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ABSTRACT

A two year experiment was conducted during kharif and rabi season of 2016-2017 and 2017-2018
at experimental site near Faculty of Forestry in main campus of Birsa Agricultural University,
Ranchi, Jharkhand, India. Sole cropping and gamhar based agrisilviculture systems with four
different intercrops (arhar, cowpea, greengram and mustard) were under investigation. To study the
overall scenario of soil properties under agrisilviculture system, soil samples were analysed at
different profile depths (0-15 and 15-30 cm) to measure the changes in soil properties under the
influence of gamhar (Gmelina arborea) tree and intercrops grown in between. Soil pH, electrical
conductivity (dsm'1), organic carbon (%), available nitrogen, phosphorus and potassium (kg ha'1)
were found higher at the soil depth 0-15 cm as compared to 15-30 cm due to addition of organic
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residue on the surface soil. Soil OC, available N, P and K in 0-15 cm as well as in 15-30 cm profile
was found to be statistically significant. It showed an increase from initial value in all the treatments
in 2016-17 and 2017-18. The increase was more in gamhar based agrisilviculture system than in

sole tree and sole crops in both the years.

Keywords: Agroforestry; soil properties, intercrops; arhar, cowpea; greengram, mustard.

1. INTRODUCTION

Agroforestry has always been endorsed for its
carbon sequestration potential and other allied
benefits such as improved nutrient content in
soil, soil erosion, runoff control and providing
different socioeconomic benefits and ultimately
greater agricultural productivity [1,2,3].
Agroforestry provides both climate change
mitigation and adaptation benefits to farmers. In
addition to income from sale of agroforestry
products, trees on farms area critical component
of climate smart agriculture in many systems.
Trees contribute to soil fertility by adding
nutrients in the case of nitrogen fixing species
and they contribute to increasing soil organic
matter. It can control runoff thereby reducing soil
erosion, reducing losses of water, soil material,
organic matter and nutrients. It also can increase
and maintain soil organic matter and biological
activity at levels satisfactory for soil fertility.
Agroforestry system also have the potential to
serve in the restoration and rehabilitation of
degraded ecosystems, food security, land tenure
security, enhanced farm incomes, management
of terrestrial and soil biodiversity, reduced soil
erosion, carbon sinks, hydrological functions,
wildlife corridors, biodiversity conservation,
microclimate improvement, increased nutrient
retention via root capture and cycling, etc. [4,5,6].

Gamhar has a vigorous root system which
enables it to effectively act as a nutrient pump for
the uptake of leached nutrients from subsoil to
the soil surface through leaf litter. The high
capacity of gamhar and gliricidia plantations
ensure nutrient cycling, restore degraded soill,
conserve soil moisture and protect the soll
through the soil plant system [7]. In my
experiment out of four crops, three pulses which
ability to nitrogen fixing (30-251 kg ha™") enriches
the soil quality and fertility and hence leading to
enhanced productivity in subsequent crop
rotations. Soil bacteria are utilized for nitrogen
fixation from air which replaces additional
requirement of nitrogen fertilizers in pulse crops.
Nitrogen enriches the soil in different forms like
fertilizer, manure or crop residue, and then most
part of it is converted into a powerful greenhouse
gas, nitrous oxide. Soil health is also improved
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through pulses as they feed soil microbes.
2. MATERIALS AND METHODS

A two year field experiment was conducted
during kharif and rabi season of 2016-17 and
2017-18 at experimental site near Faculty of
Forestry in main campus of Birsa Agricultural
University, Ranchi, Jharkhand, India. Birsa
Agricultural  University is located between
23°2654.6° N to 23°2655.0° N Latitude and
85°18'53.0" E to 85°18'53.7" E longitudes and at
an altitude of 625 meters above mean sea level,
in the southern part of the Chota Nagpur plateau
in India. It is the eastern section of the Deccan
plateau and comes under Central and North-
Eastern Plateau (Sub Zone-IV), a part of agro-
climatic (Zone VII) of the country known as
Eastern Plateau and Hill Region. The
experimental site is shown in Fig. 1.

