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The economy of rural people is mainly dependent on livestock rearing which contribute more
than 70% of total income in arid and semi-arid areas. However, increasing human and livestock
populations have caused rapid degradation of soil, forest vegetation and water resources.
Agroforestry has become vital in terms of balancing the conflicting issues of conservation of
natural resources and their usage in sustaining agricultural development and rural livelihood.
Agroforestry plays an important role in the economy of arid regions due to high risk involved
with arable farming, which is affected by low and highly variable rainfall, low soil fertility and
high velocity wind. The people of western Rajasthan, since ages has developed a variety of site
specific agroforestry system. The farmers allowed growing scattered trees and shrubs in their
agriculture fields or grazing fields to sustain their life. They consider these trees as boon in the
region particularly during drought when rainfed crops fail. The trees provide fodder, fruit,
vegetable, fuelwood, timber and fiber for sustaining rural livelihood. Agroforestry provides
62% of the fodder, fuelwood and timber requirement of the rural people. Average forage
production in the arid Rajasthan is only 44% of the fodder requirement of stock leaving a gap of
56%.

Agroforestry is a farming system integrating crop and /or livestock with trees and shrubs.
The resulting biological interactions provides multiple benefits i.e. diversified farm income,
increased biological production, better water quality and improved habitat for both humans

and wildlife.




1. SCOPE OF AGRO-FORESTRY
Agroforestry, in true sense, has been realized as a need of the day. It does not confine to the
regional, geographical or agro-climatic boundaries. Agroforestry concept is a universal

application that includes.

e Soil conservation and amelioration
e Carbon sequestration

e Food security

e Fodder production

e Energy plantation

e Biofuel production

e Socioeconomic upliftment

e Shelter

e Biological diversity

Natural vegetation in western Rajasthan

The naturally growing species considered and protected in farm lands are Prosopis cineraria,
Tecomella undulata, Acacia senegal, Zizyphus mauritiana, Z. nummularia, Salvadora oleoides, S.
persica, Capparis decidua, Calligonum polygonoides, Crotalaria sp., Leptadenia pyrotechnica,
Calotropis procera, etc. Other multipurpose tree species of agroforestry are Acacia tortilis, A.
luecoploea, A. nilotica, Ailanthus excelsa, Azadirachta indica etc. The common grasses for
livestock and wildlife are Lasiurus sindicus, Cenchrus ciliaris, C. setigerus, C. biflorus,
Dichanthium annulatum, Panicum turgidum, Sporobolus sp. etc. The western Rajasthan is
divided into different rainfall zone depending on the vegetation types and the associated

agricultural crops and grasses (Table 1).

Table 1. Tree/shrubs and associated with crop/grass species in extensive agroforestry systems

in the hot Indian arid zone of Rajasthan. (Source — Harsh et al., 1992)




Habitats Annual Tree/Shrub species | Associated crops/grass
Rainfall association
(mm)
Sand dunes, 110-150 Calligonum - Pearl millet, Clusterbean,
interdunes Haloxylon - Lasiurus sindicus
Leptadenia

Rocy, gravelly 150-200 Zizyphus- Capparis Pearl millet, Green gram, Moth

padiments bean, Clusterbean /Cymbopogon
jwarncussa, Aristida sp.,
Cenchrus ciliaris

Sand, gravelly 200-250 Calotropis- Pearl millet, Clusterbean, Green

pediments Calligonum — gram, Moth bean, Sesame,

Clerodendrum Cenchrus ciliaris

Alluvial plains, 250-300 Prosopis — Zizyphus — | Pearl millet, Clusterbean, Green

soils, often-with Capparis gram, Moth bean, Sesame,

“K-ankar pans” at Cenchrus ciliaris with C.

80-150 cm soil setigerus

depth

Alluvial plains 250-300 Salvadora —Prosopis | Clusterbean, Pearl millet,

but soils are — Capparis Sesame and Wheat (irrigated

moderately areas) with Cenchrus setigerus,

saline Sprobolus sp.

