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Abstract

The experiment was carried out during 2021-22 and 2022-23 at research area of Department of
Forestry, CCS Haryana Agricultural University, Hisar (20" 10'N latitude, 75'46" E longitude, altitude
215 m mean sea level), situated in the semi-arid region of North-Western India. The tree species was
Poplar (Populus deltoides Bartr. ex Marsh) which were planted during February, 2017. There were four
planting geometry as 3x3 m, 4x3 m, 5x3 m and 6x3 m and control (sole crop of potato devoid of trees).
There were six potato varieties (Kufri Bahar, Kufri Neelkanth, Kufri Lima, Kufri Ganga, Kufri Pushkar
and Kufri Pukhraj). The experiment was carried out in Factorial Randomized Block Design with three
replications. The results revealed that wider poplar tree spacing S4 (6x3 m) with potato variety V2
(Kufri Neelkanth) produced significantly taller plants at 30 DAS, i.e., 43.00 cm and 43.00 cm during
2021-22 and 2022-23, respectively. At 90 DAS, again poplar tree spacing S3 (5x3 m) with variety V2
(Kufri Neelkanth) produced significantly taller plants, i.e., 66.74 cm during 2021-22 and 65.26 cm
during 2022-23. Significantly higher chlorophyll content was recorded under closer spacings of poplar
tree S1: 3x3 m with potato variety V3 (Kufri Lima) i.e., 26.92 cm at 30 DAS which was found at par
with S2: 4x3 m with potato variety V3 (Kufri Lima) i.e., 26.60 cm during 2021-22. Same results have
been obtained during 2022-23. Poplar tree spacing S1: 3x3 m with potato variety VV1: Kufri Bahar and
V3: Kufri Lima resulted into significantly higher chlorophyll content with soil plant analysis
development (SPAD) values (36.97 and 35.87) in potato leaves at 90 DAS during 2021-22. The poplar
tree spacing S4: 6x3 m with variety V3: Kufri Lima resulted in significantly higher tuber yield during
both the years, i.e., 418.19 and 421.20 g/ha during 2021-22 and 2022-23, respectively. Overall, Kufri
Lima was found most suitable variety for potato cultivation under poplar-based agroforestry system
with wider spacing of 6x3 m.
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Introduction

In agroforestry systems, trees are considered as one of the important natural resources which
provide many useful products and services to the society. There is a need of increasing the
tree cover to fulfil the needs of industries requiring wood-based raw materials. The area
under agroforestry in India is about 25.32 million hectares which can also be extended to
much larger area. During the first year under agroforestry, both the components like trees and
agricultural crops can provide renumeration without affecting overall income, proved
economical and environment friendly [* 2 %1, Mixed cropping seems to be equally fit in the
agroforestry systems enhancing the crop productivity, soil fertility, farmers income and
better resource utilization [, The present need is to utilize the natural resources in terms of
intercropping within the available space like space available between the tree lines under
agroforestry which can both provide food and raw materials for dependent industries [,
Presently, farmers are keener to grow more trees which are fast growing and multipurpose in
nature enabling them to fetch the higher incomes during their utmost requirement when all
other field components are under developing stage. Poplar which is scientifically named as
Populus deltoides, grows fast and propagated vegetatively. The 6-to-8-year poplar trees in a
block plantation, can produce 20-25 m?ha/year biomass while it produces 2-3 m¥ha/year
biomass produce in boundary plantations [,
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Poplar tree helps to prevent the land degradation for
sustainable agriculture production in agroforestry system [],
It has the capability to fulfil the multifarious requirements of
wood-based industries viz. plywood, pulp, matchwood,
veneer, light furniture, sports goods, fibreboard, pencil
making and packing cases etc. 8. The plywood, board,
match, paper and sports industries are mostly dependent on
poplar and willows in India as per report on poplars and
willows, 2012-15.

