













































































































































































the employment. Further the introduction of legume in farm fields will enhance
the soil fertility through fixation of atmospheric nitrogen which will help in
productivity of crops and reduce the input costs. This model can be further up-
scaled through training programmes to farmers, farmer to farmer interactions,
farm field visits and providing extension materials in local languages.

8.6 Babul-paddy silvi-agri model

8.6.1 Edaphic and environmental requirements of model: The system prefers
sodic and alkali soils with pH of 7-8. Though babul is leguminous tree but it can
adapt well to all range of pH where paddy is grown. Usually grows well at an
altitude of 1200 m (sea level) with temperature range of 15-40°C and annual
rainfall range of 800-1400 mm.

8.6.2 Significance of the model: The model consists of agriculture crop paddy
(Oryza sativa) variety JR75 (78 days crop) intercropped with tree babul (4cacia
nilotica wild ex. Del.). Babul seedling raised in the nursery should be transplanted
in field during rainy season before paddy transplantation. This model is beneficial
for the paddy farmers who are not aware of management of huge canopy cover of
babul tree as well as paddy crop. Scientific management of babul trees along with
short rotation variety with high yielding paddy crop provide double grain
production and efficiently utilized leaf litter as green manure. This model does not
require inputs like insect-pest management to maintain the trees and crop.Farmers
who resorted root and canopy pruning measure of babul tree could obtain higher
crop yield. From third year onwards farmers will get interim annual income from
pruned biomass of 1.60 kg per tree for Acacia nilotica var.indica (telia). The trees
are pruned initially to promote the formation of a clean straight bole that can fetch
premium price in the market with 10 year rotation period for babul.

8.6.3 Establishment and management of model

Cultivation techniques: This model prefers sodic and alkaline soil with pH 8 and
higher organic matter. Though it is leguminous tree but it can adapt well to all
range of pH where paddy is grown.

Nursery techniques of Babul: Seeds of babul can be raised in polythene bags
with 1:1:2 ratio of Sand: Soil: FYM. Seed is treated with sulphuric acid or soaked
in water for 12 hours. Best season for sowing babul is first week of March to mid
April. Plants of nursery raised babul seeds should be transplanted after ploughing
of the field just before paddy transplanting or seed broadcasting of paddy. The
spacing of 5x5 m is kept for intial five years raising with 400 plants/ha. From
sixth year onwards 200 plants per ha are managed with spacing of 6x6 m. From
eigth year 100 plants per ha are retained and managed. Timely canopy pruning is
done to reduce the shade effect and to improve the production of fire wood and
fodder. Lateral root pruning can also be done to enhance the crop yield.

8.6.4 Rotation period and Yield: The Babul-paddy model has a benefit cost
(B/C) ratio of 1.47 during ten year period of the system. Over ten year rotation the
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trees provide variety of products such as fodder, fuel wood (30 kg per tree),
brushwood for fencing (4 kg per tree), small timber for farm implements/furniture
(0.2 m®) and non timber forest products such as gum. The yield of paddy obtained
from farmers field for this model is 2.5 t/ha against 1.5 t/ha from traditional
varieties.

Fig. 29 Babul-paddy silvi-agri model

8.6.5 Economics of the model: Total expenditure of this model was Rs. 70,000
per ha inclusive of field operations with net income of Rs 3 lakhs per ha.

8.6.6 Impact and up-scaling: By adopting/practicing the babul-paddy agro-
forestry system farmers can get higher cash returns upto Rs.3.00 lakh within 10
years of harvest cycle of trees. The babul-paddy model is a good insurance against
failure of monsoon or climate vagaries. Farmers who adopted scientific
management of babul trees like pruning of root and canopy of the tree could get
higher crop yield. Training and demonstrations are most important component to
popularize this model among the farmers especially for rural women with one
time investment. This model can be upscaled through various training
programmes including demonstrations, farmer mela and distributing extension
materials.

8.7 Sandalwood-Teak-Eucalyptus- Red sanders based silvi-agri models

8.7.1 Edaphic and environmental requirements of model: This model was
found suitable for well red loamy soil condition with optimum irrigation during its
first 2 years. The total rainfall in arid and semi-arid climate on an average ranges
from 0 to 400 and 400-800 mm respectively. This model performs well in 90 to
650 mm average rainfall and temperature ranges between 13 to 43 °C.

8.7.2 Significance of the model: This model is beneficial for those farmers who
can plant Santalum album, Pterocarpus santalinus, Eucalyptus species and
Tectona grandis tress in their farm fields along with other short term agriculture
crops such as Cajanus cajan, Phaseolus aureus and Sorghum vulgare.
Agroforestry systems based on Red sanders-Sandal, Teak-Sandal and Eucalyptus-
Sandal were evaluated across different agricultural crops viz., green gram (Vigna
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radiata), jowar (Sorghum bicolor), red gram (Cajanus cajan) and castor (Ricinus
communis). It was found that Red sanders-Sandal was very suitable for the
cultivation of green gram, jowar and red gram. In contrast no tree combination
was helpful for castor cultivation as weeds suppressed the crop and castor was
unable to grow with vigour. Therefore based on this study for semi-arid tropics of
Andra Pradesh, Red sanders -Sandal with green gram, jowar and red gram can be
recommended on farmlands without irrigation.

8.7.3 Establishment and management of model: Land should be leveled,
ploughed well and weeds, stones bushes/shrubs should be removed. Sowing or
planting is done during rainy season for better survival, timely germination and
good growth. The trees are placed at a closer spacing within the row at 4 m and in
between Sandal are planted. An effective distance of upto 5 m between the rows
is maintained for cultivation and mechanization. The planting is done in a
factorial randomized block design with tree sole crops and agricultural sole crops
and their intercrops as per the treatments. One block of all trees except Sandal at
4x4 m as control is also established in the experimental trials. Spacing of two
trees or more were maintained depending on land availability. The spacing of 2 m
within the row and 5 m between the rows were employed in four replications.

8.7.4 Rotation period and yield: Tree crop combinations like Red sanders-
Sandal, Teak-Sandal and Eucalyptus-Sandal were raised. Agricultural crops like
green gram, pigeon pea and jowar were raised till third year. In fourth and fifth
years castor was raised between the tree rows. It was observed that under Red
sanders-Sandal system in the first three years for per unit cropped area green
gram, pigeon pea and jowar have performed equally well when compared with
control lands. However the yield was found to be reduced in Teak-Sandal system
and was lowest in Eucalyptus-Sandal system.

8.7.5 Economics of the model: Net income generated from green gram was
Rs. 60,000 per ha, pigeon pea was Rs. 1.00 lakh per ha and jowar was Rs. 50,000
per ha. Castor as intercrop did not perform well when compared to its income as
sole crop.

Table 1: Yield (Q/ha) per year for Green Gram, Pigeon pea, Jowar and
Castor

S. No | Treatments Green Gram | Pigeon pea | Jowar | Castor
1 Red sanders + Sandal 10.0 23.8 19.5 6.5
2 Teak + Sandal 9.5 20.0 17.0 53
3 Eucalyptus + Sandal 7.5 17.5 15.3 3.8
4 Red sanders sole crop 11.3 - - -
5 Teak sole crop 10.0 - - -
6 Eucalyptus sole crop 8.5 - - -
7 Agri-crop (sole) 11.0 243 19.5 20.0
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8.7.6 Impact and upscaling: Sandal-Redsanders agri-crops based agri-silvi
model gives risk free farming to farmers. The end users are farmers from sem-arid
tropics covering nine districts of Telangana and Rayalaseema region of Andhra
Pradesh. The farmers with small or large land holdings of Nalgonda,
Mahabubnagar, Ranga Reddy district, Kurnool, Cuddappah and Vishakhapatnam
have shown keen interests in this system. Farmers need planting materials and the
extension support for adopting these systems. Even the Van Sanrakshan Samiti of
Andhra Pradesh, State Forest Department has shown interest in these systems who
may need extension support of these systems especially from Adilabad and
Khammam districts.Van Sanrakshan Samiti of Cuddappah and Chittor districts of
Rayalaseema region have also shown keen interest in the system and wanted its
retention in their fields.