Sandy plains 275-325 Prosopis — Tecomella | Pearl millet, Clusterbean, Green

(rainfed) gram, Moth bean/ Cenchrus
ciliaris and C. setigerus

Alluvial plains 300-350 Prosopis Pearl millet, Clusterbean, Green

(rainfed) gram, Moth bean, Cenchrus
ciliaris

Alluvial plains 300-350 Prosopis — Acacia Sorghum, Cumin, Pearl millet,

(irrigated) Mustard, Wheat

2. PREVALENT AGRO-FORESTRY SYSTEMS

Most dominant agroforestry system in western Rajasthan is Prosopis cineraria based which
cover about 47% of the total area (Table 2). Ziziphus nummularia based agroforestry accupy
about 28% of the total area of western Rajasthan. Other systems involving Acacia nilotica,

Tecomella undulata and Acacia tortilis occupy about 26% in combine.

Table 2.Tree component involved in the various agroforestry systems in arid region of
Rajasthan. (Source — Tewari et al., 2007)




System

Prosopis cineraria
( P. spicigera)

Ziziphus nummularia
Acacia nilotica subsp
indica

Tecomella undulata

Acacia tortilis

Total

Surface Area,
(square km)

158,647
94,440
49,594
22,937
16,672

342,290

%

46.3

27.6

145

6.7

4.9

100.0

3. COMPONENTS AND YIELD BENEFITS

3.1.1 Prosopis cineraria based Agroforestry model
Prosopis cineraria is socially and culturally accepted tree in the farm lands in western
Rajasthan. Its density varies widely in the farm land ranging from < 1 tree per ha in Jaiselmer to

greater than 100 tree per ha in Jhunjhunu district of Rajasthan. Both legume and non-legume

Districts

Barmer, Bikaner, Churu,
Ganganagar, Jaisalmer, Jalore,
Jodhpur, Junjhunu, Nagaur, Sikar
Barmer, Bikaner, Jaisalmer,
Jodhpur

Ganganagar, Jodhpur, Nagaur,
Pali

Barmer

Ganganagar

crops are grown in agriculture with this species. Details are as below

» Pearl millet, or “bajra” (Pennisetum typhoides)

» Pulses: moong bean (Vigna radiata), moth bean (Vigna aconitifolia), cowpea (Vigna

anguiculata), cluster bean or guar (Cyamopsis tetragonoloba) in areas where mean

annual rainfall is 400 mm or less.

» P. cineraria has synergetic effect on crops and improves soil fertility as campare to sole
agriculure crop.

» As per the present rate of leaf forage and firewood, a farmer may reckon an annual

return of Rs 3000-3500 per ha, in addition to the crop harvest.

» Experiment conducted at AFRI, Jodhpur to evaluate the tree-crop interactions indicated

following observations (Gupta et al., 1998 ; Singh et al., 2007 ; Singh et al., 2009) :




e Less growth of P. cineraria when grown with pearl millet, while it increased by 15-
20 % when grown with cluster bean.

e At 4 years of age, 417 stems ha ~* was found to be the optimum density (i.e. no
reduction in crop yield).

e Atalater stage towards 12 years, the optimum density was 208 tree ha™.

e Fruityield of P. cineraria ranged from 350 —1040 g tree-1 at the age of 7 to 8 years.
A well grown unlopped Prosopis cineraria tree produces 2.5-2.8 kg fruit.

e P. cineraria provides utilizable biomass of 19.96 tones ha™ including leaf fodder of
0.85 tones ha™ at 12 year age (208 tree ha™) as the additional output.

» Apart from these direct benefits, trees help in soil fertility improvement, increasing soil

organic carbon and micro-climate amelioration.

P. cineraria with Triticum aestiium

Recommendation

Prosopis cineraria can be planted at 8 x 6 m spacing (208 treesha™) upto 12 years
age without significant reduction in crop yield.




3.1.2 Tecomella undulata based Agroforestry model
Tecomella undulata is another important tree of farm land and known as ‘Marwar teak’
because of its timber value. A field experiment was conducted in AFRI, Jodhpur to evaluate the
tree-crop interaction as affected by various tree densities (D1 - 417, D2 - 278 and D3 - 208 tr /
ha) associated with mung bean and pearl millet. The findings of the experiment were :
e Production was significantly lower in 417 tr / ha. The trees produced an utilizable
biomass of 3.63 to 4.08 t ha™ after 4 years.
e Crop production was inversely related to density.
e Grain and straw yields were lower under intercropping than with a pure crop.
e The density of 278 stems ha™ was the most favourable for crop production at the
age of 6-7 years and 208 stem ha™ later, at 10-11 year.
e Crop yields were lower under Tecomella undulata than under legume trees (Acacia,
Prosopis) but higher than in open field cultivation.

e Lossin SOC s less (3.2 to 35%) in agroforestry plots compared to that in control plot (56%).

