2. Bikaner 27231 21448 79
J 3. Churu 16829 5253 31
4, Ganganagar 20629 7656 37
5. Jaisalmer 38401 37191 97
6. Jalore _ 10640 4378 41
7. Jhunjhunu 5929 1492 25
8. Jodhpur 22860 5929 51
9. Nagaur 17718 6085 34
10. pali 12391 6703 54
11, Sikar 7732 2407 31

Source: Rao, 1993

Silvipastoral systems are very common in arid region. The principal merit of the presence of
trees and shrubs in pastures is that animals can feed on their leaves, fruits and flowers at the time
of scarcity of grass fodder.

(a) Trees

Lot of work has been done on utilization of sewage water (Chhabra, 1989, Gupta et al. 1990,
Ghosh, 1991), tannery and dairy effluents (Chaturvedi 1985, 1986). Variety of trees viz., Acacia
nilotica (Babul), Terminalia arjuna (Arjun), Ficus religiosa (Pipal), Cordia dicliofoma (Lasora),
Haplophragma adenophyllum (Kathsagun), Azadirachta indica (Neem), Pongamia pinnata
(Papri), Syzygium cumini (Jamun), Cassia auriculata (Awaram), Ficus bengalensis (Bargad),
Adhatoda vasica (Arusa) and Pinus roxburghii (Chir) have been successfully grown with these
effluents. However no information was available of utilization of the kind of effluents generated
in this region.

At CAZRI, Jodhpur, work was started in 1988 to study suitability of textile effluents for
growing trees and grasses. Nine tree species viz., Eucalyptus camaldulensis (Safeda), Acacia
nilotica (Babul), Acacia tortilis (Valayati babul), Azadirachta indica (Neem), Hardwickia
binata (Anjan), CoIopho&permum mopane (mopane), Prosopis cineraria (Khejri), Prosopis
Jjuliflora (Israeli Babool) and Tecomella undulata (Rohida) were identified on the basis of
germination tests and survival for three month with irrigation of industrial effluent. These trees
were planted in field in July 1988 and established with textile effluents with the following
techniques : .

¢ Adding gypsum and FYM @ 5 kg each per pit

_ ¢ Adapting double ring method wherein the irrigation was given the outer ring i.e. away from
tree seedling, )
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The results showed 100% survival and establishment of these tree species and their growth
was normal On the basis of the results these species were grouped into two subgroups (1)
spectes tolerant to textile effluent water and not requinng gypsum treatment, (1) species less
tolerant to textile effluents and requinng gypsum treatment in soil for higher growth £
camaldulensis, A ndica, P cineraria, A nilofica belonged to first subgroup while /7 bmmata, C
mopane, P juliflora and A tortilis belonged to second subgroup The data on growth of four
treespectes with and without gypsum are given 1n Table 7

Table 7. Effect of industrial effluent with and without gypsum on the growth of four tree

species.
Tree species Increase 1n height (cm) CD 5%
No amendment With gypsum !
Eucalyptus comaldulensis 1120 1128 NS
Azadirachta indica 156 2 1472 NS
Acacia tortilis 1032 1313 252
Hardwickia binata 302 897 123

Source Aggarwal et al (1994)

The companson of chermucal composition of the tree leaves irngated with textile effluents
and with normal water showed no toxic effect (Table 8) The adverse effect of textile effluents
could be mimmused by the addition of gypsum n soil (Table 9)

(b) Grasses

In our expenmental area we tnied to establish the . smdicus with industnat effluents For
this FYM @ 5 tons/ha along with gypsum @ 5 tons/ha was added 1n the field There after seeds
were sown as pellets duning the rainy season Grasses were irngated with effluent 1n the post
ramny season penod as and when required After a year of establishment total forage yield of
nearly 14q/ha was recorded

Conclusion And Research Needs

The pollution 1n Pal1, Jodhpur, and Balotra has reached to the level where it 1s adversely
affecting the desert ecosystem Although the treatment of industrial effluents 1s a necessity for
safe disposal with a view to check the environmental pollution by the rapid industrialization but
the economical and viable techmques are lacking Therefore till such techmques are developed a
greater emphasis should be laid towards the proper utilization of effluents The efforts made so
far show that there 1s a considerable scope of using these industnal effluents (a) prevent
formation of wastelands by raising green belt on the course of flow of the effluents and
effectively mitigating the hazards of pollution of surface as well as ground water bodies (b)
Provide biomass (fodder, fuel and timber) and generate income for the people and civic bodies

But, there 1s need to further the research and technology development activities in the
following specific areas
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Table 8. Effect of industrial effluents on chemical composition of leaves of different tree

species.
Tree species Chemucal composition g/g (dry weight)
Fe Mn Zn Cd Na

Acacia nilotica [E 597 8 127 6 74 0 351 2110

RF 5031 1354 903 324 1872
Prosopis juliflora IE 696 6 1340 916 516 3663

RF 705 2 1397 103 2 603 3753
Hardwickiaa binata 1E 4414 916 868 48 1 2227

RF 5051 1102 107 8 417 2202
Eucalyptus TE 4756 1343 755 436 5493
camaldulensis RF <400 1 1392 956 403 5304
Acacia tortilis IE 6133 107 8 933 482 3026

RF 402 5 1343 128 8 367 2049
Colophospermum 1E 428 5 855 94 8 43 6 1123
mopane RF 6753 1587 1053 377 1723
Prosoprs cineraria ITE 4285 855 94 8 43 6 1123

RF 5324 103 8 106 6 36 5 1950
Azadirachta indica IE 688 0 2255 128 8 304 376 0

RF 4415 103 2 100 7 442 254 5

Note Cu and Pb were found in traces

I E = Imgated with mdustnal effluents

F =Ramnfed

Source Aggarwal and Praveen-Kumar 1994 (unpublished)

Table 9. Effect of gypsum on changes in soil pH, EC and SAR due to irrigation with
industrial effluents.

. Depth (¢m)
Soil charactenstic/treatment 0-15 15-30 30 - 45 45 - 60
pH* Control g ? g ? g g g 8
Gypsum
* -

EC (dSm -1) 29 21 16 14
Control 63 29 18 17
Gypsum

743 434 18 1 247
SAR  Contro} 583 285 219 203
Gypsum
Saturation extract

Source Aggarwal et al 1994

. Selection of plant species for their suitability to effluents of vaned industnes specific to
agro-ecological zones
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« Water balance studies on different plant species which would give information on the
consumptive use of water and effect of percolating water on the below ground water bodies

« In situ treatment of effluents by adopting land treatment methods using amendments like
flyash, gypsum, lime, organic manures etc and 1rngation techmques

« Effects on soil physico-chemucal and biological properties for toxicity and productivity

« Accumulation of toxic and heavy metal in vanous parts of the plant of those species which
have fodder value

References

Aggarwal, R K and Praveen Kumar 1990 Textile industral efflu ents Implication and possible
use for afforestation in western Rajasthan Annals of Arid Zone 29(4) 295-302

Aggarwal, R K, Praveen Kumar, Harsh, LN and Sharma, BM 1994 Effect of textile
industnal effluents on the growth of tree species and soil properties 1n an and
environment fndian Forester 120 40-47

Arockiasamy, DI 1982 Effect of distillery spent waste on water hyacinth at lethal
concentration Ph D Thesis, University of Madras, Madras

Chaturvedi, AN 1985 Jamun plantation for controlling dairy effluents Jouwrnal of Tropical
Forestry 1 270-274

Chaturved:, AN 1986 Tree and shrubs for control of tannery waste water in India Environ
Conserv 13 164-165

Chhabra, R S 1989 Sewage water utilisation through forestry Central Soil Salimity Research
Institute (CSSIR), ICAR, Karnal

Dasare, BD and Rao, AV 1993 CSMCRI technologies in effluent treatment and poltution
control Souvenir, Environment Management Diviston, Steel Authonty of India Ltd,
Calcutta, India, 21-27

Ghosh, D 1991 Ecosystem approach to low cost sanitation 1n India where the people know
better Proc Intl Kcol kngg for Wastewater Treatment, 63-79

Gupta, SK , Mitra, A and Adhikan, S 1990 Post wrnigation effect of Calcutta sewage effluents
on soi! and vegetation Proc Ind Sci Cong Indore, IV-7-13

Jan, BL, Gupta, IC and Rao, AV 1993 Environmental impact of industnial effluents n
Pali Proc 2nd National Symp Environ Jodhpur pp 62-64

Ketkar, CM 1989 Pollution control of pulp and paper mulls effluents and sludge by recycling
through land disposal for vanous productive uses J /PHE India3 1-6

Mathur, NK 1987 Some suggestions for the treatment of textile effluent and tts recycling In
‘ Environmental Degradation in Western Rajasthan (Eds SM Mohnot and MM
Bhandan), Jodhpur University Press, Jodhpur, pp 29-34

Mitchell, M , Ernst, W R and Rasmukssen, ET 1978 Absorption of textile dyes by activated
carbon produced from agncultural, mumcipal and industnal wastes Bulletin
Environmental Contanunation Toxicology 190 307-311



174

Mohnot, S.M. and Dugar, S. 1987. Textile industry and water pollution problem in western
Rajasthan, In Environmental Degradation in Western Rajasthan (Eds. S.M. Mohnot
and M.M. Bhandari), Jodhpur University Press, Jodhpur, pp. 63-70.

Nama, H.S. 1987. Pollution in western Rajasthan - A biological enquiry. In Environmenta
Degradation in Western Rajasthan (Eds. Mohnot, S.M. and Bhandari, M.M.) Jodhpur
University Press, Jodhpur, pp. 63-70.

Nemeron, N.L. 1963. Theories and practices in industrial waste trearment, Wasley Publishing
Co. Inc., London.

Netzer, A., Bezedits, S., Wilkinson, P.F. and Miyamote, H. 1976. Advanced physical/chemical
treatment of dye wastes. Progressive Water Technology 8: 25-37.

Rai, Sameer, 1993. Pollution and its impact on environment - public reaction. Souvenir
Environment Management Division, Steel Authority of India, Calcutta, pp. 5-10.

Rajasthan Patrika 1985. News Item in the issue of 24th May 1985.

RanaB.C. 1986. Bandi - The river of pollution. /n Environmental Degradation in Rajasthan
(Eds. Mohnot, SM. and Bhandari, M.M.) Jodhpur University Press, Jodhpur, pp. 25-
28. i

Randall, C.W. and King, P.H. 1980. Full scale physical chemical biological treatment of textile
waste water. Progressive Water Technology 12: 231-238.

Rao, G.G.S.N. 1993, Climate and forage production in Rajasthan. /n Natural and Human
Resources of Rajasthan (Ed. T.S. Chouhan), Scientific Publilshers, Jodhpur, pp. 315-
328

Rao, AV, Jain, B.L. and Gupta, 1.C. 1993. Impact of textile industrial effluents on agricultural
land - A case study. Indian Environ. Hith. 35(2): 132-138.

Roy, NK. and Rai, S. 1993. Effect of industrial and population growth on Indian environment .
A study. Souvenir, Environment Management Division, Steel Authority of India
Ltd.,Calcutta. pp. 141-151.

Under Ground Water Board Pali 1992. Report on ground water pollution of Pali. Office of
Senior Hydrologist Pali



iIMPORTANT PASTURE GRASSES AND LEGUMES FOR ARID AND
SEMI-ARID REGIONS

M.S. Yadav and M.P. Rajora

Introduction

The grasses assume importance not only as livestock feed, but also as soil builders and
binders and aid in soil conservation. In their principle role, the tropical grasses stand as the
highest potential yielder of starch and proteins equivalent to any other crop plants and further
being the dominant component of tropical pastutes, as the cheapest sources of animal feed. The
perennial grasses with greater root-rhizome production ability, especially in the top 15 cm of soil
profile, are able to bind the soil particles and thus prevent the hazards of soil erosion, in addition
to the continuous process of production of new roots, decay of old ones which help in
accumulating more organic matter in the soil and thereby affecting improvement in its structure,
texture and fertility.

In the animal diet, protein availability plays an important role. Besides perennial grasses
legumes are rich source of proteins. Growing of high yielding and better quality legumes iny’
rangelands may be the better proposition in increasing the production of the animals of the Thar
desert. Legumes are the keys species of grasslands in agriculture as they upgrade the animal
health, soil fertility status decrease the cost of cultivation, and conserve the environment

Indian desert covers an area of 2.5 million hectare, of which one million is either open
grasslands or grasslands interspersed with trees or thomy bushes. Eighty per cent of the -total
grazing lands in western Rajasthan are poor, having an average forage production rate of grasses
less than 400 kg per ha. Improvement of such denuded grasslands by reseeding of high yielding
and nutritive varieties has received top priority in pasture development programmes of CAZRI,
Jodhpur.

Desert Flora

The flora of Indian desert consists of 68 species of grasses. Of these, the perennial grass
species, viz. Cenchrus ciliaris, Cenchrus setigerus, Lasiurus sindicus, Dichanthium annulatum,
Panicum antidotale, Cymbopogon jwarancusa, Panicum coloratum, Chloris gayana were found
to be highly productive and suitable for pasture development in the desert. Besides these grasses
species, some common legumes of the arid tract are Lablab purpureus Clitoria ternatea,
Stylosanthes species, Acroptelium atropurpureum, Stizolobium deeringianum, Atyloia
scarabgeoides and Rhyncosia minims . i

Selection of Pasture Species as per the Habitat: Rangelands in western Rajasthan
are heterogeneous in -physical nature occurring on various types of area like sandy, rocky
Stretches, gravelly flats, saline and other areas with climax vegetation. Based on the edaphic
factors, the grass species have been identified for different habitat (Paroda ef al. 1980).

Sand Dunes and Sandy Plains : Major portion of the western Rajasthan largely occupymg sand
dunes and sandy plains, is the zone of very low precipitation. Suitable pasture species fot,fhese
areas are Lasiurus sindicus, Panicum turgidum, P..antidotale and Cymbopogon jwarancusa.
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Well Drained Sandy Alluvial Soils : Cenchrus ciliaris and Cenchrus setigerus are high yielding
pasture species for these types of soils.

Sandy Clay Loam to Clay Soils : Dichanthium annulatum predominates on such types of soils
in high rainfall zones (350 mm and above).

Hilly and Piedmont and Shallow Soils: Sehima nervosum in association with Dichanthium
annulatum are commonly found in these types of habitat.

Low Lying Heavy Saline Soils: The notable grass species found in these habitat are Sporobofus
marginatus, S. coromandelianus and Chloris virgata.

Promising Pasture Grass Species and Their Characteristics

Sewan (Lasiurus sindicus): It is one of the most important grazing grasses of the
north-west India under annual rainfall below 250 mm (Fig. 1). It is often used for the
establishment of permanent pastures and five to six kg unhusked seed per ha drilled in rows, 75
cm apart upto depth of 1 to 1.5 cm with the soil cover of 1-2mm. It occurs naturally in dry areas
of Méli, Niger, North Africa, Egypt, Somalia, Ethiopia, lran, South tropics and in sub-tropical
areas.

Description: 1t is a perennial grass, normally attains 1m height, stem much branched and
often’subwoody at the base, glabrous to hairy; leaves upto 30 cm long and upto 6mm wide,
flatter or convolute villose and articulate raceme 10 to 15 cm long,

Varieties: The recommended varieties (Yadav, 1984) are CAZRI-30-5, CAZRI-319 and,
CAZRI-317, producing 60 to 85q dry matter yield per ba.

Nutritive value: Under natural conditions crude protein ranges from 5.9 to 6.7 per cent but
when cultivated and fertilized with NPK, crude protein (CP) content can reach upto 13 per cent
and sometimes as higher as 15 per cent; crude fibre (CF) content varies from 24 to 38 per cent,
Ca content is usually high, i.e. 0.76 to 1.11 per cent and P content ranges from 0.15 to 0.44 per
cent.

Three hectares of /. sindicus pasture is sufficient 10 support one adult animal (cattle)
- throughout the year. Continuous grazing preferred than detered grazing,

Blue Panic (Panicum antidotale): Popularly known as ‘gramna’ in the desert of
Rajasthan, a native of northern India, is well distributed in Australia, Ceylon, India and
Afghanistan. It is often found on sand dunes and is excellent sand binder and drought resistant
perennial grass adapted to a variety of soils, and climatic conditions. It is very productive grass
that can serve as a good source of fodder supply either as hay or silage. On the livestock farms
of the tropical and sub-tropical countries this can be a good fodder source through out the year
because of its wider adaptability, persistency, high productivity and also good seeding capacity.
It can either be grazed or cut and fed to the live stock.

Varieties: The recommended varieties are CAZRI-331 and CAZRI-347 These varieties
provide 20 to 32 q per ha dry matter yield.

Description: Gramna is a tall and deep rooted grass. It grows to a height of 150 cm,
bearing about 25 tillers within four months from the date of sowing, It can reach to a height of
240 cm under the optimum growing conditions. It has woody stem with a creeping root stock,



Fig. 1 Lasiurus sindicus - Anh important pasture grass in low rainfall zone

Fig. 2 Cenchrus ciliaris - A dominant grass species of wider adaptability
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giving off stolen and thickened nodes, the lower half of the stems have large nodes and
inter-nodes, having a bamboo like appearance. The leaves are linear with tips drawn to a fine
point. Panicles are long spreading and drooping, held in a terminal position on the stems and
branches, spikelets ovoid, acute and glabrous; seeds smooth and shiny

Nutritive vafue: Dry matter content of the grass is about 20 per cent when cut at the pre-
flowering, stage. Crude protein content is about 14 per cent of the dry matter DM. Similarly,
ether extract (EE) is 1.8 per cent, crude fibre 29.0 per cent, nitrogen free extract (NFE) 45.1 per
cent, ash 9.5 per cent, Ca 0.43 per cent and P 0.30 per cent of dry matter. It shows that the grass
is highly nutritive when cut at the pre-flowenng stage . The grass is palatable to all kinds of
livestock. However, it is not liked in mature stage as the stems become very hard and woody.

Murat (Panicum turgidum): 1t is sub-shrubby species with hard, woody perennial stem.
Native of North African desert and semi-desert areas in eastern Mediterranean to Sind.
Although hard and woody, young stems serve as ar: excellent nutritive camel fodder. This grass
is also valuable for fixing sand dunes under 100 to 250 mm rainfall. It may attain a height of 1m
in sandy beds if ungrazed.

Dhaman(Cenchrus ciliaris): Commonly known as dhaman in Rajasthan and anjan in
various other parts of India, it is one on the dominant grass species in Dichanthium-
Cenchrus-I:{ynurus complex of grass cover of India (Fig, 2).

Climate and Soil Requirement : Cenchrus ciliaris is generally grown in warm, dry
sub-tropical countries. It has been considered as a highly drought resistant grass species. It1s
adapted to a wide range of soil and climatic conditions and can be cultivated in areas receiving
rainfall from 150 to 1250 mm annually. Anjan grass has been successfully established on dry
sandy to stony soils in arid and sandy to sandy loams in semi-arid parts of India. It can also
grow on deep basaltic soils and on red lateritic soils as well.  Anjan being of rhyzomatus nature
also does well in heavier type of soils, while some other strains do well on sandy soils only.

Description: 1t is a perennial grass with a stout root stock, leaf blade is linear, being 10 to
30 cm long 1.8 ¢cm wide, and flat when fresh. Flowering head is cylindrical, 3 to 16 cm long
and 1 to 2 cm wide with pale, pink, purple and black colour bearing clustered spikelets.

Numerous growth forms are found, ranging from rhizomatus, strong clumped tall growing
types to short growing, ones. The recommended varieties CAZR1 -358, Marwar Anjan, Biloela
and Molopo giving productivity ranging from 40 to 45 q per ha dry matter yield (Yadav, 1984).
Three to four cuts can be obtained from August to April. It has 8 to 12 per cent crude protein.
Dhaman grass produces 125 kg seed per hectare.

Moda Dhaman (Cenchrus setigerus): Cenchrus setigerus is commonly known as
‘moda dhaman’ in the desert areas of western Rajasthan and anjan in other parts of India and
bird wood grass in the USA, is distributed through out Africa, Arabia, and India. It was
introduced as a forage grass in the United States, Australia and South America from India. Itis
one of the major grasses of the arid zone pasture (Fig. 3) and known for its drought resistance. [t
1s palatable to all kinds of livestock and can be propagated from seeds and may be used for
fenovating the denuded pastures or establishment of sown pasture. The grass is either grazed or
Cutand fed to livestock ed/ /ib or turned into hay.
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Description: It is perennial, forming clumps, somewhat bulbous bases. The plants grow t
a height of 50 cm with an average number of 25 tillers per clump. There are various growth
forms ranging from prostrate to erect types. Under good conditions, the clump may reach 2
height of 80 cm, leaf sheath is compressed and the leaf blade is glaborous, tapering to a point 1¢
t0 20 cm long and 3.7 mm wide. Inflorescene is compact spike of spikelets. Burs are cup shaped
with erect inner spines, short connate upto one third to one half of their length, outer spines
fewer in number than inner, short, often directed outward brush and spines varying in colour
from white to purple. Spikelets are one to three per bur, sessile, fruits ovoid, chromosome
number 2n = 36. The short intruse spines distinguish this species from others in the genus
Cenchrus setigerus differs from Cenchrus ciliaris in its comparatively short stature, more
prostrate and tufty nature of growth and less ciliated seeds.

Forage production: High yielding varieties of Anjan produce about 4 to 5 tonnes of green
forage (30 to 35% dry matter) per hectare from 2-3 cutting during August to April 1n and
regions. The yield becomes double in semi-arid (8 to 10 t/ha). The forage production vares
from 23 to 35 t /ha under irrigated conditions in humid regions of India.

Nutritive value: The dry matter content is 25 per cent when cut at the pre-flowering stage in
the arid habitat. As the plants attain maturity, the dry matter content also increases and it may
£0 upto 40 per cent. Crude protein content of the grasses varies from 5 to 11 per cent of dry
matter for different cuttings. Phosphorus content of the grass varies from 0.21 to 0.64 per cent
of the dry matter under different curing treatments.

Karad (Dichanthium annulatum): 1t is commonly known as karad in the arid zone
of Rajasthan and Marval, Palwan and Zinjoo elsewhere. It is a tropical and sub-tropical grass of
the tribe Andropogoneae. In the arid and semi-arid regions of Rajasthan, the grass occurs
mainly in the rainfall regions of 350 mm and above. It is regarded as an excellent fodder plant
and highly valued pasture grass of high quality, vigour and productivity.

Varieties: The recommended varieties are CAZRI-490, CAZRI-491, IGFRI-495-1 amd
Marvel- 8. Dry matter yigld of these varieties ranges from 35-55 ¢/ ha

Description: Karad is a perennial tufted grass with creeping rhizomatus stem. Branches ar¢
erect or ascending from the creeping stem. The internodes are short and nodes are purple and
hairy whereas stems are smooth and glaborous. The plant grows to a height of 75 cm at matunty
stage, producing about 100 tillers per plant.

Nutritive value and carrying capacity of pastures. The crude protein content of the grass
varies from 3.87 to 6.97 per cent (dry matter basis) in different cuttings at flowering stage. and
phosphorus content of varies from 0.43 to 0.50 per cent to dry matter under similar conditions.
Native pasture under-semi-arid conditions has the carrying capacity of two sheep per ha but 2
sown karad pasture has increased carrying capacity from two to five sheep per hectare.

Promising Pasture Perennial Legumes

. ) ut
Field Bean (Lablab purpureus L.): The plant is native to Asia and occurs through:n i
India. The main tract of its cultivation is Maharashtra, Andhra Pradesh, Tamil Nafi‘r‘lm
Kamnataka States. It is a semi-erect prostrate type bushy herb. It is an annual to bien



Fig. 4 Clitoria ternatea - A perennial pasture legume of tropical pasture land
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semi-pasture drought resistant, and fast growing legume. It gives luxuriant growth in
comparatively drier months due to its deep root system soils. It is sown in July-August and
provides green fodder during the lean period when other crops are dried up. For fodder or
grazing, field bean is grown in rows using 10-18 kg seed/ha. The varieties Rongai (Kenya) is
cuitzble for humid and warm areas. CAZRI strain No. 144,1461, 1258 and 40-10 have yielded
20 to 40 g/ha dry matter under arid conditions. In semi-arid areas, var. IGFRI 2214-II and
IGFRI-S-2218-1, possessing erect and decumbent growth habit, yielded 275 and 250 g/ha of
green fodder, respectively under rainfed condition at IGFRI, Jhansi.

Cordofan Pea (Clitoria ternatea L.): 1t is a twining perennial pasture legume distributed
throughout tropics and sub-tropics (Fig 4.). 1t grows in bushes, grasslands, often on seasonally
water logged black clays, wastelands, etc. upto 500m altitude. It grows well in areas of 300 to
750 mun rainfall. It is sown in rows @ 10-15 kg seed/ha. Before sowing, the seed should be
treated with hot water for five minutes for better germination. It gives two to three cuts in a year
and dry matter yield ranges from 20 to 40 g/ha. The herbage contains 21 per cent CP, 33per cent
CF, 34.7per cent NFE, 0.8per cent Ca and 0.28psr cent P. Digestibility as tested on sheep was
74.2per cent for D.M., 5.2per cent for C.P,, 61.6per cent for C.F. Vareties IGFRI-23-1 and
IGFRI-S-12-1, CAZRI-752 and CAZRI-1433 were found promising in arid and semi-arid tracts.

Stylo (Stylosanthes spp.): ‘Stylo’ is a promising drought resistant pasture plant. The
species are suitable to wide spectrum of soils, viz. acidic and sandy to heavy loam soils. Among
the perennial species. S. hamata, S. scabra, S. quiancensis and S. viscosa are promising ones. S.
humilis is an annual and has been considered to be an outstanding pasture plant because of high
protein content, the retention of high quality herbage for a long period of time and the ease of
establishment.

S hamata (L.) Taub - Spreading type herb with lanceolate leaves, seeds are brown in colour
and hooked shape.

S. scabra - A vigorous shrubby, medium tall erect pasture legume. thick stemmed, woody
sparsely branched.

S. humilis - Spreading type annual herb with profuse lateral branches covering the ground.
h‘ tOI.erates soil acidity upto pH 4. It requires high intensity of light. IGFRI-S-4109, a high
Yielding variety of this species, yielded 400 g/ha green fodder in two years at IGFRI, Jhansi.

Seeds of stylo should be covered by a thin layer of soil, i.e. 0.5 to'1 cm uniformly for better
f:smumjltion, Seed rate recommended for S. hamata and S. humilis are 3 kg and 10 kg/ha
s@ge;::":-l)ﬂ Pasture grasses are grown in alternate rows with stylos. Crude protein content of

age ranges from 12 to 18 per cent of the dry matter.

csr::(; zit:gszcroptelium atropurpureflm): It is a perennial pasture plant with trailing or
ooy em, It.was bred from two MeXfcan ecotypes of P. ahopu(pureum (Huttan, 1962). .It
tropica] af::set;atmg Swtollen root'and a. high level of drought re51st§nce. It is more suitable in
length Sirat .ecause in the moist soil, the trailing stgm, root arises at random glong their
25104 kg/hao'ls seldom grown alone but nearly always in gra§s mixtures_. The seed is sown @
Siratrg grownlfl gr atsslands. 'Low and frequent grazing or cutting produce detrimental effect on
Percentage ofhl:r Mmixture with grasses. The seed is scarified before_sowing to reduce the
but ney on salip : §Eeds_ It. can perform well in infertile and some what in water logged ground
€ soils. Variety IGFRI-S-1 of Siratro possessing, prostrate stoloniferous growth



180

habit yielded 250-300 g/ha of green fodder yield in two cuts per year-and had an average of 16%
crude protein.

Velvet Bean (Stizolobium deeringianum Bort): The crop is native to India. Velvet
bean is practically useful for rainfed areas, ravine lands, tidal forests, coconut and arecanut fruit
plantations. It is suitable for sandy soil where most of the legumes fail. Velvet bean varieties
are annual, biennial or perenmal. They are prostrate, winding or trailing, Warm and dry
weather with intermittent showers from 300 to 600 mm during the growing season suits this
crop the most. It remains green upto the month of January even after frosty condition set in. In
the month of June-July, the seeds are sown in rows at the spacing of 1m between rows and 50
cm within rows. Seeds are sown @ 15 to 20 kg/ha. Two rows of grasses may alternate with one
row of legume in mixture. Green fodder yield ranges from 250 to 300g/ha, At a pasture crops
the grazing is allowed after the maturity of pods. Two varieties, i.e. IGFRI-S-2276-5 and
IGFRI-S-2284-1 have so far been evolved by IGFRI, Jhansi. It contribute large quantity of
organic matter and nitrogen to the soil.

Bankulthi (4¢ylosia scarabaeoides L.): 1t is a perennial climber or trailing herb, and It
is found in natural pasture with dominance of Heteropogon contortus. Eight kg seed is required
for one ha pasture land . It is a deep rooted legume, sends its roots vertically upto 2m,
horizontally 1.6m. It yields between 12 to 20 q dry matter per ha. It is relished much by sheep
and goats. It is found on sandy, red and rocky soil in rangelands mixed pasture which at the
ripe stage contained upto 7% CP compared.

Rhynchosia minima: 1t is a slow growing herb which is distributed through out the world
(tfopics and sub-tropics) in grasslands or in scattered bush and can tolerate seasonal water
logging. It is drought resistant and slow growing, can tolerate moderate soil salinity. Young
herbage is eaten better than that at advance stage of growth. Seeds are treated with hot water for
better germination. Seed is shown @ 15 kg/ha. It yield 5 to 10 q dry matter per ha. R. minima
contains 15.1 per cent CP 1.7 per cent EE 29.5 per cent EF, 45.9 per cent NFE, 1.28 per cent Ca
and 0.28 per cent P. In trials with sheep the digestibility of DM was 60 per cent CP 64 per cent,
CF 54 per cent Total digestible nutrient content was 60.9 per cent and Digestible crude protein
9.5 per cent.
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CHARACTERISATION OF COMMON TOP FEED SPECIES
S.K. Sharma

Introduction

In arid-and semi arid regions of the country people depend on rainfed crops for their food
and fodder requirement of the milch animals, and often face shortage of nutritious fodder in
drought years. The burgeoning livestock population, and fast depletion of natural grazing lands
and afforested areas have further worsen the animal feed situation. Since it is not possible to
assure enough fodder production from the present traditional cropping pattern in the and
regions, the farmers should be educated to adopt better productive systems like agro-forestry,
silvipastoral and hortipastoral systems in their arable lands.

Farmers are well aware about the top feed tree and shrub species like Prosopis cineraria
and Ziziphus nummularia, which significantly contribute to their traditional cropping system in
arid regions. The population of such valuable top feed species has gone down due to over
exploitation and use of fanm machinery in past two to three decades. There is urgent need to
check the irreparable loss of these top feed species and also require introduction of more and
more multipurpose tree and shrub species on the farmers fields through boundary plantation and
silvipastoral system,

There are several tree and shrub species which could contnibute substantially for top feed,
fuel wood and timber requirements of the farmers. Some prominent top feed species, which have
been tired in different arid and semi arid regions of the country have been characterised below
for the benefit of field technicians and farmers.

Prosopis cineraria (1.)druce Family - Leguminosae, Mimosoideae

Description: Prosopis cineraria is a small to medium sized [18 m height, 0.8 m diameter at
breast height (DBH)]thorny tree with spreading crown, slender branches armed with scattered
conical or hooked thoms, and light bluish green ashy foliage. Its bole is usually short, seldom
straight, tap root very long,. Typically lopped for fodder, Bark grey, rough, with deep fissures
and cracks.

Leaves alternate, bipinnate; pinnae and leaflets opposite, pinnae 2, leaflets 7-10 pairs, 5-12
x -3 mm subsessile or sessile, oblong, oblique, apex usually mucronate.