8.8 Sandalwood based agroforestry systems

8.8.1 Edaphic and environmental requirements of model: This model
performs fine in well drained red ferruginous loam soils. It requires optimal
aeration during early stages of plantation establishment (1-3 years). Soil should be
moderately deep with good drainage, good physical properties and moderately
acidic to neutral with pH 6.5 to 8.5. It flourishes well in moderate rainfall of 600
mm in cool climate with a long period of dry weather but adapts well to different
climatic conditions except for water logged and very cold places. It grows well in
the early stages under partial shade but at the middle and in later stages it shows
intolerance to heavy overhead shade.

8.8.2 Significance of the model: This model is of significant use to the farmers
who can plant sandalwood in their farm field along with crops like horse gram,
aonla and block plantation with Casuarina. Farmers are not aware of quality
planting materials like seedlings and also on technical input on sandalwood
farming. Horse gram cultivation is done based on the traditional system without
using high yield improved varieties. Research institutions are identifying better
genotypes for developing quality planting materials in sandalwood. Further, the
Aonla (Phyllanthus emblica) and Horse gram (Macrotyloma uniflorum) are
cultivated as an intercrop for getting additional income and optimal usage of
natural resources.

8.8.3 Establishment and management of model: Site preparation involves
leveling, marking of pits with recommended spacing, fencing and digging of pits.
Digging of pits enable develop deep tap root, improve aeration, water
permeability, removal of weeds, exposing insects pests and spores for sunlight.
Usually site preparation activity will be done three to four months before planting.
In Indian condition planting will be done in June-July, hence site preparation may
be planned well in advance by March/April. Seedlings for planting should be of
height greater than 1.0 foot, collar diameter more than 3 mm and 1/3" seedling
stem should be brown in colour. The seedlings should be devoid of forked
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branches and must be healthy and straight with a leading shoot. Pits of size
45x45x45 cm should be left for weathering for minimum of one month.
Insecticide/fungicide may be applied during planting in pit to kill the harmful
organisms. At the time of planting 2 kg of farm yard manure may be applied in
the pit to increase water holding capacity. Planning configuration in this model is
6x3 m and usually planting is done after the onset of monsoon. Irrigation is
essential for first three year in an interval of 3-5 days, especially during summer.
Application of suitable fungicide and insecticide in pit before planting will reduce
the infestation level. Intercropping is possible for 5-6 years in this model.

8.8.4 Rotation period and yield: Sandalwood trees will be felled / harvested at
the age of 15 years for heartwood purpose with a yield of 15 kg of heartwood.
The average height of the tress will be 8-10 m and 40-50 cm girth and fetched Rs.
6000 per kg heartwood. The yield obtained from Horse gram was 500 kg/year/ha
and for aonla was 4 ton/ha from 5™ year onwards. Casuarina in block plantation
yielded 500 poles in ten year.

8.8.5 Economics of the model: Total expenditure for whole model (inclusive of
all operation from sowing to harvest) was Rs. 1.5 crores. Income from aonla was
Rs.1.2 lakhs for 4 t/ha/year at Rs. 30/kg. Income generated from sandalwood at 15
years age was Rs. 3.6 crores for 6000 kg of heartwood/ha at 15 Kg/tree at Rs.
6000/kg. Income from horse gram was Rs. 20,000 for 0.5 t/ha/year at Rs 40/kg.
Income from Casuarina was Rs. 50,000 for 500 poles at Rs. 100/pole. Net income
generated from this model was Rs 2.00 crores.

8.8.6 Impact and upscaling: Sandalwood based agroforestry system having
aonla and horse gram as intercrops will help farmer to gain initial income from
horse gram and intermediate income from aonla. It also helps to sequester more
carbon and enhances overall productivity which ensures higher net farm income
by optimal usage of natural resources. This model can be upscaled through
training programme to farmers, extension materials, farmer to farmer interaction
and farm field visits.

Fig. 30 Sandalwood based agroforestry Systems
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Agroforestry in Western Dry Region

Western dry region covers hot dessert, arid and semi-arid areas extending over
Rajasthan, west of the Aravallis, Gujrat and Dadar-Nagar Haveli. Following
models have been developed by Arid Forest Research Intstitute (AFRI), Jodhpur
for western dry regions:

i. Hardwickia binata based agroforestry model

il. Emblica officinalis based agroforestry model

i1i. Colophospermum mopane based agroforestry model

iv. Prosopis cineraria -Zizyphus mauritiana agroforestry model

9.1 Hardwickia binata based agroforestry model

9.1.1 Edaphic and environmental requirement of model: This model is
performing well in arid and semi-arid region of Rajasthan. Hardwickia binata is a
tree of the dry deciduous forests. In India, it is found in the western Himalayas up
to an elevation of 1500 m and dry open forests of Central and South India. The
tree grows best in sandy loam or reddish gravelly sand but tolerates light acidic to
moderate saline soils. Overlying soil does not have to be deep since the taproot
has a capacity for growing through fissures in solid rock. It can be grown well in
the soils with low in organic matter, nitrogen and phosphorus.

9.1.2 Significance of model: Hardwickia binnata (Anjan) is the most important
agroforestry tree in dry areas of India. The tree is utililized optimally in terms of
food, fodder and fuel wood. In experiments fixed and rotational crop sequence
were used i.e. Cyamopsis tetragonoloba (cluster bean or Guar), Sesamum indicum,
Pennisetum glaucum and Vigna radiata. Tree heights are comparatively more under
rotational crop than in fixed crop plots of Vigna radiata. Crop yield reduction is
about 24% with pearl millet in crop rotation and 77% with V. radiata in tree
canopy zone area with limited water availability. Since 2012 onwards in this
model along with intercrop Cyamopsis tetragonoloba different silvicultural
treatments like intact tree, tree branch removal up to 70% tree height, root barrier
treatment and combination of both tree branched removal-root barrier treatment
was practiced.

H. binata based agroforestry model is common in central India particularly as
boundary plantation. This species was introduced in western dry region to
enhance fodder production to feed the domestic animals on which the economy of
the local people depends to larger extend. Block plantation with suitable crops
combination provides higher land productivity and improves soil fertility. Its easy
management in block plantation with intercrops should encourage farmers for the
plantation on their land. Likewise, lopping and putting root barriers minimizes the
competitive effects of trees on the companion intercrops.

9.1.3 Establishment and management of model: Four month old seedling of
Hardwickia binata was planted to maximize fodder and fuel wood with different
crop sequences. Spacing of the plantation was 5x5 m. Pit size is 45x45x45 cm’.
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Basal doges of 10 kg FYM and 20 g forate (anti-termite insecticide) per seedling
were applied at the time of plantation. Life saving irrigation was provided at time
of plantation and after rainy season 25 liter water was provided to each plant at
one month interval. Plantation was maintained through different silvicultural
activities viz. irrigation, soil working, weeding, protection, anti-termite treatment,
pruning etc.

In subsequent experiment, different silvicultural treatments like intact tree, tree
branch removal up to 70% tree height, root barrier treatment and both tree
branched removal-root barrier treatment were practised. These treatments showed
varying effects on tree growth and productivity of the companion crops. Tree
pruning along with root barrier observed detrimental for the growth of H. binata
but it was beneficial in enhancing productivity of intercrops. H. binata was found
competitive with Cyamopsis tetragonoloba crop. Growth and grain yield of C.
tetragonoloba crop was found highest in lopped tree with root barrier and lowest
yield under unlopped trees condition. Competition was minimized through
pruning and trenching around tree. H. binata is also favourable in enhancing
nutrient availability and carbon sequestration.

Fig. 31 Hardwickia binata based agroforestry model

9.1.4 Fuel wood and fodder yield from H. binata: Pruned biomass (fodder) of H.
binata was 3.99 kg in rotation crop and 3.33 kg in fixed crop per plant at 8 years

age- Average total dry biomass of H.binata trees ranged between 4.49 to 135.85
kg per tree at 17 years age. Biomass accumulation in stem was 45.7% of total
biomass. Foliage contribution of the total biomass was 23.5%. C. tetragonoloba
crop production was highest in pure crop plot followed by lopped and then in root
barrier treatment.

9.1.5 Impact and upscaling: The study demonstrates the usefulness of tree in
increasing total productivity of land. The resource competition was minimized
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through silvicultural practices which improved crop production. The model also
helped in carbon sequestration and thus indirectly mitigating climate change and
environmental effects.

9.2 Emblica officinalis (Aonla) based agroforestry model

9.2.1 Edaphic and environmental requirement of model: This model
performed well in dry region of Rajasthan and Gujarat where soil is loamy sand to
loamy silt. The mean annual rainfall zone is from 400-900 mm. It is not suitable
for arid zone facing drought in rainfed condition.