The whole field was laid out as per plan to show
the four different crops (arhar, cowpea,
greengram and mustard) under gamhar based
agrisilvicultural system and sole farming
systems. The experiment design adopted was
randomized block design (RBD) with seven
treatments and three replications. They were: T;:
Gamhar+ Arhar, T,: Gamhar+ Cowpea-Mustard,
T;: Gamhar+ Greengram-Mustard, T,: Sole
Gamhar, Ts: Sole Arhar, T4 Sole Cowpea-
Mustard, T;: Sole Greengram-Mustard. Plot size
was 24m x 7.5m and the spacing of gamhar was
8m X 2.5m. Gamhar seedlings were transplanted
in the experimental field on June, 2016 and
intercropping conducted during kharif and rabi
season of 2016-2017 and 2017-2018.

The experimental site was medium land with
shallow to medium soil depth. On July, 2016 the
experimental site was divided into different
representative points to collect the soil samples
from 0-15 cm and 15-30 profile depths. After air
drying of samples from 0-15 cm and 15-30 profile
depths, big stones were removed and the soail
was passed through 2 mm sieve. A composite
sample was then formed and from this composite
sample, 500 gm of soil sample and was selected
after proper processing as per standard
procedure.
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Fig. 1. Location of the experimental site at main campus near faculty of forestry, Birsa
Agricultural University, Ranchi, Jharkhand, India

The sample was subjected to mechanical, agrisilviculture system than in sole tree and crops
physical and chemical analysis to assess the in both the years.

initial soil properties of the experimental soil. The

soil was loam (sand:silt:clay::42.40:30.80:26.80 The data presented in Table 1 on soil electrical
in both profile depth), having bulk density 1.55 conductivity (dsm™) showed variation under sole
and 1.61, particle density 2.47 and 2.53, and farming and gamhar based agrisilviculture
porosity (%) 37.20 and 36.40 in 0-15 and 15-30  system in which four intercrops were grown.

cm soil depth, respectively, acidic in reaction,

medium in organic carbon, phosphorus and Soil EC increased compared to the initial value

potassium and low in nitrogen. (0.22 dsm™ in 0-15 cm and 0.20 dsm™ in 15-30
cm depth, respectively) in all the treatments in
3. RESULTS 2016-17 and 2017-18. The increase was more in

agrisilviculture system than in sole tree and crops
Soil properties viz. Soil pH, electrical conductivity  in both the years.
(EC), organic carbon (OC), available nitrogen
(N), phosphorus (P) and potassium (K) are the The data presented in Table 2 on soil organic
important soil fertility parameters which affect the ~ carbon (%) showed variation under sole farming
growth and vyield of intercrops and overall and gamhar based agrisilviculture system in
production. The soils were evaluated for these  Wwhich four intercrops were grown.
parameters and result and discussion are
presented. The data on soil OC in 0-15 cm as well as in 15-
30 cm profile was found to be statistically
The data presented in Table 1 on soil pH showed  significant. Soil OC increased compared to the
variation under sole farming and gamhar based initial value (0.62 % in 0-15 cm and 0.52 %in 15-
agrisilviculture system in which four intercrops 30 cm depth, respectively) in all the treatments in
were grown. 2016-17 and 2017-18. The increase was more in
agrisilviculture system than in sole tree and
The variation of soil pH in 0-15 cm as well as in  intercrops in both the years.
15-30 cm profile was found to be non significant.
Soil pH increased compared to the initial value The data presented in Table 2 on soil available
(6.15 and 6.30 in 0-15 cm and 15-30 cm depth,  nitrogen (kg ha™) showed variation under sole
respectively) in all the treatments in 2016-17 and  farming and gamhar based agrisilviculture
2017-18. This increase was in general more in  system in which four intercrops were grown.
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Table 1. Soil pH and electrical conductivity (EC) of soil at different profile depths 0-15 cm and
15-30 cm under sole farming and gamhar based agrisilviculture system