Flowers small, creamy white to yellow in slender spikes 5-13 cm long, appearing in
March—May Pods indehiscent, pendulous, linear, 12-25 c¢m long, contracted between the seeds.
Seeds 10-15 compressed, ovate, dull brown, smooth, hard, immersed in sweetish mealy pulp
(seed weight is about 25,000/kg to 28,000/kg).

It coppices well upto a moderate age, older trees coppice poorly or at fiot all. P. cineraria is
a light demander, but seedlings can tolerate shade. Trees are frost hardy and extremely drought
resistant, but not the young plants. It has an enormous tap root which can reach ground water
UPto 20°'m depth; is thus able to withstand the hottest winds and driest seasons, and to survive
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when other species would succumb (Kaul and Ganguli,1962). Grows on variety of soils. Its best
habitat is alluvial deep sandy loam soil. 1t is common on moderately saline soil. It is also found
on black cotton soil and dry stony soil.

Propagation: P. cineraria reproduces naturally from seed, root suckers and coppice. Ample
seed is produced annually. However seedling regeneration is seldom sufficient, it comes up only
under very favourable conditions.

Management: The main use of the tree is for fodder. For this purpose, it is heavily lopped
annually in the winter from the age of about 15 years. Spring and summer lopping is detrimental
to fodder production and growth.

Ziziphus nummularia (burm.f.) Wt. and Am. Family: Rhamnaceae

Description: It is a gregarious prickly, multi-stemmed shrub about 2 m tall, with deep and
extensive lateral root system. It produces copious coppice shoots and root suckers, thus forms
dense thorny thickets, often collecting mounds of leaves and dust. The branches are sidely
divaricate, purplish in colour and with a velvety surface. Leaves are evergreen, small orbicular to
obviate (2.5 cm long) serrate, deep green and shining above, white tomentum beneath. Two
stipular prickles, dark brown, one short, hooked, bent downwards; the other straight (1 cm).
Leaves fall in January-March, and are simultaneously replaced with new ones.

Flowers are minute, creamy yellow, in axillary cymes. They appear in the rainy season (July
to September). Fruits are formed soon after, as drupes; at first green in colour, turning yellow
and then scarlet red and shining when ripe in winter; globose, with a thin layer of edible sweet
sour pulp; 1 cm dia. The central stone contains usually two seeds.

It is found on hills, ravines or plains upto 1700 m elevation, including cultivated fields. It
tolerates pH 6.0 to 7.5 but avoid saline and water logged patches.

Tolerates extremes of climate. Temperature-6° to 50°; rainfall, 100 mm to 1000 mm. Light
demander, but tolerates shade also. Extremely drought, fire and wind hardy but prolonged frost
affects the foliage and fruits; recovery, however, is quick.

Propagation: Natural regeneratidn is by self seeding and coppice. Artificial propagation is
by direct seeding, coppice and root suckers. The seeds are contained in the hard stones of the
fruit. They are smooth, brownish, shiny and soft. Stones are 1800-2000/kg and very hard. No
pretreatment is required but stones are often cracked by hitting with a rock or hamrmer just
before sowing in June at a depth of 1 cm. Seedlings grow relatively stowly, 5-6 months old
seedlings are 30-35 cm tall and ready for planting out.

Management: Shrubs are regularly harvested from arable fields in the desert fringe areas of
Rajasthan and Sindh (Pakistan)., where it then coppices during the cropping season. The thorny
stumps of /. nummularia are used as fence. It makes an excellent firewood. Fruits are edible and
are sold in the market.

Grewia tenax (forsk) fiori; Family -Tiliaceae

Description: Grewia tenax a winter deciduous, multistemmed shrub or small tree, 0.5-1 m
high when browsed or reaching 3 m in protected areas. Branches stiff but slender, thinly
pubescent; bark green and smooth when young, ashy grey and rigid when old. Leaf size
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variable, 2-4.5x1-3¢cm, broadly ovate, orbiculate at the base, acute or abtuse at the apex, coarsely
dentate, the upper surface glabrous, the lower shortly stellately pubescent, palmately 3-5 nerved.
Petioles 5-8 cm long, Leaf opposed or terminal on short contracted branches.

Flowers white, on simple (1-2 cm) pubescent peduncles. Flower buds more or less angular,
7-9 mm long, green and oblong,. Bracts 2 or more, usually 3, 4-5 mm long, pubescent. Stamens
many, filaments pinkish white, anthers white and unequal. Ovary 4 lobed, glabrous, style 9 mm
long, longer than stamens, stigma 4-5 lobed.and green. Fruits 0-4 lobed, drupe, smooth, shining,
yellow orange to red when mature, 12-13 mm broad, usually of two separable halves, each half
didymous, sometimes unequal, each with two stones.

Flowering season is August-October, fruiting in September-December, Leaf fall from
November, earlier in drought years, remains leaf less January-June. The new leaves sprout in
July with the onset of rains.

The natural habitat of this bush is buried pediment, hills and pediplains. It does best on deep
sandy loam, and can grow in very shallow, skeletal, gravelly or clay soils. Its efficient root
system can penetrate into minute rock crevices for survival in quite extreme sites.

Temperature in its native range is -2 to 40° C; annual rainfall 200-1000 mm. It is extremely
drought hardy and tolerates frost well. Plant growth is slow in arid climate, reaching harvestable
size only after 6-8 years.

Propagation: Natural regeneration occurs through dispersal of seeds after being eaten by
birds. Fruit production in natural stands varies from 15 to 100 per plant. Seeds excreted by birds
germinate during the monsoon.

Artificial propagation can be done by planting out nursery-raised seedlings or by branch
cutting, Winter collected fresh seeds are prepared by rubbing the fruits to remove the pulp,
rinsing and drying in the sun. The average weight of 100 seeds is 5 gm. The favourable time for
sowing séed of G. tenax in the nursery is mid February to March. Seed should be soaked in
warm water for 24 hours and sown about 1 cm deep, 3-4 seed per polybag filled with soil +
FYM. Faur to five month old seedlings grow to about 30-40 cm height and are ready to plant in
the field after the rains start in monsoon season.

Vegetative propagation of the bush can be done through stem or branch cuttings about 1-2
cm thick and about 20 ¢m long, Ordinary (untreated) cuttings take -about 15-20 days to sprout,

Management: Green or dry leaves are good source of fodder for sheep and goats. An average
growing bush can yield 150-250 g dry leaf fodder. The optimum time to harvest leaf fodder is
October-November every year. The fruits are edible and are often sold in market. Dry wood is
good fuel-which has high calorific value and little ash.

Ailanthus excelsa Roxb. Family - Simarubiaceae

Description: A handsome, large (upto 25 m high and 1 m DBH),.deciduous tree with
enormous pinnate leaves and spreading crown and dark grey fissured bark. Leaves are opposite
often 1 m long, tomentose, with 8-14 pairs of deeply serrate leaflets of 5-8x2-4 cm. Leaf fall
takes place in February and new leaves appear in March- April.
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The flowers are in panicles shorter than the leaves, yellowish; appear in February-March in
central India and In April-may in North India. Fruits form soon after flowering, ripen in
May-June, is a red Samara with one seed, 5-7x1-2 cm, prominently veined and winged, twisted

at the base.

A. excelsa is an indigenous species and found throughout the drier tropical and subtropical
parts at altitudes upto about 1000 m, but not in heavier rainfall areas of western India.

It grows on almost any soil except heavy clay with poor drainage. It thrives best on porous
sandy loams. It can grow on shallow, dry, and gravelly soils but growth on such sites is poor.

The mean annual rainfall in its native areas is 500-1200 mm, but it can also be grown in
parts of Rajasthan with average rainfall of 400 mm. :

Propagation: The tree is a strong light demander, seedlings easily get. suppressed by woods
as a result of shading, They are also susceptible to frost and to prolonged drought, through the
poles and mature trees and drought resistant. The seedlings are also susceptible to insect attack.

Natural regeneration takes place largely through seeds. The plants are not readily browsed
because of the offensive smell in young leaves, although when nature leaves are lopped for
fodder, it is relished by animals that are used to the taste.

Artificial propagation can be done by direct sowing. Fresh seeds (about 9,000/kg) should be
collected in May-June and sown immediately, either in the field or in the nursery, as they cannot
be stored. Not pre-treatment is required.

Management: The tree has been successfully used for planting around field margins.
Lopping of foliage twice a year leaves the tree leafless during the main cropping season, thus
reducing direct competition. It can also be used for silvipasture. An average mature tree yields
5-7 quintals green leaves twice a year. The light wood is in great demand for match industry.

Moringa oleifera Lam. Family - Moringaceae

Description: A medium sized (10 m high) deciduous, nitrogen fixing tree, with pretty fern
like, feathery foliage. Bark thick, soft white, corky and with deep fissures. Leaves opposite,
usually tripinnate but bipinnate leaves are often also found on the same tree, the bipinnate leaves
being located at apical portions. Leaves turn yellow before falling in winter (December-January)
and new leaves appear in spring (February-March).

Flowers fragrant, white, handsome, in clusters of large panicles. Flowering season
February-March. Fruits are pendulous capsules; initially whip like, green triangular, nine ribbed,
as long as 50 cm in wild trees. Fruiting season April-June, occasionally also September. Fruits

" dehisce in June, setting free the winged, three cornered seeds.

The tree coppices and pollards vigorously. It is a strong light demander requiring overhead
light for optimum growth. It grows on variety of soils, preferring alluvial sandy soils and
‘avoiding stiff clay and water logged soils. On dry hilly slopes where soil depth is poor, it
survives but remains stunted. In its natural zone annual rainfall is 750-2000 mm mostly
_ occurring in monsoon. '
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The tree is fast growing and the wood is not durable. Young seedlings are susceptible to
frost, drought, browsing and fire.
Propagation: Natural regeneration is by seeds, but rarely succeeds due to browsing damage.
Artificial propagation can be done by seeds, coppice and branch cuttings. Seeds are collected
from trees in-Apnl-June and are dried in shade. Seeds weight on an average 9000/kg, For 1000
plants about 200 g. of seeds are needed. Seeds are sown in nursery beds in May-June. They can
be sown in polybags also, 2 seeds/bag;

Stumps are prepared from one year old seedling with 5 cm of shoot and 20 cm of root.
These are planted in holes made with a crow bar. Branch cuttings 2 m long and about [0 c¢m
girth are taken in the monsoon and planted at least 50 cm in the soil. They throw leaves within a

month.

Management: The plant is grown mostly for fodder and fruits. For leaf fodder, the branches
upto thumb-thickness are cut in the post monsoon period before leaf fall. It can be grown on
farm boundaries and near water channels. It does not affect the agricultural crops production due
to its deciduous nature.

Hardwickia binata Roxb. Family - Leguminosae

Description: Hardwickia binata on good sites is a large tree (upto 36 m height and 1.4 m
DBH) with long clear bole and dropping feathery foliage. More commonly, it is rather stunted
owing to poor site quality and rarely exceeds about 15 m height and 75 cm DBH. Bark is dark
grey with irregular vertical cracks. The tree sheds many twigs and branchlets in April-May.
Leaves small (2-6x2-3 cm) almost kidney shaped with 4-5 arcuate nerves, come in pairs with a
minutes bristle between them. Deciduous at the end of the cold season (About February-March),
new leaves tinged with red appear in April. Typical greenish yellow flowers appear from July to
September, flowers are tiny in long, slender, axillary and terminal racemes.

The pod is flat with slightly tapered ends, very light, winged, strap shaped, 5-8 x 1-1.5 cmn,
with the single seed, lodged in one end, ripening, in April-May, dehiscent when shed. The seed is
also flat 2x1 cm., pointed at one end and rounded at the other,with a hard testa. H. binata is an
indigenous tree species and found throughout the drier parts of India.

It grows on wide variety of soils, but does best on deep reddish sandy loams overlying
sandstone. It can establish itself on very shallow soil overlying fissured rocks. Drainage is an
important factor for its successful growth. Porous soils with good drainage are favourable sites
for natural regeneration. The tree thrives best in areas with rainfall of 500-1000 mm, but can
tolerate 250-1500 mm. Within its natural range, temperature is upto 48°C; most of the areas in
its natural range are frost free.

Pl‘Opagation: Natural regeneration occurs freely by root suckers, and by self seeding and
wind dispersal of the plentiful winged seeds.

Artificial propagation is best by direct sowing, Direct soWing is done either in lines or
patches with the onset of rains, after soil working has been done in advance. The sowing should
be shallow as possible, but the seeds should not be left uncovered, Sowing in nursery is done in
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May-June. The seed should be soaked in water for 24-hours before sowing, Lines are spaced 20
cm apart and uniform sowing is done in the lines or for polybags, sow 3-4 seeds/bag,

Germination of direct sown seeds takes place with the onset of monsoon rains. The tap root
develops rapidly, attaining a length of 15.0 cm, within a week and 20-40 ¢ in a month. The
growth of the shoot is comparatively slower, reaching a height of 12 to 15 cm in the first season.

Management: It has a little adverse effect on under crops when it is grown in cultivated
fields. Because of its high fodder value, farmers often protect wild seedlings that come up in
their fields. Its deep tap-rooting habit would tend minimise competition with arable crops.

Colophospermum mopane (kirk Ex Benth)kirk Ex. J.l.e.on; Family -
Leguminosae

Description: Colophospermum mopane is a native of southern Africa. It is a small to medium
sized tree (10-15 m; on arid sites 5-6 m) having rough, dark grey bark. With longitudinal
fissures and wide spreading branches. It is winter deciduous in India remains leafless from
January to May, sometimes to June. Leaves in pairs, appear almost like butter flies or camel
hoof prints, alternate, with petioles 1.5-2.5 cm, leaflets kidney shaped, 3x6 cm, having seven
veins, inner margins slightly convex and outer margins slightly cordate or truncate at the base
and strongly convex at apex. Flower buds globose, in India appear in August, flowers are
slender racemes, pale greenish-yellow, on short pedicels (4-8 cm). Pods flat, kidney shaped,
asymmetric, 2.5x1.3 c¢m; pale yellow and very light when ripe, hence wind dispersed. Seeds
1-2x2-3 ¢m 2-4000/kg, ripening by October-November in India. In arid conditions it generally
starts flowering at the age of five years, while in semi arid tracts flowering starts little earlier.

Its best growth occurs in fertile, slightly acidic, friable and permeable, sandy to sandy loam
soils, but is also grows in shallow, compacted clay, alkaline and even in badly drained soils. The
spices can withstand temperatures from below freezing (-3°C) to as high as 50°C and does well
with annual rainfall of 300-800 mm, surviving with as little as 150 mm but with poor growth.

Propagation: Natural regeneration occurs readily and profusely by wind disbursed seeds.
Fallen seeds immediately start to germinate with onset of monsoon rains. Root suckers also
come up around the base of established trees.

Antificial propagation by direct seeding in polythene bags, seeds do not require any
pretreatment, but soaking in water for 24 hours speeds germination. Planting out, nursery raised
seedlings (5 to 6 month old) should be done in monsoon rains.

Management: The tree encourage growth of understorey herbage and crops. It can be
adopted in Agroforestry system. Leaves of C mopane are highly palatable. Crude protein content
in green and fallen leaves is around 14%. The green leaves production from 7 years old trees at
CAZRI, Jodhpur had been recorded 7 kg/tree. The tree is very hard, heavy and durable. Wood
poles are used in hut canstruction. It is an excellent fuel.
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MULTIPURPOSE TREE SPECIES FOR SILVIPASTORAL SYSTEM

K.R. Solanki and Manjit Singh

Introduction

Multipurpose trees and shrubs provide more than one significant product and/or services in
the land use system which they occupy. The most common uses of trees/shrubs are wood (fuel
and timber) and foliage as fodder/green manuring, fruits as food, medicine etc. Some of the
multipurpose trees could be nitrogen fixing with symbiotic association with N-fixing organisms
like nodule forming bacteria (genus Rhizobium) or actinomycetes (genus [rankia). There are
more than 640 tree species which are known to fix nitrogen although it represents only a
fraction of the total nitrogen fixing trees available in the world (Holiday and Nakav 1982). Most
of 'the common nitrogen fixing tree belongs to Leguniinosae but there are more than ten families
e.g Betulaceae, Casuarinaceae, Chrysobolanaceae, Corariaceae, Myricaceae, Eleagnaceae,
Rhamnaceae, Rosaceae, Zamiaceae which are known to fix nitrogen (Brewbaker ¢t a/., 1984).

Multipurpose tree species (MPTS) could be multipurpose only when managed for multiple
outputs or uses. We all know that Leucaena leucocephala is a multipurpose tree which could
be managed for fuelwood, fodder, fertilizer, shade, erosion control etc. but it could be managed
for single purpose e.g. fodder. Leaf may be lopped number of times in a year with no other
consideration. It could be used as fuelwood or pulp wood if not used for fodder or fertilizer.
Similarly Zucalyptus is known more as a single purpose than multipurpose even though it can be
used for multipurpose like wood, fuel, pulp wood or timber and at the same time and leaf could
be utilised for oil.

Multipurpose trees as a component of silvipastoral systems irrespective of whether they fix
nitrogen or not has the following benefits :

« provide foliage for fodder and other purposes.

« hold the soil in places like sloping lands.

« provide shade for both human being and their livestock.

« modify microclimate.

. improve soil through leaf and other litter form in addition to decomposition of old roots
beside its capacity to fix atmospheric nitrogen.

+ acts as a nutrient and moisture pumping machine (drawing nutrients and moisture from
deeper soil layer).

Following are some of the desirable traits farmers may expect in silvipastoral systems : -

« Easy to establish and adopted to edapho-climatic conditions. .

+ Surtable as a fodder with ability to tolerate lopping, pruning and coppicing and resistant to
pest and diseases.

+ Multiple uses as fuelwood, leaf fodder and for improving soil etc.

» Rapid decomposibility of litters e.g. Leucaena, Grevillea, etc.

« Nitrogen fixing ability -Most of the leguminous and other non-leguminous NFTS.

+ No allelopatlllic effect.

« Deciduous nature, leaf falling during crop season like Aelia azedirach, Poplar etc.

« Should not act as an alternative host for common pathogen in crop field.
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Common MPT:s for Silvipastoral System

Some of the common multipurpose trees being used in India for various agroforestry
systems are i) Leucaena leucocephala, ii) Sesbania sp., iii) Albizia sp. iv) Gliricidia seplium v)
Hardwickia binata, vi) Acacia cupressiformis, vii) A. nilotica, viii) Casuarina equisetifolia, ix)
Ailanthus sp., x) Melia azedirach. xi) Prosopis sp., xii) Azadirachta indica, xii) Grevillea
robusta, xiv) Calliandra calothyrsus, xv) Ervthrina poppiglana, xvi) Dalbergia sp., xvii) Cassia
siamea, xviii) Alnus sp., Xix) Ziziphus mauritiana, xx) I‘aidherbia albida (Syn- Acacia albida).
xxi) Kimblica officinalis. xxii) Madhuca latifolia, xxiii) Syzigium cumini, and xxiv) Lucalvptus
tereticornis in addition to various fruit trees under agri-horti-silvicultural system. At National
Research Centre for Agroforestry, Jhansi, multipurpose trees namely L. leucocephala, Albizia
lebbek, A. cupressiformis, A. nilotica, C. equisetifolia, S. cumini and k. tereticorpis are being
systematically studied alongwith crops under different tree density under rainfed (summer) and
partial irrigation (winter season) and under rangeland condition. Solanki (1992) summarised list
of multipurpose trees (Table 1).

Properties of MPTs for Soil Improvement

Recently Young (1989) enumerated the following characteristics of multipurpose trees
which favours soil improvements:

« High biomass production

« Nitrogen fixation

« Well developed rooting system

« High nutrient content in the biomass including roots

« Fast or moderate rate of litter decay

« Absence of toxic substance in foliage or root exudates

A major advantage in using nitrogen fixing MPTS is its ability to fix nitrogen into a form
which can be utilized by plants and animals. This ability to fix nitrogen and extract efficiently
phosphorus and potash from otherwise inaccessible soil horizon allows NFTS to improve
. degraded soil and make them more suitable for better uses for agroforestry systems in marginal
and sub-marginal lands where arable farming is practised.

Shifting cultivation practices in hilly region are being improved by speeding up nutrient
accumulation process through the use of fast growing nitrogen fixing MPTS. Trees like
Leucaena, Sesbania, Gliricidia, Albizia, Bauhinia have shown promise. The advantage of soil
build up is also in alley cropping or hedge row intercropping system. Here hedge rows of MPTS
are periodically pruned to prevent shading and utilised for mulching/green manuring both for
high as well as low rainfall zones in sloppy and plain areas (Chinnamani, 1989).

Other Uses of MPTs in Silvipastoral System

. In addition to the soil improvement MPTS, in silvipastoral system provides fuelwood,
timber, fodder, food, fertilizer, gum, lac, and other minor products. They also act as wind break,
shelterbelt, living fence, ornamental plants and provide shade and shelter for human and
livestock. .

. . MPTs in silvipastoral system for sustainable agriculture: Out of the total cultivated area of
147 m ha in our country more than 65% cultivated land is under rainfed agriculture out of which
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Table 1.Multipurpose trees suitable in arid western plains

Farming Remarks

Species Fuel Fodder Timber EdibleSoil
slab _system
Acacia nilotica(1) + + + +  CS(M),MF  Quick grown as wind
ssp cupressiformis break
. ccacia senegal + + + +  ASPSMF Rocky and dune areas
(L) Wild
Prosopis cineraria +  + + +  ASPS Soil improvement
(L) Druce coppices drought tolerant
Albizia lebbek + + + CS(M),ASPS Mind break in plains
FTS avenue
Pongamia pinnata  + MFTS,CS(M)RDilseeds green manure
(L.) TS ornamental
zadirachta indica +  + + MFTS,CS(M) Fast growing for
afforestation of drier areas
seed oil medicinal
industnal use
4. tortilis Forsk + + + - MF Dune stabilization
heyna
dilanthus excelsa  +  + + MF Quick growing, canal
bunds
Carissa carandas + + CS(M), CS(B) Easy to establish,
excellent hedge
Cassiasiamea + + CS(M),MFTS Quick growing avenue as
Lamk wind break
Commiphora + + MF Resin, medicinal, hedge
wightii (Amott) refractory sites
Bhandari
Chordia dichotona +  + + +  CS(M), Easy to establish gum
Forest NFTS ASPS from bark backyards
WMoringa oleifera  + + + CS(M),MFTS Quick growing, fruit as
Lam ASPS vegetable picked paper
u)
Prosopis chinensis +  + + MF 5ui%k growing, wind
Stuntz. break for wastelands
P. juliflora DC - + + MF -do-
Salvadora olevides +  + + +  MF.CS(M) ,F -do- for arid areas oil for ,
Decne industrial uses
S. persica Linn, + + + MF,CS(M). -do-
MF ' .
Tamarix troupii + MF Quick growing, for sandy
Hole ¢ -arid tracks
T aphylla Karst - + MS,CS(M) -do_
Lizyphus + 4+ + Quick growing drought
nummularia resistant
Z., mauritiana + +  + + CS(M) -do- best fruit in arid zone
CS(B)SPS

substantial area is marginal and sub-marginal which is not fit for arable farming, Multipurpose
trees and shrubs including fruit trees in the farming system help farmers to overcome these

difficulties and make the agriculture sustainable.

In ard Rajasthan, MPTS like

Prosopis

Cineraria, Acacia nilotica, Ziziphus sp. are being allowed to grow alongwith crops as important
components of sustainable agroforestry system. In semi-arid areas Dalbergia sissoo, Acacia
cupressiformis, Casuarina equisetifolia, Acacia auriculiformis, Leucaena leucocephala.
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Sesbania sesban. Eucalyptus tereficornis etc. are grown alongwith crops either in the crop
boundary or intimately mixed with crops in order to avoid possible crop failure in drought prone
areas.

MPTs in silvipastoral systems provide quick production of wood including fuelwood in
addition to leaf fodder under various agroforestry systéms. Because of the acute shortage of
fuelwood and high price farmers are often forced to use cow dung for fuel purpose and as such
the so called agncultural field which are marginal and sub-marginal and poor 1n organic matter
nutrient and water holding capacity is devoid of its precious organic matter input leading to poor
production. Qut of the total 500 mt of cow dung bumt annually even if 60% of the cow dung 1s
diverted to the agricultural field it will increase the crop production by atleast 15 mt besides
increasing other benefits. As such MPTS in silvipastoral system especially in marginal and
sub-marginal land will help the farmers make to agriculture sustainable. It is a happy augury
that because of the paucity as well as the high price of wood including fuelwood farnners are
taking interest in planting fast growing multipurpose trees. including nitrogen fixing trees under
various silvipastoral systems, but, there is still need to improve upon these new integrated
systems and demonstrate their supertority over the traditional agricultural system.

Prosopis Cineraria as MPTs in Arid Region

Prosopis cineraria, commonly known as khejri in Rajasthan, is the most important
multipurpose tree of the Indian arid zone. The importance of this tree was long ago recognized
by the natives of this region. 1t has a significantly important role in the rural economy of westermn
Rajasthan since it provides fodder, timber, fuel and edible pods useful as fresh as well as
preserved vegetables. Moreover it has medicinal as well as ntualistic values and literally all
parts of the tree have some utility or the other congenial to the various life forms enveloping
humans, hvestock, microbes and surrounding vegetation. The tree being a phreatophyte 1s able
to draw moisture from the deepest layers of soil profile in extreme conditions of drought when
most other vegetations perish. During famine, it proves to be the only source and hope for
sustenance of livestock as well as humans. Therefore, k/ejri has continued to be a celebrated
tree since epics, with great religious sanctities and social traditions to provide it total protection
from cutting in a desert dwelling community of ‘Bishnois’.

Thar is the most thickly populated desert of the world and there is great pressure of
livestock and human populations on the available natural resources, especially vegetation. The
common property resources like pastures are fast dwindling and unable to meet the requirements
of livestock. The nomads and migrating livestock further worsen the situation particularly
during famines. To improve the pastures as well as to mitigate droughts and famines by arresting,
the processes of desertification, there is urgent need of afforestation. Under the prevailing
circumstances of socio-economic constraints, there is need to encourage well adapted and
multi-purpose trees in social forestry progranunes. Research work at CAZRI for the last four
decades has established that indigenous species of trees fare far better than the exotics and
among indigenous species, no other tree species excels Ahejri. All done and said, this marvellous
tree suffers from relatively slow growth. The required expanse of its stands in the afforestation
programimes is felt by all but this lacuna is brought on the fore while deliberating for the choice
of species. The increasing demands for fodder and fuel leave much to be desired in this “boon of
the desert’. Propagation through seeds has been the only method in its plantatlbn efforts but
little attention has been paid to collect seeds from superior stocks. There is no published report
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on the genetic studies of Prosopis cineraria in Indian arid zones earlier than 1981. The vast
potential of genetic variability, its conservation and exploitation still remains to be tapped to
give a boost to its growth and to get the increased supply of fuel and fodder commensurate with
the increasing demand of the rising population. Besides this, methods of its rapid propagation
through vegetative means, protéction of establishing sapling from various herbivores and
increasing the fruit setting through protection from gall formers and other phytophagous
arthropods are other aspects which require concerted team efforts of scientists of different
disciplines. Concerted efforts have been made towards collection of germplasm, macro and
micropropagation methods, establishment of progeny trials and seed orchards. The results have
clearly demonstrated that vast genetic potential is available.

Nursery Techniques

Seedlings of top feed species are generally raised in nursery. To have optimum
germinations following points needs to be considered :
« Well balanced potting mixture of sand, FYM and clay in equal proportion is required.
« Watering should be done at the rate of 9 litres at a time per set of 50 containers.
» Overhead shelter during the season should be provided and nurseries should have windbretks
around it.
. Sowi'ng of seeds in nursery beds/polythene bag should be done either in August September
or in February-March.
Soil working and Planting : Soil working should be done as per standard techniques for
different habitats. Spacing of 5x5 is suitable for arid zone conditions. Planting should be done
from middle of July to first fortnight of August. Seedling should be planted in the pits
provided with saucer like depression in in sloppy lands. Two weedings and soil working in a
year round the plants for the first three years would be beneficial. For optimum populations
replacement of casualties with in the same year would be beneficial. Plantation should be
protected from biotic interferences. In the year of extreme low rainfall year watering the
seedlings at 9 litres/plant will be helpful.

Lopping )
General principles : Literature on lopping on fodder trees/shrubs is very scanty. The main
reason for this is probably the emphasis on raising fodder trees has been given only recently,
whereas it takes years in most of the trees to initiate and complete lopping studies. Although
some of the tree species like Prosopis cineraria, Ziziphus nummularia, Acacia nilotica,
Azadirachta indica, Albizia spp., Hardwickia binata, Ficus sp., A;zogeissus spp. and Grewia
spp. are extensively lopped by the villagers in various parts of the country but scientific
informations are lacking in most of the species. Although lopping management will vary from
species to species depending on their regrowth capacity after lopping, their active growing
period, period of leaf fall etc., but in general, the following guidelines may be kept in mind at the
time of lopping;

 Fresh leaves should not be lopped as they are toxic.

« Saplings and poles are not to be lopped.

« [t is safe to give one or two seasons rest after lopping so as to recover from the injury due to

lopping,
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« Lopping may be restricted to lower two-third of the crown protecting the upper onethird
which can manufacture the food for the plants till new leaves come up.

« At the time of lopping branches having a diameter of over 7.5 cm may be avoided.

« Lopping should not be carried out as far as possible on the eroded area or area prone to
erosion hazard.

Lopping management for Prosopis cineraria

Lopping should be started only after the tree attains a minimum canopy growth which takes
about 8-10 years in P. cineraria (Sharma and Gupta, 1981). The lopping schedule of will
growth trees should start from middle of November each year and continue upto first week of
January. Peak period of lopping ranges from the last week of November to first week of
December.

In the year of heavy rainfall when water logging of fields occurs for few hours. there ts
severe leaf fall during August -September months. Thus,n the abnormal rainfall years, the
harvest of leaf fodder 1s comparatively lower than the normal years. The gradual leaf fall during
the winter months is due to ageing of leaf. Therefore, lopping should be completed before leaf
fal. .

Lopping is done in such a way that branches of 2-3 cm thickness are cut and the lopping of
thicker branches is avoided. Thus lopping pattern allows the tree to attain a well developed.,
round and balanced canopy. The tallest branch of one or two year old is left with some foliage
which bears pods and seeds, as the lopped twigs seldoni produce seeds. Leaf fodder yield m
P cineraria ranges from 25-45 kg leaf fodder/tree/annum.  On a 10 year stand of .1/hiziu
lebhek, leaf fodder yield ranges from 4.5 - 6 0 kg per tree. In /. nunimularia "pala’ yield varies
from 15.0-169 kg/ha and bush yield vanes from 23.0 kg to 323 10 kg,
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PASTURE ESTABLISHMENT TECHNIQUES
M. S. Yadav

Introduction

Natural succession of grass species especially that of high yielding ones in arid zone is a .
slow process. However, reseeding of these natural grasslands results in increased yield of forage
and better soil protection. In recent past there has been encroachment on marginal and sub-
marginal lands for cereal crop production as a result of growing population pressure and
associated demands. Crop production in such lands has always remained much below the
expectation. Land falling under class V to class VII capability classes are unfit for crop
cultivation and those under class I'V are subject to wind and water erosion hazards. Such lands
have been considered suitable for pasture development. Pasture established with -optimum
population during the year of establishment is likely to remain productive for five to ten years.
If it is poorly established than we can not expect good return,

Pasture Development

For development of pasture following steps are needed ;

Protection of Site

For proper protection from stray animals and also for preventing other damage in the areas
of grasstand development, trench digging around the area should be done. Trenches of
trapezoidal shape of 1.5 m wide at the top, Im wide at the bottom and 1 m deep are
recommended. :

Land Preparation

Before the establishment of pasture proper cleaning of field and soil working are essential.
The soil working should be as thorough as is done in case of normal agricultural crops. The langl
should be properly ploughed with disc-culti-harrow and all unwanted vegetation should be
removed.