Historically, after 1980, poplar tree becomes more popular
in Himachal Pradesh, Punjab, Haryana and Uttar Pradesh. In
Haryana, the annual turnover is Rs. 450-500 crore from
agroforestry and farm forestry activities. The popularity was
due to its fast-growing nature, tolerance to pruning, less
competition with associated crops resulting in higher
economic returns per unit area. It is also well established
that poplar-based agroforestry results in higher economic
returns as compared to growing crops as sole ¥l The
agroforestry system involving poplar tree was found more
ecologically sustainable and economically viable as
compared to other trees (1% 1. The deciduous nature of
poplar makes it more suitable for crops sown in winter
season providing lesser shedding effect and ensure more
light penetration for optimum growth of under-storey crops.
The popularity of potato (Solanum tuberosum L.) can be
understood with the fact that it is most consumable
vegetable in the world 22, The genus of potato is Solanum
related to Solanaceae family, introduced in India in early
17" century which later spread to various parts of the
country I3, In North-West plains of India, it is primarily
grown as winter season vegetable crop and fits in poplar-
based agroforestry system generating supplementary income
and reduce the losses of tree cover to fetch more land for
crop cultivation.

Potato provides macro and micro nutrients and thus an
essential part of human diet. It is used as vegetable in daily
diets and processed products like chips and fries are more
favourable. It is used to feed the cattle and chicks. Further, it
is also used as seed for sowing in the next season 4, Small
and marginal farmers are opting vegetable cultivation to get
high economic returns per unit area and time. Among
vegetables, potato is an important crop that fits well under
this option and it occupies about half of the total vegetable
area in the state. Its cultivation is remunerative and is
playing role in diversification of existing cereal-based
cropping system 2],

In India, sole cropping system is dominant from a longer
period but with the introduction of agroforestry, the land use
system got improvised by growing agricultural crops along
with trees for all basic components of livelihood like
firewood for fuel, timber for home consumption and
furniture, fodder for animals and industrial chemicals [,
The scientific designing of agroforestry systems may result
into synergistic effect for environment and crop cultivation
inducing competition between crops and trees, which
eventually helps to sequester more carbon 7], The present
study is framed to find out the suitable potato variety under
poplar-based agroforestry system for optimal growth,
physiology and yield.

Materials and Methods

The experiments was carried out during 2021-22 and 2022-
23 at research area of Department of Forestry, CCS Haryana
Agricultural University, Hisar (20 10" N latitude, 75 46" E
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longitude, altitude 215 m mean sea level), situated in the
semi-arid region of North-Western India. The tree species
was poplar (Populus deltoides Bartr. ex Marsh) which were
planted during February, 2017. There were four planting
geometry as 3x3 m, 4x3 m, 5x3 m and 6x3 m. Control
treatment was devoid of tree having only sole crop of
potato. There were six varieties of potato as Kufri Bahar,
Kufri Neelkanth, Kufri Lima, Kufri Ganga, Kufri Pushkar
and Kufri Pukhraj. The experiment was carried out in
Factorial Randomized Block Design with three replications.
The recommended package of practice of potato of
Chaudhary Charan Singh Haryana Agricultural University
was followed both in Populus deltoides based agroforestry
system and control (sole potato crop). The different growth
parameters of potato crops were plant height, total tuber
yield along with physiological parameter as chlorophyll
content (SPAD value).

(i) Total tuber yield (g/ha) = [Tuber weight from net plot
(kg)/Net plot area (m?)] x10,000+100