Treatments pH EC (dS m™)
0-15cm 15-30 cm 0-15cm 15-30 cm
2016-17 2017- 2016- 2017- 2016- 2017- 2016- 2017-
18 17 18 17 18 17 18
Gamhar+ Arhar 6.22 6.24 6.36 6.41 0.24 0.26 0.23 0.24
Gamhar+ Cowpea- 6.21 6.24 6.36 6.39 0.24 0.26 0.21 0.23
Mustard
Gamhar+ Greengram- 6.21 6.23 6.35 6.40 0.23 0.25 0.22 0.24
Mustard
Sole Gamhar 6.17 6.22 6.33 6.37 0.23 0.24 0.21 0.22
Sole Arhar 6.19 6.23 6.35 6.39 0.23 0.25 0.21 0.23
Sole Cowpea-Mustard 6.21 6.23 6.34 6.39 0.24 0.26 0.22 0.24
Sole Greengram-Mustard 6.20 6.22 6.34 6.38 0.24 0.25 0.22 0.22
SEm+ 0.08 0.11 0.08 0.13 0.01 0.01 0.01 0.01
CD (p=0.05) NS NS NS NS NS NS NS NS
CV (%) 419 6.12 7.20 8.51 3.88 5.67 5.02 7.23
Initial 6.15 6.30 0.22 0.20

Table 2. Organic carbon (OC) and available nitrogen of soil at different profile depths 0-15 cm
and 15-30 cm under sole farming and gamhar based agrisilviculture system

Treatments Organic carbon (%) Available nitrogen (kg ha™)

0-15cm 15-30 cm 0-15cm 15-30 cm
2016-17 2017 2016- 2017 2016-17 2017- 2016- 2017-
-18 17 -18 18 17 18

Gamhar+ Arhar 0.66 0.74 0.55 0.65 167.00 177.00 158.00 165.67

Gamhar+ Cowpea- 0.65 0.68 0.54 0.57 164.67 174.70 157.33 161.00

Mustard

Gambhar+ 0.64 0.68 0.55 0.57 164.33 172.00 155.33 157.00

Greengram-Mustard

Sole Gamhar 0.63 0.64 0.53 0.55 155.33 166.70 150.67 154.00

Sole Arhar 0.64 0.71 0.54 0.57 165.33 175.00 155.33 157.33

Sole Cowpea- 0.63 0.67 0.54 0.56 164.33 172.30 156.00 159.00

Mustard

Sole Greengram- 0.64 0.66 0.53 0.56 163.33 168.70 153.33 156.67

Mustard

SEmt 0.01 0.02 0.01 0.02 2.04 2.06 1.31 217

CD (p=0.05) 0.03 0.06 0.02 0.06 6.25 6.33 4.02 6.7

CV (%) 3.36 473 557 5.80 4.16 7.07 6.46 8.4

Initial 0.62 0.52 150.53 147.62

The data on soil available nitrogen in 0-15 cm as
well as in 15-30 cm profile was found to be
statistically significant. Soil available nitrogen
also showed an increase than initial value
(150.53 kg ha™ in 0-15 cm and 147.62 kg ha™ in
15-30 cm depth, respectively) in all the
treatments in 2016-17 and 2017-18. The
increase was more in agrisilviculture system than
in sole tree and intercrops in both the years.

The data presented in Table 3 on soil available
phosphorus (kg ha”) showed variation under
sole farming and gamhar based agrisilviculture
system in which four intercrops were grown.

The data on soil available phosphorus in 0-15 cm
as well as in 15-30 cm profile was found to be
statistically significant. Soil available phosphorus
showed an increase than initial value (13.66 kg
ha™in 0-15 cm and 11.87 kg ha™ in 15-30 cm
depth, respectively) in all the treatments in 2016-
17 and 2017-18. The increase was more in
agrisilviculture system than in sole tree and
intercrops in both the years.