Sowing Method
The following two methods are adopted for seed sowing :

(a) Sowing of seed behind cultivator: Seeds of pasture species are mixed with moist sandy soil,
3-4 times the volume of the seed and drilled uniformly behind the cultivator (Fig 1) in lines 50
¢mto 75 cm apart depending on the type of grass species immediately after the first effective
showers in 8 to 10 cm furrows at a depth of 1 to 2 cm under the soil (Yadav, 1991).

(b) Pelleted seed sowing : In order to have better establishment of pastures on large scale, the
seed pelleting is appropriate. Pellets are prepared by mixing seeds of grass, clay, FYM and sand
in the following proportion :
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Seed: Clay: FYM: Sand
100-125g : 3500g : 500g : 500g
1-1.25% 30; 5: 5

Pellets are prepared by pellet making machine (Fig, 2). It is a simple rotatory tyre device
designed at CAZRI, Jodhpur. Pellets of about 0.5 cm diameter are prepared. Each pellet
.contains 210 3 spikelets. Pellets are dned and stored. The pellets should be sown in lines 50 to
75 cm apért depending upon the grass species. Sowing operations should be carried out
.immediately after first effective rainfall of monsoon. Sowing can also be done a couple of days
before, expected rains (Yadav, 1986, 1991).

Seed Rate

For optimum establishment of pastures by direct sowing of seeds Panicum antidotale and
Dichanthium annulatum may be sown @ 2.5 kg/ha and Cenchrus ciliaris and C. setigerus @ 5
kg/ha each, whereas comparatively higher seed rate, i.e. 7.5 kg/ha is recommended for Lasiurus

sindicus. In case of pelleting half of the seed quantity is required (Yadav, 1991).

Fertilizer Management

The arid zone soils being sandy in nature, are poor in nutrient content. L. sindicus showed

¥

i

Package of practices of some important grass species

better response with N, P and K than application of N, P or K alone. The crude protein content

(Panicum to saridy loam &
antidotale)  saline soil

Name of Rainfall (mm) Sowing time and  Spacing Manuring Green fodder
species and soil seed rate ( kg/h) (cm) (kg/h)& yield (¢/h).
harvest No.
Buffel grass 250-900, Sandy  June-July (north)  S50x50 N-40 P- 20 150-350
(Cenchrus  to sandy loam March - Sept. 2-3 cuts
ciliaris) (south) 4-5
Bird wood 200-700, Sandy -do-, 5-6 -do- -do- 110-250
£rass to sandly loam .
(.
setigerus)
Marvel grass 350-1500,Clay -do-, 2-2.5 -do- -do- 200-300
{Dichanthium soil
annulatum) '
Sen grass 600-1200, Red -do-, 5-6 -do- -do- 225-300
).(Sehimg gravelly sandy
1 nervosum)  loam to loamy
i soil -
Sewan grass  50-500,Sandy -do-, 6-7 50x 75 N-20,P-20 150-250
{Lasiurus duny 2 cuts
sindicus)
| Blue panic ) 200-1000, Sandy -do-, 2-2.5 50x50 N-40,P- 20 200-300

2-3 cuts




Fig 1 Line sowing of Cenchrus ciliaris

Fig. 2 A simple grass seed pelleting device



195

with fertilizer treatment was 12.8% (Dabadhgao et a/.,1965). In grasses, 30 kg N and 30 kg P
should be applied for better establishment and high forage yield

The N fertilizers must be given in split doses for its better cultivation, whereas P and K
should be supplied as basal dose. In case of legumes 15 kg N, 40 kg P and 20 kg K should be
given as basal dose 1n furrows or by broadcasting at the time of sowing,

Weeding

Removal of weeds from the fields at seedling stage between the rows of sown grasses in the
first year of sowing ensures better establishment of pasture and its production. In first year of
pasture establishment two weedings are generally required, first after 10-15 days of germination
and second after 25-30 days of growth.

Moisture Conservation

Contour furrows 60 cm wide and 25 cm deep are constructed in grasslands at a distance of
10-15 m across the slope of land. Reseeding of Cenchrus species was done in furrows. The
results revealed that contour furrowing increased forage production by 130% over
non-furrowed (Singh, 1992).

Inter-row water harvesting (IR WH) system in which 30 cm wide ditch alternated with 70
cm wide raised bed was tried on different grasslands. Two rows of pasture legume and grass
were sown on the edge of the ditch. IRWH system increased fodder yield of legumes and grasses
by 124 and 66%, respectively over conventional system of planting (Singh, 1992).

References

Dabadghao. P. P, A. K. Chakravarty, R. B. Das, D. R. Deb Roy and S. P. Marwah. 1965.
Response of some promising desert grasses to fertilizers treatment . Annals of Arid
Zone 4.pp 120-135 a

Singhh K.C. 1992. Grassland and pasture development in the arid regions of Rajasthan In
Rehabilitation of degraded arid ecosystems (Eds. A S. Kolarkar, D.C. Joshi, and K.D.
Sharma), Scientific Publishers, Jodhpur, pp 121-126.

Yadav, M. S. 1986. Reseeding rangelands with improved pasture grasses. In Forage production
in India (Ed. Panjab Singh), Range Management Society of India, IGFRI, Jhansi,
149-152.

Yadav, M. S. 1991. Potential grasses for arid zone. In: Dryland Resources and Technology (Eds.
Alam Singh and L. L. Somani), Scientific Publishers, Jodhpur, pp 115-122.



NURSERY TECHNIQUES FOR RAISING TREE SEEDLINGS
J.C. Tewari and L.N. Harsh

Introduction

In recent years, concern for trees and forests has increased tremendously and this is
primarily because of disappearance of large quantitiés of forest from many countries. Some
countries lost most of their forests several generations ago and have either adjusted to living
with less trees or now import tree products from countries that still have them. People whose
way of life depends on daily easy access to tree products are most directly affected by loss of
trees and consequently are especially interested in how to replace them.

There are many ways to propagate a tree. Often all that is needed is ‘protection’. In fact,
this is required anyway, for growing trees by any method. Leave the site free from grazing,
cutting and other kind of stresses for a year or two and see how trees grow from old stumps and
roots. In case of many other tree species, direct sowing of seeds is the cheapest and best way.
But this still requires ‘protection’.

But when a large area has to be brought under systematic plantations, it becomes essential
to use seedlings grown in nursery. Just raising seedling, under nursery environs is not much
difficult, the trick is to make them survive and grows. Fortunately, last two decades have
witnessed dramatic increase in use of containerized tree scedlings in plantation forestry
programmes and consequently sufficient emphasis is being given for nursery research and
development practices. This paper describes the basic approaches needed for raising tree
seedlings in nursery.

Nursery Site Selection

Because no potential nursery site is perfect, site selection inevitably requires compi’bnﬁse.
However, careful attention to the selection of a site for nursery will amply repay all the efforts
expended. Criteria for selecting a nursery site involves the knowledge of soils, water, climate,
topography, and land availabjlity and cost. Perhaps the most important factor in establishing a
nursery is correct choice of soils. Sandy. loam or loamy sands with good drainage are excellent
for nurseries (Morby 1983). Other site features of soils including fertility, moisture and
microclimate can be manipulated by nursery manager (Chavasse 1980).

Securing an adequate supply of irrigation water can be major problem. Water rights must
be obtained from any water source. Water drawn from wells is probably one of the best
irrigation source for most locations. As far as climate is concerned, the growing season
requirement will vary with stock type. Extremely low as well as extremely high temperatures
can be detrimental to seedlings. When temperature goes up above 40 - 42°c, especially in arid
and semiarid regions, properly designed irrigation system with adequate roofing to provide
shade can protect the seedlings from burning, There is no problem associated with- monsoon
rains, however if they occur as cloudbursts with resultant flooding, erosion etc., then only they
cause problems. High wind velocity, particularly where humidity is low (as in case of arid
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regions) are quite l;annful for growing, seedlings and therefore, nursery site should be protected
from the influence of high wind velocities by growing two rows of shelter belts around the site
or by building a dry stone wall (without cement mortar).

Moreover, a nursery has to be protected from domestic livestock and from wild life. In
many areas this ¢an be done cheaply and effectively by digging perimeter trenches and growing
thorny hedges along, the 'spoil mud. But in desertic environments these measures are impossible
as trenches get filled with blowing sand, and mounds easily slumps and slide down. Therefore,
barbed wire fencing is recommended in such areas.

N

Nursery Layout

A nursery is usually arranged in a series of beds with pathways between them. An open
area is needed at one end, where work such as sieving of soil and filling of containers can be
done. Usually a small hut or shelter is required for staff and the watchman and where equipment
can be securely stored.

» -Generally nursery beds are of two types viz., seedbeds and transplanting beds. Seeds beds
are level, cultivated areas about 1x10 m in size for direct sowing of large seeded tree species at
spacing which is suitable for growth to planting out size, usually 5-10 m. Transplanting beds are
similar areas used, for transplanting seedlings in a wider spacing for growing larger stock to be
used in more difficult sites. However, neither seed beds nor transplant beds are used much in
dry areas because of the problems with bare root planting out. A certain amount of damage can
not be avoided when lifting seed1i~ngs for planting out. It is difficult to retain a ball of soil
around the roots and field conditions are usually difficult for planting bare rooted seedlings.

In case of raising containenzed nursery, generally similar size re. 1x10 m level beds are
constructed to keep polybags or any other type of container systematically. However, in
advance cdntainerized nursery techniques, bed preparation is not observed as a rule.

. v .

Contamers for Forest Nurseries

Although ormamental plants have been grown in containers since the early days of human
civilization (Matkin et al. 1957), the production of forest tree seedlings in containers is relatively
recent. Most easjly available and most widely used containers are “polybags’. They are closed
at the base and have ‘drainage holes punched in the sides and around the base. Bags should be
’ transparent where the 51ze of the container is small (10x15 cm lay flat) and region is hot. For
large snze black polyethylene is recommended but measures must be taken to prevent
overheatmg, v of black polybags due to absorption of sun light. Size of poly bags used depends on
tree species, quality of plantmg site and on the size of seedlings needed. In dry areas, it is
always best to have large polybags that can be well watered before taking to planting site, thus
providing sufﬁcnem water to seedlings in order to survive for longer periods (Hocking 1993). A
lay flat sxze 10x15 em 1s mirimum; for large seedlings (upto 1.5 m height) 12.5 X 20.0 cm to
20x30 cm lay ﬂal size is recommended.



199

In addition to polybags, a number of other types of containers are now available for raising
forest tree seedlings in nurseries. These containers can be grouped in two types

» Containers planted with seedlings
. Containers removed before outplanting,

The details related to both these groups of containers are set in Table 1. Within the first
group i.e., containers planted with seedlings, two different types were developed. First type are.
made up of biodegradable material, such as molded peat moss or wood fibre that decompose
after out planting. These containers are probably useful only for growing seedlings for short
periods before their root system become too expensive. The second type of biodegradable
containers consist of a shell of hard plastic, plastic mash or specially treated paper that is filled
with growing media and sown with seed to produce a tree seedling under normal nursery
culture. The tree seedling is then outplanted in the container, which theoretically would then
expand, decompose or somehow allow roots to grow out into surrounding soil.

Table 1. Some major types of currently available containers
Remarks

Contaniner type Construction material

Containers planted with seedlings

Used containers

terphthalate

Paper pot Specially treated paper Good for raising seedlings
of small trees
Jiffy pot Molded peat moss -do-
Fibre pot Molded wood pulp -do-
Containers removed before outplaning of seedlings
Poly bag Polyethylene film Highly useful utilized
maximum
Ray leach single Low density Good for raising seedlgngs
cell system polyethylene cell having less expanded root
system
Spencef-Lemaire PET (Polyethylene Good for raising sedling of
Rootrainer terephthalatge) all type of tree species
Styroblock Expanded polystrene Space saving; good for .
(thermcool) raising large number of
seedling ‘
Hiko system container set High density polyethylene ° -
Seeding tray Expanded polystyrene - )
Rootrainer one cell PET (Polyethylene Very good for the seedling
of those tree species in’

which roots are often.coiled

The second group of containers viz., containers removed before outplanting are* most
Popular (accounting 91%) type in forest nurseries (Landis ef a/. 1990). The term ‘plug seedling*
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results from the fact that their roots bind the growing medium together into a relatively firm
mass or plug. The containers producing plug seedlings should have two common characteristics
(Tinus and McDonald 1979): (a) The walls of containers should be relatively- smooth so that
roots do not penetrate and make the plug difficult to remove and (b) the cavity of container
should be tapered from top to bottom so that seedlings can easily be extracted from the top.

Seed Qualify Tests

Before initiation of any activity in nursery, it is highly essential to test the seed lot of the
species whose nursery is to be raised. The evaluation determines seeds per kg, purity percentage
-and soundness.

Needs per kg Seeds per kg are calculated by weighing five replications of 100 seeds to
nearest 0.001 g. The mean weight is then placed into this equation.

Seeds per kg = Mean weight in grams of 100 seeds x 1000

Purity percentage: Purity is determined by removing debris from a 40 g sample of seeds
But this weight (sample weight) vary from species to species. '

Purity % =  [Clean seed lot wt./ (Clean seed wt + debris wt.)] x 100

Soundness percentage. The percentage-of hollow seeds is determined by X-raying a 100 to
200 seed sample. This could also be achieved by cutting the same nuinber of seeds If wwore
than 3 per cent seeds are hollow, the seed lot should be reprocessed by gravitational means to
eliminate the empty ones.

Pre-treatments and Germinations Tests

After evaluating the seed quality the next most important step is to test the seed germination
in laboratory conditions but if available, the germination testing in green house is most viable
proposition.

Tree seeds unlike agricultural seeds, are in many cases characterized by deep dormancy. In
fact this is true for most arid zone tree species (Shankarnarayan e a/. 1987). Seeds of different
tree species or different geographical origins often require different pre-treatments and
conditions for optimum growth (Villiers 1961, Villiers and Wareing 1960). Pre-treatment of
seeds by boiling water, growth hormones like IAA and IBA, certain chemicals and mechanical
seed scarification were studied by different workers time to time (Kumar ef al. 1991; Bohra ¢!
al. 1993). Some important characteristics of common arid zone tree species in respect of
pre-treatment and germination percentage are given in Table 2.

Pre-treatments and germination tests give accurate idea regarding the amount of seed
needed for sowing to achieve the targets. It also minimise the chances of germination failure or
poor germination.
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Table 2. Certain characteristics of important arid zone tree species seeds

Species Time of seed No. of Pretreatments, Germi-
collection seeds/ if any nation
100g (%)
Acacia tortilis Nov.-Feb 195 50% conc, sulph.acid;30 90-95
minute in summer and 40
minutes in winter
A. senegal . Aug -Sept. 86  Soaking in water for 24 hrs  70-75
A. aneura March-April 659 50% conc. suplh acid; 15 60
minutes
A. jacquemontii March-Aprit 126 -do- 40 minutes 80
A. albida - 143 -do- 30 minutes 90
A. catedchu Dec.-Feb. 415 Soakinging water for 24hrs 80
A. nilotica May -June 79  Soaking in water for 6 hrs 75
P. cineraria i May-June 231 Soaking in water for 30 90
minutes
P. juliflora Nov.-May 202 Manual scarification 90
Azadirachta indica ) June-July 60  * 50
Tecomella undulata April-June 800 * ) 50
Dalbergia sissoo April 256 * 70
Hardwickia binata June-July 56  * 65
Colophospermum mopane Dec.-Jan 25 * 95
Leucaena leucocephala Nov.-dec. 425  Soaking in water for Thr 95
Albizia lebbek Dec.-July 118 *
Parkinsonia aculeata Feb.-June 160 50% conc.sulph. 80
acid; 15 minutes
Dichrostachys nutans Dec.-Jan 453 Soaking in previously 80
boiled water for 6 hrs
* Seeds do not require any pre-treatment before germination ’

Growing Media

Many different terms have béen used for container nursery culture media including potting
soil, potting mix, soil mix, compost and growth medium. But to avoid confusion growing
mediunm/growing media appeared to be most appropriate term. The cultural characteristics of
growing medium are the properties that affect its ability to consistently produce crops of healthy
tree seedlings under nursery conditions i.e., slightly acidic pH, high cation exchange capacity,
adequate porosity and freedom from pests.

A suitable growth medium provides anchorage, nutrients and moisture for growing
seedlings. The growing media can conveniently be grouped into two types:

» Soil medium/media

+ Soil less mediunymedia |
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Major problems with soil media are limitations because of their weight. However, still the
soil media dominate the scene of nursery raising throughout the India. Soil mix contains
roughly 1:1:1 of sand:silt:F'YM (farm yard manure); all sieved to 2-3 mm and mixed well. Some
phosphate fertilizer (DAP or TSP, about 1% of the total soil) can be added and mixed well. To
protect the seeds and seedlings from termite attacks, about 0.1% of 10% BHC powder may also
be added. Altematively, 5% neem cake or shredded neem leaves also has a protective,
insecticidal effect. While filling the container (polybags), one should be very sure that container
has well filled and tamped down, leaving no air gaps in the column of soil.

In many developed countries the container operations have been highly mechanised and the
mechanized container operations require that a growth medium be light, be easily handled,
maintain constant volume when wet or dry, be free of pest, be readily stored for long periods .
without change in physical and chemical properties and be easily blended into easily
reproducible material (Liegel and Venator 1987). Few important soil less media commonly
used in containerized nursery operations are: peat, vermiculite, perlite, sugarcane waste, rice hull
and compost.

Seed Sowing

Seeds must be collected and sown in time (season depends on the species) after proper
preoperation. Seed should be sown early enough but not too early. The actual date depends on
the season of fruiting, seed viability, growth rate and season of planting. Some seeds like
Azadirachta indica have very short viability and must be sown soon after collection.

After sowing, seeds should be covered with a layer of fine sand and watered. If necessary,
partial shade should be provided by errecting grass or twig thatch roof over seed beds. In certain
hard coated seeds of some arid zone tree species, the effect of sowing depth on germination and
seedling quality appeared to be highly important factor. One such study carried by Mutha ef al.
(1994a) on seeds of Prosopis juliflora indicated strong negative correlation between sowing
depth and germination percentage (Table 3). Similarly, seed weight in case of same species
partially related to better germination (Mutha et al. 1994b). In case of seed weight bold and
heavy seeds showed early germination and had higher per cent of germination as well as mean
daily germination (Table 4).

While sowing, it is always safe to sow two seeds per container to get desired number of
seedlings. After germination, one seedling per container is retained. Gap filling can be carried
out with fresh and small germinants which are surplus and picked out from the containers. Soil
surface crusts may need to be broken to allow seed emergence.

‘Germination, Seedling Growth and Care

Once sowing, is complete, the containers are irrigated until medium is thoroughly moist. In
arid zone conditions, the majority of species are sown during the first fortnight of February ie.,
* the beginning of spring season. Nine litres of water at a time per set of 50 containers have found
to be most economic dose of watering for successful raising of seedling (Mann and Muthana
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Table 3. Effect of sowing depth on germination of Prosopis juliflora seeds

Sowing depth (mm) Germination (%)  Mean daily germination ~ Germination value
10 80.0 8.00 166.60
20 67.5 6.75 71.71
30 375 3.75 20.31
40 225 ' 225 7.40
50 2.5 0.25 0.08

Source: Mutha ef al. (1994).

1984). Alternate day watering for first one month followed by regular watering till the onset of
monsoon season is recommended. But this irrigation schedule can be adjusted according to
various needs. In majority of arid zone tree species germination is completed with in 18 to 26
days. Seed lots with high germination energy tend to shed their seed coats rapidly. During seed
coat shedding seed enters the “initial growth phase’.

During initial growth phase root system is developed on the germinants, making them
capable of incorporating large amounts of nutrients and producing rapid shoot growth during
accelerated growth phase. During this phase providing 42 ppm N supplement with some
phosphorus and potassium preferably twice weekly (with irmigation) proved to be quite helpful
to meet targeted growth. This initial growth phase generally extended uptd 6 weeks. After this
growth phase, ‘accelerated growth phase’ is initiated. In accelerated growth phase, seedling
height and collar diameter are increased. Weather conditions, particularly amount of sun- shine
have a strong influence in this particular growth phase. This }Shase, in arid zone conditions
extends upto 18 week.

As the seedling grow, roots start penetrating into soil through the drain hole in the
containers (bags). This must be checked by regular (at least once per month) shifting all the
containers and pruning off (with a sharp knife) any protruding roots. However, if the containers '
are kept on an elevated platform, protruding roots are prunned naturally once they come in

Table 4. Effect of seed weight on germination. of Prosopis juliflora seeds

Seed weight group 100-seed weight (g)  Percent germination* DQI
A 1.07 30.8 3.30
B '1.46 587 2.76
C 1.93 60.5 271
D 2.64 65.5 2.21
E 3.21 64.9 4.82
F 344 61.2 ) 4.84
G 4.00 69.3 4.36
* Percent germination values are angular transformed values
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contact of air/outer environment (the process is known as aerial pruning). The aerial pruning
techniques have been proved to be vital, as the risk of shock to growing seedlings, which is
always there in case of container shifting and pruning off protruding roots manually is
completely excluded. ;

After accelerated growth phase further development of root and shoot occurs but with
relatively lesser pace and by the end of 24th week the seedlings are ready for out planting. In
arid regjon conditions of Indian sub continent this period coincides with onset of monsoon.

If the plants have to be held over longer period than planned, for example by the long delay
or failure of rains, they will have to spaced out more wider. Stripping off the leaves also helps
to retard the growth in off season. Ideally, such held over stock should be transplanted to larger
size bags or other containers (about double the diameter).

Seedling Quality

Many factors influence the quality of seedlings. But a single indicator has been found
useful for quick and easy testing. This indicator is the stem -diameter at the point where it
emerges from the soil called the ‘root collar’. A simple gauge can be made for checking the root
collar diameter and used for quality control before outplanting, If the quality of a specific group
of seedlings is to be assessed, destructive sampling through random selection of some seedlings
of the group and computing Dickson Quality Index (DQI) is quite useful (Dickson 1960). The
DQI is calculated as follows:

DQI = [ ( Total seedling dry weigilt (8) ¥{ height (cm) /Stem diameter (mm) + shoot dry wt (g) / root dry
wt(g)} ]

Some other Important Points for Consideration

» High quality seedlings are those that meet defined levels of performance on a particular site.
Improved seedling quality allpws better interaction of planted seedling with the planted site.

. Irrigation can affect seedling nutrient status both positively and negatively. Excessive
irrigation or heavy rainfall can leach soluble nutrients such as nitrate,nitrogen and potassium
from the root zone and reduce the amount available to the plant. Therefore, all the
precautions should be taken to standardize irrigation regime.

+ Root rot and wilt are the major diseases as far as seedlings of arid zone tree species are
concerned. Similarly, various aphids are most important insect pests and rodents and seed
eating birds are frequent animals pests. Timely pest management by the advices of pest
management specialists can save the seedlings from mortality.

"« Soil-solarization of nursery mixture before filling the contamers was also found to be very
" effective in controlling soil borne diseases.

o In certain species, some relationship is found between time of seed collectlon and
germination. Kaul and Manohar (1966) observed, if seeds collected at the stage when pods
just turn bronze in colour, the germination percentage can be maximized in Acacia senegal.
This aspects should also be given due consideration.
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METHODS OF TREE/SHRUB GROWTH MEASUREMENTS IN
SILVIPASTORAL SYSTEMS

L.N. Harsh and J.C. Tewari

Introduction

While agriculture is understood to cover the whole theory and practice of raising and
harvesting field crops, the term ‘silviculture’ commonly refers only to certain aspects of theory
and practice of raising forest crops. Silviculture is used to imply only the methods of raising
tree crops, their growth and care upto the time of final harvesting, The forests of India probably
include a greater range of composition and appearance than can be found over a’'similar area in
any other part of the world.

Silvicultural studies in plantation forestry of arid regions have their own importance. In
contrast to the arid regions of Arabian peninsula, Australia, Israel and United States of America
where oil, natural gas and other petroleum products provide most of the energy, in Rajasthan
desert of India the natural vegetation forms the chief source of fuel, besides contributing to
requirement of small timber for agricultural implements and fencing material (Kaul, 1963).

Silvicultural studies in broad sense include a wide range of factors and subjects. It range
from the study of locality factor and community/stand organisation to all the aspects of plant
growth from germination to tree crop harvesting. Thus the domain of silvicultural practice is
very wide. Following description summarizes the major aspects of silvical practices used in arid
zone forestry, especially in western Rajasthan.

Analysis of Stand Structure

Classified as Tropical thorn forest by Champion and Seth (1968), the forest vegetation of
arid western Rajasthan is very sparse and consists of scattered trees, shrubs and grasses.,
Satyanarayan (1963) classified the vegetation of the region into five formation types. They are
(i) mixed xeromorphic thorn forest, (ii) mixed xeromorphic woodlands, (iii) dwarf semi-shrub _
desert, (iv) psamophytic scrub vegetation, and (‘v) succulent and halophytic plant community.

In natural plant communities, to analyse the forest stand structure is one of the important
aspects of silvicultural practices. For qualitative assessment of a forest stand, the identification
of flora is sufficient. However, for quantitative assessment following two factors are most
important.

Density

This is a count of the number of individual trees within an area. It is usual to count thé
number of individpal trees within a series of randomly distributed quadrat. Average number of
individual trees within 10 x 10 m quadrat is calculated to study the tree component and for the
shrubs 5 x 5 m quadrat is sufficient. The unit of density will be thus, individuals per unit area,
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Cover

In a forest stand, the cover is analysed in two forms:

« Basal cover
« Canopy cover.

The basal eover is defined as proportion of ground occupied by the stems of wood species.
L. is calculated as follows:

Mean basal cover= C2/4 @

where, C is the average circumference of the individuals of a tree species. By multiplying this
value with the density, the total basal cover of a species can be assessed. Finally, by summing
up the total basal cover values of all individual species of a forest stand, the total basal cover of
that stand can be computed. Thus the unit of mean basal cover is cm® per tree, while the total
basal cover is represented as cm?/tree/unit area,

Canopy cover is simply the measure of canopy expansion. This can be assessed by
expanding the measuring tape on ground level throughout the canopy length. Two
measurements should be taken, ie. perpendicular to one another. the canopy cover can be
computed by the following formula:

Canopy cover= (W1 + Wy)%/4 i

where, W1 is the diameter of canopy in one direction and W2 in the other direction (i.e. right
angle to first one). Thus, the unit of canopy cover of individual species will be cm? per tree.
The data for the same will be recorded in the quadrat used for density measurements.

The above values are important in quantitative analysis of stand structure. These values
reflect the relative importance of individual species in a forest stand. They further throw light
on sociological behaviour of different species in a forest stand. This type of analysis is
generally done in natural forest stands.

-

Silviculture Practices In Plantation Forestry

The plantation forestry, espeéially in arid regions of India, where well stocked natural
forests have completely diminished and whatever forest land is there in the form of highly
degraded stage, has very important role both from conservation and productivity points of view.
Following silvical practices are involved in raising large-scale plantations:

Nursery Technique: Development of appropriate nursery technique is a pre-requisite for
any forestry activity. For raising seedlings in nurseries, the technique has been standardized at
CAZRI, Jodhpur (Kaul and Ganguli, 1963). In brief it is as follows:

(1) Before raising nursery it is essential to assess the viability of seeds in a given lot. For.the
quick assessment of seed viability, tetrazolium test (Moor, 1969) is highly appropriate.
This method involves four steps. These are, (1) soaking, (2) cutting, (3) incubation, and (4)
evaluation. The seed viability can also quickly be assessed by X-ray method.
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(ii) The next important thing is pre-treatment of seeds to facilitate quicker germination. A
number of studies have been carried out at CAZRI, Jodhpur, on this particular aspect (Mann
and Muthana, 1974). These include pre-treatment of seeds by sulphuric acid, soaking of
seeds in water previously brought to boiling point, manual scarification, etc. In general,
results of these studies revealed that by giving pre-treatment to seeds, not only germination
percentage increases, but it also reduces germination time (Table 1). For certain species,
some relationship was found between seed collection time and germination percentage. In
case of Acacia senegal if seeds are collected at the stage wheh pods just begin to tum
bronze in colour, the germination percentage can be maximized (Kaul and Manohar, 1966).

Table 1. Characteristics of some arid zone tree species

Name of tree species Timeof  No.of Pre-treatment,
seed seeds % germination
collection /100g

Acacia tortilis Nov-Feb. 195 50% concentrated sulphuric ~ 90-95

acid 30 min. in summer and

40 min. in winter
A. senegal Nov-Dec. 86  Soaking in water for 24 hour  70-75
A. aneura Mar-Apr. 659 - 50% Concentrated sulphuric

acid with 15 min.
A. jacquemontii Mar-Apr. 126 40 min. in sulphuric acid 70
A. albida - 143 40 min. in sulphuric acid 80
A. catechu Dec.-Feb. 415 24 hour soaked in water 90
A. nilotica May-Jun, 79 60 min. Soaked in water 70
Prosopis cineraria May-Jun. 231 24 hour soaked in water 90
P.juliflora Apr-Nov 202 -do - 50
Azadirachta indica Jun-July 27 -do - 75
Tecomella undulata Apr-jun. 800 -do - © 50
Dalbergia sisso . April 256 . -do- 70
Hardwickia binata | Jun.-July 56 -do - 60
Dichrostachys nutans Dec.-Jan. 453 15 min. 95
Colophospermum mopane Dec.-Jan. 25 85
Leucaena leucocephala - Nov-Dec. 425 15 min.. -do- 95
Albizia lebbeck Dec-Aug 118 75
Parkinsonia aculeata Feb.-July 160 45 min.. -do- 80

(iii) For sowing the seeds, cylindrical metallic containers of 6.9 cm in diameter and 22.9 cm
l?ng have been found to be most suitable for raising seedling. However, polythene bags of
similar size were also found equally suitable.



210

(1v) A well balanced potting mixture containing equal proportion of sand, clay and farmyard
manure is essential for seed sowing,

(v) The irrigation of 9 litres of water at a time per set of 50 polythene bags was found to be
effective as well as economical. The watering is done on alternate days during, cold period
and regularly during hot period. The seedlings grown in poly-pots and when kept on
cemented beds, require 29.8% less water as compared to those kept on earthen beds.
Recently some polymers were mixed with nursery mixture and it was observed that by
doing so 30% water could be saved. .

(vi) Under Jodhpur conditions majority of tree and shrub seeds are sown in February and
seedlings are ready by the last week of June for field transplanting. However, some species
like Lucalyptus sp., Simmondsia chinensis and Parthenium argenatum respond best to
sowing period of October and November.

Field Transplanting : After successful raising of nursery, the most important step is the
field transplanting of seedlings. The whole operation involves a number of steps. In brief these
are as follows;

(1) Field preparation: The field preparation is done one month before the onset of monsoon.
Under this task, digging of pits is most important. In general, the recommended pit size is 60
cm’, but this may vary according, to site conditions and landforms.

(i) Spacing: The spacing (i.e. row to row and plant to plant) generally van according to the
objective of plantatiog. If plantation is meant for fuelwood, the spacing will be kept closer and
if it is meant for foddar production, it would be little wider. For conservation purpose, like sand
dune plantation and shelterbelt plantation, the spacing is kept according to site conditions.

(i1i) Transplanting time: The best time for transplanting of seedlings in the field is first fortnight
of July.

