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ABSTRACT

An experiment was conducted from 2006-2016 to study the economic viability of sapota timber based agroforestry
system at University of Agricultural Sciences, Dharwad on medium black soils under rainfed conditions. The experiment
consisted of sapota as major fruit tree species and five timber tree species, viz. Pterocarpus marsupium, Tectona
grandis, Terminalia paniculata, Lagerstroemia lanceolata and Terminalia alata which were planted in between two
sapota trees. Field crops, viz. soybean and safflower were sown ever year in alleys of sapota + timber trees in kharif
and rabi seasons respectively. Recommended package of practices were followed for field crops and sapota trees and
all the silviculture practices were followed for better growth of the timber trees. Height, diameter, marketable timber
were higher in Tectona grandis with sapota and Lagerstroemia lanceolata with sapota as compared to other tree
species. Both net returns, B:C ratio and IRR were higher in the field crops + Sapota + Tectona grandis (X 67129/,3.84,
123% respectively) followed by field crops + sapota + Pterocarpus marsupium (X 64688, 3.74, 120% respectively)

as compared to other tree species.
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Agroforestry has established itself as one of the
most promising land management system helping in the
expeditious enhancement of productivity per unit area
on sustainable basis. This technology has dual role in
supporting socio-economic status of the farmer on one hand
and mitigating the adverse climatic effects of deforestation
to greater extent by increasing the green cover of the
others. Timber species selection should strongly depend
on the amount of shade they provide to crops during their
development and once they reach their productive age. In
India, nearly 1600 species are considered as capable of
yielding timber or wood of commercial value.

Agroforestry systems have incorporated timber species
of high commercial value and successful examples of this
practice are reported in several tropical countries of Central
and South America (Somarriba and Beer 1987, Heuveldop
et al. 1988, Musaack and Laarman 1989, Jardim et al.
2004, Orozco et al. 2008). Nevertheless, despite all the
benefits derived from these agroforestry systems, selection
criteria for native timber species and their management are
lacking. Timber trees constitute a potential capital saving
over time, which could eventually reduce financial losses
caused by sudden drops in marketing prices of agricultural
crops (Tscharntke et al. 2011).
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Tree has a special role in the ethos of the people of
India. There are several sacred trees and sacred groves
valued (Bawa 2004). Agroforestry systems in India include
tree in farms, community forestry and ethone forestry
practices (Pandey 1996). Agroforestry system have been
presented as solution for rising fuel wood/small timber in
India resulting increase in demand and decrease in supply
of fuel wood from natural forest.

Overall India is estimated to have 14224 million
(Ravindranath and Hall 1995) to 24602 million (Prasad et
al. 2000) trees outside forests spread over an area of 17
million ha (Anon. 1999) supplying 49% of 201 million
tonnes of fuel wood and 48% of the 64 million m? of timber
consumed annually by the country (Rai and Chakrabarti
2001). The report of Kumar et al. (1998) indicated that the
biological yield was higher under trees in the open area and
the productivity of Hordeum vulgare (Barley) was positive
with tree species. Prosopis cineraria enhanced grain yield
by 86.6%, T. induulata by 48.8%, Acacia albida by 57.9%
and Azadirachta indica by 16.8% over the control (Kumar
et al. 1998).

Fruit tree based agroforestry system involves
intentional, simultaneous association of annual or perennial
crops with perennial fruit producing trees on the same farm
unit. Because of the relatively short pre-production phase
of fruit trees, high market value of their products and the
contribution of fruits to household dietary needs, fruit tree
based agroforestry enjoys high popularity among resource
limited producers worldwide (Bellow 2004). The land use
systems in the state are in the process of transformations
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due to the rapid changes in the socio-economic status of
farmers, industrialization and climate change as well as
government policies due to which shortage of cultivable
land has become very common.

