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ABSTRACT

A field experiment was conducted to study the effect of plant spacing on the yield improvement and attribute of French
beans (Phaseolus vulgaris L.) under Poplar based agroforestry system in the rabi season of year 2019-20 under 9
treatments in a Randomized Block Design with three replications. The seeds were sown with the maintaining plant-plant
spacing of 10cm, 15cm and 20cm while the row-row spacing was 20cm, 30cm and 45cm respectively. The method of
sowing done for this specific experiment was line sowing method in each plot. On the basis of the results attempted from
present investigation it is concluded that significant differences exhibited on growth and yield attribute of French bean
with different plant density and spacing under agri-silviculture system. Treatment Ts i.e. plant spacing of 15cm x30cm
was found to be the best treatment for growth, yield (93.65). This treatment also showed maximum gross return, net
return and benefit-cost ratio under poplar based agroforestry system. The implications of the results are discussed in the
context of the suitability of the above species in this region and their usefulness in agroforestry systems.
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INTRODUCTION

Agroforestry is a sustainable management system for land that increases overall production, combines
agricultural crops and animals simultaneously. It integrates trees, crops and animals in a way that is
scientifically sound, ecologically desirable, practically feasible and socially acceptable to the farmers
where woody perennials are deliberately grown on the same land management unit as agricultural crops
or animals in some form of spatial arrangement or temporal sequence [1, 23-26]. Agroforestry has a long
tradition in the Indian subcontinent. The socio-religious fabric of the people of the subcontinent is
interwoven to a very great extent with caring for and respecting trees. Trees are integrated extensively in
the crop- and livestock-production systems of the region according to the agro-climatic and other local
conditions. Agroforestry practices in the humid tropics are part of a continuum of landscapes ranging
from primary forests and managed forests to row crops or grasslands[2]. Agroforestry systems contain
50 to 75 Mg of carbon per hectare compared to row crops that contain less than 10 Mg of carbon per
hectare. The difference in carbon content between both systems indicates the mentioned potential for
agroforestry systems to store additional carbon, however, possible tradeoffs between carbon storage and
profitability in agroforestry systems have to be taken into account [3, 4, 29-31]. The effects of different
agroforestry techniques in enhancing the resilience of agricultural systems against adverse impacts of
rainfall variability, shifting weather patterns, reduced water availability, soil erosion as well as pests,
diseases and weeds is been well tested [20, 21,22]. To cope with some of these challenges and tackle
these problems of food and environmental security, the potentials of agroforestry need to be fully
exploited. Presently some initiatives are being undertaken by the governments, farmers, non-government
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organizations and industries in the subcontinent to develop appropriate agroforestry systems and
popularize them. According to Kyoto protocol, agroforestry is recognized as an afforestation activity that,
in addition to sequestering carbon dioxide (CO) to soil, conserves biodiversity, protects cropland, works
as a windbreak, and provides food and feed to human and livestock, pollen for honey bees, wood for fuel,
and timber for shelters construction. Similarly development and enhancement of tree plantation can
promotes economic and environmental growth, mitigates deforestation and illegal logging, prevent soil
degradation and restores degraded lands in both village as well as urban area of India [5-9]. Agroforestry
is more attractive as a land use practice for the farming community worldwide instead of cropland and
forestland management systems. This practice is a win-win situation for the farming community and for
the environmental sustainability. The implications of the results are discussed in the context of the
suitability of the French bean under poplar in this region and their usefulness in agroforestry systems
[15,19].

French bean (Phaseolus vulgaris L.) is a member of the Fabaceae family, highly used as vegetables is of
American origin but has become quite popular in India. It has also high export potentiality as a food, may
be consumed as dried beans or in the fresh state as green beans. They are also widely used as a vegetable
when harvested while the young tender pods are still immature. In different locations, these immature
pods are referred to as string beans, snap beans, French beans or green beans. They are rich in protein
and iron and contain essential nutrients such as ascorbic acid, vitamin A, vitamin B and calcium [10-14].
Green beans are a very valuable crop when cultivated for the fresh market and are a means by which local
farmers can diversify their agricultural production. Green beans grown for their tender pods require
between 50-75 days, depending upon variety and planting season. It supplies easily digestible protein for
the human diet and also rich source of minerals and vitamins [16-18, 30, 31].

Populus deltoides belong to the family Salicaceae is an exotic species introduced to India during 1950s is
prominently adopted under agroforestry practices in many parts of the country due to its fast growing
nature and industrial utility. The most important use of poplar wood is pulp and paper. Poplar wood
substitutes well for aspen for pulp and paper products, and is being grown for pulpwood extensively in all
parts of the world [28, 29, 5]. Poplar wood has been used locally for construction lumber. It possesses
most of the characters suitable for agroforestry systems like property of tolerance to pruning, constricted
crown, light branching, tolerance to side shade, efficiency in pumping nutrient materials and leafs
flushing or leaf fall that do not affect the ground flora [32-34]].