Results and Discussion

Plant height

The data pertaining to plant height have been shown in
Table 1. The interaction effects of poplar spacing and
varieties were found significant. Wider poplar tree spacing
S4 (6x3 m) with potato variety V2 (Kufri Neelkanth)
produced significantly taller plants at 30 DAS, i.e., 43.00 cm
and 43.00 cm during 2021-22 and 2022-23, respectively.
But later on, at 60 DAS, poplar tree spacing S3 (5%3 m)
with potato variety V2 (Kufri Neelkanth) produced
significantly taller plants, i.e., 63.65 cm during 2021-22 and
63.96 cm during 2022-23. At 90 DAS, again poplar tree
spacing S3 (5x3 m) with variety V2 (Kufri Neelkanth)
produced significantly taller plants, i.e., 66.74 cm during
2021-22 and 65.26 cm during 2022-23. This might be due to
the fact that during the time period different varieties of
potato seemed to be acclimatized to the available space for
growth and development. Optimum poplar tree spacing S3:
5x3 m provided better chances for having optimum solar
radiation, water and essential nutrients along with
competition for the same resources (*¥-%%). Control plots
where only sole crop of potato was grown, i.e., S5 with
variety Kufri Bahar (V1) produced smaller potato plants at
30 (11.00 cm and 12.26 cm), 60 (20.66 cm and 21.57 cm)
and 90 DAS (28.55 and 33.19 cm) during 2021-22 and
2022-23. This might be due to the fact that microclimate
may not be available to control plots leading to loss of soil
moisture, leading stunted growth.

Tuber yield

The poplar tree spacing S4: 6x3 m with variety V3: Kufri
Lima resulted in significantly higher tuber yield during both
the years, i.e., 418.19 and 421.20 g/ha during 2021-22 and
2022-23, respectively. However, sole cropping of potato
(S5) with variety Kufri Lima (V3) resulted into higher tuber
yield during both the years (425.30 and 427.30 g/ha),
respectively. This indicates that varieties with higher vigor
and yield potential respond more favorably to reduced
competition. The results suggest that moderately wider
spacings (6x3 m) can serve as an optimum compromise,
ensuring reasonable tuber yield while maintaining tree
growth and agroforestry sustainability.
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Chlorophyll content

According to Tables 1, the chlorophyll content index (CCI)
of potato leaves was significantly influenced by both
spacing treatments and varietal differences at all growth
stages (30, 60, and 90 DAS). Significantly higher
chlorophyll content was recorded under closer spacings of
poplar tree S1: 3x3 m with potato variety V3 (Kufri Lima)
i.e., 26.92 cm at 30 DAS which was found at par with S2:
4x3 m with potato variety V3 (Kufri Lima) i.e., 26.60 cm
during 2021-22. Same results have been obtained during
2022-23.

Poplar tree spacing S1: 3x3 m with potato variety V1: Kufri
Bahar and V3: Kufri Lima resulted into significantly higher
chlorophyll content with soil plant analysis development
(SPAD) values (36.97 and 35.87) in potato leaves at 90
DAS during 2021-22. However, during 2022-23, poplar tree
spacing S1: 3x3 m and S2: 4x3 m with potato variety V3:
Kufri Lima resulted into significantly higher chlorophyll
content with SPAD values (36.45 and 36.36) in potato
leaves at 90 DAS but were found at par with each. Sole
cropping (S5) with variety V2: Kufri Neelkanth of potato
resulted in lower chlorophyll content in leaves at 90 DAS

https://www.biochemjournal.com

during 2021-22 and 2022-23, i.e., chlorophyll content with
SPAD values14.15 and 15.89, respectively. Wider spacing
supposed to provide more solar radiation and more green
plants having higher content of chlorophyll 281 in guava. In
contrast to this, the present study results revealed that closer
spacing of potato resulted in higher chlorophyll content in
the potato leaves sown in available space. This might be due
to availability of microclimate leading to lesser
evapotranspiration of moisture from space due to shading
effect of poplar tree canopy. Other factors might be involved
like competition for soil, moisture and nutrients in closure
spacing insist potato plants to thrive best for survival. This
suggests that the partial shade provided by poplar trees
under narrower spacings may have enhanced chlorophyll
synthesis by reducing photo-oxidative stress and promoting
better leaf greenness during early crop establishment 271,
The trend indicates that optimal shade in closer spacings
could have delayed senescence and improved pigment
stability, which is consistent in chlorophyll content at this
stage [?81 due to chlorophyll degradation during the later
stages of crop growth is a physiological response to resource
reallocation towards reproductive/tuber development.