Agroforestry systems have complementary or
competitive effect which results in increase or reduction
of yield of field crops. Soybean is a valuable crop graining
importance due to its industrial value. The present study
was initiated to find out the ideal timber with sapota and
field crops for economic viability of agroforestry model
under rainfed conditions in northern Karnataka.

MATERIALS AND METHODS

An experiment was initiated to know compatibility
of sapota—timber based agroforestry system at Main
Agricultural Research Station, University of Agricultural
Sciences, Dharwad under rainfed conditions in 2006-
2016. The experiment consisted of sapota fruit tree species
planted at 8 m x 8 m spacing on medium black soil. One
timber tree was planted in between two sapota trees. The
timber tree species, viz. Pterocarpus marsupium, Tectona
grandis, Terminalia paniculata, Lagerstroemia lanceolata,
Terminalia alata of uniform rotation were selected for
evaluations. Field crops, viz. soybean (JS-335) and safflower
(A-1) were sown in the inter space of sapota — timber
alleys. The experiment was randomized block design with
four replications.

The experiment site had medium black soil with pH
6.85 and available nitrogen 245 kg/ha, phosphorous 19.6
kg/ha and potassium 285 kg/ha. The mean annual rainfall
was 779.4 mm received in 57 rainy days and average mean
maximum temperature and minimum temperature were
34.7°C in April and 14.6°C in January respectively with
relative humidity of 50 to 85%.

The recommended package of practices was followed
for raising soybean. Soybean variety JS-335 was sown
in kharif. Seeds were treated with Rhizobium culture,
phosphorus solubilizing bacteria (PSB) and bavistin.
Seeds of 62.5 kg/ha were sown at 30 cm X 5 cm apart.
Recommended fertilizer of 35:50:35 kg/ha NPK was applied
as basal dose. Suitable plant protection measures were
taken up to control pests and diseases. Safflower variety
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A-1 was grown in rabi. Seeds were treated with bavistin
and about 6 kg/ha seeds were sown in 45 cm X 5 cm apart.
Recommended fertilizer application of 40 : 40 : 20 kg/ha
NPK was applied as basal dose. Suitable plant protection
measures were taken up to control pests and diseases.

Silvicultural operation for timber trees, viz. pruning the
branches in bottom 2/3 height and soil working were done
every year before onset of monsoon. Pruning of branches
of trees and climber control were done at later stages. Root
pruning was made by deep ploughing every year along the
tree rows. Observations like height, spread, diameter at
breast height and clear bole height were recorded. Grain
and haulm yield of field crops were recorded every year. At
the end of experimentation standing tree value was assessed
based on poles and biomass. The income from sapota, field
crops was worked out based on prevailing market price.
Economic analysis was made based on income from field
crops, sapota fruits and trees in agroforestry systems and
is presented in tables.

RESULTS AND DISCUSSION

Productivity of field crops: Soybean grain yield
(Table 1) was significantly reduced in sapota timber based
agri-silvi-horticulture system as compared to sole field crops.
The mean reduction yield was 29% in Terminalia paniculata
+ sapota, 26.2% in Pterocarpus marsupium + sapota, and
27% in Terminalia alata + sapota as compared to sole
soybean. Among the timber trees, the minimum reduction
of soybean yield was recorded in Tectona grandis + sapota
(26%) and Lagerstroemia lanceolata + sapota (23.2%) as
compared to the other timber tree species.

Grain yield of safflower was higher in sole safflower
followed by safflower with sapota and was reduced when
safflower grown with timber tree species (Table 2). The
yield reduction of safflower with tree species was higher
as compared to kharif (Soybean) crops. The reduction
yield was increased with age of tree advanced. Among
tree species both sapota with Tectona grandis (23.9%) and
Pterocarpus marsupium (24.8%) has lower reduction of yield
as compared to Terminalia paniculata + sapota (30.3%)
and Terminalia alata + sapota (28.1%) and Lagerstroemia
lanceolata + sapota (25.2%). The poor growth of safflower