(iv) Soil working: Transplanting of seedlings showed better results than the direct sowing, Soil
working of 60 cm?, half filled pits with a crescent shape ridge along the local slope gave higher
rate of establishment.

(v) [rrigation, cultural operation and fertilization: If the rainfall is adequate during field
planting period, the irrigation is not required at all. If longer dry spells persist after field
transplantation of seedling, one or two life saving irrigations are essential. Weeding on field
conditions significantly promote the growth of different tree species. In arid climatic conditions,
the use of fertilizers for enhancement of tree growth is not recommended.

(vi) As the arid regjion is characterized by considerable heterogeneity of landforms and soil
types, the planting technique for afforesting different habitats have been standardized at CAZRI,
Jodhpur. In brief, these techniques are given in Table 2.

" Plant Growth: The growth of established seedlings and adult tree has to be considered. In
general, the seasonal progress of growth is studied for height and diameter. Another important
factor is the study of canopy expansion. The growth of tree species is generally recorded
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Table 2. Planting techniques and suitable plant species for different landforms

Landform Planting/Afforestation Suitable tree/shrub/grass sp.
Sand dunes  Protection from biotic interference by  Colophospermum mopane Acacia
angle iron post with barbed wire tortilis, Citrullus colocynthis, Prosopis
Establishment of microwind breaks  cineraria and Lasiurus sindicus
by brushwood in chess board form at
the spacing to 5 m apart in right angle
to wind direction Afforestation of
treated dunes either by direct seeding
or by transplanting nursery raised
seedlings .
Sandy plains Planting should be done in pits of 45  Acacia tortilis Ziziphus mauritiana
cm3 spacing of 5x5 m Around the Azadirachta indica
pits saucer shaped structures about 30
cm in height and 1 m in dia should be
constructed to harvest maximum rain
water
Shallow soils Planting should be done in pits size of Eucalyptus lesselaris
60cm’ E. melanophloia
The hard calcareous layer below the  E. camaldulensis
soil surface should be broken by Acacia nilotica and
crow-bar to facilitate root growth of  Z. mauritiana
tree species
Rocky area  Preparation of staggered coniour Acacia tortilis
trenches with a cross section of 60x40 4. senegal
¢m to minimize water erosion Prosopis juliflora and Euphorbia sp.
Saline Planting should be done in raised Prosopis juliflora
patches bunds having a height of | mand a p. pallida
width of 70 cm P. tamarugo
P. chilensis and
Atriplex spp.

annually at the end of growing season. To study the growth a number of instruments are
available (i.e. haga- altimeter, hipsometer, etc.). The growth in diameter can be measured by
diameter tape or by calllpers When it i1s measured at base or ground level it is known as collar
diameter (CD) and when it is measured at 1.37 m above the ground level it is known as diameter
at beast height (DBH). Canopy expansion can be measured by simply running a tape throughout
the canopy diameter. It is generally known as canopy diameter. The values of canopy diameter
and stem diameter can be converted into canopy area and stem area by simple mathematical
calculations. ‘

Other Silvical Parameters

Under the silvicultural studies a number of other factors are also considered. A few of them
are as follows:

(a)Phenology: The seasonal changes in development of foliage, flowering, fruiting, etc. are also
Important from silvicultural point of view. The study of seasonal changes in vegetative
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structures is known as vegetative phenology and that of changes in reproductive structure is
studied under reproductive phenology. these factors are studied by’ simple observations.

(b)Crown form: Under this, the shape and size of crown i.e. branch system with foliage, is
studied. ‘

(c)Root structure: The spread of roots play a very important role as far as establishment and
growth of tree species is concerned. '

Conclusion ’ .

As already mentioned the domain of silvicultural studies is very wide. A number of studies
are carried under silvicultural system. One basic aim of the silviculture practices is to maintain
the plantations in perfect condition according to the objectives. Locality factors like climate,
landforms, soil types, etc. also play important role in forestry practices of a particular area.
Thorough analysis of these factors is also very important for silvicultural system studies.
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ON PLANTATIONS IN DRIER TRACTS OF INDIA, SUDAN AND
' LATIN AMERICA

K.D.Muthana

Introduction

Forests and forestry have many important roles to play for the upliftment of rural
populations inhabiting degraded lands any where in'the world. In fact, in majority of developing
countries, wood is still the main source for meeting out the domestic energy needs. As the
population grew, more land came under cultivation and more stress was applied to remaining
woodlands to provide range of products needed for domestic requirements. As long as there was
sufficient forests, these needs were easily met. But rather suddenly, the era of sufficient forests

ended (Hocking 1993).

Land degradation do not occur suddenly, it is an outcome of so many factors operating in an
area for a long period. During this period many abiotic and biotic factors play their own roles in
this degradation process. Rural populations inhabiting at and around such continuously
degrading lands generally overexploit whatever forest resources left over there in order to meet
their fuel and fodder requirements. More over, ever increasing population pressure also force
them to encroach the more and more woodlands in order to cultivate crop for their sustenance,
though such lands can hardly support agriculture for a longer period due to erosion hazards
and/or poor soil fertility status. Ultimately the influence of all these factors accelerates the
process of desertification in such land forms. Once the fuelwood availability in declined, the
rural masses obviously start searching some alternatives to meet their domestic energy needs. In
majority of developing countries, therefore, cattle dung and crop residues are frequently used for
buming and consequently soils in such areas suffer heavily as they are deprived of these vital
fertilizer and soil conditioning resources.

In nut-shell, major factor behind land quality degradation (including degradation of forests)
is over exploitation caused by continuous escalation of human population and activity, including
livestock rearing, These factors bear with particular force on dry areas. The situation is more or
less similar in Indian desert as well as desert areas of Africa and dryland situations of south
America. In fact, in these regions the way of life of people depends on daily easy access to tree
products and they are most directly affected by loss of trees. Therefore, they are especially
interested in how to replace them. The present report summarizes the plantation techniques
being adopted to revegetate the degraded lands in India, Africa and south American countries.

Essentials of Degraded Land Rehabilitations

Rehabilitation of degraded areas is often possible. The first step is always to remove the
cause for its present conditions. If nobody who lives nearby such degraded areas has secure
rights to the production, then everybody will take what they can. Some form of agreement is
needed that classifies and ensures the rights of people who live nearby to use the land and its
- production. The another most important point is to have land-use capability classification. Such
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classification helps in deciding the types of land fit or otherwise for cultivation of .agricultural
crops. Incorporating forestry programmes to a proper extent will go a long way in enhancing
fuel and fodder production. In dry land situations, degraded lands can be brought under tree
plantation cover with systematic management and in fact, these lands are only suitable for tree
plantations or silvi-pasture plantations (Shankarnarayan 1984).

Basic Approach for Tree Plantation Programmes

The indigenous tree species of arid regions are few in number and are very slow growing by
habit. Therefore, it is highly essential to try and introduce fast growing, drought and frost
resistant tree species from isoclimatic regions of the world. The species grown should have
multipurpose utility such as nutritive fodder value of leaves, fuel of high calorific value, small
timber, usefulness for soil conservation, etc. The approach also demand detailed investigations
on
» selection of exotic and indigenous species and their ecotypes for different habitats.

« standardization of nursery techniques for large scale seedling production.
« Investigation on silvicultural characteristics of selected tree and shrub species.
« standardization of soi] working techniques and cultural operations.

« standardization of proper techniques on disease and pest management.

Following discussion is essentially limited to various plantation techniques being adopted
in rehabilitation of degraded lands in India, Africa and south American countries, especially in
arid and semi-arid conditions.

Plantation Techniques

Indian Dry Lands : Pit planting of nursery raised seedlings has been found to be highly
successful in dry hot arid tract of India, which is spread over in more than 3 lac sq. km. Pits of
45 x 45 x 45 cm size dug prior to monsoon season have been found to be most appropriate for
better establishment of seedlings (Mann and Muthana 1984). In case of failure of monsoon rains
after the outplanting; seedlings needed to be watered till they establish satisfactonly (i.e., at the
intervals of 15 to 20 days). Weeding and soil working around the seedlings should be done at
least once in a month during initial establishment phase to minimize the root competition and
also for better soil aeration. '

Desert Region of Sudan (Africa) : Conditions similar to Indian desert are also found in
desert areas of Sudan. Till 1960, Kordofan region of Sudan was self sufficient in food items like
sorghum, meat, milk and edible oils. It also contributed substantially to the country’s foreign
cash eamning through export of peanuts, sesames, Karkade (Hibiscus sp.), melon seeds and
livestock (viz., camels, sheep, goats and cattle) production and the export of gum arabic exuded
from Acacia senegal, locally, known as Hashab trees had production about 50% of the world’s
~ total gum production (on an average about 25 to 30,000 tonnes per annum).and was major
source of eanring foreign exchange. Drought of 1969 to 1975 coupled with continuous increase
"in animal and human population stressed the need for more cropland and thus giim production



215

has been dwindled in this part of the gum belt which gave rise to serious problems of
degradation of vast areas of gum belt and also the reduction in the yield of agricultural lands, as
yield from hashab trees (Acacia senegal) was no longer in the traditional agricultural cropping
system. Moreover, the gum belt which constitutes a natural buffer zone between the desert
proper in the north and the agricultural crop land in the south has deteriorated upto an alarming
state and as a consequence of which the whole ecosystem of the region has been highly unstable
from the agricultural and livestock production point of view.

Acacia senegal(hashab tree) plays an important part in the balanced agricultural practices
and also in the socio-economic set up in the Kordofan region. The farmers and villagers have
realised the multifarious benefits from the hashab trees as these provide them additional income
from gum collection and moreover, tree canopy intercepts the raindrops and prevents runoff and
soil erosion and also enrich the soil fertility as their roots fix nitrogen in the soil.

These benefits have also induced the farmers to work their holdings in quadrants - one
quarter is set aside for old productive hashab (Acacia senegal), second quarter for young
productive hashab, third quarter for intercropping with hashab transplanted seedlings under
Agro-Forestry system and fourth quarter under pure agricultural crops. As and when they
realise that their fourth quarter is loosing its fertility, they switch over to transplanting it with
hashab seedlings. Then they fell the old hashab trees from the first quarter of their holdings and
use that land for cropping, This would give them additional income in the form of building
materials, materials for tool handles, agricultural implements, fuelwood, charcoal, etc. The only
expert guidance to be provided to the farmers is about the planting techniques, soil working,
weeding and after care, such as protection from biotic interferences, accidental fires, pests and
deceases.

Tree seedlings are planted in strips of 20 rows i.e., 100 m width across the wind direction to
commence with leaving 50 m. wide strips for establishing grasses and shrubs. The subsequent
tree strips will be of 10 rows i.e., 50 m width parallel to the first row of trees. Again 50 m width
is left for grasses and shrubs, and again tree strips are planted at 10 m wide parallel to the 2nd
tree strips and continued further. These tree rows act as shelter-belts apart from stabilizing the
sand dunes. Tree seedlings are planted in pits of 453 cm. Planting seedlings in strips is
recommended to these areas mainly because:

+ Having phased the stabilisation work for the project period, working, it out from the lower
side all along the length would check the wind velocity and shifting of sand particles uphill
would be considerably reduced.

» The sand dunes which are being considered for stabilisation work are mainly
longitudinal dunes spreading lengthwise- more than the width and hence it has been felt
desirable to tackle them all along their length to start with strip by strip.

* This method would give more stability to the micro-windbreaks, if need be, to be laid in the
upper zones because of tree plantings done at lower levels would act as shelterbelts.

* Water tankers could move easily all along the length than move uphill with the load of water.
The open strips left in between the tree rows for grasses and shrubs could be used for the
movement of water tankers.
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Drier Tracts of Chile (South America) : In Chile, whose desert conditions are mainly
confined to Northern region adjoining to Peru, extreme temperatures during, summer and winter
(day and night) do not rise above 300C or go lower than 0°C. Chile has an estimated 4,270 km
of territorial length. The Great Northern Chile is composed of the first region with 58,072 km?
and the second region with 125,306 km®. The typical features are desert landscape with
abundant mineral resources, mainly silver and complementary copper and gold. Agriculture is
limited to two fertile valleys. Average annual rainfall is negligible. Though the land is arid, the
entire region is cut by deep, dry alluvial gorges. The sector bears a network of dead water

courses v

The Tamarugal Pampa which owes its name to Prosopis tamarugo is in the plain sloping
lands varies in elevation from 300 to 1200 m. The characteristic face of this land is; desert and
salt. Prosopis tamarugo belongs to the family of Mimosaceae order Leguminosae. It is native of
the first region of Chile. Its average height is 15 m, trunk diameter ranges from 50 to 80 cm and
crown diameter from 15 to 20 m. Tamarugo has a double root system - tap root penetrating to a
depth of 7-8 m in loamy soils and secohdary roots which hardly go upto 1.5 m depth. The tree
becomes productive within 7-8 years of age. This species can survive and even thrive in soils of
high salinity and low fertility. The species usually need a yearly rainfall minimum of 250 mm
but can adapt to areas, where mean annual rainfall is as low as 75 mm or even less. They can
easily withstand prolonged period of drought and still produce abundant pods.

The pods were used as food material by the prehistoric human beings in the western
hemisphere. But even these days, the pods are source of protein and carbohydrates for many
north and south American desert dwellers. The food value is comparable to that of barely and
maize. Most of the livestock in Hawaii, Peru, Chile and Argentina are maintained on pods of
this Prosopis species.

The plants grow easily fromn seed and regenerate from root suckers or runners, so their
survival rate is high. 1n certain favourable soils, their tap roots go as deep as 10-20 m but they
have a considerable network of secongdary roots. Expeniments conducted on Prosopis famarugo
revealed that species is capable to absorb atmospheric moisture through its leaves and transmit it
to the roots where it is stored as water. This explains why and how the tamarugo tree thrives 1n
areas where ground water lies forty or more meters deep and where there is no contact of water
to the root zone.

With the onset of rains in the month of June, transplanting of nursery raised seedlings is
done. In the Tamarugal Pampa, where salt crust is mainly found upto 40-60 cm depth, and
below that better soil layer is found, pits are generally dug, 80 cm wide by 1 m length. Depth of
pit depends on the saline layer which must be reached before, as the planting pit is actually dug
after striking the good soil layer below the salt crust. Pits of 30 cin depth by 20 ¢cm diameter are
dug for planting seedlings. Before planting the seedlings, irrigation is applied to the planting pit
' so as to wet the pit as far down as possible. On an average 11 watering at 10 litres per watering
is provided for the establishment period. Once new shoots start sprouting, watering is done once
is 20 days. '
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Arid Lands of Brazil (South America) : The Brazilians advocate the spacing of 2 m x
2 mor 3 m x 3 m for wood production and 5 m x5 m, if it is for silvipastoral plantation. For
production of pods, 10m x 15 m or 15m x 15m spacing is advocated. Under planting of cactus
(Opuntia ficus indica) with Prosopis chilensis is also caried out. This species, (Prosopis
chilensis) was introduced in Brazil in the forties and acclaimed to be the most promising tree
species for the driest regions in the north east, where annual precipitation is below 100 mm.
Cactus is used as fodder and planted at 2 m x 0.5m in between the Prosopis spp. trees. In many
parts they sow seeds of maize and buffel grass (Cenchrus ciliaris) in between the tree rows and
harvest very good yield. The average yield of Prosopis pods is 10-15 kg per tree and 60 tonnes
of cactus (11.2 tonnes of dry weight) per hectare per year and 16 tonnes of buffel grass per
hectare per year.

Certain Important Guidelines For Afforestation

- Tree planting should be done after the onset of a good soaking shower. All planting operations
should be completed within the shortest period as scil moisture is the main limiting factor for the
success of the plantation especially in drier regions. This would also facilitate the seedlings
planted to take advantage of the subsequent rainfall.

-The seedlings should have long and well developed tap roots and seedlings should be of 45 to
60 cm high.

-Coiled roots should be straightened at the time of planting.

-Care should be taken to see that the collar zone of the plants are completely covered by the
soils.

-Depth of the pit should be more than the root portion of the seedling,
-After planting the seedlings in the pits, the soil around the seedlings should be pressed firmly.

-After planting a saucer shaped depression around the plant having 15 cm deep and 1 m diameter
in plain areas and a crescent shaped ridge of 15 cm high may be provided on sloppy areas to
collect and store rain water.

-The species should be able to produce coppice shoots and viable seeds for further propagation.

- During summer seasons, all precautions must be taken to protect the plantations from
accidental fire incidence.
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PROPAGATION TECHNIQUE OF RAISING TOP FEED SPECIES
THROUGH TISSUE CULTURE

N.L. Kackar and Manijit Singh

Introduction

In arid regions trees mean life. Any silvipastoral system , in addition to correct choice of
top feed tree species, will require genetically superior populations and modern silvicultural
treatment. Surveys of natural population and half sib progeny trials of arid zone trees like
Prosopis cineraria, Tecomella undulata, Acacia senegal etc. have revealed that progenies show
lot of heterogeneity for morphological traits (Kackar 1988, Jindal et al, 1985,1992).
Conventional approaches of genetic improvement for obtaining varieties producing
homogeneous population 1s likely to take long time. Biotechnological approaches like mass
multiplication of selected genotypes through tissue culture, i.e. micropropagation of elite trees,
may prove to be quick and efficient mean to obtain uniform stands of good quality trees.
Despite the slow start, tissue culture propagation of forest trees is gaining momentum and a
large number of hard-wood and softwood species have been micropropagated. Research on
tissue culture of hard wood forest trees has been in progress for over a decade in many research
institutions in India. The tree species used in these studies include desert and arid zone trees,
leguminous trees and those used for timber, fuel, fruit and industry. The first reports of success
in the micropropagation of mature elite forest trees, production of triploids and regeneration of
plantlets from tree protoplasts, were from Indian laboratories (Anon, 1989). General technique
of micropropagation includes selection of mother plant which is to be multiplied, and initiation
of culture by selecting appropriate explant. The most crucial stage is however shoot
muitiplication. It may be achieved through callusing, adventitious bud formation or enhanced
axiliary branching Research work on micropropagation of arid zone top feed tree species like
Prosopis cineraria, Salvadora oleoides and Tecomella undulata is in progress at this institute.

Prosopis Cineraria (khejri)

Among indigenous arid zone tree species of Thar desert, no other species excels Prosopis
cineraria. This multipurpose tree, however, suffers from relatively slow growth. The required
expanse of its stands in the afforestation programmes is felt by all but this lacuna 1s brought on
the fore while deliberating for the choice of species (Solanki e al. 1992). During surveys vast
variation was observed (Kackar ef al., 1986a,b, Singh et al.,1993) indicating the magnitude of
exploitable genetic potential for its improvement. In fact during trials some trees attained height

. of more than 7 metre in seven years as compared to the population mean of 3.5 metre (Solanki ef
al. 1992). Air layering technique was developed for clonal propagation of superior genotypes
(Solanki ef al.,1984,1986) and used for establishment of clonal seed orchard. This technique,
however, may not be suitable to meet the demands of large number of plantlets of -superior
genotypes required for afforestation programme. Methods for in vitro regeneration and
multiplication of this species have been developed using shoot and root segments as explant
(Kackar ef a/. 1991,1992).
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Nodal segments from actively growing branches of five year old elite tree when cultured on
modified Murashige and Skoog, medium containing 3 mg/1 each of napthoxy acetic acid and
napthyl acetic acid produced axiliary shoots within 7-10 days. These shoots when cultured on
modified MS medium containing 3 mg/1 of NOA developed tap roots in 25-30 days. The shoots
from in vitro cultured plantlets could be further cut into 3-5 nodal segments, each of which
produced complete plantlet on modified medium containing 3 mg/1 NOA (Kackar et al., 1991).

Root segments from 2-4 month old seedlings and also from 5 year old elite tree could also
be used successfully for micropropagation. 1.0 -1.5 cm long root segment when cultured on
modified MS medium containing 3 mg/1 NOA produced adventitious shoots, their number
being more in explants from seedlings (5-20 shoots) than from adult tree (3-8 shoots). These
shoots when cultured on the same medium produced complete plantlets (Kackar ef al., 1992).

Nodal segments
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Salvadora oleoides (Jal)

In India Salvadora spp. are widely distributed in saline patches of arid regions (Gupta and
Saxena 1968). It has marked tolerance to aridity and salinity. Seeds of this species have high
amount of non-edible oil (having high lauric acid content) and is used in soap industry as a
substitute for coconut oil. One of the reasons for shortage of edible oil in our country is that
such oils are diverted towards non-edible industries. There are over 100 million ha. of waste-
land in India , 7.5 million ha of which consist of saline and alkaline soils. 1If a portion of these
tracts can be covered with elite Salvadora trees it will be a major benefit both in wasteland
development and to the non-edible oil industry as it has been emphasized at various levels that
Salvadora spp are one of the potential source of non-edible oil.

The work on micropropagation of Sa/vadora persica has been carried at National Chemical
Laboratory, Pune using nodal segments as explant (Mascarenhas e/ al. 1987). Work on
regeneration of Salvadora oleoides. has been initiated at this Institute using immature embryos
from unripe fruits (Kackar and Solanki 1992). Unripe seeds were collected in the month of
August, they were surface sterilized with 0.1 per cent mercuric chloride and the embryos were
excised under aseptic condition. These embryos when cultured on MS basal medium containing
each of 3 mg/1 napthyl acetic acid (NOA) and naphthalene acetic acid (NAA) produce 3-4
shoots. These shoots when subcultured on modified MS media containing 3mg/1 of napthoxy
acetic acid (NAA) produce 3-4 shoots. These shoots when subcultured on modified MS medium
containing 3 mg/1 of NOA produced roots within 20-30 days and continued to grow. These
growing shoots were again cut into 2-3 single node segments and subcultured on the same
medium produced complete plantlets. Using this procedure we can multiply the plantlets by 5-7
folds (Kackar and Solanki 1992).

In our studies various approaches like adventitious shoots and axiliary shoots have been
used. In general, adventitious shoot formation. directly form excised organs is considered less
reliable than axiliary bud proliferation, but it is more dependable approach than the callus
method for clonal propagation (Anon., 1989). Biotechnological methods can be successfully’
exploited for large scale production of superior trees derived through genetic improvement - all
being exact duplicates of the original. This is bound to increase the economic yields of the-
forests. 1t may not be possible to achieve the same results using conventional methods in the
short time. One objection which is often raised is that clonal forestry will lead to annihilation in
the event of a disease outbreak. This problem can be overcome by using number of unrelated

superior genotypes.
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REPRODUCTIVE BIOLOGY AND BIODIVERSITY IN
TOP FEED SPECIES

Manjit Singh

Introduction

With the explosive increase in world population, there is increasing pressure on the dry
lands which, with their semi-arid fringes constitute one-third of the land area of the globe.
Among the consequences of desertification, major emphasis has been put on soil degradation
and destruction while genetic erosion has received comparatively little attention. Genetic
diversity, constantly subjected to a process of selection and adaptation to the always changing
conditions of the earth, constitutes the world’s genetic resources. Although the survival of man
and his home, the Earth, depends on genetic diversity, this resource is being rapidly destroyed or
depleted (Esquinas- Alcazar 1985).

It is common belief that arid lands have a large amount of genetic diversity, but this needs
to be substantiated, and the distribution, kind and potential use of these genetic variants need to
be analyzed. Populations of many species from deserts and extreme arid lands are divided into
genetically isolated units that may be evolving rapidly and separately in response to
environmental constraints (Esquinas-Alcazar 1985). Ratio of total number of genera to species
in Indian desert is 1:1.9, which is rather low in comparison to a corresponding ratio for whole
India (1:7) (Bhandari, 1978). Arid intermediate regions are laboratories in which many new
adaptive complexes of plant groups are produced, while the extreme arid regions become
museums in which some extreme adaptations and sometimes relict species are preserved.
Selection pressures, in this case desertification, are bound to change the population structure
and gene frequencies. Approximately three-quarters of the arid lands of the world are in the
process of desertification. As desertification proceeds, valuable germplasm disappears. In
extreme cases of desertification, populations are likely to show less diversity but would be more
selectively adapted to stressed environments. The conservation of genetic resources goes far
beyond the salvation of species. The object must be to conserve sufficient diversity within.each
species to ensure full availability of its genetic potential for the future (Esquinas- Alcazar, 1985).
The degree of genetic variability and its mating system will have an important bearing on
method of collection, sample size, etc.

Plant Genetic System

The patterns in which gametes unite to pass genes from one generation to the next is termed
the mating system. In the past, species were often characterized as inbreeders or outbreeders,
self fertile or self sterile. Now it is well known fact that mating system is not a fixed, speéie's
specific constant, but is rather a dynamic entity, varying in time and space and affected by a
large number of biotic and abiotic factors. These include degree of self compatibility,
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population density, variation in phenology and climatic variables (Stern and Roche, 1974). The
mating system is an important determinant of plant population genetic structure (Clegg, 1980).
It is the genetic link between generations and determines the initial zygotic frequency
distribution of each generation. Individuals of a highly outcrossed species generally have higher
levels of heterozygosity than those of self fertile species. Inbreeding can also induce gametic
phase disequilibrium even among loci on different chromosomes (Allard, 1975, Mitton et al,
1981).

A knowledge of the population genetic structurs of a species is important for a number of
reasons. In genetic conservation, for example, estimates of the amount of genetic diversity
within population, and the range and distribution of this diversity among populations is
necessary in order to devise an optimum sampling strategy. The mating system of a species
affects the genetic structure of populations- the distribution of genotypes and the dynamics of
this structure in relation to evolutionary forces (Ritland and Jain, 1981). In addition, estimation
of many genetic parameters on which breeding strategies are based makes use of an assumption
of random mating which may not be valid (Squillace, 1974). In fact in arid zone trees climatic
vagaries, low population size etc., will make complete random mating almost an improbability.

Several methods have been employed in the study of mating systems of forest trees. With
the advent of gel electophoresis, allozyme polymorphism have been commonly used for
examining the mating systems of trees, because they provide many marker loci and alleles per
locus, increasing the statistical precision of estimates (Moran and Brown, 1980). Both single
locus model and multi-locus models have been developed to estimate mating system parameters
from allozyme data. The use of enzyme polymorphism is highly advantageous since
isoenzymes are usually co-dominantly expressed and many independent loci can be assayed
simultaneously on the same individual allowing a large amount of information on the mating
system to bé obtained (Jain, 1979).

Genetic Variability and Reproductive Biology in Trees of Thar Desert

In Indian arid and semi-arid regions Prosopis species like P. cineraria and P. juliflora,
Acacias like Acacia nilotica, A. senegal, A. ltortilis and other tree species like Tecomella
undulata, Azadirachta indica.are among the commonly used timber and fuelwoods. Some of
these species alongwith others like Ziziphus species, Calligonum polygonoides, Salvadora spp.
Capparis decidua have served as the most important renewable energy source in rural areas
_ since generations. With rapid increase in population, the stress on these limited forest biomass
resources has increased tremendously. We have already over exploited the natural resource for
shott term gains. And now for our long term survival, it is obligatory on our part to devise and
implement a reasonably sound conservation strategy. For effective conservation strategy of a
- species, it is important to understand extent and pattern of genetic variability in natural
populations. Decisions about sampling frequency, sample size etc., are affected by variances
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within and between populations, level of heterozygosity, allelic polymorphism etc. and mating
system of individual tree species. We here present the information collected on genetic
variability in indigenous arid zone tree species of Thar desert and their reproductive biology.

Prosopis cineraria

P. cineraria is an important multi-purpose trée species of Indian Thar desert. This species
shows considerable variability in natural stands in western Rajasthan, height ranged from 4.6 to
20.0 m; forking height 1.2-4.6 m, diameter at breast height (D.B.H) 0.14-1.5 m; collar diameter
0.16 to 1.6m,branches per tree 2 to 9 and canopy dia 1.2 to 9.1m; pod length 6.4-18.0 cm;
seeds/pod 3-19. Coefficient of variation in these traits ranged from 26 - 64 % (Kackar ef al.
19864, b).

Wide range of variability was observed in percentage of crude protein, reducing sugars and
total sugars of pods in trees even from the same provenance. The total range (%) over all
provenances was 8.05- 15.05 for crude protein, 0.83-4.67 for reducing sugars and 6.04-15.83
for total sugars. Studies on crude protein content of various progenies revealed significant
differences among progenies indicating the genetic basis for this diversity.

In P. cineraria both vegetative and sexual reproduction can be observed in natural stands.
Vegetative reproduction occurs through coppicing. In arid zones, where climatic conditions are
harsh it is but natural that a tree species should have all possible modes of reproduction. Our
expertments have shown that this species can be vegetatively propagated through air layering
(Solanki ef al., 1986). This approach has been used to collect some promising genotypes and a
clonal seed orchard has been established. We have also successfully micropropagated this
species in vitro using nodal segments as well as root segments from juvenile and mature plants
as explants.

In P. cineraria flowering occurs during March to May. Many insects including honeybees
and thrips can be seen on the inflorescences during this period. There are on an average 76
flowers per inflorescence. However, only 2 % of these turn into pods. The dispersal of seed is
through animals. In nursery, problem of seed dormancy is overcome by scarifying the seeds
with sulphuric acid for five minutes. Seeds col'ected in the end of May or first week of June can |
be planted immediately in nursery after this treatment and two-month-old seedlings so produced
can be successfully transplanted in field. In our trials we have obtained about 90%
establishment and at present there are more than 3000 trees representing 142 genotypes in our
germplasm collection or progeny-trials (Solanki ef al,, 1991).

The information on mating system, pollinators and detailed reproductive biology is scanty.
The degree of outcrossing rates can have an important bearing on conservation strategy both in
situ and ex situ as well as genetic improvement of the species under consideration. The
Conventional methods for obtaining this information in trees may require decades. Recent
biochemical studies, particularly those on isoenzyme polymorphism, have raised high hopes for
Comparative analysis of variation patterns in different groups of plants and their degree of
OUtCrossing Studies on peroxidase isoenzymes of 52 seedlings representing single plant
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progenies of six trees have clearly’ shown that there is variability both within and between single
plant progenies at more than one loci demonstrating the outcrossing nature of the species
(Solanki ef al., 1992a).

Loss of biodiversity is the direct consequence of deforestation. It need not be over
emphasized that promotional activities for afforestation will get a boost if genetically superior
stocks are made available. P. cineraria is a slow growing tree species. Observations and
analysis of data from progeny trials and seed orchard show that there is ample genetic potential
available in natural stands. Fast growing types can be selected by even following simple
selection. For example, in seed orchard the best tree attained height of more than 7 m in 6 years.
In natural stands trees may take more than 15-20 years to attain thas height.

Tecomella undulata

Tecomella undulata (Rohida) belongs to family Bignoniaceae which is known for many
woody perennials with large size attractive coloured flowers. Their seeds are very light and
papery and easily get wind dispersed. In Indian arid zone it is locally called as "Marwar Teak"
~or Desert Teak because of its wood quality. Presently it is one of the most important desert
timber tree species. Last three decades have witnessed large scale export of its carved fumiture.
This factor has caused a heavy demand for quality wood. Thus indiscriminate felling continued
and at present the desert tract has almost exhausted large bold and healthy plants. Consequently
the population of this species decreased drastically and it is now listed as threatened species
( Saxena, 1993 ).