Plant spacing is another factor that affects the yield contributing characters and yield which can be
manipulated to maximize yield. With higher spacing vegetative growth enhances because of less
competition of nutrients, light, moisture and space but yield potential decreases. The role of adequate
plant spacing regarded as major factor in determining the production of French bean. The plants grown in
the wider spacing exhibit more horizontal and continuous vegetative growth due to less population
pressure but they also give less yield. However, plants grown under normal spacing will have an optimum
population density which provides optimum conditions for luxuriant crop growth and better plant
canopy due to maximum light interception, photosynthetic activity, assimilation and accumulation of
more photosynthates into the plant system and hence plants can produce more fresh pods with quality
seeds [27, 35]. Optimization of plant density for high yielding genotypes by following suitable inter as
well as intra row spacing is essential.

METHODS AND MATERIALS

The present study was carried out during the Rabi season 2019-20 and comprised a field experiment
which was laid out at the Nursery of College of Forestry, Sam Higginbottom University of Agriculture,
Technology and Sciences Prayagraj, U.P, India. French bean seeds were sown with maintaining the plant-
plant spacing of 10cm, 15cm and 20cm while the row-row spacing was 20cm, 30cm and 45cm
respectively in a randomized block design (RBD) under total 9 treatment combinations replicated thrice.
Seed of French bean cultivars (SPL-BINS) were sown on a ploughed field with a plant to plant spacing of
10cm, 15cm and 20cm, and row-row spacing of 20cm, 30cm and 45cm respectively. At the time of sowing
experimental plot was ploughed, well prepared and levelled. Phosphorus and potassium were applied in
single dose at the rate of 50 and 40 kg ha, respectively, while, nitrogen was applied at the rate of 40 kg
ha'1 in two split doses. All other recommended practices and inputs including hoeing and irrigation were
kept uniform for all the treatments from sowing till harvesting.

Study Area

The experimental site is located in the sub-tropical region with 25057 N latitude, 81° 57" E longitude and
98 meter above the mean sea level. The climate has been classified as semi-arid with both the extent of
temperature during winter and summer. During December to January, the temperature may drop down
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to as low as 2°C, while it may exceed to 47°C during May- June. Frost during winter and hot air during
summer are common occurrences. The average annual rainfall is about 1100 mm with maximum
concentration during July to September and with occasional showers during winter season. It comes
under subtropical climate receiving the mean annual rainfall of about 1100mm, major rainfall from July to
end of September. However, occasional precipitation was also not uncommon during winter. The winter
months were cold while summer months were very hot and dry. The minimum temperature during the
crop season was to be 5.9 °C and the maximum is to be 29.04 °C. The minimum humidity was to be
42.72.0% and maximum was to be 93.28%.

Statistical analysis: The data recorded during the course of investigation were subjected to statistical
analysis of variance, (ANOVA) as suggested by Fisher, 1950. The significance of the treatment effect was
judged with the help of “F” variance ratio test. Calculated “F” value (Variance ratio) was compared with
the tabulated value of “F” at 5 % level of significant, otherwise the effect is considered non- significant.
The significant difference between the mean was tested against the critical difference at 5% level of
significance.

RESULTS AND DISCUSSION

The purpose of present study is to analyze result of the French bean under agroforestry systems, in order
to try and identify the growth and yield considerations that have caused farmers to adopt those [2]. Plant
interaction is common in agroforestry system that has direct or indirect detrimental or advantageous
effects of one plant to another. Their effects through the release of the secondary metabolites or waste
products of plants into the environment through leaching root exudation, volatilization and
decomposition of plant residues. The results of the experiment have been presented in tables wherever
required, and discussed in the light of the findings reported by earlier researchers. The observations were
recorded under the following parameters.

Plant height (cm)

The effect of plant spacing to plant height of French beans is presented in table 1shows significance
differences in all treatments. The plant height as influenced by spacing and their interaction. Plant height
increased with time from 20DAS to 90DAS in all the treatments. Plant spacing of 15 cm x 30 cm recorded
the highest plant height attaining 32.063cm at 90 DAS. The shortest plant height was observed at plant
spacing of 20cm x 45cm as increase in the plant spacing results in decrease in growth of French beans.

Table 1: Effect of plant spacing on plant height of French Beans (Phaseolus vulgaris) under Poplar
based Agroforestry System.