The data presented in Table 3 on soil available
potassium (kg ha"1) showed variation under sole
farming and gamhar based agrisilviculture
system in which four intercrops were grown.
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Table 3. Available phosphorus and potassium of soil at different profile depths 0-15 cm and 15-
30 cm under sole farming and gamhar based agrisilviculture system

Treatments Available phosphorus (kg ha™) Available potassium (kg ha™)
0-15cm 15-30 cm 0-15 cm 15-30 cm

2016- 2017- 2016-17 2017- 2016-17 2017-18 2016- 2017-
17 18 18 17 18

Gamhar+ Arhar 13.74 16.17 12.43 1412 242.36 256.33 182.11 197.74

Gamhar+ 13.72 15.48 12.38 13.27 240.34 252.38 181.33 191.00

Cowpea-Mustard

Gamhar+ 13.74 15.07 12.42 13.14  240.65 245.68 180.46 186.78

Greengram-

Mustard

Sole Gamhar 13.67 14.42 11.92 12.74 23713 241.96 177.66 180.04

Sole Arhar 13.70 15.18 12.35 13.21  239.56 254.15 179.84 193.68

Sole Cowpea- 13.72 15.11 12.35 13.61 239.32 249.82 180.42 187.68

Mustard

Sole Greengram-  13.69 15.07 12.32 13.01  238.93 243.17 178.77 182.80

Mustard

SEm+ 0.15 0.30 0.24 0.23 3.62 3.20 297 3.55

CD (p=0.05) 0.47 0.90 0.75 0.70 11.13 9.84 9.13 10.89

CV (%) 6.26 5.40 7.02 5.00 5.06 4.23 7.34 5.26

Initial 13.66 11.87 231.84 171.36

The data on soil available potassium in 0-15 cm
as well as in 15-30 cm profile was found to be
statistically significant. Soil available potassium
showed an increase than initial value (0.62 kg ha
'in 0-15 cm and 0.52 kg ha'in 15-30 cm depth,
respectively) in all the treatments in 2016-17 and
2017-18. The increase was more in
agrisilviculture system than in sole tree and
intercrops in both the years.

4. DISCUSSION

The results presented in above section on pH,
EC, OC, available soil N, P and K revealed that
gamhar based agrisilviculture system. Tree
added higher amount of litter fall in the forms of
litter, bark; small branches and roots to the soil
during two year experiment, thereafter the
decomposition process started depending upon
the intensity of climatic variable (solar radiation,
temperature, relative humidity, precipitation and
wind velocity). Consequently, variable quantity of
pH, EC, OC, available soil N, P and K was
produced in the soil as compared to sole farming
system. The maximum pH, OC (%), available N,
P, K (kg ha™') were found at the soil depth 0-15
cm due to addition of organic residue on the
surface soil. Whereas, the lowest pH, OC,
available N, P and K were found at the soil depth
of 15-30 cm depth due to physical, chemical and
biological processes prevailing in the system
which reflect in the soil profile temperature.
Arevalo-Gardini [8] reported maximum organic
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carbon, available N, P and K content in 0-20 cm,
followed by 20-40 and 40-60 cm soil depth.
Kumar et al. [9] studied that the among soil
chemical properties, electrical conductivity,
organic carbon, available N, P and K were
higher, whereas pH was lower under poplar
based agroforestry system compared to open
farming. Available nutrients (N, P and K) were
higher in the upper 0-15 cm soil layer compared
to 15-30 cm soil profile depth.

Rizwan et al. [10] showed that for Gmelina
stands, only EC parameters have decreased.
Value of soil chemical properties under Mindi and
Jabon stands is more varied where pH, OC, N, P
and K increase in concentration. Kumar et al.
[11] reported that the initial soil organic carbon at
the time of tree planting was recorded to be
0.96% in 0-15 cm and 0.80% in 15-30 cm of soll
layer. After two years of experimentation, soil
organic carbon in all the treatments increased in
both the layers. Soil organic carbon under poplar
based agroforestry system and open farming
was 1.12% and 1.04% in 0-15 cm layer and
0.86% and 0.81% in 15-30 cm layer,
respectively. Sharga et al. [12] reported that the
nutrient contents viz., N, P and K in decomposed
leaf litter of G. arborea based agroforestry
system. The N, P and K content in decomposed
leaf litter was found maximum in treatment (G.
arborea+cowpea-mustard) followed by treatment
(G. arborea+greengram-mustard), (G.
arborea+pigeon pea) and minimum in treatment



