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ABSTRACT

A study on Dendrocalamus strictus + Sesamum indicum based agroforestry was conducted at ICAR-Central
Agroforestry Research Institute, Jhansi (Uttar Pradesh), India during 2007 to 2012 to find out the suitability of bamboo
based agroforestry system (AFS) in the semi-arid region. Bamboo recorded survival of 62 to 77% (1st year), 86 to
96 (2nd year) and 100% thereafter. D. strictus culm (No.) varied in the range of 178-388 (1st year); 936 to 1439 (2nd
year); 1507 to 2134 (3rd year); 2182 to 2901 (4th year) and 2422 to 3215 (5th year, i.e. at harvest stage). Bamboo did
not influence the sesame yields during initial two years, however, yield level got reduced during subsequent years.
During 5th year intercropped sesame yield got reduced 15.69 (10m x 10m bamboo) and 10.09% (10m x 12m bamboo)
as compared to pure crop. Bamboo clump affected the sesame yield substantially and 16.3, 14.3, 7.5 and 0.3% sesame
yield reduction was observed at a distance of 1.0, 2.0, 3.0 and 4.0m, respectively, during 5th year. Organic C increased
from 3.92 to 6.24 g/kg soil over a period of five years in bamboo based AFS. At harvest stage of bamboo (5th year),
highest B:C ratio of 2.83 was observed in 10mx10m bamboo + sesame followed by 2.59 (10mx12m bamboo + sesame)
and 1.43 (pure sesame). Therefore, bamboo based AFS has economic and environmental advantages over the sole
crop and due to this, the system could be one of best alternative livelihood options for farmers of semi-arid tropics.
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Bamboo is a very fast growing perennial plant and has
the ability to produce culms every year and gives very high
return in comparison of timber trees (Sandhu ez al. 2010,
Tewari et al. 2016). Bamboos have an about 1500 uses
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that includes food, construction, fuel, charcoal, medicinal
products and the manufacture of paper, flooring, screens
and clothing etc. (Filho et al. 2004, Chauhan and Kumar
2005, Pilliere 2008). Demand for bamboo was 26.9 million
tonnes against the supply of 13.47 million tonnes (Mandal
and Khanduri 2004) with almost 50% deficit. To meet the
domestic demand, India imported bamboo worth US$ 5.62
million in 2012 (COMTRADE data 2013). The Government
of India launched National Bamboo Mission in 2006-07 as
a Centrally Sponsored Scheme to promote the bamboo in
the country. In order to meet the present and future demand,
expansion of bamboo in non-forest area through agroforestry
will be viable approach for increasing bamboo area as well
improving the livelihood of the marginal and small farmers
(Rahangdale et al. 2014).

D. strictus (Roxb.) is the most commonly found bamboo
species in India and occupies about 53% of total bamboo
area in India (Seethalakshmi and Kumar 1998). It has a good
tensile strength (28000 Ib/inch?), greater than the mild steel
(23000 Ib/inch?) making it one of the world’s best natural
engineering materials, and an essential for earthquake
resistant construction. Cultivation and maintenance cost
of D. strictus is very low as compared to short rotation
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trees species like poplar, eucalyptus, leucaena etc. It starts
yielding commercial culms after 4-5 years of establishment,
which can be harvested annually till flowering occurs
(3550 years). Bamboo is also of ecological importance
in providing various ecosystem services including carbon
sequestration (Kaushik ez al. 2015), preventing soil erosion
by its strongly developed rhizomes and roots and is used
in cultural rituals (Bystriakova et al. 2003). Because of its
economic and ecological importance and wider adaptability
and versatility, bamboos have the potential to be incorporated
into agroforestry systems in the semi-arid tropics in place
of conventional tree species. The semi-arid tropic (SAT)
region of India in general and Bundelkhand region in
particular is prone to severe droughts due to undulating
topography, shallow soil depth, low water holding capacity
and high evapo-transpiration owing to intense radiation. The
D. strictus is very hardy and can thrive very well in the
Bundelkhand region suffering from periodically excessive
drought and poor agricultural productivity (<1.0 t/ha).