9.2.2 Significance of model: Emblica officinalis (Aonla) model is suitable for
maximising food and fruit yields under crop sequences of Cyamopsis
tetragonoloba, Sesamum indicum, Pennisetum glaucum and Vigna radiata. Tree
height is favourable under rotational cropping system than fixing a single crop
continuously. Although crop yield reduction has been observed up to 32% for
pearl millet and 5% for V. radiata, but the yield of fruits from E. officinalis are
better compensations for adopting this model, particularly in irrigated condition.

E. officinalis based agroforestry model is not much practiced in the region rather
The tree is cultivated occasionally to obtain Vitamin C enriched fruits of this
species for preparation of different dishes like Murabba, Achar, jelly etc. E.
officinalis was introduced to enhance total yield per unit area along with fruit
production and to enhance income of farmer. The fruits obtained from E.
officinalis can compensates with reduced crop yield in the system.

9.2.3 Establishment and management of model: E. officinalis was planted to
maximize food and fruit yields under different crop sequences. The spacing of the
plants was 5x5 m and the container grown seedlings were planted in pit size of
45x45x45cm. Each sub plot had 12 trees. Basal doges of 4 kg FYM and 20 g forate
(termiticide) were applied at the time of plantation. Life saving irrigation was
provided at time of plantation and after rainy season i.e. 30 liter water per plant at
one month interval. Plantation was maintained through different silvicultural
activities viz. irrigation, soil working, crop sowing and related cultural operations.

The treatments plots were (i) E. officinalis intercropped with Vigna radiata
throughout the study (FC) and (ii) E. officinalis intercropped with Vigna radiata,
Pennisetum glaucum, Cyamopsis tetragonoloba and Sesamum indicum in rotation
(RC). The RC plots had Penisetum glaucum, Vigna radiata, Sesamum indicum,
Cyamopsis tetragonoloba, S. indicum and P. glaucum as the agricultural crops
grown in 1996, 1997, 1998, 1999, 2000 and 2001 respectively. Crops were sown
and harvested in the rainy season (July to October) under rainfed conditions.

9.2.4 Impact and upscaling: Because of relatively more water requirement of F.
officinalis, this model can be more suited to semi-arid areas with supplemental
irrigation. Integrating E. officinalis improves soil conditions like soil organic
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carbon and soil fertility, decrease soil pH and increase overall system
productivity.

9.3 Colophospermum mopane based Agroforestry model

9.3.1 Edaphic and environmental requirement of model: The model performs
well in dry region of Rajasthan as well as in similar climatic conditions. C.
mopane often grow on loamy sand and clay loam soils with low organic matter,
available nitrogen and phosphorus and tolerates saline and poorly drained soils
better than other species. It is a dominant species of dry deciduous forest. It grows
between 300-1000 m altitudes, -3 to 50 °C temperature and 200-800 mm mean
annual rainfall zone.

9.3.2 Significance of model: Colophospermum mopane (Mopane) is introduced
for maximising food, fodder and fruit yield with fixed and rotation crop sequences.
The tree height is comparatively more under rotation cropping system than in fixed
cropping system. It is highly competitive with intercrops because of competitive use
of soil resources as soil water content reduces by 12.6% - 15.4% in the canopy zone
of C. mopane than in the soils of control plots. C. mopane tree is not commonly
planted on farmers land in the region due to its exotic nature. However it has
been introduced to enhance fodder production, sand dune stabilization and
rehabilitation of wastelands. Row plantation or boundary plantation with suitable
crops combination works as safeguard to enhance total land productivity and
improved soil fertility. Because of strong competitive nature for available natural
resources C. mopane is not a suitable integration in farmlands. It is most suitable
to rehabilitated degraded sites. C. mopane have greater adaptability for survival in
the degrade sites due to well developed root system with high root/ shoot ratio.

9.3.3 Establishment and management of model: C. mopane was planted in July
1994 in pit size is 45x45x45 cm to maximize fodder and fuelwood production
with different crop sequences. Spacing of the plantation was 5x5 m. Basal doges
of 10 kg FYM and 20 g forate were applied at the time of plantation. Life saving
irrigation was provided at time of plantation and after rainy season. About 30 liter
water was provided to each plant at one month interval. Plantation was
maintained through different silvicultural activities viz. irrigation, soil working,
weeding, protection, anti-termite treatment, pruning etc. Different intercrops were
sown in different years starting from 1996.

Silvi-pasture was adopted by dibbing the seeds of Cenchrus ciliaris grass
manually in the furrows and reducing both above and below ground competition
in 2012. Four treatments practiced were intact tree, tree branch removal up to
70% tree height, root barrier treatment and both tree branched removal-root
barrier treatment. The treatment maintained through lopping in each year.

In another experiment seeds of C. mopane were broadcasted after deep ploughing,
mixing and covering of the seeds with soil. It provided 98% germination and 92%
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survival at one year of age and has developed into dense vegetation cover at 16
years of age.

Fig. 32 Colophospermum mopane based agroforestry model

9.3.4 Fuel wood and fodder yield from C. mopane: Seventh year onwards C.
mopane produces 3 to 4 kg dry fodder/fuel wood per tree per year. Fruit
production was 0.5 kg per tree at 5 years age and 1.25 kg per tree at 9 year age.
Fruit production was less when pearl millet (Pennisetum typhoides) and guar
(Cyamopsis tetragonoloba) were intercrop. Average total dry biomass ranges
between 5.91 to 130.41 kg per tree at 17 years of age. Biomass accumulation in
stem was 28.6%. The contribution of foliage was 40.2% in C. mopane trees.

C. ciliaris grass production was highest in sole grass plot (20.61 t/ha) followed by
lopped and root barrier treatment (16.72 t/ha). The grass production was lowest
(13.61 t/ha) in intact trees plot.

9.3.5 Impact and upscaling: Lopping of C. mopane along with root barrier was
found beneficial in enhancing productivity of silvipastoral system in dry areas.
Thus this species is most suitable for silvipastoral system in dry land for fodder
production rather than its integration in farmers land. It can be utilized for
rehabilitation of degraded wastelands under site preparation and direct seeding.
Resources competition between trees and grass can be minimized through
silvicultural practices for benefits of enhancing total productivity and improve
people livelihood. It facilitates in carbon sequestration and thus helping indirectly
in mitigating climate change and environmental effects.

9.4 Prosopis cineraria-Zizyphus mauritiana (grafted Ber) agroforestry model

9.4.1 Edaphic and environmental requirement of model: The model will
perform well in dry region of Rajasthan where soil is well drained having
irrigation facility. Life saving irrigation is required upto 3 years after plantation.
Generally these species are grown in temperature range of 4°C to 45°C with
annual rainfall of about 400 mm.
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9.4.2 Significance of model: This model provides economic benefit and income
to the farmers along with cultivated arable crop like wheat. Integration of grafted
ber (Z. mauritiana) and khejri (P. cineraria) with wheat crop was best
agroforestry model where reduction in wheat yield was only 5% than sole crop. It
was found less competitive than any other horti-silvi combinations. Combination
of P. cineraria and Z. mauritiana showed synergistic effect on the wheat crop
yield and exhibited the highest B: C ratio of 1.4 as compared to the sole crop. Soil
organic carbon was increased by 8% in top layer and by 13% in lower layer in
agroforestry plots as compared to the control plot. Thus agroforestry model was
observed to be more beneficial than sole agricultural crop in term of carbon
benefits. Cultivation of good quality saplings of khejri and grafted ber (Gola
variety) is good combination for higher economic yield. Research institutions and
SFDs are developing good quality of khejri seedlings whereas grafted ber is
developed by research institutions as well as commercial private nurseries. These
quality materials are beneficial when integrated in the farmlands for enhancing
total yield per unit area.

9.4.3 Establishment and management of model: A farmland was ploughed and
weed removed in collaboration with farmers. Khejri and grafted ber were planted
alternate to each other at a spacing of 6x6 m with pit size of 60x60x60 cm. Basal
doges of 10 kg FYM, 150 g DAP, 450 g SSP and 25 g forate was applied at the
time of plantation. Drip irrigation was provided at 10 days interval in summer
season and 15 days interval in winter season. Plantation was maintained through
different silvicultural activities viz. irrigation, soil working, weeding, protection,
anti-termite treatment, pruning etc. Grafted ber was pruned every year in month of
May. Wheat crop was grown each year with this combination. Intercropping is
possible up to 10 to12 years of tree age.