Table 1 Soybean grain yield (kg/ha) as influenced by agri-silvi-horti system
Agroforestry system 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average
yield
Sapota + Pterocarpus marsupium + FC ~ 1360.0 1185.0  767.5 625.5 584.6 5972 6363 5688 4756 755.6
Sapota + Tectona grandis + FC 1325.0 1237.0 789.2 635.6 563.8 530.1 623.8 5813 4604 749.6
Sapota + Terminalia paniculata + FC 1331.0 1250.0 7625 6394 538.6 5134 5750 5063 4250 @ 726.8
Sapota + Lagerstroemia lanceolata + FC 1381.2 1275.0  770.5 6424 548.6 6054 6333 6250 4956 7752
Sapota + Terminalia alata + FC 1387.5 1281.5 738.7 631.5 538.6 5054 5588 5813 4150 7376
Sapota + FC 1425.0 1369.0 7592 6825 5902 6673 6773 6969 5755 @ 827.0
Field crops (FC) 1466.2 1437.5 1085.0 885.6 785.6 9623 8273 9163 6524 1002.0
SEm+ 96.5 30.6 30.3 326 304 38.5 11.6 156 134 -

CD (P=0.05)

286.5 90.8 90.0

96.8 899 1145 345 464 398 -
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Table 2 Safflower grain yield (kg/ha) as influenced by agri-silvi-horti system

Agroforestry system 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average
yield
Sapota + Pterocarpus marsupium + FC ~ 1193.7  1050.0 697.5 5125 4325 3854 4825 0.0 120.6  541.6
Sapota + Tectona grandis + FC 1100.0 1105.0 769.7 578.0 4782 298.6 466.3 0.0 1352 5479
Sapota + Terminalia paniculata + FC 1037.5 1000.0 717.5 527.6 427.6 2762 388.8 0.0 146.4 5024
Sapota + Lagerstroemia lanceolata + FC 1125.0 1077.5  700.0 5322 4322 364.8 456.8 0.0 1582 5385
Sapota + Terminalia alata + FC 1025.0 1055.6 712.5 546.6 446.6 3144 3838 0.0 1744 517.7
Sapota + FC 1268.7 1210.0 720.0 530.0 4304 390.8 506.3 0.0 220.6  586.3
Field crops (FC) 1562.5 1405.0 870.0 6824 536.2 4942 603.8 0.0 3285 7203
SEm+ 45.0 35.01 27.9 29.8 268 256 8.7 - 10.6 -
CD (P=0.05) 133.7  103.9 83.1 88.5 793  76.1 26.1 - 314 -

may be due to higher tree crop competition for moisture as
it limits factors in rabi crops.

Field crop yield significantly reduced when grown in
agroforestry system. Both crops, soybean and safflower
were recorded significantly higher when they are grown
solely. Soybean grain and haulm yield was significantly
higher with sapota + field crops (575.5 kg/ha and 460.2
kg/ha respectively) followed by Sapota + Lagerstroemia
lanceolata (495.6 kg/ha and 392.6 kg/ha). Safflower yield
was significantly higher when grown with sapota (220.6 kg/
ha) followed by sapota + Terminalia alata (174.4 kg/ha)
when compared to other systems. This may be due to the
lower leaf area, total dry matter production and grain yield.
Similar reports were reported by Mishra and Puri (2004).
The decrease was minimum in barseem and maximum in
wheat as reported by Nandal and Hooda (2005) in popular
based agroforestry system. Swamy and Puri (2008) also
reported significant variation in grain and straw yield of
wheat due to Gmelina tree spacing.

Growth of timber trees: The growth and diameter
at breast height (Table 3) was significantly higher in the
Pterocarpus marsupium + sapota (9.25 m and 25.08 cm) and
lowest in the Lagerstroemia lanceolata + sapota (8.25 m and
19. 42 cm) when compared to other tree species. Whereas

maximum crown area was recorded in the Terminalia
alata + sapota (32.70 m?%/plant) followed by Terminalia
paniculata + sapota (31.39 m%/plant) as compared to other
tree species. Marketable timber volume was significantly
higher in sapota + Tectona grandis followed by sapota +
Terminalia paniculata as compared to other tree species.