Fodder shortage, frequent drought and “Anna Pratha”,
a traditional system under which farmers leave their cattle
unfettered to graze in the open or in the other’s field making
farmers less inclined to sow their land in kharif season.
Sesame has the tremendous potential in Bundelkhand
region, because cattle do not eat this crop. Furthermore,
sesame is an ideal crop for rainfed area and may give good
economic returns to the farmers. Recently, Government of
Uttar Pradesh also stepped in with a policy announcement
after recognizing the potential for sesame cultivation in
Bundelkhand during kharif by giving subsidies on sesame
seed (Prasad 2015). Bamboo and sesame have emerged as a
new hope for the marginal and small farmers, however, no
work has been done on bamboo + sesame based agroforestry
in the Bundelkhand region. This study is a part of the
coordinated research project on “Development of bamboo
based agroforestry systems for six agro-climatic zones” with
funds under R&D project of National Bamboo Mission,
Ministry of Agriculture, New Delhi. The project was initiated
at ICAR-Central Agroforestry Research Institute (CAFRI),
Jhansi (UP) in 2007. The present study aims at to find out
the suitability of bamboo + sesame agroforestry system
suitable for semi-arid environment conditions.

MATERIALS AND METHODS

Field study on bamboo + sesame based agroforestry
system was carried out at the research farm of ICAR-Central
Agroforestry Research Institute, Jhansi (Uttar Pradesh), India
during 2007 to 2012. The study site was situated at 25°
30" - 25° 32" N latitude and 78° 32" - 78° 34" E longitudes
at an altitude of 272 m above msl. Soil of the experimental
site was low in fertility and inter-mixed red and black soil
group of Bundelkhand region of Uttar Pradesh covered
under the order of Alfisol. The area received less than
the average rainfall during 2007 and 2009 (mean annual
rainfall is 867 mm), while during rest of the study period
it was normal/above normal. The experiment was laid out
in randomized block design (RBD) with three replications
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and five treatments {M,: 10m x10m bamboo + sesame; M,
10m x 12m bamboo + sesame; M;: pure crop (sesame); M,:
10m x10m pure bamboo; Ms: 10m x 12m pure bambooj}. In
the experiement, 12 clumps per plot (3 % 4: rows X clumps)
having 100 clumps/ha (10m x 10m) and 84 clumps/ha
(10m x 12m) were maintained. Sesame crop was grown
during kharif season as intercrop as per treatments with
standard package of practices. Observations in sesame were
recorded at a distance of 1.0 (S)), 2.0 (S,), 3.0 (S;) and
4.0m (S,) (considering as sub plot treatments) from bamboo
clump and were analyzed under split plot design. Oil content
in sesame seed was estimated by Soxhlet method (Soxhlet
1879). Five clumps were randomly selected in each treatment
and identified with paint marking. The numbers of culm
in these selected clumps were counted. Survival (%) was
recorded over the years. The ANOVA test was performed
using SPSS 17.0 statistical software to compare the treatment
means. Treatment means were compared at the 5% level
of significance (P<0.05) using least significant difference.

RESULTS AND DISCUSSION

Dendrocalamus strictus

Survival of bamboo varied in the range of 62 to 77%
(first year), 86 to 96% (second year) and 100% (third year
onwards). The mortality during the initial years was due
to delayed planting (late September) (Bundelkhand region
remained under severe drought during 2004-2007). On an
average, there were 276, 1194, 1829, 2501 and 2814 number
of culms/ha during 1%t to 5™ year, respectively. No. of culm
varied in the range of 178-388 (15t year); 936 to 1439 (2nd
year); 1507 to 2134 (3™ year); 2182 to 2901 (4™ year) and
2422 to 3215 (51 year, i.e. at harvest stage). Significantly
more number of culm were obtained in T (bamboo—10m x
10m + sesame) over the years as compared to pure bamboo
at both the spacing (Fig 1). Intercropping of sesame has
no adverse effect on bamboo growth rather intercropping
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Fig 1 No. of bamboo culms/ha in sesame+bamboo based AFS
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Fig 2 No. of capsules/plant in sesame under bamboo based AFS

Table 2 Yields contributing characters and oil content of sesame under bamboo based agroforestry system

Treatment No. of seed/capsule Test weight (g) Oil content (%)