9.4.4 Fuel wood and fodder yield from khejri: Production of fodder at 6 year of
age was 0.20 tons/ha for P. cineraria. Production of utilizable biomass at 6 year
of age was 2.18 tons/ha for Z. mauritiana and P. cineraria.

9.4.5 Economics of model: This model provided additional benefit of Rs. 7184
ha at the age of 6 year as compared to agriculture crop.

9.4.6 Impact and upscaling: Khejri-gafted ber based agri-horti-silvi model
provides additional benefit to the farmers in arid region. In addition it also
sequesters more carbon and improves soil fertility. The model advances total
productivity and has been adopted by farmers of the adjacent village.
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Agroforestry in Coastal Plains and Ghats

Coastal plains and ghats cover Coromandel and northern Circar coasts of Andhra
Pradesh, Odisha, Malabar coastal plains, Konkan coastal plains and the Sahyadris.
States and Union Territories covered under this agro-climatic condition are Tamil
Nadu, Kerala, Andaman and Nicobar Islands, Lakshadweep Islands and
Puducherry. Following models were developed by Institute of Forest Genetics and
Tree Breeding, Coimbatore for these regions:

1. Casuarina (Casuarina equisetifolia)- Maize (Zea mays) agri-silviculture
model

il. Casuarina (Casuarina equisetifolia)-Moringa (Moringa oleifera)-Maize
(Zea mays) agri-silvi-horticulture model

iil. Acacia auriculiformis-Napier grass (Pennisetum purpureum) silvi-
pasture model

iv. Teak (Tectona grandis)-Blackgram (Phaseolus mungo) agri-silviculture

v. Acacia mangium-Beans (Vigna species) agri-silviculture model

vi. Acacia mangium- Pepper (Piper nigrum) silvi-horticulture model

vii. Casuarina based windbreak agroforestry model

10.1 Casuarina (Casuarina equisetifolia)-Maize (Zea mays) agri-silviculture model

10.1.1 Edaphic and environmental requirements of model: This model is
suited for areas with average annual rainfall ranging from 600 to 800 mm and
average annual temperature from 27-29°C. The soil type suited for the model is
yellowish red to dark reddish brown with calcic sub soil horizon. Texture is sandy
loam to loamy sand and pH of the soil is alkaline and varies from 8.2 to 8.5.

10.1.2 Significance of model: This model is beneficial to the farmers, who can
plant Casuarina trees in their farm fields along with other annual crops especially
with maize for higher economic returns. IFGTB has come up with superior clones
and hybrids in Casuarina with high wood yield. These superior clones can be
planted in this agri-silvi system for higher economic returns. It is also important to
note that Casuarina being nitrogen fixer will also help in soil improvement.

10.1.3 Establishment and management of model: Normally the land is prepared
for growing agricultural crops just before the onset of southwest monsoon (May-
June). Raising of agricultural crop and planting of Casuarina seedlings is carried
out simultaneously. Parallel watering channels are taken 7 m apart. Three month
old potted seedlings of Casuarina are planted in pits of size 30 cm® at 2 m distance
between plants in each channel. Thus the density of Casuarina remains as 650
trees’ha. A basal dose of 25 g each of nitrogen, phosphorus and potassium
fertilizer and 1 kg FYM is added in each pit at the time of planting. Biofertilizers
like Frankia or Azospirillum are mixed with the soil in the pits for better
establishment. Application of biofertilizers can also be done in the nursery while
raising the seedling. Maize (Zea mays) is dibbled at 60x25 cm apart as per
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package of practices in the interspace between Casuarina rows. Casuarina grows
well and fast under irrigated conditions. The seedlings are watered once in a week
for the initial two months and later no additional watering to the tree seedlings
was given. The seedlings share the water with the agricultural crop as and when
the crop is irrigated. However, during the post harvest period and during the dry
season, tree rows are irrigated at fortnightly intervals. Casualty replacement is
done within a month’s period. Periodical cultural operations such as weeding, soil
working etc. are to be carried out twice a year. Lower lateral branches of the trees
up to nearly half the height of canopy are pruned during the second and third year
and the pruned material can be used as fuel wood.

Fig. 33 Casuarina -Maize agri-silviculture model

10.1.4. Rotation period and yield: Casuarina trees will be felled/harvested in the
age of 4 years for pole purpose (average height 8.1 m and 34.2 cm girth, 650
poles can be harvested per ha and sold at Rs.45 per pole). Maize yield was 2.0 t
per ha per year.

10.1.5 Economics of the model: Total expenditure for whole model was
Rs.6,238 (inclusive of all operation from sowing to harvest). Income generated
from maize was Rs.8,000 per ha per year for Rs 4,000 per ton. Income generated
from Casuarina poles was Rs.29,250 at Rs.45 per pole and Rs 1,820 from fuel
wood. Net income from this model was Rs 32,832.

10.1.6 Impact and upscaling: Casuarina-maize based agri-silvi model gives
short rotation tree harvest and soil fertility improvement through nitrogen
fixation. The upscaling of this model can be done through establishing of
demonstration plots with high yielding clones released by IFGTB.

10.2 Casuarina (Casuarina equisetifolia)-Moringa (Moringa oleifera)-Maize
(Zea mays) agri-silvi-horticulture model

10.2.1 Edaphic and environmental requirements of model: This model is
suited for areas with average annual rainfall ranging from 600 to 800 mm and
average annual temperature may vary from 27-29°C. The soil type suited for the
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model is yellowish red to dark reddish brown soil with calcic sub soil horizon.
Texture is from sandy loam to loamy sand and pH of the soil is alkaline and varies
from 8.2 to 8.5.

10.2.2 Significance of model: This model is beneficial to the farmers who can
plant Casuarina trees in their farm fields along with Moringa for higher economic
returns. The superior clones of Casuarina can be planted in this silvi-horticulture
system for higher economic returns. It is also important to note that Casuarina
being nitrogen fixer will also help in soil improvement.

10.2.3 Establishment and management of model: Raising of agricultural crop
by the onset of monsoon (May-June) and planting of Casuarina and Moringa
seedlings in the field is carried out simultaneously. Parallel watering channels are
taken 7 m apart. Three month old potted seedlings of Casuarina and one month
old potted seedlings of Moringa (var: PKM-1) are planted alternately in pits of
size 30 cm’ at 2 m distance between plants in each channel. Thus the density of
Casuarina and Moringa remains as 325 trees/ha. A basal dose of 25 gm each of N,
P & K fertilizers is added to each pit at the time of planting for Casuarina. For
Moringa plants, 100 gm each of Urea and SSP and 50 gm MOP are added to the
pit in the third month. At the end of sixth month an additional dose of 100 gm
urea is added for better establishment. Biofertilizers like Frankia or Azospirillum
can also be mixed with the soil in the pits for better establishment. During the
initial two months weeding is essential. Maize (Zea mays) is dibbled at 60x25 cm
apart as per package of practices in the interspace between Casuarina-Moringa
TOWS.

10.2.4 Rotation period and yield: Casuarina trees will be felled/harvested in the
age of 4 years for pole purpose (average height 8.1 m and 34.2 cm girth, 650
poles can be harvested per ha and sold at Rs.45 per pole). Maize yield was 2.0 t
per ha per year. Moringa yield is 68,250 number of drumsticks per ha in 3 years at
Rs 60 per 100 fruits. The income earned was Rs. 40,950 from sale of Moringa.

10.2.5 Economics of the model: Total expenditure for whole model was
Rs.7,264 (inclusive of all operation from sowing to harvest). Income generated
from maize was Rs.8,000 per ha per year for Rs 4,000 per ton. Income generated
from Casuarina poles was Rs.29,250 at Rs.45 per pole and Rs.1820 from fuel
wood. Income from Moringa was Rs.40,950 at Rs 60 per 100 fruits. Net Income
generated from this model was Rs 57,971.

10.2.6 Impact and upscaling: Casuarina-Moringa-maize based agri-silvi-horti
model gives short rotation tree harvest and soil fertility improvement through
nitrogen fixation. The upscaling of this model can be done through establishing of
demonstration plots with high yielding clones released by IFGTB.
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10.3 Acacia auriculiformis-Napier grass (Pennisetum purpureum) silvi-
pasture model

10.3.1. Edaphic and environmental requirements of model: Average annual
rainfall required is ranging from 600 to 800 mm. Average annual temperature
may vary from 27-29°C. Soil is yellowish red to dark reddish brown with calcic
sub-soil horizon. Texture range from sandy loam to loamy sand. The soil pH is
alkaline and varies from 8.2 to 8.5.