In Western Rajasthan Rohida (7" undulata) in generally recorded on sandy plains,
undulating hummocky plains and undulating interdunal plains with deep to very deep sandy
soils. There are two distirict concentration zones of high density of Rohida. -(1) District Barmer
and (2) Sikar . In Barmer District tehsil Chohtan, Barmer and north Bhakasar show high density
of Rohida (20-60 plant/ha) on flat and hummocky interdunal areas. This is a low rainfall tract
(150-250 mm) but the soil moisture in lower depth is always present round the year and perhaps
this factor helps in providing high tree density of Rohida and Khejri. Rohida is always a
common associate of khejri '(P. cineraria) community in these areas. Low dunes and
longitudinal ridges of these three tehsil, of Barmer district are also occupied by this species with
10-20 plants/ha,

Mean, range, standard deviation for various quantitative characters of. 7. undulata have
been studied (Solanki e¢f al., 1993). Tree height ranged from 12.8 m to 20 m with mean value
5.78 m. Forking height 0 to'4.2 m with .63 m mean. Branches per tree ranged between 1 to 15.
Basal diameter and D.B.H ranged from 7.1 to 136.8 cm and 3.8 cm to 130.4 cm, respectively.
Maximum coefficient of variability was observed for basal diameter (61.3%) followed by D.B.H
(59.2%) and minimum for leaf size 1.19 to 6.08. Peak flowering period is from end of February
to middle of March. The flowering duration varies from 59 to 103 days for individual tree and
upto 135 days for the whole population. It has been observed that almost all the flower buds
appearing in November, December and January fell before or after opening. Only a few of the
flowers developed in February set fruits. Fruit set varied from 0.64 per cent for selfing to 3.94
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per cent in Cross pollinated plants indicating the presence of self compatibility. Apomixis, an
mportant mechanism for fixing heterotic advantage, was found to be absent. (Jindal er al,
1985). Wide range of variability was observed in 198 trees studied. Maximum coefficient of
vanability for tree height, DBH, basal diameter and canopy diameter were observed in Barmer
district. (Jindal et al., 1987).

Tree height of eleven half sib plant progenies established in 1984 was recorded for six
years. Progenies showing good growth in the initial stages were not necessarily performing in
subsequent years. There were significant differences among the progenies over all the six
growth years. Estimates of family heritability, single tree heritability and genetic gains from
family and mass selection indicated that the gains were low with both the methods. As
components of variance tend to stabilize after fourth year of growth, selection done in the eartier
years may not be rewarding, Low values of heritability and genetic gains from family and single
tree selection suggested that there is need for other selection procedure for higher genetic gains
for the tree height (Jindal et al., 1992). In 7. undulata flowering like that in P. cineraria is
asynchronous and occurs during November to February In natural population flowers of red,
yellow and intermediate colours are found. In the progeny trial comprising of eleven half sib
plant progenies established at CAZRI, Jodhpur during 1984, besides variation in of height,
diameter at breast height (DBH) there was segregation for flower colour in ten progenies,
suggesting the outcrossing nature of this species. Our observations showed that birds like purple
sun bird (Nectarinia asiatica) visit the flowers for nectar and may be acting as pollinators.

Acacias

A senegal is an important fuel and guin yielding tree on rocky habitats. An exploratory
survey was undertaken during 1984. Maximum variability was found in Barmer distnict. In 52
trees enough variability could be observed in various pod characters like pod length (4.2- 10.3
cm), seeds/pod (2.8-7.0) and 100 seed weight (7.40-18.88 g). Variation in different traits has
also been observed in progenies of 13 plus trees established in 1985 at Jodhpur, Bhopalgarh and’
Jaisalmer. At present there are about 700 trees in field representing 18 single plant progenies.

A. nilotica sub sp. cupressiformis is found in Pali district and its concentration is very high
around Sadri. During survey variation in height, DBH and compactness of crown was observed.
Seed from eleven plus trees has been used to establish progeny trial of this sub species during
1991. Qur earlier studies on single plant progeny indicate that this sub species can perform well
under Jodhpur conditions and there is segregation with respect to compactness of crown. .
nilotica collections were also made from eleven provenance in Gujarat and a replicated trial was
established during 1990.

Twelve progenies of A. tortilis- an exotic fast growing multipurpose tree species - were
evaluated under arid (Jodhpur) and semi-arid (Pali) conditions. Components of variance for
height tend to stabilize by third year (Solanki ef a/ 1992b). Provenance trial of A. fortilis sub sp.
raddiana, has also been established during 1988-89,
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Acacia albida is widely distributed throughout the dry zones of Africa and parts of the
Middle East (Fagg, 1992). This species has a particular potential for community forestry in dry
areas (Palmberg 1981). In Sahelo-Sudanian zones A. albida is regularly associated with most
intensively cultivated lands. According to Pelissier (1979), A. albida stands are critical to the
lives of farmers dependent on rainfed cereal agriculture and breeding of domestic animals.
Since last two-three decades information has been generated on agroforestry, silviculture, and
various other aspects, but it was only during last decade or so that concerted research efforts
were made on genetic resources and stock improvement (Bonkoungou,1992).

Provenance tnial of 4. albida was established at Central Arid Zone Research Institute,
Jodhpur during 1988. There were significant differences among the seven accessions for tree
height over all the seven years since their establishment. Mean provenance height after seven
years was more than 4 m in all the accessions (Table 1). Accession having maximum height
during first year of establishment is also having maximum mean height after seven years of
establishment. Flowering in 16 trees was observed for the first time in 1993-94 when trees were
six year old. These trees were not from any specific provenance but were representing alt the

provenances.

Table 1. Mean height of seven accessions of A. albida transplanted in July 1988

Mean Height (m)

Acc no. 1988 1989 1990 1991 1992 1993 1994
EC 232578 023 0.84 1.95 3.05 3.65 440 468
EC 232579 0.2’6 0.94 2.14 3.36 4.05 441 499
EC 232581 0.37 1.15 2.14 334 391 470 5.02
EC 232582 0.25 0.80 1.63 291 3.54 445 497
EC 232583 0.27 1.01 2.06 3.29 3.93 476 5.03
EC 232584 . 0.26 0.75 1.50 2.52 3.02 3.72 4.01

EC 232585 0.28 ' 0.80 ] 1.63 2.75 3.28 4.01 430
Mean . 0.27 0.90 1.86 3.03 3.63 435 4.71

From the foregoing discussion it is evident that trees are important constituents of arid zone
ecosystem and cater to many needs of desert dwellers. Variability for almost all the silvicultural
characters is available in the indigenous trees of Thar Desert and there is a possibility of
selection of plus or elite trees keepiﬁg in view of the objectives and needs of particular zone.
However, considering the long life span and extreme climatic- conditions, systematic efforts
through proper planning and testing of the material at multilocations are required so that genetic
potential is realized to a maximum. ‘

Most of the diversity collected during surveys or procured from other sources is in the form
of progenies/accessions in the field. The conventional approach of germplasm collection and
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conservation in the form of single plant progenies or clones cannot be extended too far due to
limitation of fand and manpower. There is need for adopting other conservation strategies like
low temperatute storage of seeds, pollen storage, /n vitro collection and conservation etc.
Dilemma can be whether to store genetically improved stocks or just natural populations. The
problem becomes simpler if we actually know about the exact extent of genetic variability and
try to preserve the same levels in genetically improved stocks.
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INTRODUCTION OF TREE SPECIES FOR INDUSTRIAL USE IN
SILVIPASTORAL SYSTEMS

S.K. Jindal

Introduction

The introduction of perennial woody species on pasture land or vice versa offers many
advantages at low cost. The silvipastoral system operates in a region where agroforestry crop
farming system is not feasible, owing to low rainfall and lack of fresh water. The integration of
forest (timber, food or fodder producing ones) and woodland management with pastoralism as
the main occupation, is a good example of the silvipastoral use of land. The proper use of
fodder trees can add nutrients to soil, fix atmospheric nitrogen, lower the soil surface
temperature, reduce soil moisture evaporation, contribute animal feed during lean period and
also provide more effective year round use of labour (Shankarnarayan, 1984).

There has been considerable interest in using, more productive renewable natural resources
of the and and semi-and zones which make almost 40 per cent of the Thurd World’s land
surface. In this article tree species which are reported to tolerate arid or semi-arid conditions,
suitable for silvipastoral systems and have potential as raw materials for industrial i.e. non-food
use are mentioned. These species yield one or more of the following commodities.

« Essential oils for use in flavourings, fragrances etc.

« Firewood

» Gums and resins for use as adhesives including those which may be used in food stuff
«» Oilseeds-non food uses i.e. technical oils used in surface coatings for lubrication etc.

» Pesticides

« Pharmaceuticals - as a source of drug or their precursors

« Tanning materials

« Waxes

Choice of Woody Species .

Many factors are required to be taken into consideration when selecting woody species for a
silvipastoral or an agro-silvipastoral system. Robinson (1983) insisted on the importance of (i)
the location (on communal lands, on private pastures, on non-appropriated lands near rivers
etc), (i) the management (watering, planting, protection, shaping, pruning, lopping,
distribution, classes of age etc.) and (iii) the purpose.

Management of Tree Species

Multipurpose trees: Multipurpose trees could be grown as widely spaced individuals, in
small groups or rows, but should not be in closed stands if they are required to yield fruits and
browse as well as wood. Multipurpose might mean *multimanagement’, some trees might be
lopped for browse, others pruned for fruits, others allowed to grow tall for shade and ground
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cover, trees for different purposes might be planted on different patches of soil, fruit trees may
become multipurpose if poorly managed; some trees might be culled for fuel and continuously
replaced; and old trees might be girdled to obtain a last crop of fruits before felling,

Fodder trees: Trees grown for browse, fodder or mulch should be coppiced, or if animals
are grazed beneath them pollarded.

Fuelwood trees : For fuelwood trees, the wood should have a high specific gravity, and the
trees should be spaced to produce stems and branches of the desired diameter in the shortest
time. : '

Timber trees : Wide spacings and the pruning of basal branches improves the timber quality
and shortens the time to maximum mean annual increment.

Purpose of the Trees

When the main target is to increase fodder availability, a broad choice of species is to be
advised to reduce risks of inappetability or even toxicity, and the account should be given to the
time, the parts consumed by the animals, and how their nutritional value changes along the year.

If shading the animals is the main objective, the places where animals are most of the time
throughout the year during the day should be known, in order to start planting shading trees’
where shade is the most needed. Trees are in fact not always the only solution for shading, for
example sheep may be shaded by shrubs. The age of the animal is also to be taken into
consideration; lambs are more affected by heat than rams. :

Environmental considerations should not be neglected. For example woody plants may
become nesting grounds for grain eating birds which could attack neighbour cereals.

Opportunily costs are also important for example what is the impact of woody plants if
introduced close to crop lands.

Resources in man-power: Zero grazing requires a lot of man-power to cut and transport
fodder, pruning branches is less demanding and free grazing/browsing requires no man power at
call. - :

Flexibility of the pastoral management e.g,. are other fodder resources available during the
period of planting and do young woody plants require protection? ‘

For arid zone tree §pecies as far as possible, should have some or all of the following
characteristics.
« It should be drought hardy and fast growing,

« It should be compatible with local flora and be able to grow under different agro-climatic
regions of soils (saline, alkaline, rocky refractory sites).

» There should be profuse coppicing to save an additional expenditure on replanting of the area
after felling,

_» The tree species should have easy establishment
». It should produce good quantity of viable seed for further propagation, and
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. It should require very little after care.

Introduction of Exotic : Plant introduction from isoclimatic regions of the world is an
important part of any afforestation and/or tree improvement programme. At CAZRI, 115
species of Eucalyptus, 65 species of Acacia and 82 miscellaneous species of 44 genera from
Australia, Israel, U.S.A, US.SR, South Rhodesia, Chile, Peru, Sudan, Kenya, Arizona,
Venezuela, Mexico etc. have been introduced.

Out of 65 Acacia species introduced from Australia, Israel, Rhodesia, Kenya and Sudan the
most promising ones identified are Acacia tortilis, A. raddiana, A. senegal, A. planiform, A.
ciliata, A. aneura, A. tortilis, A. leucophloea, A. salicina, A. nilotica and A. catechu. Among
these A. fortilis has been adjudged the best for arid zone which has established its superiority
over others in various habitats, viz., deep sandy soils, sand dunes, rocky refractory sites, sandy
loam shallow soils overlying hard calcareous pan beneath.

Exotic v/s Indigenous Species : Choice of species rests between tree vegetation from
natural vegetation native to the area or introducing species from other isoclimatic zones.
Introduction of exotic species at times seems attractive as it is possible to achieve gains in a
short time and genetic improvement of local species is more time consuming. So foresters tend
to opt exotics rather than exploiting the local tree species. The experiences with some of the -
introduced tree species show that the initial gains are at times forfeited by the subsequent
problems created by them. "Good" plants may become "bad" or vice versa. Prosopis juliflora,
which is bad in Texas is appreciated to colonize eroded lands in Mauritiana, where it provides a
valuable fodder where no forage was available, around some villages of Niger and Upper Volta,
where it has introduced as a source of fodder, it became a pest creating impenetrable bush, when
not cut earlier for fuelwood. In India also, it is proving to be useful in some parts of India
(Rajasthan and other wastelands) and as a weed in other parts (parts of Gujarat etc.). Lanfana
camara, well relished by goats, but largely dispersed by birds has become an invader of
thousands of hectares of excellent grasslands of Kenya greatly reducing their carrying capacity.
Thus it is important that pros and cons of introducing exotics should be thoroughly weighed and
wherever possible, priority should be given as far as possible to the indigenous tree species.
Work at CAZRI has shown that there is large genetic vanablllty and if exp101ted properly by
simple breeding taols it can give high returns.

-large variation for fruit yield per tree, DBH, tree height etc. in Azadirachta indica (Jindal
and Satyavir, 1994); for tree height, clear bole length etc. in Tecomella undulata (Jindal ef al.
1987)

- Heritability of most of the traits is high and good results can be obtained by simple
selection in Prosopis cineraria (Solanki et al. 1984).

Now what should be done? Whether to grow indigenous or exotic tree species. Always use
the plant which in a given environment, best fulfils the needs of the people as they have
identified them. Of course the conservation of the genetic resources is must, but it is rarely the
main argument used by the pm-indigenous‘When exotic are the best-They should be used. 100%
of the production of soya in the U.S.A. are provided by six varieties of Asian origin, more than
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50% of wheat in Canada comes from Kenyan germplasm, all fodder sorghum cultivated in S
France derivates from germplasm collected in the Sudan and in W. and N. Africa (Baumer,
1988). So the choice of species should be based on clear goal in mind and a tough screening of
both indigenous and exotic species should be made before arriving at final conclusions i.e.
before selection of the species. It should be tested thoroughly for its adaptability, utility for fuel,
fodder, fibre and quality and suitability to the soil and climate of the various locations. Soil
preferences, water requirements, uses etc. of most of the species are known particularly for their
habitats.

\

A review of the woody species in agroforestry for fodder was made by Torres (1983). Buta
lot of incertitudes remain which would justify urgent research, as pointed out by IUFRO
(Carlson and Shea, 1987). Prosopis spp illustrate it.

Prosopis sp. plants are drought resistant, N-fixing and acceptable. In the Pacific coast of
Latin America, fruit of /. chilensis was used as food and fodder before arrival of the Europeans,
the species is still cultivated there on poor soils with a rainfall as low as 250 mm/year.
According to Bene ef a/ 1977, one hectare may produce upto'4 t of pods/year, which contain 9%
proteins, 47% non-nitrogenous extract, 6% fat and 25% cellulose. Their fodder value is close to
barley. Flour which can be grinded is used to prepare a rich food which may be eaten raw and
preserved for several weeks. As, in some areas where one quarter of the family retumns is spent
in buying fuel to cook only one warm meal a day, the quality of the food is obvious. The wood
of P. species has a high calorific value and is hard enough to be used for poles, pegs, building,
furniture. The root system is strong, so the production of leaves and pods may be used from the
third or fourth year and in some cases after two and a half years. Nectar is much appreciated by
honey bees.

But a difficult problem is the true identification of species and vaneties. As far as the
Sahelian and Sudano-Sahelian regions are concerned, the best adapted species are not yet known
for certain (Poulsen, 1979). According to Burkart (1976), Prosopis juliflora (Swartz) D.C. is a
distinct species from P. chilensis (Mol). Stuntz., but for others it is a synonym of P. chilensis
var. glandulosa (Torr). Standl., the variety glandulosa of P. juliflora so common in Texas and in
California is sometimes considered as a distinct species. This is to illustrate the complexity and .
the confusion in the taxonomy.

An adult khejri tree (Prosopis cineraria (L.), Macbride) may give upto 5 kg per year of air
dried pods with a rainfall of 350-500 ram. From 10 to 30 years of age the tree will give 2- 3 kg
per year (Mann and Saxena,1980). The species is rarely destroyed by the Indian farmer who is
well aware of all its advantages: fodder, fuel, small timber, protection against wind,
improvement of soil fertility. “ The farmers cultivate a lot of crops under the khejri : millet,
sorghum, mustard, wheat, guar, moong (Vigna radiata), cowpea (V. sinensis).

On deep alluvial soils, the number of khejri per hectare varies from 20 to 40 giving a 4-
10% cover. On very deep soils of the districts of Nagaur, Ganganagar, 40-120 trees per hectare
are kept with a rainfall ranging from 150-350 mm and even upto 150 trees south of Sikar where
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rainfall is around 400 mm. In the western parts of Rajasthan where rainfall ranges from 80-180
mm (around Jaisalmer), only 10 trees per hectare are found in the natural rangelands.

For arid areas, preferred indigenous tree species are P. cineraria, A. senegal, Ziziphus sp..
Tecomella undulata, Salvadora olevides and S. persica. These tree species, however, are
extremely slow in nature. For better rainfall areas of arid zone, are Acadirachla indica and
Albizia lebbeck.

Herlocker et al. (1981) reported the results of planting trials carried out during 1976 and
1980 in several altitude zones. Twenty seven species, over half of which were exotic, were tried
with considerable success in the sub-humid zone, but only limited success was achieved with a
few drought tolerant species in the arid zone where an initial period of watering was possible.
The most successful of the introduced, drought tolerant species were Prosopis chilensis.
Parkinsonia aculeata, Melia azedarach. Azadirachta indica and Cartrica papaya. Among the
indigenous species planted in arid conditions are Acacia senegal, A. tortilis and Salvadora
persica had been the most successful although slow in their growth. An important
characteristics of Prosopis and Parkinsonia is their relative unpalatability which enables them to
survive'in an environment where goats may prevent the growth of the most small woody plants.
Tree species of industrial uses for silvi-pastoral systems are given in Table 1 and 2.

Table 1. Raings for various uses, annual rainfall required and ratings for drought
resistance for various tree species suitable for silvipastoral systems

Tree species Ratings for tree for Annual rainfall (mm) Drought
various uses resistance
Fodder Fuel Timber Growth Minimum Maximum During Mature
rate Planting  tree

1.  Acacia 8 7 7 6 300 1800 8 10
albida

2. A aneura 3 5 3 4 200 500 9 10

3. A [eucoph- 6 5 5 4 450 1500 6 ;9
loea

4. A nilotica 7 10 8 6 350 2000 8 9

5. A salicina 2 3 4 s 125 50 8 9

6. A senegal 5 7 6 3 200 625 8 10

7. A tortilis 5 7 8 7 100 1000 10 10

8. Ailanthus 6, 3 3 9 400 850 7 8
excelsa

9. Albizia 7 7 4 8 500 1150 7 8
amara

10. A. lebbeck 4 6 5 7 300 2500 8 8

11, Anogeissus 5 7 3 4 425, 575 7 8
pendula

12, Azadirachta .6 5 6 6 750 1150 7 8
indica
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13 Bauhinia 8 5 3 7 500 4500 6 6
variegata

14 Butea 4 6 5 5 500 4500 6 6
monosperma

15 Cassia siamea 4 7 6 8 500 700 6 7

16  Celtus australis 5 3 3 6 250 800 5 6

17.  Colophospermum 8 6 4 8 150 800 8 10
mopane ,

18 Commiphora 7 6 2 3 500 850 7 10
wightii

19  Dichrostach-ys 6 4 3 6 200 700 8 10
cinerea

20. Emblica 4 4 3 5 400 2500 6 8
officinalis

21.  Ficus 6 4 4 7 500 4000 6 7
bengalensis o

22. Grewia tenax 8 5 4 6 200 1000 L] 7

23.  Hardwickia 9 8 8 6 250 1500 7 8
binata

24.  Leucaena 10 8 7 10 350 200 5 6
leucocephala

25 Melia 5 7 5 8 350 2000 5 6
azedarach

26.  Parkinsonia 1 5 3 8 200 1000 8 10
aculeata

27, Prosopis 10 8 8 3 75 800 8 10
cineraria

28. P juliflora 5 9 8 9 150 750 10 10

129,  Salvadora -4 5. 5 4 180 1000 8 10

olecides

30. S persica 3 4 4 5 . 130 900 8 10

31. Tecomella 3 5 10 6 150 500 8 10
undulata

32.  Wrightia - 5 4 3 5 400 1200 6 7
tinctoria

33, Ziziphus 6 8 7 6 125 2225 6 10
mauritiana

Source : Hocking, 1993

Ratings of trees for various uses: the higher the number (range 1 to 10), the better it is and higher the
quality for that uses. .

Drought resistant ranking by minimum rainfall: the higher the more droughts resistant is the species.
1. least drought hardy, 10 = most drought hardy 34.
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Table 2. Industrial uses of tree species suitable for silvipastoral systems

S. No. Species

Industrial uses

I.

A. albida

Wood in older trees is of large dimensions and is of great value
for household and farm implements and utensils. It is relatively
soft and easy to work.

Bark contains about 25% tannin and various parts of the tree are
used for medicinal uses

A. aneura

Wood is hard, heavy and durable. Seeds contain about 25%
protein and used as a grain legume

A. leucophloea

Wood is moderately heavy (721 kg/m3), strong hard and tough . It
is coarse in texture and the grain is irregularly interlocked. It is
used for making agricultural implements, carts, cart wheels, oil
mills and for turnery. Good fire-wood, 4886 K. Cal/kg

A. nilotica

Useful for timber, firewood, charcoal, tannin and gum. 15-20 year
old plantation yields. about 6 tonnes of air-dry bark which is one
of the best tanning matenal of North India . The timber is very
strong (830 kg/m3), very durable when well seasoned. It is
favourite wood for agricultural implements, hammers, crushers,
oil pressers, persian wheels, carving , turnery.

It is excellent firewood and charcoal, calorific value of dry
sapwood is 4800 K. Cal/kg, of heartwood 4950 K. cal’kg, of]
charcoal about 6300.

Gum is used in the manufacture of matches, inks, paints and
confectionery.

Medicinal uses: bark as an astringent which cures cough,
bronchitis and piles. Gum is said to cure leprosy, urinary
discharge and biliouness, and is useful in diabetes. Extracts of
pods, leaves, bark are used for dyeing cotton, silk and leather.

A. salicina

The wood is hard and heavy, heartwood making a fine quality
timber used for furniture . ‘

A. senegal

Gum: used for finishing silk and crepe, in inks, paints and
polishes. Timber used for making cart and persian wheels, sugar
cane crushers, agricultural implements

A. tortilis

Good fuelwood, calorific value 4400 K. cal’kg. Wood is
moderately heavy and strong and is used for fence posts,
agricultural implements and small articles.

Ailanthus excelsa

Timber of class suitable for match boxes, but not quite
satisfactory for match industry. )

Albizia amara

used as firewood
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10. A lebbeck Wood is used as timber of panelling

11.  Anogeissus pendula  Excellent firewood, 5300 K.Cal/kg. Produces the best charcoal
in the Aravalis. Gum is edible and medicinal.

12, Azadirachta indica  Fruits yield oil used in the manufacture of soap; bark, leaves and
fruit used in traditional Indian medicines and as an insecticides,
Extracts of bark recently used in toothpastes etc.

13. Bauhinia variegata  Used as firewood, several parts have medicinal values, flowers
are laxative, bark is astringent and is used for treatment of]
diarrhoea. ‘ >

14 Butea monosperma  Leaves are used to make 'Dona' for serving eatables, Green pods
are used as vegetables. Gum is used for medicinal use.

15.  Cassia siamea Wood is used as fuel, charcoal is of excellent quality. Bark is
occasionally used for tanning,

16.  Cellus australis In Africa, the leaves and fruits are eaten in soups and salads.

17. Colophospermum Wood is very hard, heavy and quite durable, poles are used in

mopane hut construction, fence posts. It is an excellent fuel.

18, Commiphora wightii  Oleo-resin extracted is used for medicines, perfumery, preparing
agarbattis, as incense eic.

19 Dichrostachys cinerea Wood is used for fuel and makes high quality charcoal. Various
parts are used in Africa for various medicinal purposes.

20.  FEmblica officinalis . The bark, leaves and fruits are in native medicines. Mainly
grown for fruits which are used for pickles, preserves or candies.

21.  Ficus bengalensis Infusion of bark is tonic and is used in dysentery, diarrhoea and
diabetes.

22, Grewia tenax Good fuel. Branches used for making walking sticks, decoction
of the wood is used as a remedy against cough.

23.  Hardwickia binata  Timber is used for cart wheels, plough shares and making|
bearings . Excellent fuel and gives very good charcoal.

24, Leucaena Wood can be used for fuel or making charcoal and for paper|

leucocephala pulp, fibreboard etc, Seeds used for decorative purposes in craft
work.

25.  \Melia azedarach Wood is extensively used for toys, boxes, sporting goods, house
building, boat building. ploughs and furniture.

26.  Parkinsonia aculeata  Wood is used for making charcoal

27. Prosopis cineraria’  Pods used in various foods (such as curries), branches and main
stem are used for fuel and to give a high quality charcoal. The
plant is used in Indian medicine for rheumatism,

28. P juliflora ‘Bark exudes gum which is edible. The bark is used for tanning,
Wood is used for fuel, fence posts and occasionally for
conversion into charcoal. Flowers yield nectar and honey.

29. Salvadora oleoides  Seeds contain about 40% oil and is used for soap making and

varnish
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30. S persica Seeds contain 35-45% oil and excellent for making soaps and it
makes a good substitute for coconut oil and is a potential
industrial substitute. The wood is white, easy to work and takes a

~ good polish.

31. Tecomella undulata  Wood is hard and is used for making fumniture and is as valuable
as Tectona grandis. Due to the presence of lapachol, the wood is
resistant to fungal and insect attack. The wood is excellent for|
firewood and charcoal, and it burns slowly with a fierce heat.

32 Wrightia tinctoria Dye is extracted from the leaves, wood is used for making toys,
match boxes, printing blocks. The tree yields cream coloured
latex. The seeds yield deep red, semi-drying oil which has
medicinal value.

33.  Zizyphus mauritiana  Good for firewood and charcoal,. Calorific value of the wood is
4878 K.Cal’kg. Wood is heavy, hard (650 kgym3 J.used for,
bed-legs, tent-pegs, house buildings, agricultural implements.
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SEED PRODUCTION IN GRASSES AND TREES

M.S. Yadav and Manjit Singh

Introduction

To counteract pressure of ever increasing livestock population on the available natural
resources in the desert, especially vegetation pasture development and afforestation is necessary
and for this ample quantity of good quality seed is required. Inadequate supply of good quality
seed is one of the major constraints in pasture development programmes. It is more so important
because the forage grass crops have been grown substantially for vegetative purpose and as such
they are shy seeder with low productivity. Secondly they are not allowed to come to maturity
and are either cut or grazed at vegetative stage.

At present very little arrangements exist in our country for the production and distribution
of genetically pure good quality seeds in an organised manner. A major portion of demand of
pasture seed is met from low quality spurious seeds. As per the estimates made by National
Wasteland Developiment Project of Indian Grassland & Fodder Research Institute, Jhansi, a
large gap exists between the requirements and availability of range grasses and legumie seeds per
year (Table 1).

Table 1.Requirement and availability of range grasses and legumes seed per year

Particulars Requirements Availability
(tyn) (tyr)

Range grasses and legumes for tropics 3000 450

Range grass and legumes for temperate climate 2000 200

Seed Production in Grasses

Problems

» Very little efforts have been made to generate high yielding varieties of pasture grasses. In
general, high fodder yielding varieties are poor in seed yield. Varieties with higﬂ forage
production potential coupled with high seed yield are rarely available as a consequence of
which production could not be an attractive enterprise. :

» Maintenance of seed purity in individual plants is difficult because of its perennial and
tussocky nature.

* Seed maturity is scattered due to unsynchronised tillering,

» Seed production is highly susceptible to adverse weather conditions, i.e., heavy rainfall,
wind storm and drought.

* The seeds of most of the pasture grasses do not have any alternate sale value.

Seed Production Technology

Seed production is a highly specialized activity and can be profitable only by adopting the
following points.
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Suitable Locations i

Dry climate is conducive for higher seed setting, whereas in humid tropics the rainfall is
higher and wind storms are common, the seed-does not ripe fully and there is loss of seed due to
shedding, hence the selection of suitable location for individual crops is of prime importance.

Method of Planting

Seed rate and spacing: The individual plant should get enough space, sunlight and nutrition
to produce healthy and bold seed in large quantities. Over crowding retards plant growth and
development, resulting in poor seed yield. It is, therefore recommended that seed crop must be
planted in spaced rows with a comparatively lower seed rate (Table 2), as compared to crop
grown for forage production. The general practice of sowing of forage crops through
broadcasting should be avoided as the sowing, in rows facilitates inter cultures and rouging.

Weeding: Two weeding are essential for the proper growth of plants,and first done after
fifteen days of sowing. At this stage annual weeds compete with the sown crop. Second
weeding is followed at the initiation of flowering, Cenchrus ciliaris/setigerus grasses recorded
100 per cent increase in yield by weeding alone.

Removal of off types: In order to produce genetically pure seed it is necessary to remove
plants not conforming to the characters of variety. In cross pollinated grasses, such plants
should be removed before flowering. In self pollinated and apomictic, rouging should be done
before the collection of seeds.

Seed collection: Most of the grasses flower in the month of July-August. There is
continuous process of tillering, Tillers which emerge first will flower in the month of August
buit tillering process continues till August and such tillers come to flowering in Sept. Therefore,
grass seeds start maturing in the month of September. and continue till October. Seed maturity
is influenced by rains, if there is low rainfall (below 250 mm) seeds will mature in September, if
there is normal rainfali (250-400 mm) with proper distribution, seed maturity is delayed by one
month. Now it may be highlighted that flowering and seed maturity ranges from 20th August to
30th October. ' ]

Seed collection is done manually by hand picking of spikes (Fig, 1). The seed shedding is a
major problem and even with a light jerk seeds will fall down. Mature seeds should be collected.
The upper portion of the spike matures first and immediately it should be collected and lower

Table 2. The optimum seed rate and spacing of different pasture grasses

Species Seed rate Spacing
- (kg/ha) (cm)
Lasiurus sindicus 5.5 50x 75
Cenchrus ciliaris 40 50x 50
Cenchrus setigerus 4.5 50x 50
Panicum antidotale 25 50x75
Dichanthium annulatum 20 N 50 x 50
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portion should be collected at its maturity. Average seed yield' of some important grasses is
Lasiurus sindicus - 20 kg/ha, Cenchrus ciliaris - 60 kg/ha, Cenchrus setigerus - 100 kg/ha,
Panicum antidotale - 70 kg/ha, and Dichanthium annulatum - 30 kg/ha.

Cleaning of seed: During the process of seed collection spike rachis and few leaves are
mixed with the seed. After seed collection, rachis and leaves are separated manually. This inert
matter decreases the quality and should not be permitted more than 2 per cent.

Drying and storage of seed. Seed is covered by the glumes and bristles which contain
moisture. As soon as thee seed is collected it should be dried on threshing floor in open sun for
three days. After drying seed should be filled up in gunny bags. For storage of seed, sufficient
space is required because one gunny bag contains only 8 to 10 kg seed. Seed is stored at room
temperature which should not exceed to 37 °C.