Table 1: Effect of poplar tree spacing on plant height, total tuber yield and chlorophyll content in potato during 2021-22 and 2022-23

Plant height (cm . \| Chlorophyll content (SPAD) of potato leaves
Treatments 30 DAS 60 DAS 90 DAs |1otal tuberyield (a/ha)—=5 " o 60 DAS 90 DAS
2021-222022-23[2021-22]2022-23[2021-22[2022-23] 2021-22 | 2022-23 [2021-22]2022-23[2021-22[2022-23[2021-22[2022-23

SIV1I | 17.00 | 1769 | 31.33 | 31.46 | 44.28 | 4340 | 2128 2159 | 2521 | 25.34 | 40.20 | 40.44 | 36.97 | 34.99
S1V2 | 31.00 | 31.69 | 49.00 | 48.62 | 53.41 | 52.67 | 148.9 1535 | 20.98 | 21.06 | 24.33 | 24.49 | 24.69 | 24.89
S1V3 | 20.22 | 21.03 | 35.33 | 35.83 | 4555 | 47.03 | 256.6 2505 | 26.92 | 27.04 | 43.33 | 43.40 | 35.87 | 36.45
S1V4 | 25.99 | 26.86 | 42.00 | 42.20 | 46.38 | 51.68 | 191.7 1932 | 24.39 | 2454 | 37.49 | 37.61 | 35.75 | 32.15
S1V5 | 28.66 | 29.40 | 45.00 | 44.94 | 48.44 | 49.37 | 187.8 191.4 | 21.16 | 21.66 | 28.76 | 28.89 | 28.90 | 29.12
S1V6 | 23.00 | 23.40 | 39.00 | 38.94 | 44.20 | 42.46 | 190.0 1922 | 22.82 | 22.81 | 33.01 | 33.14 | 32.90 | 31.98
S2V1 | 16.99 | 1759 | 26.33 | 26.77 | 36.58 | 36.46 | 309.3 3112 | 24.06 | 24.16 | 36.32 | 36.43 | 33.18 | 35.12
S2V2 | 33.00 | 32.98 | 47.00 | 47.20 | 53.66 | 52.00 | 1875 189.6 | 19.94 | 20.14 | 21.96 | 22.08 | 21.98 | 22.17
S2V3 | 20.00 | 20.56 | 31.65 | 31.89 | 35.67 | 42.07 | 328.7 329.4 | 26.60 | 26.72 | 41.30 | 41.90 | 34.56 | 36.36
S2V4 | 27.00 | 27.34 | 40.66 | 41.03 | 45.04 | 51.65 | 269.3 2714 | 23.23 | 23.33 | 32.59 | 32.75 | 32.65 | 34.59
S2V5 | 30.00 | 30.12 | 44.00 | 44.08 | 46.78 | 48.38 | 223.9 2252 | 2151 | 21.27 | 24.34 | 2454 | 24.74 | 24.89
S2V6 | 23.66 | 23.75 | 36.00 | 36.29 | 4553 | 46.20 | 248.1 249.6 | 22.70 | 22.82 | 25.47 | 25.60 | 25.48 | 25.69
S3V1 | 21.00 | 21.94 | 34.00 | 34.17 | 43.11 | 42.27 | 3125 3149 | 23.19 | 23.32 | 30.70 | 30.80 | 27.38 | 27.60
S3V2 | 40.65 | 40.39 | 63.65 | 63.96 | 66.74 | 65.26 | 214.0 216.8 | 19.73 | 19.90 | 17.59 | 17.69 | 17.78 | 17.99
S3V3 | 24.00 | 2351 | 39.66 | 40.11 | 42.47 | 50.41 | 339.2 3413 | 24.44 | 2461 | 33.58 | 33.70 | 31.45 | 31.08