10.3.2 Significance of the model: This model is suited to the class IV-VIII lands
to meet the fuel and fodder demand. The class IV-VIII lands are not put under any
use and lie as fallow land mostly and occaionally put under rainfed agriculture.
Class IV lands in the micro-watershed are unproductive due to many reasons.
Establishment of silvipasture was one of the options adopted to convert these
lands productive. Therefore, various technologies like formation of contour
bunds, rain water harvesting structures, moisture conservation measures and
planting drought resistant species (like Acacia spp. Eucalyptus, Gliricidia etc.)
were adopted depending on site conditions.

10.3.3. Establishment and management of model:The model was established
by planting Acacia auriculiformis seedlings raised in the poly bags (4 months old)
at 4 m spacing between plants and 7 m between rows in pits of size 30 cm’
(Shanmughavel et al., 2003). A basal dose of 50 g of diammonium phosphate
(DAP), 50g of muriate of potash and 1 kg of farmyard manure (FYM) was
applied at the time of planting to boost up growth of the seedlings. Slips of Napier
grass (Pennicetum purpureum) were planted in the inter space between the rows
with spacing of 50x50 cm. At the time of planting 50 kg/ha of N, 50 kg/ha of
P,0s5 and 40 kg/ha of K,O was applied and watered once in a week. Casualty
replacements of trees is carried out within a month's period and a density of 325
trees’ha maintained. Other periodical cultural operations such as weeding, soil
working and fertilizer application were carried out time to time as per standard
practice.

10.3.4 Rotation period and yield: During the second and third year, lateral
branches of the trees were pruned to ward off any shade effect to the grass. The
pruned material (2.8 t/ha) formed the biomass for fuel wood. At four years of age
the tree attains an average height of 8.5 m and girth of 24.70 cm at breast height.
The entire biomass available at this time can be utilized as fuel wood. The fuel
wood biomass amounted to 18.44 t/ha which included the main bole, branch wood
and pruned material.

10.3.5 Economics of the model: Total expenditure for model was Rs.21,088
(inclusive of all operation from sowing to harvest) for year 2000. Income from
Napier grass is Rs.80,000 per ha. Income from Acacia fuel wood was Rs. 14,752
at Rs. 800 per/t. Net income generated from this model was Rs 73,664.
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10.3.6 Impact and upscaling: This model holds potential for farmers where the
primary consideration is for fodder and fuel wood. Moreover there was no
significant reduction in the fodder yield when intercropped with Acacia
auriculiformis.

10.4. Teak (Tectona grandis) - blackgram (Phaseolus mungo) agri-silviculture
model

10.4.1 Edaphic and environmental requirements of model: This model is
suited for areas with average annual rainfall ranging from 600 to 800 mm and
average annual temperature may vary from 27-29°C. Texture of soil is sandy loam
to loamy sand and pH of the soil is 6.5 to 7.5.

10.4.2 Significance of model: This model is beneficial to the farmers, who can
plant teak trees in their farm fields along with other annual crops especially with
maize for higher economic returns. Teak can be planted in wide rows of 8x4 m
and the alley can be used for cultivation of black gram upto 5 years as inter-crop
in this Teak based agri-silvi system. The tree component will have minimal effect
on yield on intercrop.

10.4.3 Establishment and management of model: Teak stumps were planted 4
m apart in the channels formed at 8 m wide and the density remained as 325
trees/ha. As soon as the stumps were established, 3 to 4 irrigations were given to
tree component during first three months to maintain better survival percentage
and later no irrigation was given to the trees. Agricultural crops were grown every
year with this combination.

R

Fig. 34 Teak- blackgram agri-silviculture model

10.4.4 Rotation period and yield: The girth and height of the trees increased
steadily as age increased and attained a girth at breast height of 46 cm and height
of 11 m at the end of fifth year. The volume produced at five years age was 50.4
m’/ha with an average productivity of 10.1 m*/ha/yr.

10.4.5 Economics of the model: Total expenditure for whole model was Rs.
12,275 (inclusive of all operation from sowing to harvest) for year 2004. Income
generated from Black gram was Rs.10,400 per ha per year at Rs.16 per kg.
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Income from Teak poles was Rs. 65,000 at Rs.200 per pole and Rs 2250 from fuel
wood. Net income generated from this model was Rs 65,375.

10.4.6 Impact and upscaling: Under Teak-black gram model, the trees attained
an average productivity of 10.1 m’/ha/yr, which is almost double that normally
attained under forest plantations. Further it was also found that teak based
agroforestry improves fertility status of the soil and facilitates to recycle nutrients
from deeper layer to topsoil and in turn sustains the productivity of the system.

10.5 Acacia mangium - Beans (Vigna species) agri-silviculture model

10.5.1 Edaphic and environmental requirements of model: The annual average
rainfall required is 776 mm. The temperature ranges from 20°C to 37.5°C. Red
sandy loam soil is suited for this model.

10.5.2 Significance of model: This model is beneficial to the farmers, who can
plant Acacia mangium trees in their farm fields along with other annual crops
especially with beans for higher economic returns. Mangium being nitrogen
fixing tree will help in enhancing soil fertility. Farmers are practicing beans
cultivation without incorporation of tree components like Mangium. Mangium is
also being cultivated as sole pulpwood plantation. Quality planting stocks of A.
mangium raised from seeds collected from seed orchards will help in attaining
higher productivity under agroforestry systems.

10.5.3 Establishment and management of model: The model was established
with superior seedling stocks of Accaia mangium with 4.5 x 4.5 m spacing.
Intercropping activities was carried out up to third year with Onion, Beans and
Horse gram. Pruning, weeding and soil working were carried out in the
established agroforestry plot.

Fig. 35 Acacia mangium - Beans agri-silviculture model

10.5.4 Rotation period and yield: At the end of third year, the girth and height of
A. mangium was recorded 30 cm and 6.1 m respectively. In turn, volume
production was 10.64 m’ per ha and wood yield on fresh weight basis was 9.0 MT
per ha. Besides better performance in terms of growth and wood yield, there exits
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a greater possibility of cultivation of agricultural crops up to the harvest age of six
years. The yield reduction observed up to three years period was mainly due to
the difference in the total number of plants under open and under 4.mangium plot
and not due to the suppression effect of tree component over the agricultural
crops. Among different agricultural crops intercropped with A. mangium viz.
tomato (Lycopersicon esculentum), black gram (Vigna mungo), horse gram
(Macrotyloma uniflorum), fodder sorghum (Sorghum bicolor) and beans
(Phaseolus vulgaris) were found to be compatible. Finally Acacia mangium pulp
yield estimated is 18 MT per ha and fuel wood yield is 2.0 MT per ha from
branches after the rotation period of 6 years. Green beans yield is estimated
24 MT per ha for 6 years.

10.5.5 Economics of the model: Total expenditure for whole model was Rs.
89,000 (inclusive of all operation from sowing to harvest, year 2009). Income
generated from beans was Rs.1,44,000/- per ha in 6 year at Rs 6 per kg. Income
from mangium pulp wood was Rs. 36,000 at Rs. 2000 per MT of pulp wood and
Rs 2000 from fuel wood. Net income generated from this model was Rs. 93,000.

10.5.6 Impact and upscaling: By considering of growth, wood yield and greater
possibility of cultivation of agricultural crops up to the harvest age of six years.
Acacia mangium can be a tree component under agroforestry system in farm
fields receiving high rainfall of 1000 mm or having irrigation system.

10.6 Acacia mangium-Pepper (Piper nigrum) silvi-horticulture model

10.6.1 Edaphic and Environmental requirements of model: The average
annual temperature of 27.5 °C and rainfall of 2604 mm is suited for this model.

10.6.2 Significance of model: This model is beneficial to the farmers who can
plant Acacia mangium trees in their farm fields and the A. mangium trees can
serve as support for pepper cultivation. A. mangium being nitrogen fixing tree will
help in enhancing soil fertility. Farmers are practicing pepper cultivation using
Erythrina or Gliricidia. A. mangium is also being cultivated as sole pulpwood
plantation. Quality planting stocks of A. mangium raised from seeds collected
from seed orchards will help in attaining higher productivity of 4. mangium under
agroforestry systems.