Treatment Plant height at 30days | Plant height at 60days | Plant height at 90days
T1[10cm x 20 cm] 12.7 20.6 29.7
T, [15cm x 20 cm] 14.0 24.6 30.6
T3 [20cm x 20 cm] 11.6 21.1 28.4
T4[10cm x 30 cm] 10.6 17.3 28.5
Ts [15cm x 30 cm] 14.8 26.6 32.0
Te [20cm x 30 cm] 11.4 20.4 28.5
T7 [10cm x 45 cm] 10.5 17.4 26.8
Ts [15cm x 45 cm] 10.5 18.0 28.4
To [20cm x 45 cm] 11.2 19.6 28.3
C.D. 1.408 0.553 2.558
SE(m) 0.466 0.183 0.846

No. of leaves per plant

Significant differences in leave number among treatments were observed after 30DAS and 60DAS as well
as in 90DAS (Table2). Plant spacing of 15cm x 30cm expressed the highest number (26.3) of leaves at
90DAS whereas the minimum (23) was recorded at plant spacing of 10 cm x 20 cm as closer spacing
results in minimum number of leaves per plant due to competition for sunlight and nutrients [7].
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Table2. Effect of plant spacing on number of leaves per plant of French Beans (Phaseolus vulgaris.
L) under Poplar based Agroforestry System.

Treatment No. of leaves No. of leaves No. of leaves
per plant at 30days | per plant at 60days | per plant at 90days

T1[10cm x 20 cm] 2.2 11.0 23.0
T2 [15cm x 20 cm] 1.9 10.7 24.1
T3 [20cm x 20 cm] 2.1 11.0 24.7
T4 [10cm x 30 cm] 1.9 10.1 24.2
Ts [15cm x 30 cm] 2.4 12.4 26.3
T6 [20cm x 30 cm] 2.0 10.9 24.7
T7 [10cm x 45 cm] 1.8 9.8 24.0
Ts [15cm x 45 cm] 1.8 9.2 23.5
To [20cm x 45 cm] 1.8 9.6 23.8
C.D. 0.275 0.927 N/A

SE(m) 0.091 0.306 0.847

No of branches

The effect of plant spacing to number of branches of French beans is presented in table 1shows
significance differences in all treatments. The numbers of branches are influenced by spacing and their
interaction. Significant differences in branch number among treatments were observed after all interval
of time (Table3). Plant spacing of 15 cm x30 cm produced the highest number (11.6) of branches at
90DAS whereas it was found that the minimum branch number(6.4) was recorded at plant spacing of 10
cm x 20 cm as wider spacing results in the increase of number of branches per plant than closely sowed
plants [7].

Table3: Effect of plant spacing on number of branches per plant of French Beans (Phaseolus
vulgaris .L ) under Poplar based Agroforestry System.

Treatment No. of branches at 30 | No. of branches at | No. of branches at 90
days 60 days days
T1[10cm x 20 cm] 2.9 5.6 6.4
T2 [15cm x 20 cm] 33 71 8.8
T3 [20cm x 20 cm] 35 74 9.0
T4 [10cm x 30 cm] 3.0 6.9 8.8
Ts [15¢cm x 30 cm] 48 81 116
Te [20cm x 30 cm] 26 6.4 9.1
T7[10cm x 45 cm] 31 70 8.8
Tg[15cm x 45 cm] 2.7 6.3 9.8
To [20cm x 45 cm] 2.4 6.4 10.0
C.D. 0.297 0.733 0.541
SE(m) 0.098 0.242 0.179
Yield attributes:

Green French bean were plucked regularly on their maturity and cumulative data for experimental plot
were recorded at the end on yield attributes. Yield attributes differ significantly in almost all treatment
with spacing combinations.

No. of Pods per plant

The no. of pods per plant was recorded at harvest, is presented in Table 4 shows that there is a significant
effect of different treatments on the number of pods per plant. There was a marked influence due to the
different plant spacing on the number of pods per plant. A perusal of data indicated that the treatment Ts
[with Plant Spacing of 15x30cm] was recorded maximum pods per plant(30.25), followed by Ts (25.41)
[with Plant Spacing of 15x45cm], while minimum (17.03) in treatment T, [with Plant Spacing of
15x20cm] .
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Table4: Effect of plant spacing on number of pods per plant of French Beans (Phaseolus vulgaris)
under Poplar based Agroforestry System.