Effect of Fertilizers on Seed Production

Application of fertilizers to pasture grasses increases forage production and seed yield.
Application of 20 kg N/ha to Cenchrus ciliaris pastures resulted in 83.1% increase in dry forage
yield and 112.6% increase in seed yield. Faroda (1974) did not observe significant effect of P20s
on the forage yield of C. ciliaris. But Puri et al., 1977 and Raj (1990) reported increased yield
of D. annulatum, C. ciliaris and S. hamata after application of 60 kg Ps/ha.

Qualitative Aspects of Pasture Grass Seed

The seed needs to be of proven and desired quality so as to maintain it during the course of
its multiplication cycles. The seed quality traits comprise genetic purity, physical purity, seed
moisture, seed germinability and health. The minimum standard of these traits are prescribed for
different crops and categories of seeds. These standards need to be met before granting
certification tag. These standards are field standards and laboratory standards. The field
standards are met through field inspections by the monitoring team. In this inspection, it is
ensured that the prescribed isolation distance is maintained as well as the field is free from
off-types and weeds. The field inspection controls the genetic as well as physical purity. The
samples as prescribed are drawn from lots and are sent to notified seed laboratories for analysing
for seed moisture and germination per cent.

Categorisation of Seeds

In accordance with the position of the particular class of seed in the chain of seed
multiplication, the degree of monitoring and precision observed for purity made in the
cultivation as well as the seed standards it qualifies, the seeds are classed as Nucleus, Breeder,
Foundation, Certified and Truthful labelled seeds.

Nucleus seed. This is the purest form of seed produced by the breeder with highest degree
of precision. Single plant/earhead/pod which have the desired genetical build up, are grown in
single progeny rows. The rows which are slightly different are rejected. The seeds of all the
approved lines are bulked and used for production of breeder seed.
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Breeder seed: Breeder seed is a seed or vegetative propagating material which is directly
controlled by the originating or in certain cases, the sponsoring breeder or institution and which
provide for the initial or recurring increase of foundation seed. Drawal of prescribed number of
samples from each lot and growing with check rows of nucleus seed of the same variety is
desired under "Grow-Out Test" to know the genetic purity of the produced seed.

Foundation seed: Foundation seed is seed stock so handled as to most nearly maintain
specific genetic identify and purity and that may be designated or distributed by an agricultural
experiment station. Foundation seed is multiplied from breeder seed. Minimum isolation
distance for production of foundation seed in C. ciliaris, L. sindicus, D. annulatum and Napier
grass is 20 metres.

Certified seed: 1t is the last category of seed which can not be used for further multiplication
but used for forage production only. The seed is produced as per prescribed standards by the
registered growers, State Departments, State Seed Corporation, Regional Stations, etc. Isolation
distance in this case is 10 metres.

Seed Certification

Seed certification is a legally sanctioned system for quality control of seed multiplication
and production which in this country consists of the following control measures;

An administrative check on the orgin of propagating material for the purposes of
determining varietal purity .

Field inspection: An evaluation of the growing crop for obtaining data on trueness to
varietal purity, isolation of seed crop to prevent cross pollination, mechanical admixtures and
disease dissemination, and crop conditions as regards diseases, objectionably weed and
admixtures. Supervision of agricultural and commercial operations of harvesting, storage,
transport and processing with a view to preserving, the identity and quality of lots.

Sample inspection: An evaluation of p]anting quality by a laboratory test of representative
sample drawn by the certification agency that aims at determining the percentage of
germination, moisture content, weed-seed content, admixture and purity.

Bulk inspection: An evaluation of the lot for the purpose of checking homogeneity of the
bulk as compared with the sample inspected.

Control plot testing: Samples drawn both from the source seed and the final seed produced
can be grown in the field alongwith standard samples of the variety in question.

" Pre-requisite for Certification

1. Only tagged seed of one category of seed should be used for multiplication. Certification
'tag is required at the time of monitoring. “owever, in the case of breeder seed production
this requirement is not there. It may be produced from breeder seed stage. The cultivars

- needs 'to be notified.
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2. The field standards. The required minimum isolation distance should be there. The seed
crop must be free from off-types, diseased plants, objectionable weeds and inseparable crop
plants. The minimum seed certification standards are given in Table 3.

¢

Table 3. Specific crop standards for certification (certified seed)

Factors . Anjan grass
Pure seed* 80.0%
Inert matter + 20.0%
Other crop seeds + 0.5%
Total weeds seeds + 0.5%
Objectionable weed seed + 0.2%
Germination * 30.0%
Moisture + 10.0%
* - Minimum

+ - Maximum

3. Disease free crop.

4. Seed plot monitoring and inspection by authorised team for this registration is required.
There are five crop stages of inspection.

« Inspection at the time of sowing .
« Inspection during pre-flowering/vegetative stage .
« Inspection during flowering stages .

Inspection during post-flowering and pre-harvest stages .
+ Harvest time inspection .

5. Seed samples from lots as prescribed and its laboratory analysis for moisture content
germination, and physical purity.

6. Grading and processing
7. Packing and placing tags.

Seed Production at CAZRI

Being a pioneer institution in grass seed research, CAZRI is actively engaged in breeder
seed production programme. We are the only agency in India producing breeder seed of grasses.
Regularly every year the seed production of Sewan grass (Lasiurus sindicus), Runyadar Dhaman
(Cenchrus ciliaris), Moda Dhaman (Cenchrus setigerus), and Karad (Dichanthium annulatum)
is being taken up in more than 50 hectare area at Regional Research Stations, Pali, Jaisalmer,
Bikaner, Bhuj and CR. Farm, Jodhpur. The institute has developed many new high yielding
varieties of grasses, i.e., Marwar Anjan and CAZRI-358 of Cenchrus ciliaris, Marwar Dhaman,
" and CAZRI-296 of Cenchrus setigerus and CAZRI 30-5 and CAZRI 317 of Lasiurus sindicus
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for grazing lands of westem Rajasthan. The average breeder seed-production from 1986 to 1993
was 27 g/year.

Seed Production In Trees

The situation of demand and supply of quality seed of tree is not much different than that of
grasses. The productivity of silvi-pastoral system can be increased significantly by correct
choice of tree/shrubs species and by using genetically improved seed. Realising that the mistake
of using poor quality seed cannot be rectified easily in case of trees and the investment made in
genetic improvement will repay many times the initial cost, work was initiated at this Institute
on genetic improvement of multipurpose tree species in 1983 and the programme covers species
like Prosbpis cineraria, Tecomella undulata, Acacia senegal, A. nilotica var. cupressiformis, A.
tortilis, A. tortilis subs,p. raddiana and A. albida.

Indigenous trees, many of which are important constituent of silvi-pastoral systems, are
highly heterogeneous in quality and seeding ability. Seed production in trees is affected by age,
genotype and environment. Variation in seed production was observed in P. cineraria and A.
tortilis. In four-year old 35 trees of A. fortilis, the coefficient of vaniation for seed yield per tree
was 116.9% (Jindal et al,, 1990). In P. cineraria, on average a 30 year old tree produces 2-3 kg
seed under 350-400 mm annual precipitation. Qur observations show that seed production was
highly variable over years. This has led to many beliefs and natives predict rainfall in the
subsequent months on the basis of amount of flowering and pod formation in P. cineraria.
Sufficient variability in seed and seed related characteristics has been observed in all the species
under study. In some trees pods or seed form the part of economic yield as well. For example
pods of P. cineraria, fresh or preserved, are used as vegetable, seeds of 4. senegal also form part
of vegetable. The significance of pod and seed production in such tree species in a genetic
improvement programme automatically gets enhanced. During surveys natural variability has
been collected and preserved as germplasm accessions or progeny trials (Solanki ef al., 1992).

Prediction equations for seed production by a tree have been formulated in some cases. In
P. cineraria studies show that pod production could be predicted from diameter at breast height
(dbh) and seed can be predicted from pod weight. In A. fortilis, total seed weight could be
predicted from total pod weight. The seed related traits were not significantly associated with
morphological traits in this species and these traits could not be used as predictors. In P.
cineraria in even aged stands, 100-seed weight is significantly associated with tree height, collar
diameter and dbh, this association however gets masked in-natural populations possibly due to
variable age and location (Singh et a/., 1991). 100-seed weight also has positive association
with progeny height in nursery. Thus selection for seed weight alongwith total seed production
by a tree may lead to better germination and establishment in nursery. The other seed related
traits like pod length, seed number, etc. were not significantly associated with morphological
traits implying that independent or simultaneous selection can be made for these traits.

»

For production of genetically superior seed, it is necessary to bring together plus trees
spread over large areas. The intermitting of such trees is likely to give better quality seed. For
this, vegetative propagation techniques have been developed for P. cineraria (Solanki et al.,



Fig. 1 Manual seed collection of Cenchrus ciliaris

Fig. 2 A seed orchard of Prosopis cineraria
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1984). A clonal seed orchard of P. cineraria comprising of 200 plants raised through air
layering has been established. Seed production in such trees is early and due to bushy nature of
plant, the harvesting of seed is also easy.

To get information on genetic par;meters related to seed production and other traits,
progeny-provenance trials have been established in all the species on which work has been
undertaken. Seed orchards of P. cineraria (Fig. 2), 7. undulata and A. tortilis have also been
established. In most of the species, there were clear cut differences in morphological and seed
related traits within and between progeny.

Knowledge of mating system, i.e., degree of outcrossing is necessary for production of
genetically superior seed and can have an important bearing on the number of genotypes to be
included in a seed orchard. Unfortunately baring some generalizations there is no information
available on mating system of indigenous tree species. Efforts are being made to collect and
document information relating to this. In P. cineraria flowering is asynchronous and takes place
duning March-May. Pod formation occurs during May-June. The average number of
flowers/inflorescence is 76 and out of these only two per cent develop into pods. The surplus
flowers appear to be a mean and attracting pollinators and a reserve which is so essential in such
climates where extensive losses can occur due to abiotic and biotic factors (in some trees gall
forming pests can lead to complete loss of pods). On an average in 12% of the inflorescences no
pod formation was observed. Out of the rest, pod formation was mainly observed in distal and

-middle region of the stalk of inflorescence. Only 5% of the pods were found in basal region.
Similar observations was also made in 4. senegal. 1t is intriguing that why an arid zone species
should opt for distal pods and spend extra resources on thickening and strengthening of support
tissue and increased translocation. - There was no difference in pods/inflorescence in upper and
lower region of ten trees of P. cineraria studied. In the developing pods there were marked
differences between trees for the number of ovules developing into normal seeds and it varied
from 43%-86%. P. cineraria is a self compatible, non-apomictic species. Pod formation in
selfing in bagged inflorescences, was, however, extremely low. In isolated trees in natural
stands, pod production appeared normal, though pod size and seeds/pod was less. 1t appears that
pollinators are essential for normal production of pods. Pollination appears to be mainly by
honey bees. Similarly studies in 7. wndulata showed that flowering is asynchronous, only

«0.93% of open pollinated flowers develop into pods, it is self compatible, non-apomictic (Jindal

et al. 1985) and is pollinated mainly by birds (purple sun bird-Nectarinia asiatica.).

It is evident, that we need‘to have broad genetic base in seed orchards for production of
genetically superior seed. At the same time it is important to have information on the pollinators
which may also be getting affected by over exploitation of vegetal resources. In seed orchards,
besides superior genotypes, it will be necessary to go for various cultural and management
operations for better growth and health of plants.

Seed certification of tree has not get the desired attention even though it has been realised
that its importance is more in case of trees than annuals as due to long life span of trees the
mistake of using poor quality seed cannot be rectified soon. Instead of random seed collection,
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emphasis is now being given to collect seed from plus trees, or established plantation or seed
orchards. Seed collection in trees requires some innovative approaches as many times tree
density is low, seed is on higher branches, seed is available when climate condition are adverse
e.g P. cineraria or seed is papery (e.g. 7. undulata). For convenience the seed collection is used
even though almost invariably it is the fruit which is harvested from the trees. There are a great
variety of methods and equipments available for collection of seeds/fruits and the choice depend
on a number of factors; relative size and numbers of natural disposal units and characteristics of
fruit, tree, slad, site, etc. The fallen seeds/fruits are obtained by hand picking, screening the soil
below the mother tree, spreading sheet below tree or by using vacuum seed harvester, etc. When
seed from individual trees is required than approaches like shaking the tree using a pale or rope
can used. Whenever practically possible, direct hand plucking from trees in the high way of
obtaining genetically pure seed.

Seed production can be enhanced by supplemental mass pollination, using growth
hormones, checking gall forming insects and other resident pests. Pressure on demand for good
quality seed can also be reduced by better post harvest care and improved nursery technique. It
is important to ensure that seeds are collected and cured at an early/appropriate stage. Seed
storage after chemical treatment may reduce the damage due to insects. In nursery system
techniques like scarification may significantly improve the germination rates. For direct
seeding/aenal seeding, pelleting may also prove to be of utility as it is possible to fungicides,
insecticides, organic fertilizers, etc.
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ALTERNATE LAND USE SYSTEMS FOR SUSTAINABLE
DEVELOPMENT

R. P. Singh

Introduction

Indian agriculture is beset with varied and complex problems. Growing population
pressure and dwindling renewable natural resources are the issues of serious concern for
sustainable development. Degradation of the environment is a serious problem world-wide and
poses a threat to sustainable development.

In the Indian context, land degradation low productivity per unit area, unassured income of
dryland farmers, are the major problems that loom large. Deforestation and overgrazing with
consequent soil erosion, drought, flooding, silting of reservoirs, loss of biodiversity, loss of soil
fertility and structural integrity of soil, and a reduction in shelter from the sun and wind for
people and their livestock stand in the way of sustainable development. An assessment and
appreciation of the problem can be gauged from the following facts :

¢ The average plantation: deforestation ratio of 76 countries, including India, is 1-10.

¢ In India, the per capita cropped land and forest land availability is less than 0.2 ha and 0.1
ha, respectively.

e About 70 per cent of the cultivated area in India is rainfed. Eighty five per‘cent of total
cultivated rainfed area in India is degraded.

e Only 6 m ha out of 67 m ha under forest are real forests, as assessed by National Remote
Sensing Agency.

*  About 94.0 m ha of non-forest area in the country has been identified as wasteland of which
64 per cent is drought prone.

*  According to National Remote Sensing Agency, cultivable wastelands occupy 32.8 m ha, -
which could be brought under tree or grass cover through improved technology.

The above facts call for planting more trees and putting larger areas under grass cover.
Above all, there is need for altemate land use systems matching diverse environments which can
with stand the vagaries of climate whilst at the same time providing rural people with the basis
of income, food, fuel and shelter in the long run.

In countries like India, where land is scarce and labour is in plenty but less productive,
coupled with scarce capital and high interest rates, alternate land use systems are an ideal option
(Singh and Osman 1995). There is predominance of marginal and small farmers representing 75
per cent of the total holdings of less than 2.0 ha. Small and fragmented land holdings have some
inherent constraints to increased productivity, the principal being lack of resources and
impoverished soils. Alternate land use systems are more appropriate in areas where subsistence
farming in j)racﬁsed in fragile ecosystems. In additions, alternate land use systems help in
efficient utilization of resources like land and labour.



250

Alternate land use systems (ALUS) can be defined as a perennial systems/practice adopted
to replace or modify the traditional land use. They aim at matching the land capability class,
generating more assured income with minimum risk through efficient utilization of available
resources. These systems posses more potentiality and flexibility in land use than the
traditional crop production systems.

Sustainable Land Use

Sustainable land use is that which achieves production combined with conservation of the
resources on which that production depends, thereby permitting the maintenance o6f productivity
(Young, 1989). Simply stated:

Sustainability = Productivity + conservation of resources.

Soil is an important resource. For sustainability, not only soil has to be conserved, but the
whole range of resources on which production depends, will have to be conserved. In essence,
the primary requirement for sustainability is to maintain soil fertility.

The objective of sustainable land use is the continuation of production over a long period.
This essentially calls for forms of land use that will not only allow maintenance but sustain
production at higher levels than at present (Young, 1989).

Why Alternate Land Use Systems?

It is recognized that not all lands are suitable for crop production. Class I Jands which have
the least or no constraints to crop production offer the best in terms of productivity, profitability,
and sustainability of crop production. Such lands are, however, very limited. Class II and class
II1 lands require input and management skills of crop production which are beyond the capacity
of a resource-poor farmers. Further, crop production in rainfed and dry areas, irrespective of
class of lands, is more often fraught with the risk of either crop failure or low productivity and
income. classes V and above (class VI, VII and VIII) are not suitable for crop production.

- Crop production is a seasonal activity. Further, it meets only a part of the multiple need of
the farmers, i.e. food, fibre, edible oil and to some extent fodder, but it does not meet his
requirements of timber, fuel, and shelter.

More assured income, efficient utilization of resources like land, labour, water capital, and
time, coupled with meeting the multiple farm and family need. of farmers, are best met through
alternate land use systems.”

Different Versions of ALUS

Any farm enterprise other than crop production is usually referred to as altemate land use
system. Fodder production for raising livestock is a part of crop production system and therefore
it does not come under the ambit of alternate land use system.

Tree farming wood lots, pasture and grassiand systems, leyfarming, and agroforestry
.systems are different versions of altemnate land use systems, Strictly speaking, making use of
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laterite/lateritic soils for brick making is an alternate land use, but since it is not an agricultural
system, so is the case with land use for recreation and amenity, and the conservation of wild life.

Among the alternate land use systems, agroforestry is one. which is most common and
appropriate for most of the siﬁuQiions because it is a multiple land use system which has
potentials for a sustainable development.  Agroforestry offers a sustainable balance of
productivity between wood and feed; besides an increase in total productivity per unit area of

land.

Agroforestry — The Principal Alternate Land use

As an alternate land use system, we will consider Agroforestry in more details than other
systems, for the obvious reasons explained above. The concepts of Agroforestry are very well
elucidated by Nair (1991), and the same are subjoined:

Agroforestry

e Is a collective name for land-use systems involving trees combined with crops and/or
animal on the same unit of land;

o Combines production of multiple outputs with protection of the resource base;

e Places emphasis on the use of indigenous, multipurpose trees and shrubs;

o [s particularly suitable for low in-put condition and fragile environments;

¢ Involves the interplay of socio-cultural values more than in most other land-use systems;
o [s structurally and functionally more complex than monoculture.

There are three basic types of agroforestry systems:

1. Agrisilviculture (crops and trees)

2. Silvopastoral (pasture/animals+trees)

3. Agrisilvipastoral (crop + pasture/animals+tree)

Within an agroforestry systems, there can be more than one agroforestry practice. These are
listed below: ‘

1. Agrisilvicultural systems (crops-including shrub/vine/tree crops-and trees)

1) Improved fallow, ii) Taungya, iii) Alley cropping (hedge-row intercropping), iv)
Multilayer tree gardens, v) Multipurpose trees on crop lands, vi) Plantation crop
combinations, vii) Homegardens, viii) Trees in soil conservation and reclamation, ix)
Shelterbelts and windbreaks, and x) Fuelwood production.

2. Silvopastoral systems(trees+pasture and/or animals)

i) Trees on rangeland or pastures , ii) Protein banks, and iii) Plantation crops with pastures
and animals.

3. Agrnisilvipastoral systems(treés+crops+pasture/animals)
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i) Homegardens involving animals, ii) Multipurpose woody hedgerows, 1ii) Apiculture with
trees, iv) Aquaforestry, and v) Multipurpose wood lots.

An agroforestry practice is a distinctive arrangement of components in space and time.
Earlier, Young (1989) gave the following classification of agroforestry practices.

Agroforestry Practices

Mainly Agrisilvicultural (trees with crops)
Rotational
« Shifting cultivation

o Improved tree fallow
+ Taungya

Spatial mixed
« Trees an cropland

« Plantation crop combinations
« Multistorey tree gardens
Spatial zoned
« Hedge row intercropping (alley cropping), also agrisilvipastoral
« Boundary planting
« Trees on erosion control structures

« Windbreaks and shelterbelts
« Biomass transfer

Mainly or Partially Silvopastoral (Trees with Pastures and Livestock)
Spatial mixed

-

"« Trees on rangelands or pastures
+ Plantation crops with pastures

Spatial zoned

« Live fences
« Fodder banks

Tree component predominant

» Woodlots with multipurpose management
« Reclamation forestry leading to multiple use
Other components present

e Entomoforestry (trees with insects)
_» - Aquaforestry (trees with fisheries)
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Advantages and Implications of Agroforestry
Jarvis (1991) puts the advantages and implications of agroforestry as follows:

1. The value of trees on farms may considerably exceed than offered by woodlots and
plantations.

2. Trees serve as windbreaks and shelterbelts, delineate boundaries and provide shade,
ornamentation and seclusion around homesteads.

3. They supply not only poles, stakes, timber and fuel, but also, depending on the country,
cash crops, fodder, fruits and nuts, dyes, gums, resins, fibres and medicines.

4, Fodder and food trees can help provide balanced diets during dry seasons when other foods
are scarce.

5. Trees, with their deep rooting systems, exploit moisture and nutrients from greater depth in
the soil than do arable and pastoral crops, and so make better use of available resources.
Furthermore, these deep roots reduce the leaching of nutrents from soil following heavy
rains.

Considering the environmental costs of flooding and erosion, the economic merits of
agroforestry outweigh all alternate land use systems.

Land Capability Classes cum Need-based Alternate Land Use Systems

There are eight well recognized land capability classes. Classes I, I, III, and IV lands are
fit for all agricultural uses including crop production, grassland/pasture development, forestry,
etc. as per the capability and need. Class II to IV lands have progressively increasing hazards
for cultivation Classes V, VI, VII and VIII lands are not suitable for agriculture. Land use
according to its capability is set out in Table 1.

Considering two broad classes of land, i.e. arable and non- arable, the following alternate
land use systems are suggested:

A. For arable lands
 Alley cropping

» Agri-horticulture
» Intercropping with NFT’s (Agrisilvicultural)

Table 1. Appropriate alternate landuse systems for different classes of land

Land use capability classes Suitable system/practice

I Crop production, intensive cultivation

I and 111 Moderately intensive cultivation, alley-cropping
Agrisilviculture (agri-horticulture)

Iv Ley farming, restricted cultivation

V and V] . Silvopastoral system (horti-pastoral)

VIl Low-density, long-rotation plantation

Vit Recreation, wild life, watershed protection
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B. For non-arable lands

« Silvopastoral system/Horti-pastoral
+ Pasture management
« Ley farming
o Tree farming
A brief discussion of each of the above systems follows:

Alley Cropping

Alley cropping: Alley cropping is an agroforestry practice which emerged as an alternative
to shifting cultivation in humid tropics. It is a system in which food crops are grown in alleys
formed by hedgerows of trees or shrubs. The primary purpose of alley cropping is to maintain
or increase crop yields by improvement of soil fertility (through legume tree component and
mulching) and micro-climate. Hedge rows on contours also serve as vegetative barriers.

Four aspects of hedgerow management, viz, choice of 'crops, alley width, cutting height, and
frequency/interval of cutting have been researched by CRIDA, Hyderabad, in greater details.
“The experiences with regard to each of these are presented below.

a) Based on three years experimental results (1984 to 1986), it was seen that yield reduction
was higher (61 to 62%) in pigeonpea and castor than soighum (48%) and pearl millet
(30%).

b) Alley widths between 3 to 4 meters are severely competitive. with crops, more so in a
drought year. Irrespective of the crop, the decline in yield was more in case of narrow (3.6
m) row widths than in wider (7.8 m) row widths, the per cent reduction being more 1n case
of castor and pigeonpea.

c) Hedge row heights of 100 and 150 cm are severely competitive with crops, in regard to light
and moisture. Shading at anthesis/grain formation affects the productivity of crops in alleys
adversely. Hedgerow cutting height of 15 cm was found advantageous, resulting in an yield
advantage of 14% in case of pearl millet.

d) Intervals of 40 to 50 days and cutting heights of 75 and 150 cm yielded as much as 50 per
cent more foliage than a 15 cm cutting height.

Management of the crop grown in the alleys has not received due attention and so is the
case with microclimate and tree-crop interaction studies.

Tree-crop Interactions in Agroforestry Systems with Particular reference
to Alley Cropping : Micro-climatic interactions in agroforestry systems: When two species
are grown in mixed stands, cdmpetition for limited resources is inevitable. Intercropping is a
* conspicuous feature of low-input agriculture in the tropics which are characterized by abundant
sunlight, strongly seasonal but unreliable rainfall within seasons, and usually deficient nutrients
(Monteith, 1991). There is a close resemblance between intercropping and agroforestry systems
_ where annual crop species are grown in close association with trees (preferably nitrogen-fixing

legumes).
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In alley cropping systems based on Leucaena leucocephala which proved successful in the
humid tropics of Nigeria failed in the semi-arid tropics of India (Hyderabad) because the tree
component offered severe competition for water (Singh et al., 1986). At ICRISAT centre,
interaction of agroforestry components with atmosphere were studied with respect to 1)
interception of radiant energy, 2) the interception of rainfall, 3) saturation vapour pressure
deficit (VPD), and 4) temperature, in a system where pearl millet was grown between hedges of
Leucaena leucocephala. The main advantage of the alley system lay in intercepting more light
throughout the year and therefore producing more biomass. Temperature and humidity within
the alleys differed little from values in the open but wind speed was substantially less. (Monteith
et al., 1991). The main disadvantage of the system in terms of pearl millet production was
therefore competition below ground rather than above. In Table 2 are set out the values of
intercepted (total) solar radiation, above-ground biomass and intercepted radiation per unit
biomass, as affected by seasons and sole/intercrops of millet and Leucaena leucocephala.

Table 2. Values of intercepted (total) solar radiation, above-ground biomass and
intercepted radiation per unit biomass

Intercepted Biomlass ‘
radiation (tha'.) (eMIh*
Rainy season (July-Aug. 1986)
Sole millet 581 417 0.81
Alley millet 300 31 1.03
Sole L. leucocephala 520 4.0 0.77
Alley L. leucocephala 510 4.0 0.77
Total alley system 810 7.1 0.88
Dry season (Sept. 1986-June 1987)
Sole L. leucocephala 1270 1.5 0.12
Alley L. leucocephala 1160 1.7 0.15
Year (July 1986-June 1987)
Total alley system 1970 8.8 0.45

Source. Monteith, Ong, and Corlett (1991).

It is seen that for the rainy season as also for the whole year, the agroforestry systems is
Clearly more productive than either species grown alone.

Studies have shown that rainfall interception ranged from about 10% at the smallest
Population of 400 trees/ha to over 40% at 10,000 trees/ha. Leucaena in the alley crop would be
€Xpected to intercept about 20% of incident rainfall. (Monteith et al., 1991). Regarding
temperature, it was noted that initially, the foliage of millet within alleys was about 1°C warmer

. than in a sole stand of millet (less wind) but by the end of the season it was 0.5 to 1°C cooler
(less radiation). Larger deferences were observed in soil temperature. The soil temperature in
the alleys was about 1°C warmer, to begin with, but at the end of the millet season, this figure
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dropped to -2 to -4°C, the lowest figures were recorded close to the hedge where shading was
heaviest.

There are several important lessons that can be learnt from the experience with alley
cropping in the ICRISAT. The advantages in terms of microclimatic interactions (interception
of radiation, wind speed, VPD, and temperature), are relatively unimportant compared with the
adverse effects of interception of rainfall and below ground interactions (Ong ef al., 1991).
Reduction in soil erosion under a tree. canopy or leaf mulch are of minor importance compared
to the competition for water between well established roots of trees, and crops (Singh, 1989).
One redeeming feature, however, is that the principles of complementarity in resource utilization
hold good for both intercropping and agroforestry systems and these should form the guidelines
for the development of new agroforestry systems.

Above and Below Ground Interaction in Agroforestry systems : The beneficial
effects of ecological interactions between trees and crops are well documented. These are:

¢ Leguminous trees have a beneficial effect on soil fertility through nitrogen fixation, greater
organic matter production, and recycling of nutrients. (Young, 1986).

e A combination of annual ‘crops and trees raised biomass production because differences in
rooting depth enable uptake of more water and nutrients (Huxley, 1983).

-« The presence of trees acts as a protective barrier against soil erosion or as windbreak
(Wiersum, 1984).

In much of the semi-arid and arid tropics, almost all crop residues, and organic matter are
consumed by livestock (Sandford,1989), and tree pruning are too valuable as fodder to be used
as mulch (Singh et al., 1986). There appears to be little prospect of appreciable advantages from
tree/crops interaction via soil fertility or environmental benefit should be obtained from a greater
utilization of physical resource (Ong et al., 1991)

The basic concepts of intercropping and agroforestry are about the same. In intercropping,
the most common mechanism for higher productivity is the temporal sharing of physical
resources (i.e., using species of different durations so that they demand resources at different
times durning the-season (Willey ef a/.,1987). According to this concept, the combined L.
leucocephala and sorghum represent an ideal “temporal” system. At this stage, it is necessary 10
point out the major difference between intercropping and agroforestry. In intercropping, both
species are sown together at the onset of the rainy season and as such competition for resources
builds up gradually, while in case of agroforestry the tree component (e.g., /.. leucocephala)
develops a well established root system and a rapidly developing canopy by the second year. In
such a situation, the adverse effects of competition greatly outweighs the benefit from temporal
differences in development and growth. S

In agroforestry, there is ‘spatial’ sharing of below, ground resources (water and nutrients),
" since the system represents a combination of a deep rooting species and a shallow rooting
species. Other potential benefits of below-ground interactions could be-nitrogen transfer from
nitrogen fixing trees and improvement of soil physical characteristics. Adverse effects of
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pelow-ground interactions may resuit from competition for water, allelopathy or pest build up
(Ong et al., 1691)

A modified version of the the root barrier technique was used to separate the below-ground
interaction in alley cropping in semi-arid India (Hyderabad), where the total dry matter of crops
1n the alleys was severely reduced by the presence of L. leucocephala. Before the rainy season,
a shallow root barrier was installed to a depth of 0.5 m on both sides of L. leucocephala hedges
which restricted the lateral roots in the horizontal horizons while allowing them to explore the
soil fertility below 0.5 m. The four treatments consisted of sole millet (SM), sole L.
leucocephala (SL), millet/L.. leucocephala alley cropping (LM) and LM with root barrier (LMB).
In the LM treatment, the reduction in total dry matter by the production of millet was larger
adjacent to the 2 - year old L. leucocephala hedges and overall reduction was 40% of SM. A
similar approach to separate the below-ground interaction was reported by Singh et al,, 1989
who used a wider alley width (10m) and taller hadge sown (3-4m). In their study, the ..
leucocephala was four years old and the adverse effects of competition had extended beyond 3
m in the alley. In the experiment, three important dryland crops (sorghum, cowpea, and castor)
were grown in the alleys. Durations to maturity were 70 days for cowpea, 90 days for sorghum
and 150 days for castor. Competition from /.. leucocephala was greater where crop duration
increased. The root barrier was installed to 0.5m as in the previous example. The root barrer
almost completely removed the adverse effect on both cowpea and sorghum, but only partly in
castor. The yield in the middle of the alley was unexpectedly enhance possibly because of the
residual benefit of a hedgerow removed two years earlier. In addition to this observation, light,
temperature, humidity and wind speed were measured by an automatic data logger. The results
suggested that modification of microclimate is relatively unimportant compared to
below-ground in_teractions, (Singh et al., 1989).