10.6.3 Establishment and management of model: This model is established
with superior seedling stocks of Accaia mangium with 4x3 m spacing. Pruning,
weeding and soil working were carried out in the established agroforestry plot. At
the end of first year, pepper was introduced at two vines per tree. Elephant foot
yam (Amorphophallus paeoniifolius) or tapioca (Manihot esculenta) was the
optional inter crop during first and second year. The yield from pepper is expected
to be realized from fourth year onwards of planting and can be retained as yearly
harvest of pepper is continued up to 20 years period.
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Fig. 36 Acacia mangium- Pepper silvi-horticulture model

10.6.4 Rotation period and yield: At the end of third year, the girth and height of
Mangium recorded was 36 cm and 15 m respectively. In turn, volume production
was 79.12 m’ per ha and wood yield on fresh weight basis was 54 MT per ha.
Besides better performance in terms of growth and wood yield, there exits a
greater possibility of cultivation of Pepper up to 20 years. Acacia mangium pulp
yield estimated is 160 MT per ha and fuel wood yield was 30 MT per ha from
branches after the rotation period of 20 years. Pepper yield estimated were
14.6 MT per ha for 17 years (as yield starts from fourth year onwards).

10.6.5 Economics of the model: Total expenditure for whole model was
Rs. 3,78,500 (inclusive of all operation from sowing to harvest (Year 2009).
Income generated from pepper was Rs.8,76,000/- per ha for 17 years for Rs 60
per kg. Income generated from Mangium pulp wood was Rs. 3,20,000 at Rs. 2000
per MT of pulp wood and Rs 30,000 from fuel wood. Net income from the model
was of Rs 8,48,000.

10.6.6 Impact and upscaling: By considering the growth, wood yield and greater
possibility of cultivation of pepper up to 20 years, Acacia mangium can be a tree
component under agroforestry system in farm fields receiving high rainfall more
than 1000 mm in Kerala.

10.7 Casuarina (Casuarina equisetifolia) based windbreak agroforestry
model

10.7.1 Edaphic and environmental requirements of model: The average annual
temperature of 21-35°C and the rainfall averages of 700 mm are suited for this
model.
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10.7.2 Significance of model: Annual crop loss worth crores of rupees is reported
in the country due to windstorms. This crop loss due to heavy wind is more
frequently being reported in banana plantations. To efficiently manage this
recurrent problem, IFGTB has released five superior clones of Casuarina
Jjunghuhniana for providing protection against windstorms to horticultural and
agricultural crops like banana, citrus crops, red gram, etc. This casuarina based
windbreak tree varieties planted on the periphery of farm lands can help slow
down the speed of wind and minimize the damage to cash crops. These clonal
windbreaks also reduce evaporation from the soil and water loss through
transpiration from the crops inside. This in turn increases productivity of
agriculture crops from 10 to 30%.

Banana and other horticultural crops are being cultivated as sole crops without
windbreaks. Some farmers use plastic strips to tie together the banana plants to
protect from wind damage, which is not cost effective and also labour intensive.
Windbreak tree varieties of Casuarina can be in three rows as windbreaks. These
windbreak tree varieties of IFGTB show high level of branch persistence with 40
to 50 thick and horizontal branches within 3 m height from the base of the tree.
The other superior chracterstics of these clones are: 1) greater branch thickness, 1)
wider branch angle, iii) greater height growth rate (2.5 to 3 m per year) and iv)
faster diametrical growth rate of main stem (1.5 to 2 cm per year).

Fig. 37 IFGTB windbreak tree varieties with cow pea

10.7.3 Establishment and management of model: After land preparation by
ploughing and formation of three channels at distance of 0.5 m or 1 m all along
the boundary within each channel, superior clones of Casuarina are planted at 2 m
interval within the rows in 'Quincunxs' or 'Zig-zag' pattern. Thus the tree density
will be around 380 trees per acre.
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Fig. 38 Casuarina (Casuarina equisetifolia) based windbreak agroforestry Model
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10.7.4 Rotation period and Yield: On an average, 20 MT of wood can be
harvested from four years onwards. Windbreaks were planted in field boundaries
of one ha land. The windbreak clones gave about 40% more yield when compared
to other clones in the market. Farmers can get an additional income of up to Rs.
1,00,000 per ha, besides the protection of agriculture and horticulture crops from
the wind damages.

Fig. 39 Poles harvested from 4 year old clonal windbreaks in banana field

10.7.5 Economics of the model: Total expenditure for whole model for the year
2013 was Rs 31,500 (inclusive of all operation from sowing to harvest). Income
generated from banana was Rs.51, 450 per ha for per year. Income generated from
Casuarina pulp wood was Rs. 1, 00,000 at Rs. 5000 per MT of pulp wood at the
4" year. Net income from this model was Rs 1, 19,950.

10.7.6 Impact and upscaling: Scientific study has demonstrated that red gram
variety (CO-8) suffered no crop lodging when planted inside windbreaks and
recorded a 1.5 times higher yield compared to crop cultivated in open field
without windbreaks. Hence, the windbreaks not only protect the crops but also
enhance its productivity substantially. Windbreaks can be also used for fruit
orchards as windbreaks enhance the orchard microclimate, thus improving
conditions for pollination and fruit set which in turn result in greater yields.

3;\\

Fig. 40 Crop lodging prevented by windbreaks established with IFGTB-windbreak
Clones
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Agroforestry way ahead

Trees and forests were always considered as an integral part of the Indian culture.
With increasing population and huge gap between demand and supply, forests
were ruthlessly exploited to meet the increasing demand of fuel, fodder, timber
and NTFPs. Competing uses of land for agricultural, forestry pastures, human
settlement and industries exerts tremendous pressure on the country’s finite land
resources. Despite pressures to part away forest land for development purposes,
India is also pursuing its goal of having 33% of its geographical area under forest
and tree cover. Added to this are the targets of nationally determined contribution
(NDC) committed by the country under the Paris agreement of UNFCC. The
forestry sector in India needs to gear up through inter-sectoral linkages and
convergence to meet the future challenges. To overcome this huge burden upon
our existing forests some alternative steps are essential to meet the increasing
demand of forest produce. Actions on forest and non-forest land become
important. Improving forest areas and rehabilitating degraded forests alone will
not serve the purpose. Greening non-forest lands by creating additional tree cover
through agroforestry, farm forestry, urban and peri-urban forests, roadside
avenues etc., needs to be developed. Concept of multiple use of land with
multipurpose tree species has become important. In this context, agroforestry,
which is a form of multiple land use system, needs to be adopted and encouraged.
Under agroforestry system one could achieve greater efficiency of tree species for
photosynthesis, improved soil structure and fertility with increasing effects on
crop yield. Development of improved varieties of fast grown species and farmers
taking up plantation activities has led to the demand for timbers shift from forest
resources to trees grown outside forest (TOF). Agroforestry as multiple land use
system also reduces losses from soil erosion and more closed cycling of organic
matter and nutrients. It has yielded in creating better micro climatic conditions for
the growth of agricultural crops.

Agroforestry Promotion

National Agriculture Policy (2000) clearly states, "Agriculture has become a
relatively unrewarding profession due to generally unfavorable price regime and
low value addition, causing abandoning of farming and increasing migration from
rural areas". Hence the policy stresses, "Farmers will be encouraged to take up
farm/agroforestry for higher income generation by evolving technology, extension
and credit support packages and removing constraints to development of
agroforestry". Rural people have been practicing tree planting in their farms and
homesteads to meet household requirements of fuel, poles, timber and medicinal
plants. With the advent of agroforestry, diversification in agriculture was
encouraged to generate high income and minimize risks in cropping enterprises.
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Planning Commission has recommended following suggestions for promoting
agroforestry (Anonymous 2001):

1.

il.

iii.

iv.

V1.

vil.

Vviii.

iX.

XI.

Xii.

Xiil.

Rather than having a uniform strategy for the whole country commercial
agroforestry should be adopted in irrigated districts of the country.

A separate strategy should be developed for rainfed areas for
environmental security, sustainable agriculture and food accessibility.

Suitable species for commercial agroforestry may include Acacia nilotica,
Bamboo species, Casuarina equisetifolia, Eucalyptus species, Populus
deltoides and Prosopis cineraria for different climatic, edaphic and
agricultural conditions.