Growth of sapota: Sapota growth was higher when
grown alone (Table 3). Height of sapota was significantly
higher in association with sapota + Lagerstroemia lanceolata
(4.42 m) followed by sapota + Pterocarpus marsupium
(4.24 m). Collar diameter and crown area of sapota was
significantly higher in association with sapota + Pterocarpus
marsupium (12.55 cm and 12.92 m?%/plant respectively) as
compared to sapota with other tree species. Fruit yield of
sapota was significantly higher when sapota grown alone
(1578 kg/ha) followed by sapota + Pterocarpus marsupium
(1135 kg/ha) and sapota + Tectona grandis (1106 kg/ha) and
lowest in sapota + Terminalia alata 712 kg/ha).

Economic analysis of agroforestry system.: Economic
viability is one of the essential considerations for adaption
of'any technology by the farmers. At the end of experiment,
economic analysis was made based on estimated income
from timber trees, income from sapota, soybean and
safflower yield.

Table 3 Growth of tree species and sapota and fruit yield of sapota in different agroforestry systems (2015-16)

Agroforestry Tree species Sapota
system Height DBH Crown area Marketable timber  Height Collar Crown area Fruit yield
(m) (cm) (m?/pl) volume (m3/ha) (m) diameter(cm) (m?/pl) (kg/pl)
S + P. marsupium + FC 9.25 25.08 23.10 27.57 4.24 12.55 12.92 1135.0
S + T grandis + FC 8.97 23.61 28.30 31.48 4.14 11.53 10.00 1106.3
S + T paniculata + FC 8.63 21.29 31.39 25.66 4.15 11.74 10.19 647.5
S + L. lanceolata + FC 8.25 19.42 21.90 21.32 4.42 12.22 11.37 1097.5
S + T alata + FC 8.54 20.02 32.70 22.60 4.19 12.46 10.18 712.5
Sapota + FC 4.75 13.75 15.24 1578.8
Field crops (FC)
SEm+ 0.31 1.33 1.45 0.16 0.46 0.72 8.1
CD (P=0.05) 0.95 4.11 6.02 0.48 1.38 2.16 24.4

Field crops (FC): Soybean - Safflower
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Table 4 Economic analysis of agri-silvi-horti system
Agroforestry system Gross Cost of Net Discounted @ 12% interest BCR IRR
return - cultivation  return  “Gross'returns  Cost of cultivation  Net returns (%)
R/ha/yr)  R/ha/yr)  R/halyr)  @majyr) (/halyr) (%/ha/yr)

Sapota + Pterocarpus 80063 15375 64688 28029 7492 20537 3.74 120
marsupium + FC

Sapota + Tectona grandis + FC 82504 15375 67129 28766 7492 21274 3.84 123

Sapota + Terminalia paniculata 67943 15375 52568 24397 7492 16906 3.26 107
+ FC

Sapota + Lagerstroemia 62579 15375 47203 23204 7492 15712 3.1 98
lanceolata + FC

Sapota + Terminalia alata + 63163 15375 47788 23146 7492 15654 3.09 98
FC

Sapota + FC 31570 14925 17008 14907 7177 7835 2.08 80

Field crops (FC) 26751 13231 13520 13561 6176 7385 2.2 -

Field crops (FC): Soybean - safflower

Gross returns was significantly higher with sapota
+ Tectona grandis + field crops followed by sapota +
Pterocarpus marsupium + field crops as compared to sapota
with other timber tree species.