2008 2009 2010 2011 2012 2008 2009 2010 2011 2012 2008 2009 2010 2011 2012
Main plot (Bamboo spacing)
M;: 10m x 10m  43.58 4122 442% 42,0° 43.7° 3157 3.25% 3.108 3.15% 3.15% 32.5% 32.7% 32.2% 33.72 34.0°
M,: 10m x 12m  42.2*  40.5° 452 42,1 455> 3,052 3.18* 3.122 320° 3.20° 33.1* 33.52 33.0%° 32.8 3372
Mj;: Pure crop 40.00  42.17 47.0* 46.2* 47.2° 3.11* 3.17* 3.18* 3.222 3.22* 34.1* 32.7* 32.8* 33.5% 335
Sub plot ( Distance from bamboo clump)
S;:1.0m 4128 4322 4455 4155 4275 320* 3.18* 3.17*° 320® 3.17*° 33.52 34.0*° 33.52 3212 3352
S,:2.0m 4452 4522 437% 435> 430° 3.10° 3.23% 3.15a 3.18* 3.18 35.0° 33.72 32.7° 3322 33.6°
S;:3.0m 45.00 4477 46.32 459* 46.8° 3.11* 3.18* 3.20° 3.232 3.25* 34.1* 33,8 31.8* 32.7* 34.12
Sy 4.0m 43,52 4257 47.8%2 46.2* 48.1* 3.17* 3.15a 3.15* 3.25% 3.30* 35.2% 32.7* 33.0° 32.5* 32.12

A perusal of the fig 2 reveals that No. of capsules/
plant were not affected by bamboo plantation during initial
two years. However, during 3%, 4" and 5% year, no. of
capsules/plant were observed to be significantly lower in
bamboo based AFS (M: 10m x 10m, and M,: 10m * 12m)
as compared to pure crop. No. of capsules/plant at different
distance from bamboo clump were statistically at par during
initial two years of plantation, while during 3" year onward
the capsules were observed significantly lower at 1.0 and
2.0 m distance as compared to 3.0 and 4.0 m distance from
bamboo clump. During 5% year of plantation, 12.6, 11.6, 6.48
and 0.3% reduction in no. of capsules/plant were observed
at a distance of 1.0, 2.0, 3.0 and 4.0 m, respectively from
the clump in both the spacing of bamboo (M,: 10m x 10m,
and M,: 10m x 12m) as compared to pure crop.

During initial two years of bamboo plantation, the no.
of seeds/capsule were not affected significantly in bamboo

based AFS and pure crop (Table 2). However, no. of
seeds/capsule were observed significantly lower in both
the bamboo spacing as compared to pure crop during third
year onwards. During fifth year of bamboo plantation, no.
of seeds/capsule were 7.41 and 3.6% less in intercropped
sesame between bamboo spacing M;: 10m x 10m, and M,,:
10m x 12m, respectively as compared to sole crop. During
third year onwards, no. of seeds/capsule were reduced
significantly nearer to bamboo clump (at 1.0 and 2.0 m)
as compared to plants at 3.0 and 4.0 m distance from the
bamboo clump. However, no. of seeds/capsule at 3.0 and
4.0m distance and in pure crop was statistically at par during
3rd 4t and 5™ year of bamboo establishment.

Oil content (%)
Data presented in Table 2 indicated that oil content (%)
varied in the range of 31.8 to 34.0% in different treatments
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Table 3  Yields and harvest index of sesame under bamboo based agroforestry system

Treatment Seed yield (kg/ha)

Stover yield (kg/ha)

Harvest index (%)

2008 2009 2010 2011 2012 2008

2009 2010 2011

2012 2008 2009 2010 2011 2012

Main plot (Bamboo spacing)

M,: 10m x 10m 557.7% 540.5% 510.7° 528.5" 502.1° 11092
M,: 10m x 12m 537.6% 547.4% 518.5" 537.5> 535.5% 10412
550.7% 535.12 570.5% 561.5* 595.6* 10682
Sub plot ( Distance from bamboo clump)

M;: Pure crop

S;: 1.0m 545.08 560.2% 507.2° 515.2° 498.2> 11012
S,:2.0m 562.7% 550.3% 522.9° 529.5" 510.2° 1109°
S;:3.0m 550.0* 538.8% 555.6% 547.5% 550.8* 1091?
S,:4.0m 567.2% 562.5% 565.8% 556.9* 593.5 1154%