(sole G. arborea). Devi et al. [13] studied that the
increment in N, P and K concentrations through
leaf litter fall of tree species, and their
decomposition and release of nutrients in the saoil
are major reason of improvement in N, P and K
content in the soil. Prasad et al. [14] showed that
organic carbon, available N, P and K, and Zn
content were relatively higher in surface soil layer
(0-15 cm), while soil pH, EC, Fe, Mn and Cu
contents were higher in sub-surface soil layer
(15-30 cm). Similar findings were reported that,
the least increase of pH, OC, available N, P and
K content in the soil was obtained under
agroforestry system. Nanda et al. [15] studied
that the change in soil chemical properties was
observed under Melia dubia based agri-
silvicultural system over control (field without
trees). The soil pH and EC decreased more
under Melia dubia trees than under control (field
without trees). The soil organic carbon and
available soil N, P and K increased significantly
under Melia dubia plantation compared to control
(field without trees) in both 0- 15 cm and 15-30
cm soil depths. Mevada et al. [16] also studied
that the soil chemical properties viz., pH,
electrical conductivity (EC), organic carbon (OC),
available nitrogen (N), phosphorous (P,Os) and
potassium (K,O) assessed at the time of okra
sowing and at final harvest varied significantly
among different nitrogen management
treatments under agroforestry system and in
open condition. The interaction effect of years
over treatments was found non-significant in
pooled analysis for soil properties under teak
based agroforestry system. Similar results
also found that intercropping with legumes
improved the fertility status of the soil by
[17,18].

5. CONCLUSION

All the soil parameters, viz. pH, EC, soil organic
carbon, available N, P and K were found better in
gamhar based agrisilvicultural system than sole
farming systems in both the soil profile.
Intercropping with legume crops (arhar, cowpea
and greengram) improved the fertility status of
the soil due to decomposition of leaf litter. Among
all the treatments maximum increment in pH, EC,
soil organic carbon, available N, P and K was
recorded in Gamhar+Arhar which was 1.46,
18.18, 19.35, 17.58, 18.37, 10.56 percent
respectively, compared to initial in 0-15 cm soil
depth and 1.74, 20, 25, 12.22, 18.37, 18.95,
15.39 percent respectively, compared to initial in
15-30 cm soil depth after two years of
experimentation.

Kumar et al.; IJPSS, 33(23): 71-77, 2021; Article no.lJPSS.76400

76

ACKNOWLEDGEMENTS

This research partly formed the Ph.D. Forestry
(Agroforestry) thesis by the Abhay Kumar. We
thank the Dean, College of Forestry and
Chairman & Head, Department of Silviculture
and Agroforestry, College of Forestry, Birsa
Agricultural University., Ranchi, Jharkhand, India
for providing field and laboratory facilities are
gratefully acknowledged.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Brown SE, Miller DC, Ordonez PJ, Baylis
K. Evidence for the impacts of agroforestry
on agricultural productivity, ecosystem
services, and human well-being in high-
income countries: A systematic map
protocol. Environ. Evid. 2018;7:24.

DOI: org/10.1186/S13750- 018-0136-0
Muchane MN, Sileshi GW, Jonsson M.
Agroforestry boosts soil health in the
humid and sub-humid tropics: A meta-
analysis. Agric. Ecosyst. Environ.
2020;295:106899.

DOI: org/10.1016/J.AGEE.2020.106899
Shin S, Soe KT, Lee H, Kim TH, Lee S,
Park MS. A systematic map of agroforestry
research focusing on ecosystem services
in the Asia-Pacific region forests.
2020;11:368.