S3v4 | 32.33 | 31.67 | 56.00 | 55.70 | 61.48 | 63.19 | 2775 2782 | 22.93 | 23.03 | 27.16 | 27.30 | 27.10 | 26.91
S3V5 | 36.00 | 36.30 | 60.00 | 59.78 | 64.33 | 63.67 | 240.7 2436 | 20.96 | 21.11 | 20.68 | 20.86 | 20.43 | 20.89
S3V6 | 25.00 | 23.79 | 45.00 | 45.01 | 52.44 | 51.53 | 256.2 2585 | 21.70 | 21.79 | 24.24 | 24.38 | 24.21 | 24.41
SAV1 | 24.00 | 25.03 | 32.33 | 3257 | 41.89 | 4332 | 318.0 350.3 | 22.58 | 22.71 | 29.09 | 29.22 | 25.22 | 23.55
SAV2 | 43.00 | 43.00 | 51.00 | 51.30 | 52.34 | 60.43 | 237.8 239.1 | 19.16 | 19.29 | 17.52 | 17.62 | 16.56 | 16.45
SAV3 | 28.66 | 29.92 | 36.00 | 35.90 | 40.01 | 4481 | 418.9 4212 | 23.76 | 23.87 | 31.50 | 31.10 | 25.45 | 27.56
SAVA | 36.66 | 37.90 | 42.99 | 4358 | 47.07 | 52.38 | 294.4 296.7 | 21.94 | 22.10 | 26.54 | 26.65 | 25.12 | 23.14
SAV5 | 30.99 | 39.88 | 46.66 | 47.14 | 47.93 | 55.42 | 2856 286.5 | 20.29 | 20.41 | 20.72 | 20.86 | 18.59 | 19.45
SAV6 | 32.33 | 32.13 | 28.33 | 40.50 | 41.89 | 46.52 | 290.3 292.7 | 2051 | 21.07 | 23.20 | 23.36 | 21.48 | 22.89
S5V1 | 11.00 | 12.26 | 20.66 | 21.57 | 28.55 | 33.19 | 3426 3452 | 19.56 | 19.48 | 26.45 | 25.98 | 22.12 | 20.12
S5v2 | 31.00 | 30.85 | 46.65 | 46.83 | 50.17 | 51.97 | 2605 2625 | 16.25 | 16,56 | 15.48 | 16.54 | 14.15 | 15.89
S5V3 | 13.99 | 14.30 | 24.99 | 2557 | 37.06 | 35.22 | 4253 4273 | 19.78 | 19.52 | 27.65 | 28.50 | 24.56 | 25.64
S5V4 | 20.65 | 22.05 | 32.65 | 33.16 | 38.97 | 44.17 | 3352 338.4 | 18.45 | 1857 | 24.57 | 2351 | 21.88 | 19.64
S5V5 | 24.66 | 24.19 | 38.65 | 38.91 | 44.13 | 46.73 | 305.2 3093 | 17.14 | 17.62 | 18.15 | 17.99 | 14.64 | 17.99
S5V6 | 17.00 | 18.10 | 28.32 | 2853 | 32.25 | 35.64 | 3152 3186 | 16.99 | 17.98 | 19.26 | 18.24 | 18.59 | 19.62
CD@5%| 0.80 | 1.81 | 2.67 | 200 | 1.50 | 1.39 49 49 062 | 061 | 239 | 238 | 0.61 | 059

S1: 3x3 m, S2: 4x3 m, S3: 5x3 m, S4: 6x3 m, S5: Sole Crop

V1: Kufri Bahar, VV2: Kufri Neelkanth, V3: Kufri Lima, V4: Kufri Ganga V5: Kufri Pushkar, V6

Conclusion

Based on the above study, it can be concluded that Kufri
Lima was found most suitable variety for potato cultivation
under poplar-based agroforestry system with wider spacing
of 6x3 m.

: Kufri Pukhraj
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