Tecomellaundulata with Vigna radiata

Recommendation

— , . 6 , . -
Combination of light demanding crop like Pear| millet and Cassia angustifolia are
hest in assnciation with T uindiilata.




3.1.3 Colophospermum mopane based Agroforesty Model

Colophospermum mopane is an exotic species from Zimbambia, the forest of which is known as
‘Mapani Forest’ in Africa. In its natural site it is used as fuelwood, leaf as fodder and most
importantly, this species is usedfor soil amélioration and réclamation of saline land. It has
strong capacity to regenerate through wind dispersed seeds and have capacity to withstand
sever drought stress by penetrating its root to deeper soil layer (i.e. even muram hard layer) to
extract soil water.

A field experiment was conducted at AFRI, Jodhpur to evaluate the tree-crop
interaction in terms of  resource competition and crop productivity. The findings of the
experiment are :

» Colophospermum mopane produces 3.0-4.0 kg dry fodder and same amount of fuel
wood per tree at 7-8 year age at 40% of biomass removal through pruning.

» C. mopane enhances land productivity through increased system production and
agriculture yield in the initial 4-5 years.

> Deep taproot system penetrating hard pan indicated that C. mopane had better
adaptation strategy for survival in the dry habitats and could be used as fodder tree in
arid region.

» C. mopane is hardy species and could be raised for rehabilitation of degraded dry land
through direct seed sowing both for aesthetic and economic benefits.

» C. mopane extracts more soil water from both upper and deeper soil layers and thus

highly competitive with agriculture crop when rainfall is sufficient for crop only.
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Col ophospermum mopane with Vigna radiata




Recommendation

Colophospermum mopane is the best for rehabilitation of degraded land under
direct seed sowing after ploughing.

3.1.4 Hardwickia binnata based Agroforesty Model

Hardwickia binata is indigenous to Indian subcontinent and famous for its hardest wood. It is
growing naturally in forests of southern UP, MP, Maharastra and Karnataka. Peaple in MP and
Maharastra retain this species along field boundaries and lopp it like P. cineraria in Rajasthan
for its nutritious fodder. A field experiment was conducted at AFRI, Jodhpur to study the tree-
crop interaction in terms of fuel, fodder and crop productivity. The findings of the experiment

are:

» Hardwickia binata had greater adaptability for survival in the region and extend its root
even in hard pan of CaCOs.

» H. binata produces 1.0 -1.5 kg per tree dry fodder and 1.0 — 2.0 kg per tree fuel wood at
7-8 year age.

» Crop yield is relatively greater in H. binata based agroforestry than Colophospermum

mopane based agroforestry

Hardwickia binata with Vigna radiata
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Recommendations

Hardwickia binata is suitable species to enhance production per unit areai.e. crop,
fodder and fuel wood in arid and semi arid region whereas the indirect benefits
are soil improvement, increasein carbon stock and reduced soil losses.

3.1.5 Acacia nilotica based Agroforestry Model

Acacia nilotica is an important species of dry region and its variety i.e. Acacia nilotica var.
cuppresiformis is retained in agricultural field in Pali-Marwar region of Rajasthan, where soil is

relatively heavy. Pod of A. nilotica is much preferred by goats and sheep.

» Acacia nilotica subsp. indica (locally know as “babool”) is associated with rainfed crops
like Pearl millet, maize, sorghum, groundnut, black gram (Vigna mungo), green gram,
(Vigna radiata), etc., in the 400-600 mm mean annual rainfall belt during “kharif”
(summer) and irrigated crops like wheat, barley, mustard, gram, etc., during “rabi”
(winter). Returns vary from model to model.

» Returns due to Acacia nilotica over sole herbaceous crop vary from Rs 6,250 to Rs 7,700

hatyr?.

A. nilotica with wheat and mustard
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A. nilotica enhance yield during drought and increase system productivity. But it
will be more appropriate to plant the species as boundary plantation or erecting
shelterbelt.

Recommendations

3.1.6 Acacia tortilis based Agroforestry model

Acacia tortilis is an exotic species from Israil, hence locally called as Israili Babool and mostly

used in sand dune stabilization work in western Rajasthan. However, it also observed growing

in agricultural farm occasionally. People used to this species for feeding their cattle. Pod of A.

tortilis is much preferred by goats and sheep.