Net returns were higher in sapota — timber in
agroforestry system as compared to sole field crops or sole
sapota. The net returns was higher in sapota + Tectona
grandis + field crop (67129 I/ha/yr) followed by sapota
+ Pterocarpus marsupium + field crop (64688 I/ha/yr) as
compared to other timber tree species. Benefit cost ratio
and internal rate returns were higher in sapota + Tectona
grandis+ field crop (3.84 and 123% respectively) followed
by sapota + Pterocarpus marsupium + field crop (3.74 and
120% respectively) as compared to other timber tree species.

Similarly, Kaushik ez al. (2002) also reported that horti-
silvicultural system showed maximum returns in association
with field crops. Similar results were reported by Nadal and
Ravikumar (2010). Similarly a agroforestry system with
Acacia auriculiformis and rice had a benefit cost ratio of
1.47:1 and with an internal rate of returns of 33% at 12%
annual discount rate during ten years period (Vishwanath et
al. 2000). Higher net returns from poplar and mango based
agroforestry is also reported by Naugaria and Jaspal Singh
(2004) and Awasthi ef al. (2005) respectively compared to
mono cropping of poplar or mango.

The comparative economics of exclusive poplar (P,
deltoids) and Eucalyptus based systems with the average
population maintained per ha, the B:C was worked out. The
farmers preferred the bund system due to its less detrimental
impact on the grain/commercial crop patterns (Kareemulla
et al. 2003). Karemulla ef al. (2002) has estimated the
economics of introduction of silvi-pasture system in the
degraded lands both for conservation and livelihood. The
results indicated that in an eighth year rotation on one ha
with Albizzia amara + D. cinerea + Leucaena leucocephala
with Chrysopogon fulvus + Stylosanthes hamata + S. scabra,
the B:C ratio worked out to 1.52 at a 12% discount factor.
Aonla based agroforestry from third year onwards produced
much higher yield (108 kg/plant) in aonla + chrysopogon as

compared to pure stand (104 kg/plant) and lowest (92 kg/
plant) in aonla + napier combination (Prasad et al. 2005).
Similar results of highest benefit cost ratio were obtained
from brinjal intercropped with B. vulgaris (Nithya Kalyani
2010).

REFERENCES

Anonymus. 1999. National Forestry Action Programme, Ministry
of Environment and Forests. Government of India, New Delhi,
Volume 1 and 2.

Awasthi O P, Singh J and Saroj P L. 2005, Yield and economics of
mango based multi species cropping system in Baster plateau
of Chhattisgarh. Indian Journal of Agroforestry 7: 10—4.

Bawa K S. 2004. Tropical ecosystems into the 215 Century.
Science 306: 227-8.

Bellow J G. 2004. ‘Fruit-tree-based agroforestry in the western
highlands of Guatemala: an evaluation of tree-crop interactions
and socioeconomic characteristics.” A Dissertation presented
to the graduate school of the university of Florida in partial
fulfillment of the requirements for the degree of Doctor of
Philosophy, University of Florida.

Dagang A B K, and Nair P K R. 2003. Silvi-pastoral research
and adoption in Central America: recent findings and
recommendations for future directions. Agroforestry Systems
59(2): 149-55.

Heuveldop J H, Fassbender W L, Alpizar, Enriquez and Folster,
1988, Modeling agroforestry systems of cacao (Theobroma
cacao) with laurel (Cordia alliodora) and poro (Erythrina
poeppigiana) in Costa Rica II. Cacao and wood production,
litter production and decomposition. Agroforestry Systems
6(1): 3748.

Jardim R E, Araque O, Guzman Danni, Mora A, Espinoza W and
Tezara W. 2013. Agroforestry systems of timber species and
cacao: survival and growth during the early stages, Journal
of Agriculture and Rural Development in the Tropics and
Subtropics 114(1): 1-11.

Kareemulla K, Dwivedi R P, Singh R and Rizvi R H. 2003. An
economic diagnosis of agroforestry systems in Western Uttar
Pradesh. Completion Report of APCF scheme. NRCAE, Jhansi.