In the humid tropics, substantial improvements in crops yield in agfoforestry systems
were reported where tree prunings were used as mulch or as green manure (Kang'et al., 1985).
In a study of the effects of pruning intensities in alley cropping with maize and cowpea on
Alfisol in Nigeria, shading reduced maize yield from 4.4 t' hato 0.76 ¢! ha (Duguma et
al.,1988). In semi-arid India, it is also widely believed that shading by trees is responsible for
poor yields of associated crops, although the evidence presentéd here clearly indicates that the’
Teal problem is competition for moisture. It should, however, be recognized that alley cropping
1S a very sound technology for improving the fertility of degraded low-activity clay soil in the
“IOPQCS, and the key to its success lies in the use of prunings as green manure or mulch (Ong et
al., 1991), :

Soil-Plant Interactions in Agroforestry Systems : Szott et al, (1991) believe that
therenls.need for greater consideration of basic soil/plant interactions and processes which affect
Sustainability and performance of agroforestry systems and how these processes vary with soil
type. ’

. Let us consider some of the constraints to plant production in humid, sub-humid and
Semi-arid tropics. In the humid tropics, the main constraints are chemical in nature: low
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exchangeable base contents, low nutrient reserves, high aluminum toxicity, low phosphorus
availability, and mild acidity. Steep slopes and shallow soil depth are the chief physical
constraints. In the subhumid and semi-arid tropics, moisture availability is the over-riding
constraint to plant production, besides low nutrient reserves, aluminum toxicity and soil acidity
Many semi-arid systems are nitrogen and phosphorus limited as well. In determining the
sustainability of agroforestry systems, it is necessary to consider native soil fertility and the
quantities of nutrients lost through periodic harvests. The potential of agroforestry systems to
increase nutrient stocks on acid infertile soils is highly limited as against more fertile soils in
which nutrient release from weatherable minerals is larger and roots are able to exploit larger
soil volumes. Homegardens and silvopastoral systems - the two agroforestry systems
considered more sustainable - are mainly found on base-rich Alfisols, Audisols and Entisols
(Sanchez, 1987) and that in both the systems biological yield, and hence nutrient removals, tend
to be low (Szott et al., 1991). g

It must be recognised that suceessful agroforestry systems are nearly always practised on
inherently fertile soils. Most agroforestry alternatives to shifting cultivation are more exhaustive
with regard to nutrients. In order to make the alternative systems biologically sustainable, it is
necessary that nutrient inputs or recycling should be larger or nutrient losses must be
substantially reduced.

On acid, infertile soils (Oxisols, Ultisols, Dystropepts, Psamments and Spodosols), the
potentials for increasing nutrient inputs and reducing losses is limited by border. Here too, some
constraints exist, principal of which are moisture stress through out the semi-arid tropics, high
phosphorus fixation in Audepts, erosion hazard in some Entisols and Alfisols, and shrinking and
swelling in Vertisols.

Much work needs to be done on processes regulating nutrient release from litter and soil
organic matter (Szott e/ al., 1991). -

Agroforestry for Soil Conservation: Earlier approach to soil conservation was mainly
concerned with control of soil erosion, and centred upon rates of soil loss. Conservation
measures on arable land were directed at reducing runoff through earth structures. Greater
attention 1s now given to the effects of erosion on soil properties, fertility and crop yields. Soil
erosion causes substantial loss in crop yields and loss of production. The adverse effect is more
conspicuous on highly weathered tropical soils. Major causes of such yield reduction are loss of
organic matter and nutrients and in dry areas, loss of runoff and lowering of available water
capacity. In this context, agroforestry practices which combine maintenance of soil fertility with
control of soil loss are of particular interest. Aspects of agroforestry that deserve attention are .

e The potential of agroforestry for erosion control should be considered jointly with that of
maintenance of soil fertility.

¢ Particular attention should be given to the capacity of tree litter to maintain soil cover.

e [tis important to develop agroforestry systems with the potential for sustainable land
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Agri-horticulture System

It is basically an agrisilviculture system in which fruit trees replace other woody tree
species. In this system, short duration arable crops are raised in the interspaces of fruit trees.
The system mainly focuses on higher returns per unit area. The system works best in medium to
deep soils with good water holding capacity. Individual farm ponds and supplemental watering
in the off-season will certainly improve the scope of fruit farming in drylands. Studies involving
ber (Ziziphus mauritiana) and short duration legumes revealed higher returns than their
respective sole crops. Horsegram and clusterbean gave an additional gross returns of Rs.3,000/-
and Rs.1,900/- per ha, respectively. The gross returns from ber was Rs.7,320 ha, besides 1.2
tons of fuel wood obtained from pruning, There are quite a few fruit tree species which can be
made use of in the system. These are jamun (Syzigium cumini) custard apple, guava, mango,
sapota, aonla, etc. In order to make the system successful and paying it is necessary to :

o Carry out regular pruning so as to permit taking an intercrop.
» Follow ajudicious fertility management programme

¢ Interplant short duration legumes and avoid cereals, as far as possible.

Agrisilviculture System (Intercropping with NFI’s)

In semi-arid tropics, it is not possible to have a residual build up of organic matter and,
therefore, it is important to replenish organic matter supplies every year. Nitrogen fixing tree
species offer immense possibilities of supplementing the nitrogen requirement of crops grown in
association, besides providing rich organic matter and atmospheric nitrogen, improving soil
structure and preventing land degradation. Inclusion of top-feed N-fixing tree species in crop
stands, help mitigate the fodder scarcity in years of drought. Most of the common N-fixing tree
species are Acacia, Albizia, Calliandra, Hardwickia. Dalbergia, Ervthirina, Glyricidia. Inga,
Leucaena, Parkinsonia, Pongamia, Prosopis, Seshania, etc.

In an experiment on intercropping of arable crops with N-fixing trees carried out at Central ’
Research Institute for Dryland Agriculture (CRIDA), Hyderabad, it was revealed that there was
a marginal increase in yield of sorghum and castor when grown in association with Acacia -
albida, Acacia ferruginea and Prosopis cineraria, whereas both the crops failed when
intercropped with Leucaena leucocephala. Crop failure in Leucaena leucocephala points to
importance of canopy management for successful undercropping,

A classical example of crobs benefiting when grown under tree canopies is presented by
Peter Poschen (1986) in Eastern Ethopia. Maize yield under the tree was 3.4 t/ha as against 1.9
Uha in the “open’, the figures for sorghum being 2.13 and 1.57 t/ha, respectively, representing a
76 per cent increase for maize and 36 per cent increase for sorghum.

There are evidences that soils under the trees were ficher in 6rganic matter and nutrients
than those in the surrounds without a tree cover. For Acacia albida, 50 to 100% increase in
Organic matter and nitrogen under the canopy are known, together with increased water holding
Capacity (Felker, 1978). Aggarwal (1980) working at Central Arid Zone Research Institute,
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Jodhpur, found higher available nutrients (N, P and K) undet tree canopies of ’rosopis cineraria
and Prosopis juliflora than in adjacent open land (Table 3).

Table 3. Available nutrients beneath trees

Available nutrients Under Under Open
(kg/ha) P. cineraria P. juliflora field
N 0-15cm 250 203 e
15-30cm 193 121 196
P 0-15cm 22 10 8
15-30'cm 10 5 4
K 0-15cm 633 409 370
15-30 cm 325 258 235

Horti/Silvo-pastoral Sysiem

Grasses and legumes associated with hardy fruit trees/top feed species is the panacea for
non-arable and culturable wastelands. In horti-pastoral system, there is integration of fruit trees
with pasture/grass. [n a system where fruit trees are replaced by top-feed tree species, it becomes
silvopastoral system. In a continuous grazing system, custard apple is an ideal choice as it 1s not
browsed by livestock and it is drought hardy too. Fruit trees like bergo very well with pasture,
as it provides good quality foliage during the lean period, April-May. Aonl/a is best suited for
alkali and water-logged soils. In the choice of top-feed tree species, due consideration should be
given to fast growing, lughly palatable, multipurpose species having good coppicing ability.. In
addition, the tree species should have the ability to withstand browsing, trampling and intensive
lopping, besides being resistant/tolerant to drought and extremes of climatic conditions
Suitable top-feed tree species and pasture grasses and legumes for different rainfall situations
and soil types are provided in the book (pp. 388-389) entitled, ‘Sustainable Development of
Drytand Agriculture in India” (Ed. R.P. Singh, 1995). Of the many species of grasses and
legumes tried, special mention need be made of Cenchrus ciliaris which was found promising
for most of the situation, and Stylosanthes hamata, among legumes, which was found specially
suitable for semi-arid tropics of India. The species stylos, is valued for its persistence, nutritive
value and palatability. ’

Silvopastoral system: In a long term study carried out at CRIDA, Hyderabad, the
performance of Leucaena t Stylosanthes hamata was found better (Stylo 4.2 t/halyear DM) than
Leucaena : Cenchrus ciliaris (Cenchrus 2.5 t/halyear DM). The traditional sorghum crop in a
similar soil (0-20 cm soil depth) seldom yielded a biomass of 2 t/halyear. leucaena trees were
felled after eight years, 700 trees/ha, which yielded 35 t/ha of biomass.

In arid regions, silvopasture is the most important and common land use. Prosopis
cineraria and Ziziphus mauritiana are grown both in association with crops as well as on field
boundaries. Studies carried out at CAZRI, Jodhpur, have shown that better returns could be
obtained from silvopastoral system of A. fortilis grown at 10 x 5 m spacing with C. ciliaris



261

compared to growing pure trees or pure grass. flardwickia binata and Calophospermum
mopane proved promising whén grown at wider spacing of 10 x 10 m.

Lot of work has been done on various aspects of silvopastoral system at IGFRI, Jhansi. It
has been reported that Cenchrus ciliaris when grown in association with A. tortilis and
Leucaena leucocephala could produce 3.5 t/ha/annum of dry forage without significantly
affecting the growth of tree species. Wood production of the order of 7 to 8 t/ha/annum was
obtained at a rotation of 13 years in the silvopastoral system. In a silvopastoral management
system followed in the semi-arid Bundelkhand regjon, it was revealed that besides getting an
average annual production of 3 to 5 t/ha of dry forage, an aerial biomass production of 66 and 52
kg could be obtained from /1. binata and A. amara, respectively, each grown at 4x4 m spacing,

In and around Agra, representing a ravinous situation, both Cenchrus cilians and
Dichanthium annulatum were grown successfully under the canopy of Acacia nilotica giving an
average annual forage production of 2.5 tha. At Dehradun, in Chrysopogan fulvus and
Eucalyptus hybrid silvopastoral systam, grass gave an average yield of 3.4 to 3.9 t/ha/year, when
grown at 5x5 m spacing. Dalbergia sisoo and C. fulvus system gave much higher production.

Pasture Management

Native pastures are highly degraded. Their improvement and management involves a set of
technical and social interventions. The important technical interventions are: identification and
introduction of suitable grass and legume species, using suitable establishment techniques,
fertilization of the pasture lands, regulating the grazing pressure and using an optimum stocking
rate, use of rotational grazing system if feasible, and increasing the grazing period through
introduction of top-feed tree species.

Various options are now available for adoption, according to production objectives and
agro-climatic situations. Some of these options are set out,in Table 4.

Tree Farming

It is said that crop production is for the plains having good soil and assured rainfall, while
trees are for hills, degraded soils and drylands, where greater risk of crop failure exists. Trees
have a comparative advantage over crops, withstand as they do, the extremes of climate. More
and more farmers are not resorting to tree farming because of lack of timely availability of
labour. Studies carried ont at Bijapur have shown that the strips of Casuarina and Leucaena
collected several times less runoff, as compared to control (no trees), thereby conserving the
meagre resources of marginal lands, other benefits of tree farming are through nitrogen fixation,
leaf fall, turnover of fine root biomass and recycling of nutrients.

High density plantations (10,000 trees/ha) and short rotation intensive culture of 3 to 5
years, were found to be economically sound practice for deep soils of Nellore and Prakasam
districts of Andhra Pradesh. In these districts, 50 per cent of rainfed area is occupied by
Casuarina and Leucaena tree species.
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Table 4. Farming systems options for different agro-climatic situations

Rainfall Farming Suitable tree/grass legume species
(mm) Soil type systems
Less than Shallow Tree farming  Prosopis, Acacia aneura, A. nilotica, A.
500 (0-30 cm) tortilis and Pithecelobium dulce
Medium Pasture L.sindicus ( ight t/extured soils), C.
(0-45) cm) Mgmt. seligerus, Sehima nervosum, Stylosanthes
scabra, Clitorea lernatea
500-700 Shallow, Silvopastoral  A. nilotica, Colophospermum mopane,
system Dalbergia sissoo, Hardwickia binata,
Cassia sturtii, 41bizig amara, Leucaena
sp., Cenchrus ciliaris, Dicanthium
annulatum, Macroptilium atropurpureum
Medium Hortipastoral  Custard apple, Ber, Jamum,
system Aonla, Tamarind, woodapple, Bael,
Cenchraus ciliaris, Panicum antidotale,
Urochloa mosambicensis. Stylosanthes
hamata, Macroplilium atropurpureum.
Clitoria ternatea.
More than Shallow Leyfarming 3 years Stylosanthes and 4th year arable
750 or crop
Silvopastoral
system
Medium Leyfarming  Ley-farming as in B-above. Mango,
or Guava. Sapota, Aonla Stylosanthes
Horti-system  hamata/ Macroptilium atropurpureum

Source : Singh and Osman, 1995.

In marginal and degraded soils, low-density and long rotation tree plantation system should
be emphasized, with intensive care given in the first two years. Tree farming in open grazing
lands should emphasize ‘neem’ (Azadirachta indica) and Australian babool (Acacia
auriculiforms) which are damaged the least by livestock. Tree spaces considered suitable for
areas having different annual rainfall are listed in Table 5.

Ley Farming

Studies on ley farming were carried out with Stylosanthes hamata as the legume pasture ley
and was rotated with the two principal dryland crops, viz, sorghum and castor, of the region.
Soil fertility and grain yield as influenced by ley farming are presented in Table 6.

The three years ley with stylo resulted in a nitrogen build up of 35 kg/ha over normal
rotation. The two years of ley resulted in a nitrogen build up of 20 to 30 kg/ha, whereas one-
"year ley did not contribute to any appreciable soil nitrogen bulled up, The yield advantage of
three years ley was perceptible in as much as it gave an additional grain yield of about 2 t/ha
- over the control (no Stylo).
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Table 5. Tree species considered suitable for different rainfall situations

< 500 mm 500-700 mm > 750 mm

Acacia nilotica A. nilotica A. nilotica

Acacia aneura A. ferruginia Albizia amara

Acacia tortilis Albizia amara ' zadirachta indica

Acacia albida Azadirachta indica Casuarina equiselifolia

Calophospermum mopane Casuarina equisetifolia Dalbergia sissoo

Prosopis cineraria Cassia sturtii D. latifolia

Prosopis juliflora Dalbergia sissoo Gmelina arborea

Pithecellobium dulce Dalbergia latifolia Grewia optiva
Leucaena latifolia Grevillea robusta
leucaena leucocephala Hardwickia binata
Tamarindus indica Melia azedarach
Terminalia sp. Populus sp.

Sesbania sp.

Source: Singh and Osman, (1995)

Agroforestry: Its Development as a Sustainable and Productive Land Use
System

Erskine (1991), while reviewing the prospects of agroforestry as sustainable, productive
landuse system for low- resource farmers in Southern Africa, has suggested a number of
resource situations which hold promise for potential adoption of agroforestry technologies. *‘Of
particular interest is agroforestry’s potential to increase output per unit on agricultural lands not
being optimally utilized at present; in rehabilitating many of the area’s marginal lang area
degraded by overcutting of trees and shrubs or inappropriate agricultural practices. and in easy
pressures between agricultural lands and forest lands™’. The above resource situations hold good
for India as well.

If the potential contribution of agroforestry to sustainable development is to be realized, the
following, constraints and policy issues must be carefully examined. These include:

* Inappropriate gavemment policies or legislation that constrain tree growing and harvesting by
farmers, particularly insecure land tenure and the inadequate development of agricultural and
afforestation rural development policies.

* The lack of incentives for tree planting, such as inadequate access to seedlings, low
confidence in or lack of awareness of appropriate land use systems, and inadequate access to
markets,

Table 6. Soil fertility and grain yield as affected by ley farming

Rotation Average N (kg/ha) Grain yield of
Before After  sorghum (kg/ha)
Castor-sorghum-castor-sorghum 109.76 81.54 1802
Castor-sorghum-stylo-sorghum 112.89 97.21 2549
Castor-stylo-stylo-sorghum 125.40 - 98.28 2899
Stylo-stylo-stylo-sorghum 144.75 106.13 3912

Source: Korwar (1984).
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e Weak, poorly trained, understaffed and underfunded extension services.

o Inadequate communication and co-ordination among agricultural, forestry and livestock
personnel.

¢ The absence of site-specific research needed to adapt agroforestry principles to the wide range
of social and ecological conditions encountered in developing areas.

.These constraints and policy issues aptly hold good for India. The government departments
involved in rural extension work have t6 be persuaded and sensitized that planting of trees on
farms is a farming system and a social issue rather than a forestry issue. Erskine (1991) suggests
that the most effective way of achieving this objective is for forestry specialists to be fully

“integrated into the agricultural extension service:

Economics of Alternate Land Use Systems

A detailed comparative economics of various alternate land use systems tried at the CRIDA,
Hyderabad, is set out in Table 7. The choice among them lies with the farmer’s production
objectives in relation to land capability class, rainfall and market considerations.

Alley cropping and agri-horticulture systems are an ideal obtion for better sites having least
constraints to production. Hortipastoral and Silvopastoral systems are best suited for marginal
and non-arable lands. Silvopastoral systefn will be highly paying if it is integrated with

Table 7. Comparative economics of different alternate land use systems

Farmmg system Average cost Average retums/yr value  Annuity
(Rs./ha) (Rs./ha) cost at12%
s _ ratio  (Rs./ha
1 2 3 4 1 2 3 4
1. Alley cropping
Fodder system 2000 1800 1800 1800 6000 6425 6425 6425 3.39 4441
Mulch system 2000 1800 1800 1800 6000 6350 6350 6350 3.36 4388
2. Agro-horticulture system 5811 1600 2500 2500 2500 2500 3500 12000 2.69 5146
Ber-clusterbean/h orsegram
3 Horti-pastoral System 5240 1739 1739 750 - . 875 875 . 5000 2.28* 2475**
. Custardapple/Guava- ’ - .
Stvlo
4, Silvopasto’ral system 2500 750 750 2500 - 875 875 14000 1.50** 582**
Leucaena-Stylo ' 8th
: year
5. Ley-farming Stylo-sorghum 900 300 300 1500 - 1250 1250 6000 2.22 1150
(4th year) .
6. Pasture Mgmt. sheep rearmg 875 2776 976 976 - 1800 1800 1800 1.28* 3.35
17. Tree farming Leucaena sp. 2500 S00 500 10000 - - -« 40000 2.10 1181
(10th
. (10th year)
year)

* Highly fluctuating market price, ** Retumns will be higher if integrated with livestock
Notes:

1> Number of lambs 1.7 sheep/year. Cost of sheep Rs,350/- having body weight of 29 kg.
2. Rs. 400/t of fuel wood

" 3. Cost of Stylo legume, Rs.0.25/kg dry matter



265

-,

improved breeds of milch animals. Hortipastoral system could be a more stable system on
medium deep soils and with right choice of fruit tree and forage species. Leyfarming will be
advantageous in areas prone to soil erosion, endemic diseases and perennial weeds. Tree
farming, appears to be more paying in areas located near by cities/paper mills. High density and
short rotation intensive culture is possible only in better sites. Comparative economics of each of
the systems is presented in Table 7.

Conclusions

Of the many alternate land use systems available today, alley cropping agroforestry system
is one system which has received the highest consideration of scientists working in the semi-arid
tropics. Microclimate benefits accruing from the system are of little consequence, as compared
to the below ground competition for water, which is a scarce resource in the semi- arid tropics,
total biomass production per unit area not withstanding, Contrary to general belief, successful
agroforestry systems are nearly always practised on inherently fertile soils.

Agri-horticulture and silvopastoral management systems are very relevant, viable, and
sustainable for the semi-arid and and environments, respectively.

Much research needs to be done on agroforestry systems, in particular, on processes which
govern productivity, litter production, recycling of nutrients etc. Above all, policy issues relating
to incentives for tree planting and grassland might need serious consideration of the government
and planners.
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TRADITIONAL AND IMPROVED SILVIPASTORAL SYSTEMS IN
ARID AND SEMI-ARID REGIONS OF INDIA

S.K. Sharma

Introduction

Silvipastoral system is an alternate landuse system in which trees or shrubs are grown in
association with pasture or livestock or both and there exists both ecological and economical
interactions between trees and other components. This technology is of special significance in
Indian context, because of inbalance in land man ratio, very high rate of deforestation and land
degradation. In fact, this technology checks land degradation on one hand and provides much
needed products viz, food, fibre, fodder, fuelwood, timber, medicine etc. on the other hand.

Ruminants like buffalo, cattle, goat and sheep are an extremely important resource in the
arid and semi-arid regions of India. However, their productivity level by and large is extremely
low, because of low quality and seasonal nature of forage supply. The problem becomes more
acute in dry seasons. In such a situation, forage based silvipastoral systems could be of promise.
Therefore, in arid and semi-arid regions it is important that careful selection of shrub and fodder
trees which can withstand harsh arid environmental conditions should be done. ’

Silvipastoral systems have potential to check soil erosion through their well knit root
systems of grasses as well as woody species in fragile sandy and alluvial landforms like ravine
lands. In the following text an attempt has been made to highlight the results of silvipastoral
studies in arid and semi-arid regions of the country with special emphasis on choice of tree,
shrub and pasture species, productivity of different silvipastoral systems.

Traditional Silvipastoral Approach

Although the term silvipasture is new, the practice ®f having trees in the farm fields for their
top feed value has been in vogue traditionally among the farmers of western Rajasthan. They
have encouraged and protected the population of Khejri (Prosopis cineraria) and Bordi
(Ziziphus nummularia) in their crop fields to lop them in winter (December) for top feed and
fuelwood.

In states where animal husbandry plays an important role to provide sustained economy to
the people, forest grazing has remained a source of their livelihood from times immemorial. At
the beginning of this century our forests were rich in diversity of vegetation i.e. tree, shrub and
grass cover. The grazing pressure was low with minimum deforestation activity in the forest.
But in last 3-4 decades there has been rapid increase in human and livestock population, and
forest cover of the country depleted very fast due to ever increasing demand of fuel, fodder,
timber, minor forest produce etc. Moreover people of drought prone states are forced to migrate
their grazing animals to the forests and grazing lands of the adjoining states. These migratory
animals put additional grazing pressure on the forest cover béyond their carrying capacity and
result in land degradation. This severe problem of migratory animals could be minimised by
improving the productivity of our community grazing lands, marginal eroded land through
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scientific management and introduction of multipurpose tree, shrub species (MPTS) and
improved pasture species in silvipastoral system.

The farmers have long recognised the fertility building characteristics of trees and their
symbiotic effects for good crop growth and higher yields (Fig 1). But there was no scientific
approach to it because trees were permitted to grow at random in the fields and no attention was
paid to compatibility and choice of trees and pasture species for greater yields.

Growing of Acacia species in agricultural fields is a traditional and well established practice
of semi-arid and sub-humid tropical zones. Many Acacia species are grown extgnsively in and
around agricultural fields through out India. Some other very important tree species are grown
in semi-arid and sub-humid tropical zones, for example, Borassus flabellifer, Tamarindus
indica, Ceiba pentendra, Leucaena leucocephala, Prosopis juliflora and'many others. These
species particularly Borassus flabellifer. Tamarindus indica and Prosopis juliflora play an
important role in the economy of the farmers and the local communities. No information about
. the practices is available. Research effort is virtually none, therefore research needs are not
identified (Tejwani, 1994). '

Growing of woodlots of Casuarina equisetifolia is an old practice, popular with the farmers
of Andhra Pradesh, Tamil Nadu, Karnataka and Orissa. It is adopted on lands which are too
poor or not suitable for profitable agriculture. It is now being practiced on good agricultural
lands in association with agricultural crops, due to good economic returns from woodlots.
Growing of woodlots of Eucalyptus species and Poplars on farm lands in Punjab, Haryana,
Gujarat and U.P. is the result of the farmer’s response to the market economic conditions
(Tejwani, 1994).

In traditional farming system farmers had encouraged plantation of those multipurpose tree
species along their field or community grazing land boundaries which usually grow in their
fields and did not affect their crops. Nowadays top priority is being given to educate rural
people about traditional and new MPT species for plantation on bare field boundaries and farm
approach roads. Traditional tree and shrub species in arid and semi-arid areas suitable for
silvipastoral system are Prosopis cinéravia, Tecomella undulata, Acacia nilotica, Albizia
lebbeck, A. amara, Calligonum polygonoides, Acacia jacquemontii, Clerodendrum p}zlpmidis
and Ziziphus nummuilaria etc. Farmers are likely to adopt easily these trusted species along their
field boundaries and later on other important indigenous and exotic woody species could be
introduced into the system.

Forage Production in' Afforested Area

Grass cover in afforested areas play an important role in sustenance of grazing animals
particularly in drought years. These forest areas support variety of grass communities and
associations in their ungderstorey grass cover depending upon the climatic and landform
conditions. Grass cover of India has been discussed in detail by Dabadghao and Shankarmarayan
(1973). Common forest tree species of arid and semi-arid regions qf India comprise of Prosopis
cineraria, Tecomella undulata, Salvadora olecides, Acacia nilotica, Albizia lebbeck,
Azadirachta indica, Holoptelia integrifolia, Pongamia pinnata etc. But there have been very
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limited scientific studies on compatibility of forest tree species and their understorey grass
cover, species composition, forage production and optimum number of trees, shrubs in a
rangeland. The results of studies conducted at different research farms of Central And Zone
Research Institute, Jodhpur are discussed in brief below.

Studies on floristic chang::s in grass cover under different tree species by Aggarwal ef al.
(1976) revealed that the growth characteristics of most of the annual and perennial species in
respect of their number, density and ‘dry matter production were much better under Prosopis
cineraria plantation than other tree species (Table 1).

Table 1. Number of plant species, density and dry matter production per metric square
under different tree species

Tree species No. of species Mean plant density Dry matter

Annuals Perennials  Annuals Perenniais production/
Acacia senegal 8.6 1.8 3132 48.8 2857
Albizia lebbeck 8.9 1.4 344.8 55.6 2292
Prosopis cineraria 11.4 3.5 476.8 136.0 402.9
Prosopis juliflora 59 1.5 136.0 316 251.9
Tecomella undulata 10.6 3.4 3796 96.4 2735
SEm 0.8 0.4 307 14.5 38.0
CD. at 5% 22 1.1 87.5 412 99.7

Ahwa et al. (1978) and Sharma et al. (1980) studied forage production under afforested tree
species which are commonly found in arid and semi-arid parts of western Rajasthan. The growth
and primary productivity of grasses in understorey vary in different years and locations due to
fluctnation in intensity and pattern of ranfall. Maximum forage production was recorded in good
rainfall year with even distribution (1973) and least in drought year (1974). However, forage
yield in another good rainfall year (1975) was less than that of 1973 due to uneven distribution
of rainfall during August, followed by heavy rains during September which extended upto
October and it affected the production of grass. Contribution of perennial grass was maximum
during 1975 when rainfall extended upto middle of October 1975, thereby providing large span
of growth period. During 1973 precipitation period was limited upto the middle of September.
This restricted the growth period of perennial grasses but proved ideal for the ephemeral species.
The forage under P. cineraria, Tecomella undulata and Albizia lebbeck did not differ
significantly, but the forage production under Acacia senegal was very low (Table 2).

Improved Silvipastoral System

In the present mechanised farming system, improvement in traditional silvipastoral system
to increase the productivity and carrying capacity of the grazing land is possible through choice
of suitable high yielding pasture grasses and top feed tree, shrub species. Top feed species
should be compatible and in optimum density for balanced production from understorey and
upperstorey of the system. Some important high yielding perennial grasses are Cenchrus ciliaris
(Anjan), Cenchrus setigerus (Dhaman), Lasiurus sindicus (Sewan), Dichanthium annulatum
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Table 2. Air dry forage yield (¢/ha) under different tree species

Year Rainfall(mm) Air day forage yield (t/ha) in
Albizia  Prosopis Tecomeela Acacia Meam
lebbeck  cineraria undulata senegal
(33N* (6.75) (4.62) (18-25) Meam
1972 363.1 053 0.61 045 0.16 043
(96.5%)**
1973 641.3 2.59 2.81 3.36 1.81 2,65
- (37.8%)
1974 2443 0.59 0.54 036 0.15 041
(96.8%)
1975 661.9 - 1.00 222 1.73 0.64 1.68
(89.3%)
Mean 1.41 1.55 1.48 0.69 1.28
(66.5%)**  (7189%)  (57.0%)  (53.8%)  (68.2%)
C.D. at 5% (tree sp.) 0.319 '
C.D. at 5% (years) 0.303

*Mean numbser of trees per plot
**Percent contribution of perennial grass

(Karad), Panicum antidotale (Gramno), Panicum turgidum (Murat), Sporobolﬁs marginatus
(Kharaio grass). ' Shankamnarayan (1983) recommended tree and shrub species suited for dry
tropics peninsular India, plains in Bundelkhand, Maharashtra, Gujarat, Rajasthan and south west
Haryana. These are Acacia chindra (Lal Khair), Acacia cupressiformis, Acacia tortilis (Israeli
babool), Albizia amara (Lalleo), Hardwickia binata (Anjan tree), Prosopis cineraria (Khejni,
Jand), Pterocarpus santalinus (Raktchandan), Ziziphus nummularia (Bordi, Jharben),
Colophospermum mopane (Mopane), Dichrostachys nutans (Nutan tree) and Acacia aneura
(Mulga). Most of these species are of fodder and fuel value. The choice of the species will
depend upon the local soil and climatic conditions.

Tree-pasture Interaction

Woody Species Survival : In silvipastoral studies involving three tree species (Acacia
tortilis, Colophospermum mopane and Leucaena leucocephala) and a grass (Cenchrus ciliaris
CAZRI 358) were sown in alluvial soil of Central Research Farm, Jodhpur in 1977. The
establishment of tree seedlings was in the order of 4. tortilis (98.5%), L. leucocephala (68.1%)
and C. mopane (26.1%).

In IDRC silvipasture operational research project conducted at three different locations in
Bundelkhand regjon representing undulating terrain (C.R. Farm, IGFRI, Jhansi), eroded plains
(Datia in Madhya Pradesh) and ravinous salt affected area (Dhirpura, 16 km from Datia), five
fodder cum fuel trees viz., Acacia tortilis, Alhizia lebbeck, A. amara, Leucaena leucocephala
and Hardwickia binata were grown in association with pasture grasses and legumes like

Cenchrus ciliaris, Sehima nervosum, Chrysopogon fulus, Stylosanthes hamata and
Ma_croptilium atropurpureum. Survival rate of tree species at six, five and four years plantations
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at above mentioned three locations respectively was observed as follows. At site first the
survival percent for different tree species varied from Acacia tortilis (66.2%), Hardwickia
binata (52.0%), Leucaena leucocephala (41.5), Albizia amara (41.9%) and A. lebbeck (13.4).
At site II survival rate in descending order was Acacia tortilis (90.2%), A. amara (66.6%),
Dalbergia sisoo (46.0%), L. leucocephala (25.0%) and 4. lebbeck (4.3%). While at site III the
trend of survival was A. fortilis (81.0%), Dichrostachys cineraria (12.0%), A. amara (64.8%), A.
lebbeck (45.1%) and D. sisoo (31.8%) (Anonymous, 1988).

In a recent trial survival percent of Z. nummularia and G. tenax in association of C. ciliaris
after three years of establishment was recorded .99'6 and 87.9% at Pali and 61.1 and 72.2 per
cent at Kailana, respectively (Sharma et al. 1994).