>

Acacia tortilis is grown with rainfed crops such as mung bean and cluster bean in areas
with mean annual rainfall below 400 mm and sandy soils.

The return from Acacia tortilis is Rs 2,450 per hectare in agroforestry systems over sole
crop.

In arid conditions, annual return from A. tortilis alone was to the tune of Rs 360 ha™ yr*
on a 20 years cycle, whereas returns from sole crops were Rs 30 to 40 ha™* yr™.

Acacia tortilis proved to be the most economic with a net cost-benefit ratio of 29% per
hectare in 10 years rotation.

Acacia tortilis (5 x 10 m spacing) with C. ciliaris grass gave the highest yield of fuelwood
(5 t/ha) and dry grass (5.6 t/ha) with a total revenue of Rs 3895 per hectare.

A. tortilis plantation in agroforestry systems has been found more remunerative over

sole crops.

Recommendations

Though A. tortilisenhance total production of the system during drought but it will
be more appropriate to plant the species on boundary or erecting shelterbelt.
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3.1.7 Zizyphus species based Agroforestry model

Zizyphus nummularia is a commonly growing shrub of community and farm lands. It is most
preferred species for the browsers and grazers. Farmers in this region maintain this shrub
annually in their farm land for its leaves ‘Pala’ used as fodder for the livestock and dry twigs for
fuelwood and fencing material for field boundaries. It is generally harvested in November and

grows along with the ‘Kharif’ crops during monsoon period.

» Zizyphus nummularia is associated to rainfed crops such as mung bean, cluster bean,
moth bean and pearl millet in areas where mean annual rainfall is less than 400 mm.

» Maximum leaf forage production from Z. nummularia plants are 169 kg DM ha™ yr? in
deep alluvial sandy soils

» Minimum leaf forage yields are 112 kg DM ha™® yr" in the shallow soils on the broad
flattish rocky surfaces at the foot of mountain slopes.

» The grafted ber yield ranged from 734 to 838 kg/ha and maximum grass return of Rs.
5487/ha was obtained in ber + clusterbean agrohorticultural systems. Pruned wood
(1236 to 1439 kg/ha) obtained additional income.

» Ber + Cenchrus ciliaris provide 8.4 q /ha of grass fodder, in addition to fruit yield under

hortipastoral systems.

Ziziphus nummularia with Mustard
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Recommendations
It isgood speciesfor agroforestry and necessary to motivate farmersthat at
least 20-25% of the fields should be kept aside for traditional tree and
pastur e species to get more forage and other products.

Ailanthus excelsa based Agroforesty Model
As an important tree, Ailanthus excelsa is grown along field boundary for its wood, which has
demand for plywood industries, and leaf as fodder particularly for goat to increase milk
production.
» Ailanthus excelsa has an excellent market of green fodder in Rajasthan and North Gujarat

where its leaves are sold as fodder for goats, sheep and camel.

> The production of leaf fodder is 0.8- 1.00 tones tree™. It has high nutritional value
viz., crude protein: 16 —20%, crude fiber: 13-21%, phosphorus: 0.17-0.24%, calcium: 1.48-
2.11%.

» Its timber has great demand in construction work and in plywood industries.

» The average, additional income received from planting Ailanthus excelsa is Rs.
7600/ha/year.

Ailanthus excelsa with Triticum aestiium Ailanthus excelsa in farm forestry
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Recommendation
Ailanthus excelsais a good speciesfor boundary plantation aswell as commercial
farm forestry in sandy soil of arid and semi arid reqion.