Specific institutes have been identified for tree improvement and
development of clones of specified species.

Corporate private sectors may be encouraged to take up research and
development in tree improvement, development of better clones and
micro/macro propagation of quality planting material.

About 100 NGOs may be identified to carry out clonal propagation of
seedlings for distribution to farmers at appropriate price and carrying out
extension work. Extension activities should include organizing farmers,
providing them training in planting techniques, protection measures and
other silvicultural operations.

Technological development to diversify usage of agroforestry species will
help to ensure a ready market for example bamboo is getting rediscovered
as a potential raw material for the development of bamboo composites
suitable for use in place of wood and wood composites.

Bamboo technology mission should be started keeping in view the
impending gregarious flowering followed by mass mortality of bamboo,
forest fire famine and insurgency.

As more and more farmers are taking up agroforestry, export/import
policies should be modified to encourage agroforestry products marketing.
A system of market regulation to be put in place including a mechanism of
periodic review in order to protect the interest of both producer and
consumer of agroforestry produce.

A suitable market information system needs to be introduced to inform
farmers about major buyers, prevailing prices trends and procedures etc.
All existing laws and executive orders related to tree felling, transport,
processing and sale should be amended to facilitate agroforestry.
Commercial agroforestry may be planned in irrigated districts covering 10
million hectare. On annual basis one million ha should be brought under
multipurpose tree species identified by the Task Force. The scheme of
NABARD for farm agroforestry should be expanded and investment of
Rs. 100 crores per year should be ensured.
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xiv. It is proposed to cover 18 million ha of rainfed areas on watershed basis
under agroforestry for conservation of soil/water and plantation of hardy
species such as Eucalyptus, Bamboo and Babul. On annual basis 1.8
million ha is proposed for afforestation under various schemes of Rural
Development, NAEB and 'Food for Work' scheme. An investment of Rs.
2700 crores will be required on yearly basis.

xv.  Major states may establish Agroforestry Cooperative Federation for
increasing bargaining powers of farmers in marketing of agroforestry
products.

xvi.  Wood based industries should continue supply of quality planting material
to farmers and ensure suitable buy back arrangement.

A study by the International Union of Forest Research Organizations in 2016
reported that India is the third largest importer of illegally logged timber in the
world (Anonymous 2016). Between 2010 and 2018 India imported Rs 388 billion
worth of wood and wood products from around the world. The World Bank study
says this market is expected to grow at 20% every year for the next few years. It
makes economic and ecological sense for the Indian farmers to tap into this
market. It will have a huge positive impact on the foreign exchange. These trees
will act as insurance during exigencies for the farmer reducing dependence on
high interest loans. By planting high value trees on a portion of their farmland
along with their existing crop, farmers will have a lucrative additional source of
income. It is ludicrous to expect a farmer who can barely save himself to save
ecology. Hence, agroforestry as an economic plan with a profound ecological
impact addressing soil health, water sequestration, farmer economics and
biodiversity revival all in one go. This will set an example that ‘profitability’ is
not the enemy of ecology rather environmentalism has to become profitable for
both to be sustainable.

Agroforestry has promoted polyculture with a variety of trees, shrubs, herbs and
bushes. It has kept soil fertile and water plentiful and allowed economics and
ecology to benefit from each other in complementary ways. This practice has
sparked a new revolution in the agricultural sector and the Indian economy.
National Agroforestry Policy (2014) emphasis on the environmental contribution
of agroforerty through preventing deforestation, promoting carbon storage,
conservation of biological diversity and reducing pressure on natural forests.

In order to formulate a strategy to increase the green cover/tree cover outside
recorded forest areas (Trees Outside Forests) and particularly agroforestry,
Ministry of Enviornment, Forest and Climate Change constituted a committee in
January 2018 under the Chairmanship of Shri Abhijit Ghose, Foremer PCCF
(HoFF), Rajasthan to suggest ways to increase green cover that will help both
agriculture and forestry sector. The important points emerging from all the
recommendations of various committees are:
e Auvailability of quality planting material

e Developing high yielding varieties and clones
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e Development of economically viable demonstrable agroforestry models
suitable to different agro-climatic zone

e Rationalization of regulatory regimes

e Training and capacity building of farmers and tree growers

e Documenting and popularizing success stories

¢ Building network of certified nurseries

e Policies for management of TOF

e Supplementing government finances

e Realizing the importance of agroforestry in supplementing income,
providing forest resource and combating environmental challenges

Many initiatives have already been taken but much more is required to be done.
Many states have taken initiatives to de-regularize common agroforestry species
but more is required to be done. Change in definition of bamboo crop in Indian
Forest Act 1927 is widely appreciated by the farmers. Research organizations like
ICFRE and ICAR are continuously working towards development of high
yielding varieties of tree crop which are disease and pest resistant and give higher
returns to farmers. Testing performance of these varieties through combination of
different agroforestry models is encouraging farmers to introduce tree crop in
farming systems. Today many successful models are available in farm forestry but
more is required to be done. Success stories of private sector companies yielding
higher returns by developing high yielding varieties are many now.

In agroforestry the major thrust has been on tree selection and improvement. In
this aspect some significant contributions has been made for species such as
Poplar, Eucalyptus spp., Acacia spp., Leucaena spp., Ailanthus spp., Pongamia
spp., Casuarina spp., Mangium hybrids and Bamboos. Indigenous species which
were priority for selection and improvement work included Dalbergia spp.,
Neem, Prosopis, Pongamia spp., Simarouba, Teak, Anthocephalus cadamba,
Grewia, Hardwickia spp., Melia, Prosopis cineraria, Jatropha, Salix and Gmelina
arborea. The selection and improvement work got varied success depending upon
the species and its distribution. Clonal and seedling seed orchards for Dalbergia
spp., Acacia spp., Prosopis spp., Pongamia spp., Simarouba and other species
have been established. Amongst various bamboo species evaluated for growth,
productivity and compatibility under agroforestry Bambusa vulgaris has been
found most promising on farmers field. ICFRE introduced number of species to
agroforestry. The present works being carried out by ICFRE institutes will further
widen the scope of tree species as more and more clones and varieties of diverse
species will be available.

ICFRE institutes has done tree improvement on Dalbergia spp., Populus spp.,
Tectona granids, Casuarina equisetifolia, C. junghuhniana, Eucalyptus spp.,
Neem, Melia dubia, Ailanthus spp., Gmelina arborea, Neolamarckia cadamba,
Calophyllum inophyllum, Tamarindus indica and Corymbia spp. ICFRE also took
new initiative on international provenance testing program in collaboration with
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CSIRO, Australia and exchange of new germplasm of Casuarina spp., Eucalyptus
‘mallees’, Grevillea robusta, Acacia mangium and Acacia melaxylon from
Australia.

Agroforestry is bound to play a major role in near future, not only for its
importance in food and livelihood security but also for its role in combating the
environmental challenges. Agroforestry and trees outside forest will be a key
issue in providing a solution to global warming, climate change and enhancing the
per unit productivity of the land and converting degraded and marginal lands into
productive areas. The National Agroforestry Policy made several
recommendations which will go a long way in stimulating large scale adoption of
the agroforestry by the farmers and will provide the required raw material to
wood based industries on one hand and play its role in energy and environmental
security on the other. The major focus of research in the coming years will be on
developing agroforestry technologies for critical areas like arid and semi-arid
zones and other fragile eco-systems such as Himalayan region and Coastal eco-
system to sustain these areas for higher productivity and natural resource
management.
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Annexure-I