11012
11092
10622

11102
11082
10622
11072

1012> 33.46* 32.932 33.02% 33.59* 33.16°
1092° 34.06* 33.05% 33.612 33.05% 32.90°
1165 34.02* 33.50* 33.89* 33.75* 33.83%

1045°
1089
11022

1036°
1024°
11132

1025% 1045> 995 33,112 33.54% 33.10* 33.022 33.362
1059 1031° 1035> 33.66* 33.18% 33.06* 33.932 33.02¢
10952 10892 10892 33.52% 33.66* 33.66* 33.46* 33.59°
11058 1125% 1156* 32.95% 33.69* 33.86* 33.11% 33.922

in bamboo based AFS. No significant differences were
observed in oil content (%) due to bamboo plantation as
well as due to distance from the bamboo culm, however,
significant differences were observed in total oil yield as
influenced by different treatments.

Yields (seed and stover) and harvest index

During initial two years of bamboo establishment, no
significant differences were observed in yields in bamboo
based AFS and in pure crop (Table 3). However, during
3t year onwards, seed yield in both the bamboo spacing
(M;: 10m x 10m, and M,: 10m x 12m) were observed
significantly lower as compared pure crop. Yield reduced
with age of bamboo plantation. During fifth year of
plantation 15.69 and 10.09% yield got reduced in sesame
intercropped between M,: 10m x 10m, and M,: 10m X
12m bamboo spacing, respectively as compared to pure
crop. No influence was observed in sesame yield in both
the bamboo spacing at different distances upto two year of
bamboo establishment. During 3" year onwards, sesame
yield nearer to bamboo clump was reduced significantly
as compared to yield at 3.0 and 4.0 m distances. During
5t year, 16.3, 14.3, 7.5 and 0.3% yield reduction was
observed at 1.0, 2.0 3.0 and 4.0 m, respectively. Similar
trend was observed in stover yield and corresponding
values for stover yield reduction were 14.5, 11.1, 6.52
and 0.8%, respectively. No significant differences were
observed in harvest index in sesame crop in bamboo based
AFS as well as in pure crop.

Economic returns

Cost of cultivation was higher in bamboo+ sesame as
compared to bamboo and sesame alone during 2008. During
initial four years, net returns in pure crop were 94.1, 0.7, 43.2
and 29.2% higher during 1%, 2", 3 and 4™, respectively
over the bamboo spaced at 10m x 10m in sesame (Table
4). However, during 5™ year highest net return % 34.76
thousand/ha) was recorded in (M;:10m % 10m bamboo
spacing) followed by in M,:10m * 12m bamboo spacing
(X 31.82 thousand/ha) and in pure sesame crop (X 14.72
thousand/ha). Harvesting of bamboo culm was started in
fifth year and 1/3" of bamboo stand was harvested with
net return of ¥ 19.84, 16.15, 21.04 and 16.94 thousand/ha
in M, M,, 10m x 10m pure bamboo and 10m x 12m pure
bamboo, respectively. After fifth year, harvesting of 1/3
bamboo culms were expected every year. During fifth year,
among the bamboo + sesame agroforestry systems and
pure sesame crop, highest B: C ratio observed as 2.83(M)
followed by 2.59 (M,) and minimum was recorded as 1.43

(pure crop).

Soil fertility

The soil had 6.54 (pH), 0.180 dS/m (EC),
3.92/kg (soil O.C.), 213 kg/ha (available N), 5.28 kg/ha
(available P) and 185 kg/ha (available K) at initial stage of
experimentation. After five years pH was observed more or
less same but organic carbon, N, P and K content increased
in all the landuse treatments (Table 5). Increase in organic
carbon from 3.92 to 6.24 g/kg soil, N from 213 to 275 kg/

Table 4 Financial analysis of bamboo + sesame agroforestry system

Treatment Cost of cultivation (3‘000) Net return (3°000) B: C ratio

2008 2009 2010 2011 2012 2008 2009 2010 2011 2012 2008 2009 2010 2011 2012
M;: 10m x 10m 11.51 8.72 9.35 10.05 12.30 3.83 6.69 520 7.23 3476 033 0.77 0.56 0.72 2.83
M,: 10m x 12m 10.88 8.72 9.35 10.05 12.30 391 6.89 540 7.89 31.82 036 0.79 0.58 0.78 2.59
M;: Pure crop 7.71 852 9.10 9.75 1030 7.44 6.774 744 934 1472 097 0.79 0.82 0.96 143
M,: 10m x 10m pure bamboo 3.80 0.20 0.25 0.30 2.00 -3.80 -0.20 -0.25 -0.30 21.04 3.52
Mj: 12m x 10m pure bamboo 3.17 020 025 0.30 2.00 -3.17 -0.20 -0.25 -0.30 16.94 3.20
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Table 5 Changes in soil fertility in sesame + bamboo based AFS