3.2 Silvopastoral System

Agroforestry is not restricted to farm land, it is also amenable to improve rangeland, wasteland, eroded
areas and degraded land, as long as access control to people and stock is feasible. The grazing pressure
in the State of Rajasthan, in terms of adult cattle unit (ACU), is 7.68 ACU ha*, while existing carrying
capacity is only 0.68 ACU ha™. In arid zone of Rajasthan, the pressure was 0.87 ACU ha in 1981 against
the optimum desirable density of 0.2 ACU ha™ for permanent pasture and other grazing lands.
Estimates indicated that the pressure increased to 0.96 ACU ha™* in 1995 and 1.02 ACU ha™ ha in 2001.
Total available forage and fodder is estimated to be 11.3 million tonnes while demand is 28.2 million
tonnes. This indicated a fodder deficit of 16.9 million tonnes annually. The forage and fodder availability
is sufficient to meet the requirement of only about 45% of the total ACUs in the region. Silvopastoral
system is the form of naturally occurring grasses in the region growing in community posture land in
association with indigenous shrubs and trees are Cenchrus ciliaris, C. setigerus, C. biflorus, Lasiurus
sindicus, Dichanthium annulatum, Panicum turgidum, Sporobolus sp. Etc. The associated tree species
are Prosopis cineraria, Tecomella undulata, Acacia senegal, Acacia tortilis, A. luecoploea, Zizyphus
mauritiana, Z. nummularia, Salvadora oleoides, S. persica, Capparis decidua etc in silvopastoral of

western Rajasthan.

3.2.1 Cenchrus ciliaris (Marwar Anjan)

It is a good quality palatable grass for livestock which is a tall, thick stemmed, erect and
drought hardy perennial. Its leaves are broad, long droopy and remain green up to
maturity. It has a wide adaptability, high sprouting and tillering ability and is good in

regeneration. Fodder quality and yields are below:
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This grass produces 18- 25 quintals of dry matter per hectare in silvipasture
system in arid conditions.

It has 8% protein and about 60% digestibility.

It produces 1 to 1.5 quintal/ha seed even after one cutting of fodder.

It is persistent and aggressive variety for rangelands and remains productive for

six to eight years under proper management systems.

Cenchrus ciliaris grass in a Silvi-pasture land

3.2.2 Cenchrus setigerus (Marwar Dhaman)

>

Cenchrus setigerus is well adopted in the arid and semi-arid regions of India though
require little higher soil moisture than Cenchrus ciliaris.

It is excellent for grazing purpose due to its thin stem and leafy foliage.

It is a drought hardy perennial grass which forms clumps at the base.

It is an early maturing, high in tillering, with good regeneration abilities and
capable of giving 2 to 3 cuts per year under rainfed conditions.

It produces 10-15 quintal dry fodder per hectare in silvipasture in the arid and

semi-arid condition.
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Cenchrus setigurus grass in Silvi-pasture

3.2.3 Lasiurus sindicus (Sewan grass)

Lasiurus sindicus is well grown in the 200-mm mean annual rainfall of arid region and an
excellent fodder-producing grass of sandy region of western Rajasthan. Lasiurus sindicus is the
primary grass of extremely arid parts of Jaisalmer, Barmer and Bikaner districts. The species is
found only in this region.
» Significant achievement has been made in the mass production of nutritive fodder
‘Lasiurus sindicus’ for the desert livestock.
» It is highly productive and four to six cuttings can be taken from June to March if
supplementary irrigation is provided.

» Dry fodder production is 16 to 40 quintals per hectare.
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Lasiurus sindicus in silvipasture

4 CONCLUSIONS

The traditional agroforestry systems have been damaged to a considerable extent due to ever-
increasing biotic and abiotic pressure in this region and the associated demands. They do not
appear sustainable any more without suitable management practices. Thus, these traditional
agroforestry systems need intensification through a suitable combination of woody and
herbaceous components.  To meet both ecological and social challenges requires the
development of site specific practices for promoting the agroforestry and sylvopastoral systems

in the region.

A proper management of inputs can increased the productivity many folds. The main
component of the production technology are proper tillage operation, adequate fertilization,
appropriate lopping, appropriate grazing, appropriate tree density, use of biotechnology,
genetic improvement of these multipurpose species and the selection of the most economically

suitable species.

Most importantly is the development of effective means of coordination between
different sectors and the development of a common understanding of policy and legal issues.

The following points may be considered in the formulation of an agroforestry policy framework:
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(i) rational apportioning of land for different land uses, (ii) refining government regulations on
movement, sale and trade of agroforestry products and equitable distribution of benefits, (iii)
defining the roles of public and private organizations, banks and NGOs in such land uses, (iv)
development of on-farm research and strengthening extension networks. Conclusively,
agroforestry should be looked upon as a means for improving the socio-economic conditions of
the rural poor and should be the main component of an integrated rural development
programme. In order to increase fuel, timber, and forage production agroforestry programmes

should be adopted on a large scale.
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