Treatment Pods per Length of pod Width of Seeds per pod | Podyield Pod Yield
plant (no.) (cm) pod (cm) (no.) (kg) (t/ha)
T1[10cm x 20 cm] 20.76 10.34 0.42 5.35 2.36 35.39
T2 [15cm x 20 cm] 17.03 10.05 0.44 5.85 2.66 51.09
T3 [20cm x 20 cm] 23.20 12.04 0.45 6.42 2.47 44.10
T4 [10cm x 30 cm] 18.29 12.04 0.40 6.40 2.45 40.72
Ts [15cm x 30 cm] 30.27 15.72 0.55 8.12 3.19 93.65
Te [20cm x 30 cm] 21.14 12.79 0.43 5.66 3.11 53.11
T7 [10cm x 45 cm] 17.80 12.49 0.45 5.98 2.68 53.43
Tg [15cm X 45 cm] 25.42 13.25 0.47 5.37 2.64 49.74
To [20cm X 45 cm] 17.18 14.96 0.47 6.21 2.68 53.43
C.D. 4.203 2.73 N/A 1.216 0.321 2.36
SE(m) 1.39 0.903 0.037 0.402 0.106 7.08

Pod length (cm)

The pod length was recorded at harvest, is presented in Table 4 shows that there is a significant effect of
different treatments on the pod length. A perusal of data indicated that the treatment Ts with Plant
Spacing of 15x30cm recorded maximum pod length (15.72cm), followed by Tg (13.25cm) with plant
spacing of 15x45cm while the minimum (10.05cm) in treatment T with Plant Spacing of 15x20cm.

Pod width (cm)

The data on pod width was recorded at harvest, is presented in Table4 shows that there is a non-
significant effect of different treatments on the pod width. A perusal of data indicated that the treatment
Ts with Plant Spacing of 15x30cm was recorded maximum pod width (0.55cm), followed by treatment Tg
(0.47cm) with spacing of 15x45cm, while minimum (0.40cm) in treatment T, with Plant Spacing of
10x30cm.

Number of seeds per pod

The number of seeds per pod was recorded at harvest, is presented in Table 4. The data shows that there
is a significant effect of different treatments on the number of seeds per pod. A perusal of data indicated
that the treatment Ts with Plant Spacing of 15x30cm was recorded maximum number of seeds per pod
(8.12), followed by T3 (6.42) with with Plant Spacing of 20x20cm, while minimum (5.21) in T9 with plant
spacing of 20x45cm.

Podyield (kg)

The Pod yield/plant (kg) recorded at harvest is presented in Table4. The data shows that there was a
significant effect of different treatments on the Pod yield/plant (kg).A perusal of data indicated that the
treatment Ts with Plant Spacing of 15x30cm was recorded maximum pod yield (3.18) followed by Ts
(3.11) with Plant Spacing of 20x30cm while treatment T1 recorded the minimum (2.363).

Pod yield (t ha1)

The Pod yield/plant (t ha!) recorded at harvest is presented in Table 4. The data shows that there was a
significant effect of different treatments on the Pod yield/plant (t ha'1).A perusal of data indicated that the
treatment Ts with plant spacing of 15x30cm was recorded maximum pod yield (93.61) followed by
treatment Ty (53.43) with plant spacing of 10x45cm while minimum recorded in Te with plant spacing of
20x30cm.

The presence of a plant changes the environment of its neighbors and may alter their growth rate and
form. Such changes in the environment, brought about by the proximity of individuals are termed as
“interference” [16]. The plants grown in the wider spacing exhibit more horizontal and continuous
vegetative growth due to less population pressure but they also give less yield. However, plants grown
under normal spacing will have an optimum population density which provides optimum conditions for
luxuriant crop growth and better plant canopy due to maximum light interception, photosynthetic
activity, assimilation and accumulation of more photosynthates into the plant system and hence plants
can produce more fresh pods with quality seeds [26]. The increase in plant height, number of leaves and
number of branches as well as the increase in the yield attributes of the crop with the decrease in plant
spacing as closer plant spacing increases the number of plants in a unit area and crowded plants struggle
among themselves for sufficient sunlight and spacing that resulted in increase of growth and yield of
French bean plants. Decrease in plant spacing also results in higher density of French beans. The
individual plants might contribute cumulatively towards more yield than more spaced plants. Hence, the
decrease in the value of growth and yield attributes in the various treatments with wider spacing [24].
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Sparse plant population with wider spacing results in higher yield per plant but lower yield per unit area.
This was also in agreement with the study of Ball RA et al, [5] who reported that increasing plant
population reduced yield of individual plants but increased yield per unit area of common beans.
Similarly Abubaker reported superior yield from the high plant populations over that of low plant
population of haricot beans

CONCLUSION

On the basis of the results attempted from present investigation conducted, it is concluded that significant
differences exhibited on growth and yield attribute of French bean with different plant density and
spacing under agri-silviculture system. Treatment Ts i.e. plant spacing of 15cm x 30cm found to be the
best treatment for growth, yield (93.65) over others. This treatment also showed maximum gross return,
net return and benefit: cost ratio. Hence spacing 15cm x 30cm is recommended to farmers for higher
yield and profit.
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