Treatment pH OC Available Available Available
(g’lkg N (kg/ P K
soil) ha) (kg/ha)  (kg/ha)

Initial status 6.54 392 213.0 5.28 185.0

Final status

(after 5 years)

M;:10m x 10m 6.49 624  275.0 5.75 195.0

M,: 10m x 12m  6.51 620  258.0 5.68 193.0

M;: Pure crop 6.60 5.43 229.0 5.38 182.0

M,: 10m x 10m  6.58 6.10  244.0 5.50 199.0

pure bamboo

Mg: 12m x 10m  6.57 6.08  240.0 5.46 196.0

pure bamboo

ha and available P from 5.28 to 5.75 kg/ha were observed
in M, followed by M, and pure bamboo treatments.
Higher growth and production of trees when cultivated
in agroforestry systems might be due to benefits drawn by tree
plantations from various agricultural inputs, viz. irrigation,
tillage, fertilizers etc. (Singh et al. 1998, Chaturvedi 1992,
Verma 2008, Chauhan et al. 2012). The allelopathic effect
of bamboo as well as shade, besides more competition for
various resources might have resulted in reduced plant
population of sesame under AFS and nearer to the bamboo
clump. Reduction in various growth parameters and yield
attributing parameters of various crops under different
AFS were reported by several studies in India (Sharma and
Chauhan 2003, Dey et al. 2007, Chauhan et al. 2010, Pandey
et al. 2010, Chauhan ef al. 2012, Rahangdale ef al. 2014).
Plants in shade conditions are generally taller than plants
in open conditions. This may be due to long and thinner
stem of the crop plants (Thangam and Thamburaj 2008).
The competition between trees and understorey crops not
only exist for aboveground resources (i.e. light) but also for
below ground resources (i.e. nutrients, moisture) resulting
poor growth and yields of the plants (Gao et al. 2013).
Kaushal and Verma (2003) also reported that negative effects
of trees were more on growth and yield of the crop, which
were grown in its close vicinity. Dev ef al. (2016) observed
that chickpea seed yield was 25.95 (10m x 10m bamboo
spacing) and 21.08% (10m % 12m bamboo spacing) lower
as compared to sole chickpea during 3" year in D. strictus
based AFS and it was also observed that distance from the
clump had also significant influence on the seed yield. During
3t year seed yield recorded at a distance of 4.0 m from
the bamboo clump was significantly higher as compared
to 1.0, 2.0 and 3.0 m distance. The reduction in seed yield
of sesame may be attributed to reduced Photosynthetic
Active Radiation (Gao ef al. 2013) under bamboo canopy
in comparison to sole crop of sesame. Agroforestry species
including bamboo become more competitive with age and
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consequently decrease the crop yields (Shanmughavel and
Francis 2001, Ahlawat et al. 2008, Chauhan et al. 2010,
Behari 2013, Dev et al. 2015).

Net returns were higher in pure sesame upto four
years as compared to bamboo based AFS, however,
during 5™ year, bamboo based AFS (when 1/3' bamboo
culms were harvested) recorded higher net returns. Higher
return in pure sesame during 15 year could be attributed
to lower cost of cultivation as compared to cost involved
in bamboo establishment. Bamboo leaf litter and fine root
decomposition might have enhanced the soil organic matter
and other nutrients (N, P and K) in bamboo based AFS as
compared to pure crop (Nath and Das 2012, Mehta et al.
2012).

D. strictus based AFS produced bamboo stock as well
as sustained crop yields over the years. Increased bamboo
stock during subsequent years, resulted in gradual reduction
of crop yields, however, yield reduction was compensated
through bamboo stock harvesting. Organic C content
increased over the years in the bamboo based AFS. Similarly,
the economic returns were also higher in bamboo based AFS
during 5™ year. D. strictus intercropping with sesame is
therefore economically and environmentally advantageous.
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