List of Principal Investigators/ Contributors of

Agroforestry models, ICFRE Institutes

S.No. | Name of Agroforestry Model | Principal Investigator/s | Name of the
Institute
1 Hardwickia binata based Dr. Bilas Singh, Scientist | Arid Forest
agroforestry model Research Institute,
2 Emblica officinalis  (Aonla) Jodhpur (Rajasthan)
based agroforestry model
3 Colophospermum mopane
based agroforestry model
4 Prosopis cineraria — Zizyphus
mauritiana  (grafted  Ber)
agroforestry model
5 Poplar based agroforestry Dr. Aditya Kumar Institute of Forest
system Scientist Productivity, Ranchi
6 Bamboo based agroforestry Dr. Animesh Sinha, (Jharkhand)
system Scientist
7 Poplar-Wheat Agri-Silviculture | Dr. Aditya Kumar,
model Scientist
8 Poplar-Maize Agri-Silviculture
model
9 Poplar-Banana Silvi-
Horticulture model
10 Poplar-Turmeric agri-
Silviculture model
11 Poplar-Amorphophallus ~ Silvi-
Horticulture model
12 Casuarina - Maize Agri- Dr. M. George, Scientist Institute of Forest
Silviculture model (Retd.) & Genetics and Tree
13 Casuarina — Moringa - Maize Dr. Syam Viswanath, Breeding, Coimbtore
Agri-Silvi-Horticulture model Scientist (Tamil Nadu)
14 Acacia auriculiformis — Napier
grass - Silvi-Pasture model
15 Teak - blackgram Agri - Dr. M. George, Scientist
Silviculture model &
16 dcaci ] . Dr. C. Buvaneswaran,
cacia mangium - Beans Agri- Scientist
Silviculture model
17 Acacia mangium - Pepper Silvi-
Horticulture model
18 Dr. C. Buvaneswaran,

Casuarina based Windbreak
agroforestry model

Scientist 'F' &
Dr.A . Nicodemous,
Scientist
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19 Sandalwood -Aonla-Arhar Dr. Syam Vishwnath, Institute of Wood

Silvi-Horti-Agri model Scientist Science &
Technology,
Bengaluru
(Karnataka)

20 Santalum album, Dr.GRS Reddy, Institute of Forest
Pterocarpus santalinus, Scientist Biodiversity,
FEucalyptus species and Hyderabad
Tectona grandis (Telangana)

21 G.arborea- Sorghum-Red Mr.M.B.Honnuri,
gram silvi-agri model Scientist

22 Apple based Horti-medi model | Dr. Jagdish Singh, Himalayan Research

Scientist Institute, Shimla
(Himachal Pradesh)

23 Poplar- Wheat-turmeric Silvi- Shri K.K Sharma, Forest Research

agri-medi model Scientist Institute, Dehradun
(Uttarakhand)

24 Poplar — Wheat agroforestry
model

25 Eucalyptus-wheat/paddy silvi- | Dr. Charan Singh,
block model Scientist

26 Poplar based Silvi-medicinal
models

27 Melia-Aonla based Agri-silvi- | Dr. Rambir Singh
medicinal model Scientist &

28 Melia based Agri-silviculture Dr. Charan Singh Scientist
model

29 King chilli — Arecanut Shri Pawan K Kaushik, Rain Forest
Agroforestry model (Horti- Scientist Research Institute,
spice model) Jorhat (Assam)

30 Agri-Lac model Dr. Nanita Berry, Scientist | Tropical Forest

31 Teak-turmeric silvi-medicinal Research Institute,
model Jabalpur (M.P.)

32 Bamboo based silvi-agri model | Dr. Nanita Berry, Scientist

& Shri R.S.Pal

33 Flemingia based silvi-agri-lac Dr. Nanita Berry, Scientist
model

34 Babul-Paddy agroforestry Dr. Syam Viswanath,
model Scientist

35 Bach- Paddy agroforestry Dr.G.R.S.Reddy, Scientist

model

&
Shri Pushkar Shrivastava
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Annexure-II

Source and contact address for Quality Planting Material
of selected agroforestry tree species used for agroforestry
models

Choice of species in agroforestry is extremely important. Farmers prefer those
tree species which are suitable to the site and can grow in combination with
agricultural crops without adversely affecting the productivity of the crops. The
species should also give quick and high return in addition to the return from
agricultural crops. Sometimes farmers may decide to choose species with high
value long rotation like. Teak, Shisham etc. to give return at the time of dire need.
Farmers interested in agroforestry may contact ICFRE institutes for their

requirements of Quality Planting Material of forestry trees.

S. No. Quality Planting Name of the institutes
Material
1. Casuarina equisetifolia Director
ii. Casuarina junghuhniana | Institute of Forest Genetics and Tree
1il. Casuarina hybrid Breeding
iv. Eucalyptus species P.B. No. 1061, R.S. Puram P.O.,
V. Acaia auriculijpormis Coimbatore-641002, India
Vi Acaia mangium Phone: +91 422 2484100, 2484101
— . Fax: +91 422 2430549
Vil Tectona gr anq’zs Email:dir.ifgtb@gmail.com
Viii. Bamboo species dir_ifetb@icfre.org
ix. Santalum album Website : http://ifgtb.icfre.gov.in/
x. Melia dubia Group Coordinator Research
i Gmelina arborea Tel No : 0091-422-2431942 ; Fax No
:0091-422-2430549
E-mail: groupco ifgtb@icfre.org
Xii. Eucalyptus species Director
— Forest Research Institute,
xiil. | Dalbergia sissoo P.0. New Forest, Dehradun-248006
X1v. Melia dubia :
XV. Populus deltoides (India)
i Bamboo species Fax :+91 135-2756865
~ - — Telephone : +91 135-2755277
XVil. Azadirachta indica Email : dir fri@icfre.org
Website: http://fri.icfre.gov.in/
Group Coordinator Research
Phone: 0135-2752670
01352224316
Email: groupco fri@icfre.org
XViil. Salix alba Director
XiX. Bamboo species Himalayan Forest Research Institute
Conifer Campus, Panthaghati, Shimla,
HP
Phone: 0177- 2626778
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Fax: 0177-2626779

Email dir hfri@icfre.org
Website: http://hfri.icfre.gov.in/
Group Coordinator Research
Phone: 0177- 2626801

Fax: 0177-2626779

Email: groupco hfri@ictre.org

XX.

Tectona grandis

XX1.

Bamboo species

XXii.

Acacia nilotica

Xxiil.

Gmelina arborea

Director

Tropical Forest Research Institute,
P.O.: R.F.R.C., Mandla Road,
Jabalpur- 482 021, Madhya Pradesh
Phone No :- +91-761-2840010(0)
Fax :- +91-761-2840484

Email :- dir_tfri@icfre.org

Website :- http://tfri.icfre.gov.in
Group Coordinator Research
Phone: 0761-2840799, 2744103 (O)
Email: groupco tfri@icfre.org

XX1V.

Bamboo species

XXV.

Gmelina arborea

XXVI.

Areca catechu

Director

Rain Forest Research Institute
P.O. Box No-136
A.T.Road(East),Jorhat,Assam
Phone:-91-0376-2305101

Fax- 91-0376-2305130
email:dir_rfri@icfre.org,
Website: http://rfri.icfre.gov.in/
Group Coordinator Research
Phone: 9435051669

Fax: 0376-2305130

Email: groupco rfri@icfre.org

XXVII.

Santalum album

XXVIIil.

Bamboo species

Director
Institute of Wood Science and
Technology

P.O.Malleshwaram, Bangaluru-560003

Phone: 080-22190101
080- 23341731
Fax: 080-23340529
Email: dir_iwst@jicfre.org
director.iwst@gmail.com
Website: http://iwst.icfre.gov.in/
Group Coordinator Research
Phone: 080-22190105
Email: groupco iwst@icfre.org

XXIX.

Populus deltoides

XXX.

Bamboo species

Director

Institute of Forest Productivity
NH 23, Gumla Road, Lalgutwa
Ranchi - 835303

Fax: 0651-2526006,

Telephone: 0651-2948505, 2948515

Email: dir_ifp@icfre.org
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Website: http://ifp.icfre.gov.in/
Group Coordinator Research

Phone: 0651-2526028
Email: groupco ifp@icfre.org

XXX1. Hardwickia binata Director
- - N Arid Forest Research Institute
XXXIL. Emblica officinalis P.O. Krishi upaz Mandi, New Pali
XXXiil. Prosopis cineraria Road, Jodhpur- 342005
Fax: 0291-2722764
XXXI1V. Colophospermum mopane | Telephone: 0291-2722549
Email: dir_afri@icfre.org
Website: http://afri.icfre.org/
Group Coordinator Research
Phone: 0291-2729104
Email: groupco afri@icfre.org
XXXV. Pterocarpus santalinus Director
. Institute of Forest Biodiversity
XXXVI. Santalum album

Dulapally, Kompally (SO),
Hyderabad-500 100

Fax: 040-66309521

Telephone: 040-66309501
Email: director ifb@icfre.org
Website: http://ifb.icfre.gov.in/
Group Coordinator Research

Phone: 040-66309523
Email: groupco ifb@icfre.org
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