Shrub-Tree Density: Yield of under-storey grass cover and of the browse (Pala) were
influenced by varying densities of the community grazing land covered by the shrub canopy
(Table 3). The relationship between the shrub density and grass cover yield was broadly inverse
at Pali (Kaul and Ganguli, 1963). It was found that the medium stocked density with 14 per cent
area of the community grazing land covered by shrub-canopy was optimum for high forage
production,

Table 3. Average yield of leaf fodder (Pala) and grass in Zizyphus shrubland

Per cent density of Yield of leaf fodder  Yield of grass (kg/ha) Combined yield
Zizyphus nummularia (kg/ha) (kg/ha)

18 150 540 695
14 125 875 1000

In Acacia tortilis - Cenchrus ciliaris system at CR. Farm, Jodhpur different spacing
treatments (i.e. 10x5 and 10 x10m) had no significant difference in forage yield. But significant
variations in forage yield (0.2 to 1.6 t/ha) were observed during different years (Table 4) by
Muthana et al (1985). !

Table 4. Dry forage yield (kg/ha) in silvipastoral system during different years
Treatments 1977 1978 1979 1980 1981 1982 1983 1984

Annual rainfall 3533 3549 7581 2323 3166 4172 5126 2312
(mm)

S1 (10 x 5m) 1252 668 1358 668 482 458 1537 831

S2(10x 10m) 999 567 904 389 350 433 1564 871
SO (Pure 1602 535 1140 712 527 222 991 830
Pasture)

SEm for years +90.0 SEM for spacing + 85.7

CD.at5% 2835 ’F’ test Non significant
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Pasture production of Cenchrus ciliaris and a mixture of Chrysopogon fulvus grown in
association of Hardwickia binata and Albizia amara planted in 4x4 and 4x6 m spacing was
studied in semi-arid condition of Jhansi (Deb Roy, 1988). Forage production from C. ciliaris
and mix species pasture in closer spacing was 2.6 and 3.3 t/ha under /. binata and 2.7 and 3.1
t/ha under A/bizia amara. Forage production in wider spacing from above two pastures was
higher under both tree species canopies i.e. 3.0 to 3.2 t/ha under /1. binata and 3.3, 3.7 t/ha under
A. amara. In another silvipastoral study involving two spacings (4x4 m and 6x6 m) of two
fodder trees (Acacia tortilis and Leucaena leucocephala) and two grasses Cenchrus ciliaris and
Cenchrus setigerus) from Jhansi, forage production from C. ciliaris was higher than C.
setigerus. Highest forage yield (4.3 t/ha) was obtained from C. ciliaris under L. leucocephala
plantation at closer spacing (4x4 m). In A. tortilis plantation, however, wide spacing (6x6m)
favoured high forage yield (4.2 t/ha). Wider spacing favoured yearly increment in height (824
cm) of A. tortilis. Apart from firewood and leaf fodder yield an extra dry grass yield (4.3 t./ha)
was obtained (Deb Roy et al. 1980).

Muthana ef al/ (1977) studied spacing and coppicing effect of top feed species in
silvipastoral system. Close spacing reduced the forage component in the system and grown up
trees canopy also adversely affected the forage yield. This is clear from the fofage yield data
recorded from coppiced and non coppiced plots (Table 5).

Table 5. Effect of different spacings and coppicing of Acacia tortilis on fuel and pasture

production .
Spacings Fuel wood (kg/ha) Forage yield (kg/ha)
’ Coppiced Uncoppiced Coppiced plot Uncoppiced Plat
6. 0x6.0m 392 140 2356 596
4.5x4.5m 44 90 348 171
3.0x3.0m 536 48 78 39

Close (10x2.5 m) and wide (10x4 m) spacing of Grewia tenax and Ziziphus nummularia in
association of C. ciliaris pastures at arid (Kailana) and semi arid (Pali) locations did not reflect
forage yield variations (Fig 2). However, forage yield varied year to year from 0.8 to 1.9 t/ha at
Kailana and 0.4 to 6.5 t/ha at Pali (Sharma et al., 1994).

Tree-Grass Compatibility : In A. tortilis - C. ciliaris system the growth of A. tortilis
seedlings was initially suppressed-upto the first three years period. When the tree seedlings
were raised in combination with C. ciliaris grass. After third year the plants picked up better
growth rate, indicating that the plants had developed deeper root system and made the best use
of the soil moisture available at lower soil strata. The mean annual increment (MAI) of 4.
tortilis trees was higher in without grass plots as compared to grass plots from initial planting
stage to the third year growth period. After that the trend of tree growth with grass was
observed higher (Muthana ef a4l 1985). Similar trend of jujube species establishment in
Cenchrus ciliaris pasture and forage yield variation was observed in comparatively dry sandy
rangelands at Samdari (Barmer district) by Sharma and Vashishtha (1985). Maximum mortality



Fig. 1 Prosopis cineraria + Cenchrus ciliaris - An ideal silvipastoral system for alluvial soil

Fig. 2. Ziziphus mauritiana + Cenchrus ciliaris - An improved silvipastoral system
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i.e. 80.5% in Ziziphus nummularia and 60.4% in Z. rotundifolia was recorded in the first year of
the establishment. The growth of jujube species was severely affected in the established buffel
grass (C. ciliaris) pasture.

Silvipastoral studies involving four tree plantations i.e. Acacia tortilis, Azadirachta indica,
Albizia lebbeck, Holoptelfa integrifolia and four grasses i.e. Cenchrus ciliaris, C. setigerus,
Dichanthium annulatum and Panicum antidotale revealed no significant differences in grass
yield under above plantations at Pali (Muthana and Shankamarayan 1978). Dry forage yield .
(average of two years, i.e. 1975 and 1976) in D. annulatum was 2.8 t/ha, followed by C. ciliaris
(2.5 tha) and P. antidotale (2.2 t/ha). Among, the tree Azadirachta indica attained maximum
height (2.18 m) followed by Acacia tortilis. In general, trees attained maximum height in
Cenchrus setigerus plots followed by those of C. ciliaris.

Effect of Khejri tree (Prosopis cineraria) on the productivity of range grasses growing in its
vicinity was studied by Shankar ef a/ (1976). Within a 2 m perimeter of khejri canopy,
significant improvement in the khejri canopy, height, tussock diameter and forage yield of C.
ciliaris was noticed. As the distance increased beyond 2 m, the crop improvement of khejri
gradually tapered off.

Lopping Practices and Browse Yield: Studies on lopping intensity (Bhimaya et al.,
1964) revealed that heavy intensity of lopping adversely affected the growth of khejri. Further
recurrent lopping reduced the leaf fodder yield irrespective of lopping perhaps due to successive
reduction in the overall surface of new shoots. Need for a period of rest between two loppings
of khejri is, therefore, prima facie obvious for sustained yield of loong (leaf fodder of khejri). It
has been suggested (Commonwealth Agricultural Bureau Report, 147) that in arid areas lopping
of Acacia spp., particularly 4. nilotica (ex. A. arabica) should be regulated on a cycle of 4 years
with restriction on lopping of thicker (diameter of 1.9 cm and above) branches. In Madhya
Pradesh and Tamil Nadu lopping of Hardwickia spp. was permissible only in times of scarcity
(Shankar, 1988).

Sharma and Gupta (1981) studied the effect of seasonal lopping on the top feed production
and growth of P. cineraria. They observed that winter was the ideal season for lopping, as it
improved plant height and bole diameter of the tree as compared to trees lopped in rest three
seasons i.e. spring, summer and monsoon. In similar studies on harvest of Ziziphus nummularia
bushes in different seasons, the maximum top feed (Pala) 292 g/plant and shoot biomass 1170
g/plant was recorded in winter harvest as compared to other seasons (Saxena and Sharma, 1981).

Fully grown (over 30 years of age) P. cineraria with well spread crown is reported
(Muthana, 1980a) to produce 25 kg air dried leaves, 5 kg pods, and 2 kg seeds in one year in 300
to 400 mm rainfall zone and a moderate sized plant (20 to 30 years age group) yields one kg
seed. Complete lopping (lopping of entire tree) is reported (Kaul and Gyan Chand, 1977) to
yield higher (58 to 72 kg/tree) than the lopping of the lower two third (28.48 kg/tree) and the
lower one third (19.73 kgj/tree) of the crown. There was no significant difference between two
third and one third lopping treatments (Bhimaya ef al, 1964). In another silvipastoral study in
. arid and semi arid locations with two top feed species viz. Grewia tenax (Forsk), Piori and
Ziziphus nummularia (Burm.f) wt. planted in C. ciliaris pasture in 1988 with two different
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spacings (10 x 4 and 10 x 2.5 m). Growth of top feed species in semi arid location at Pali was
much faster than arid rocky and slopy location of Kailana (Jodhpur). Top feed species at Pali
reached harvest stage after 3 years of growth. Top feed production from G. fenax under wide
and close spacing ranged from 0.03 to 0.11 t/ha from without pasture plots and 0.03 to 0.09 t/ha
from pasture plots, similarly top feed from Z. nummularia varied from 0.03 to 0.04 t/ha. There
were not much variations in top feed yield from close and wider spacing plots (Sharma, ef al.,
1994).

Fuel Yield in Silvipastoral System

\

Afforested dunes in western Rajasthan produced 15 to 20 t/ha firewood in 200 to 300 mm
rainfall zone (Bhimaya et a/ 1960). The firewood yield from Prosopis juliflora plantation was
estimated at 15 t.ha at the end of 5 years (Kaul and Ganguli, 1964). Wide variations in yield
with respect to the age and habitats of P. juliflora were noticed (Bhimaya ef al., 1967).
Differences in the fuel yield between the habitats generally followed the pattern of rainfall i.e.,
increase towards the east.

Studies on fuel yield of P. cineraria revealed that for a diameter range of 12.4 to 25.7 cm.
the fuel yield ranged from 85 to 479 kg per tree with an average yield of 230 kg per tree of 20
cm mean collar diameter (Kaul and Jain, 1967). Kaul (1965) reported an average yield of 19 kg
per tree firewood from Calligonum polygonoides at maturity (7 years old). Yield of 100 to 110
t/ha have been obtained from Casuarina equisetifolia raised in coastal Andhra Pradesh and
managed under clear felling of plants with rotation age varying from 7 to 10 years (Rao, 1967).
Away from the coastal area where water table and humidity were usually low, the yield varied
from 25 to 65 t/ha (Ghosh, 1977).

Full grown tree canopy in established silvi pastoral system helps in many ways like change
in micro-environment (Ramakrishna &shastri, 1977 ab Improving soil fertiloty status (Singh
and Lal, 1969, Aggarwal ef a/., 1976) and reduction in sodium contents of the soil (Sharma et
al., 1995).

-

Recent studies ((;hinnamani, 1992) in mahi ravine lands in Gujarat have revealed that
prodected silvi pasture cover is best in erosion control than other agrecultural crops (Table 6)

It may be concluded from above discussion that silvipastoral system is ideal for those
degraded waste and ravine lands which are not fit for cultivation and need immediate attention
for their reclamation. Another important thing is to recognise the importance of our native tree
and shrub species which are well compatible for silvipastoral system.

Table 6. Runoff and soil loss in revines of Vasad

Particulars Average run off (mm) . Soil loss (thafyr)
Natural fallow 16.5 0.02

| Silvipasture 1.0 0.00
Agricultural crops 12.0-25.0 2.20-4.8
Denuded ravines 15-30 16-30
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These studies bring into sharp focus the need for optimisation of tree density and the canopy
cover in silvipastoral system. Critical appraisal of the tree grass compatibility is essential for
making the silvipastoral system a viable proposition (Sharma and Venkateswarlu, 1990).
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HORTI-SILVI-PASTURE SYSTEMS FOR ARID ZONE

B.B. Vashishtha and R.N. Prasad

Introduction

The resource-poor farmer behind the plough is the most neglected person in the rural
societies of India. Simple and high input packages designed for monocrop systems do not fit
well either with the complexity and diversity of resource poor farming systems or with their -
poor access to agricultural services and risk prone environment. The bulk of this risk prone
environment of hot Indian arid zone (61%) is contained in western Rajasthan. Livestock
population of the arid zone of Rajasthan is about 23 million (Ahuja, 1994), equivalent to about
12 million Adult Cattle Units (ACU). Total human population in this arid zone was 13.4 million
in 1981 which has increased to 17.4 million in 1991. Food and forage are the basic requirements
for the health of desert dwellers and their animals. In the arid region of Rajasthan, the estimated
forage availability (dry matter) from range land, top feeds, crop residues etc, is about 15.41
million tonnes against the total dry matter requirement of 17.46 million tonnes for the existing
livestock population, showing a short fall of 2.05 million tonnes (Sharma, 1994). Similarly, the
consumption of fruits in the daily diet of rural mass is almost negligible as against the
recommended requirement of 60 g fruit per day (Chadha, 1993). However, animal husbandry
being major source of income, the availability of fodder in adequate quantity is all the more
important. Due to erratic rainfall pattern and continuous drought for many years, monoculture
of either crop, or forage, has failed the test of time, compelling to switch over to mixed farming
system for sustainable livelihood. Drought hardy fruit crops can survive and provide income to
the farmers even under severe drought. Silvicultural plantations would check the drift of sand,
provide forage, fuel and timber wood and would help in creating favourable micro-climatic
conditions. To manage the arid lands in judicious way, a combination of horticultural crops,
silvicultural plantations and fodder crops is the need of the day. This gave rise to the concept of
horti-silvi-pastora) system of farming-a symbiotic affinity which leads to the higher production
of fruit, fodder, fuel and timber wood per unit area.

Selection of Species

In an integrated horti-silva-pasture system, selection of fruit plants, tree/bush
plants/grass-legume is to be done keeping in mind the geo-physical characters of the soil,
climatic conditions and last but not the least, the farmers choice. As far as possible,
multipurpose species would be ideal choice under the given conditions.

(a) Fruit Trees : The selection of fruit trees would depend upon the agro-climatic conditions
and availability of irrigation facilities. There are arid areas where some irrigation facilities are
available. The fruit crops suitable for different locations have been listed in the Table 1.

(b) Tree Species : Recognising the importance of trees as top feed during lean periods, it is
useful to know the important top feed species alongwith their palatability and nutritive value for
and region, Ganguli et al., (1964) identified 16 top feed species alongwith their palatability and
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Table 1. Fruit plants for different agro-climatic conditions

Arnid (less than 500 mm rainfall 500-700 mm rainfall Partially irrigated
Cordia myxa (goonda) Syzygium cumini (jamun) Citrus aurantifolia (lime)
Capparis decidua (ker) Tamarindus indica
(famarind)

Ziziphus mauritiana (ber) Feronia limonia (wood Punica granatum (pomegr-
apple) anate)

Moringa oleifera (drumstick) Manilkara hexandra Psidium guajava (guava)
(khirni)

Annona squamosa (custard apple) Aegle marmelos (bael)
Emblica officinalis (aonla)

Carissa carandus (karonda) Morus alba (mulberry)
Grewia subinaequalis

(phalsa)

nutritive value. According to them the palatability ratings for leaves of different top feed species
in the order of preference are Acacia tortilis, Prosopis cineraria, Salvadora oleoides, Ziziphus
nummularia, Acacia senegal, Albizia lebbek, Anogeissus rotundifolia, A. peﬁdula, Calligonum
polygonoides, Azadirachta indica, Grewia lenax, Gymnosporia spinosa, Prosopis juliflora and
Tecomella undulata. These top feed species occur in distinct habitats and remain green in hot
weather period. However, those with poor palatability may be over utilized by stock to meet
their requirements (Shankarnarayan, 1984). The FAO (1977) panel of experts on forest
resources, recognised the importance of exploring and conserving the resources of species that
can meet one or more of these non-timber uses, particularly for arid zones. They are listed in
Table 2.

(C) Pasture: To provide balanced nutritive fodder to the animals it is advised to have both
grasses and legumes in the pasture. The selection of the species would however depend upon
the: soil and climatic conditions. Based on the edaphic factors suitable grasses can be classified
as under (Bhati, 1984).

e Sand dunes and sandy plains: Lasiurus sindicus, Panicum antidotale, Saccharum
bengalensis, Cenchrus ciliaris.

¢ Sandy loam and sandy clay l.oam: Dichanthium annulatum, Heteropogon contortus.
e Sand stones and rocky sites: ‘Sehima nervosum, Dichan.thium annulatum.

. Well drained sandy alluvial soils: Cenchrus ciliaris, Cenchrus setigerus.

¢ Low lying saline soils: Sporf)bolus marginatus, Chloris virgata.

Above classification is based on the edaphic factors but the selection of grass species will
also depend on the rainfail.
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Name of species

Uses

Acacia albida
A. aneura
A. saligna
. ligulata
. nilotica

. salicina

= - N -

. senegal

A. rortilis

Azadirachta indica
Calligonum polygonoides
FEucalyptus camaldulensis
E. gomphocephala

E. brockwaeyi

Fodder, fuelwood, farm forestry

Fodder, fuelwood, shelterbells, soil stabilisation

Fuelwood, shelterbelts, soil stabilisation
Fuelwood, shelterbellts, soil stabilisation
Fodder, fuelwood, farm forestry
Fuelwood, silzelterbelts, soil stabilisation
Fuelwood, farm forestry

Fuelwood, farm forestry

Sfuelwood, shelterbelts, farm forestry
Soil stabilisation

Fuelwood, shelterbelts

Fuelwood, shelterbelts, soil stabilisation

Fuelwood, shelterbelts, soil stabilisation

E. microthece Fuelwood, shelterbelts, soil stabilisation

E. tereticornis Fuelwood, shelterbelts
Gleditsia sp. Fodder, fuelwood, shelterbells, soil stabilisation

Fodder fuelwood farm, forestry, soil stabilisation (For
semi-arid only)

Leucaena leucocephala

Prosopis cineraria Fodder, fuelwood, shelterbelts, soil stabilisation

Tamarix aphylla Fuelwood, shelterbelts, soil stabilisation
Ziziphus sp. Fodder, Fuelwood, soil stabilisation
Management

The management of trees, fruit crops and pasture grasses will involve planting all the three
components in such a way so that there is no competition for light, nutrition and water. The tree
species should be planted on the periphery of the orchard which would act as shelterbelt and
wind break. While planting trees/shrubs for shelterbelt, selection of species should be on the
basis of height. The tall species should be planted on the boundary, the middle row should
consist of shrub, having low height and again the third row should be of*tall species. These
should also be staggered rather than in a straight row. The wind velocity will be minimised and
would minimise the damage caused by hot and cold winds prevalent in the arid region.

The choice of the tree/shrub species will be governed by the raiﬁfall conditions. In rainfail
zone of 300-400 mm, Acacia tortilis, Prosopis cineraria, Tecomella undulata can be selected as
tall species whereas Colophospermum mopane, Ziziphus nummularia, Calligonum polygonoides
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Table 3. Tree/shrub, fruit plants and grasses for horti-silvo-pastoral system in different
rainfall zones

s

ar.cupressiformis
Butea monosperma

Acacia catechu

Madhuka latifolia

Cassia anguistifolia Sehima nervosum

Chrysopogon fulvus

Iseilema laxum

Rainfall (mm) Trees Shrubs Grasses Fruit crops
150-300 Acacia tortilis Ziziphus Cenchrus ciliaris ~ Cordia myxa
nummularia
Acacia senegal Calligonum Lasiurus sindicus  Capparis decidua
polygonoides
Prosopis cineraria Ziziphus
mauritiana
P. juliflora
Ziziphus
rotundifolia
Dichrostachys
glomerata
Tecomella undulata
300-500 Acacia tortilis Ricinus communis  Cenchrus ciliaris ~ Cordia myxa
Acacia nilotica Ziziphus C. setlgeru.s" Z. mauritiana
Sub sp. indica nummularia
Casia auriculata  Panicum antidotale Moringa oleifera
Tecomella undulata Dichanthium Annona squamosa
annulatum
Ailanthus excelsa Sehima nerovosum Carissa carandus
Prosopis cineraria
>500 Acacia nilotica Cassia auriculata  Dichanthium Sizygium cuminii
annulatum

Tamarindus indica
Feronialimonia

Manilkara
huxandra

Morus alba
Ziziphus mauritiana

Cordia myxa

etc. can form less highest bush component. Table 3 gives detail of tree/shrubs, fruit trees and
grasses for different rainfall zones.

The distance of planting of tree/shrub should be in such a way so that it forms an effective
_ shelter belt. The tree should invariably be planted at a distance of 4-5 m whereas shrubs at 2-3

m.

Fruit plants require more care. The selected cultivars of fruit plants should be planted at
~ appropriate distance which would enable the pasture to grow in between rows of the fruit trees.
The distance of planting of various fruit crops is given in Table 4. '
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Table 4. Distance of planting of fruit crops in square system

Fruit crops Distance (m)
Ber (jujube) 6-7
Pomegranate 5
Cordia myxa 8
Indian gooseberry (aonla) 8
Custard apple 6
Carissa carandus 6
Sizygium cuminii (jamun) 10
Tamarindus indica (tamarind) 10
Feronia limonia (wood apple) 10
Manilkara hexandra (khirni) _ 10
Aegle marmelos

Mulberry 6

In horti-silva-pasture system, silvicultural plantation (trees/bushes) to be planted as
shelterbelt and fruit trees can be planted simultaneously. The sowing/planting of grass should be
taken up one or two years after planting the trees/shrubs and fruit plants. Research work
conducted with jujube-buffel grass (Cenchrus ciliaris) at Range Management area, Samdan,
(Barmer district) revealed that establishment of jujube species was very poor initially with high
mortality. It was due to competition for moisture with grass because both were drawing
moisture from upper layer. The grass completed its vegetative and reproduction phase within 3
months and utilized moisture faster than jujube. It was concluded that to avoid such
competition, the grass should be planted two years after the jujube plantation (Sharma and
Vashishtha, 1985).

The planting of fruit trees should be done during rainy season. In case of budded plantsl,
in-situ budding should be invariably followed. The root stock should be raised and can be
budded after one year. The plants raised through cutting, layering etc. should be planted during
rainy season and irrigated for establishment during first year. The fruit plants should be well
trained during initial three years so as to provide them a definite shape suiting to the farming
system. In case where the animals like sheep and goat are allowed for grazing in the pasture, the
budding should be done at the height of 1 meter and the plants should be trained so that the
animals do not harm the fruit trees. In case of jujube or ber, the leaves can be fed to the animals
after the harvest of fruits is over. The plants of pomegranate should be trained on single stem
and branching should be allowed at one meter height.

Nutrition: The fruit plants should be provided required nutrition. The requirement of N, P and
~ K will depend upon the species and age of the plant. The doses of N, P and K are constant after
6 year of age of the plants. The doses of nitrogen should invariably be given in 3 splits and that



282

Table 5. Nutrition for fruit crops (More than six year of age)

Fruit crops FYM N P20s K20
(kg) (8) 8 (8)
Mango 75 600 200 250
Citrus fruits 75 500 200 250
Ber 50 500 200 150
Pomegranate 50 500 200 150
Aonla 75 500 280 225
Sapota 75 500 240 300
Annona 20 450 150 250
Bael 40 400 250 250

of phosphorus and potash should be given once a year. Table 5 provides the general
recommendation of nutritional requirements of various fruit crops.

Plant protection: Fruit plants are attacked by various pests and diseases. In addition to
the polyphagus insects pests and disease, there are some specific pests and disease of fruit crops,
which need management. Ber is attacked by fruit fly (Carpomyia vasuviana) which can be
controlled by two sprays of any systemic insecticide (metasystox, rogor, dimecron etc.) 0.03%
active ingredient. The first spray should be done when the fruits are in “pea stage’, followed by
second spray three weeks later. It is also attacked by powdery mildew (Qidium sp.) which can
be controlled by spray of 0.1% Karathan. Black or brown spots on pomegranate fruits are due
to anthracnose disease which can be controlled by the repeated sprays of copper fungicide
(0.2%) viz. fytolon, blue copper, blitox etc. Lime fruits are spoiled by citrus canker, caused by
Xanthomonas citri bacteria. This disease spreads more during rainy season and can be checked
by repeated spray of streptocyclin (50- 100 ppm depending upon the intensity of disease).

While planting/sowing grass or pasture legume, leave 50cm species from the basin of the
fruit plant on each side. This will reduce the competition for nutrients and water in both the
éomponents. Grass extends its runners every year which may reach the basin of fruit plant
therefore the suggested distance from basin to be maintained every year.

In an ongoing experiment on horti-pastoral system at CAZRI, Jodhpur, Cenchrus ciliaris

was introduced in an established orchard of jujube in year 1993, in between rows of 6 m

distance. During third year, 32.9 g/h grass was harvested with 25 kg/h grass seed in addition to

29 kg/tree ber fruits,. There is no adverse effect on ber yield with the introduction of grass.

Korwar ef al. (1988)-conducted work on horti-pastoral system at Hyderabad (Andhra Pradesh)

. taking guava and custard apple as fruit crop and Stylosanthes hamata and Cenchrus ciliaris as

grasses. Plant height of guava was more (1.78 m) with C. ciliaris whereas in custard apple it
was more in control (Table 6). The yield of C. ciliaris in first year was 5-9.6 t/ha.

} The horti-silvi-pastoral system can produce more biomass per unit area. This sytem also
meets the basic requirement of Three F’S" i.e fruit, fuel and fodder for the rural masses of arid
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Table 6. Growth parameter of fruit trees (18 months old) and yield of dry grass in
horti-pastorai system

Pasture Guava Custard apple Yield of
species . dry grass
Plant height  Diameterat  Plant height  Basal dia. (t/ha)
(m) knee height  (m) (cm)
(cm)
S. hamata 1.67 1.81 1.04 245
C. ciliaris 1.78 2.04 0.98 2.15 5.0-9.6
Control(No 1.61 2.24 1.08 2.78 -
pasture)

+ Stylo not harvested in the first year
Source: Annual Progress Report, CRIDA, Hyderabad, 1987.

region. Not much work has been done on this multidimensional aspect and there is need to
conduct intensive research on multilocation to geherate information for this composite system.
This system will not only provide the judicious use of available land resources but will also
generate additional employment opportunities for rural people.

Future Thrusts : Following areas need intensive studies for location. specific
horti-silvipasture system.

¢ Delineation of plants/trees/shrubs/grasses, legumes for upper storey, understorey and basal
storey for different agro-climatic zones of arid and semi arid regions.
¢  Evolving suitable plant geometry for this system.

* Developing efficient plant architecture of upper storey and understorey trees to avoid
competition among them without causing any ham to basal storey.

¢ Studies on the symbiotic/asymbiotic effects of all the three components on the yield of final
product of the system.

¢ Standardization of location specific agrotechniques for all components.

* Last, but not the least, work out cost benefit ratio of the system under given set of
conditions.
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PROBLEMS AND PROSPECTS OF DEVELOPMENT OF
SHRUB/LEGUME BASED PASTURES IN INDIAN ARID ZONE

T.K. Bhati

Introduction

The hot arid tropical zone of India covers about 12 per cent of the country’s geographical
area, and occupies over 3.2 lakh sq. km of land located in parts of Rajasthan (61%), Gujarat
(20%), Andhra Pradesh and Kamataka (10%), and Haryana and Punjab (9%). The human (19.4
m) and livestock (23 m) population in this region is very high and there is a shortage of forage
by 46.4% (Paroda et al., 1980). Although a large stretch of land (10 m ha) is available for
development of pastures in Arid Rajasthan alone but the present average productivity (0.35 t/ha)
of these lands is very low. If not properly developed and scientifically utilized, these lands will
continue to accentuate the process of desertification and soon may lead to serious environmental
problems even for other parts of the country. CAZRI based on its over four decades of research
has come out with full package of pasture establishment and utilization techniques for various
sub-agro-climatic regions pertaining mainly to pasture grasses like Cenchrus ciliaris, Cenchrus
setigerus, Lasiurus sindicus, Dichanthium annulatum and Panicum antidotale (Daulay and
Bhati 1989). Although at this Institute research work on adaptability and grazing behaviour of
some of the pasture legumes viz. Clitoria ternatea, Lablab purpureus, Indigofera spp. has also
been conducted. Several exotic pasture legumes viz., Macroptilium atropurpureum (Siratro),
Lotononis bainesii, Desmodium intortum, Centrosema pubescens, Stylosanthes hamata, S.
scabra, S. viscosa, S. guianensis were also studied for their adaptability in this tract. Except M.
atropurpureum non had shown much promise.

Fortunately nature has gifted these challenging areas with highly productive and useful
species of pasture legumes and shrubs. There is great scope of optimal integration of legume
components with pastoral grasses to increase the productivity, nutritive value, grand growth
phase and palatability, on these pastures. Besides the pasture legumes can also t"xx the
atmospheric nitrogen in the soil, thereby improving the productivity of grass component through
biological N-fertilization, Although it is recognized that these grasses respond to N-fertilization
(Bhati and Mathur, 1984) yet they can not be applied due to socio-economic considerations.

A. Experimental Findings

Experimental findings of some of the studies carried out at this Institute (Bhati ef al. 1987)
on various aspects of legume/shrub grasslands viz., germination, nodulation, compatibility,
establishment and animal grazing are presented below for better comprehension of this
important area of research.

Germination: Amongst pasture legumes the germination percentage of one year old seed of
Stylosanthus humilis, (16.0%) and Indigofera cordifolia(19.0%) were very poor as compared to
Atylosia scarabaeoides (81.0%), Lablab purpureus (12%), Macroptilium atropurpureum (19%)
and Clitoria ternatea (65.0%).
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Nodulation: L. purpureus, C. ternatea and M. atropurpureum nodulated very profusely
(Table 1) in the field conditions. The per cent soluble sugar (2.09 and 3.62%), dry weight of
nodules (122.15 and 38.67 mg/plant) were higher in L. purpureus and C. ternatea respectively,
thereby, revealing their better nitrogen fixing ability.

Table 1. Abundance and chemical composition (%) of nodules in pasture legumes

Pasture No.of Freshwt. of Dry. wt. Moisture Soluble Nitrogen Starch Reducing

Legume effective  nodules of sugar sugar
nodules  /plant  nodules/ % % % % %
/plant plant '

Abylosia 9.84 19.23 16.48 16 3.04 3654 128 0.05

scarabaeoides '

Indigofera 6.88 4.44 2.44 45.04 - 5670 - -

cordifolia

Lablab 29.2 423.00 122.15 71.92 2.09 a7 027 0.07

purpureus

Macroptilium 11.6 74.0 21.6 70.81 1.65 5327 179 0.10

alropurpureum

Compatibility : Investigations carried out to assess the feasibility of grass-legume
association revealed that L. purpureus failed to regenerate while Cliforia ternatea continued to
persist in association with perennial grasses viz. L. sindicus and C. ciliaris even during 1lird and
IVth years of establishment. Higher yields of forage were recorded in L. sindicus and C.
ternatea (2:1) combinations.

Soil and Water Conservation : Protection from biotic factors and adoption of improved
soil and water conservation measures (gully control, staggered contour trenches, vegetative
barriers etc.) could result in increase in the density of several naturally occurring shrubs in rocky
degraded grasslands (Table 2). The increase in density was highest (872%) in ZlZIphu.s
nummularia and was least in Grewia tenax (187.5%). :

Table 2. Increase in the density of natural woody perennials under protection and soil
and water conservation measures after 5 years (1988-1993)

Woody perennial Density (No.of plants/30 ha)
Initial (1988) Final (1993) % Increase

Capparis decidua 103 315 205.8
Maytenus emarginata - 41 221 439.0
Acacia jacquemontii 10 76 650.0
Prosopis cineraria , 9 65 622.2
Commiphora wightii 15 137 813.3
Lycium barbarum 36 193 436.1
Grewia tenax 8 23 187.5

\ Ziziphus nummularia - 44 438 872.8

Total 266 1458 448.12
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Legume-Shrub Grasslands : (A) Primary and secondary productivity. Preliminary
studies on the role of shrubs in pasture lands was conducted by Kaul and Ganguli (1963) and
they observed highest