Karemulla K, Rai P, Rao G R and Solanki K. R. 2002. Economic
analysis of a silvi-pastural system for degraded lands under
rainfed condition. /ndian Forester 128(12): 1346-50.



1266

Kaushik N, Kaushi R A, Saini R S and Deswal R P S. 2002.
Performance of agri-silvi-horticulture systems in arid India.
Indian Journal of Agroforestry 4(1): 31-34.

Kumar A, Hooda M S and Bahadur R. 1998. Impact of multipurpose
trees on productivity of barley in arid ecosystem. Annals Arid
Zone 37: 153-7.

Mishra A, Swamy S L and Puri Sunil. 2004, Growth and
productivity of soybean under five promising clones of
Populus deltoids in agri - silviculture system. Indian Journal
of Agroforestry 8(2): 9—13.

Musaack M F and Laarman J G. 1989. Farmers’ productions
of timber tree in the coffee-cacao region of coastal Ecuador.
Agroforestry systems 9: 155-70.

Nandal D P S and Kumar R. 2010. Influence of Melia azedarach
based land use system on economics. Indian Journal of
Agroforestry 12(1): 23-26.

Nandal D P S and Hooda M S. 2005. Production potential of some
agricultural crops under different spacings of poplar. /ndian
Journal of Agroforestry 7(1): 16-20.

Naugriya M N and Jhapat Singh P. 2004. Role of nitrogen and
sulphur on performance of Sesamum indicum under plantation
of Dalbergia sissoo in marginal land of Chhattisgarh. Indian
J. Agroforestry 6: 89-91.

Nithya Kalyani M. 2010. Evolving suitable ‘Bambusa vulgaris
based agroforestry model for higher productivity.” M Sc
(Forestry) thesis, Forest College and Research Institute, TNAU,
Coimbatore, Tamil Nadu, India.

Orozco L, Lopez A and Somarriba E. 2008. Enriquecimiento de
fincas cacaoteras con frutales y maderables en el Alto Benni
Bolivia. Agroforesteria en las Américas 46: 65-72.

MUTANAL ET AL.

[Indian Journal of Agricultural Sciences 89 (8)

Pandey D N. 1998. Ethnoforestry: Local knowledge for sustainable
forestry and livelihood security, 286 p. Himanashu Publications
AFN, New Delhi.

Prasad R, Pandey D N and Kotwal P C. 2000. Trees outside
forests in India: a national assessment. Indian Institute of Forest
Management, Bhopal, India.

Prasad R, Aggarwal R. K, Agnihotri Y, Yadav R P and Samra J
S. 2005. Fruit based Hortipastoral land use systems for tge
rehabilitation of degraded Shiwalik Foothills of North West
India. Acta Horticulturae (ISHS) 696: 597—-600.

Rai S N and Chakrabarti S K. 2001. Demand and supply of
fuelwood and timber in India. /ndian Forester 127: 263-79.

Ravindranath N H and Hall D O. 1995. Biomass, Energy and
Environment : A Developing Country Perspective from India,
p 376. Oxford University press, New York.

Somarriba E and Beer J. 1987. Dimensions, volumes and growth
of Cordia alliodora in agroforestry systems. Forest Ecology
and Management 18: 113-26.

Swamy S L and Puri S. 2008. Biomass production and carbon
sequestration of Gmelina arborea in plantation and agroforestry
system in India. Agroforestry Systems 64: 181-95.

Tscharntke T, Shonil Y, Bhagwat S, Buchori D, Faust H,
Hertel D, Holscher D, Juhrbandt J, Kessler M, Perfecto I,
Scherber C, Schroth G, Veldkamp E and Wanger T C. 2011.
Multifunctional shade-tree management in tropical agroforestry
landscapes — a review. Journal of Applied Ecology 48(3):
619-29.

Vishwanath S, Nair P K R, Kaushik P K and Prakasam U. 2000.
Acacia nilotica trees in rice fields: A traditional agroforestry
system in central India. Agroforestry System 50: 157-77.