DOI: 10.3390/f11040368

Rosenstock TS, Dawson IK, Aynekulu E,
Chomba S, Degrande A, Fornace K,
Jamnadass R, Kimaro A, Kindt R,
Lamanna C, et al. A planetary health
perspective on agroforestry in sub-saharan
Africa. One Earth. 2019;1:330-344.

DOI: org/10.1016/j.oneear.2019.10.017
Rosenstock TS, Wilkes A, Jallo C, Namo
N, Bulusu M, Suber M, Mboi D, Mulia R,
Simelto, E, Richards M, et al. Making trees
count: Measurement and reporting of
agroforestry  in UNFCCC  national
communications of non-annex | countries.
Agric. Ecosyst. Environ. 2019;284:106569.
Montagnini F. Conclusions: Lessons
learned and pending challenges. In
Integrating Landscapes: Agroforestry for
Biodiversity Conservation and Food
Sovereignty; Montagnini F, Ed.; Advances
in Agroforestry; Springer International



10.

1.

12.

Publishing: Cham, Switzerland. 2017;479—
494. ISBN 978-3-319-69371-2.

Ota HO, Aja D, Okolo CC, Obianuju C,
Nwite JN. Influence of tree plantation
Gmelina arborea and Gliricidia sepium on
soil physic-chemical properties in
Abakaliki, Southeast, Nigeria. Acta
Chemica. lasi. 2019;2(2):22-28.
Arevalo-Gardini E, Canto M, Alegre J, Loli
O, Julca A, Baligar V. Changes in soil
physical and chemical properties in long
term improved natural and traditional
agroforestry management systems of
cacao genotypes in Peruvian Amazon.
PLoS One. 2015;10(7):1-29.

DOI: 10.1371/journal. pone.0132147
Kumar A, Singh V, Swati Shabnam, Oraon
PR, Kumari S. Comparative study of wheat
varieties under open farming and poplar-
based agroforestry system in Uttarakhand,
India. Current Science. 2019;117(6):1054-
1059.

Rizwan M, Rauf A, Rahmawaty, Akub EN.
Changes in soil chemical properties in
agroforestry system at USU Arboretum
Kwala Bekala. The 1st International
Conference on Agriculture and Bioindustry
2019, IOP Conf. Series: Earth and
Environmental Science. 2020;425(2020):1-
4.

DOI: 10.1088/1755-1315/425/1/012054
Kumar A, Singh V, Swati Shabnam, Oraon
PR. Carbon emission, sequestration, credit
and economics of wheat under poplar
based agroforestry system, Carbon
Management. 2020;11(6):673-679.

DOI: 10.1080/17583004.2020.1840875
Sharga P, Upadhyaya SD, Sharma HL.
Litter decomposition and nutrients release
patterns under Gmelina arborea based
agroforestry system in Jabalpur region of

Kumar et al.; IJPSS, 33(23): 71-77, 2021; Article no.lJPSS.76400

13.

14.

15.

16.

17.

18.

Madhya Pradesh, India. Indian Journal of
Agroforestry. 2020;22(1):48-53

Devi S, Bhardwaj KK, Dhillon RS, Sharma
MK, Vikas, Dahiya G. Nutrient dynamics
associated with leaf litter fall under
agroforestry systems in semi-arid region of
Haryana. Indian Journal of Agroforestry.
2021;23(1):13-17.

Prasad R, Handa AK, Alam B,
Arunachalam A, Shukla A, Singh P,
Prasad N. Influence of planting geometry
of 8-year-old gum-yielding trees on soil
chemical properties in the Bundelkhand
region. Indian Journal of Agroforestry.
2021;23(1):33-40.

Nanda K. Arya S, Babu BH, Ranawat JS,
Kumar A, Kumar T. Assessment of soil
properties in  Melia dubia based
agroforestry system in semi-arid part of
Haryana. The Pharma Innovation Journal.
2021;SP-10(5):396-402.

Mevada RJ, Tandel MB, Prajapati VM,
Patel DP, Patel NK, Pathak J, Prajapati
DR. Impact of INM and intercrop on soil
properties under Teak (Tectona grandis)
based agroforestry system. International

Journal of Chemical Studies.
2021;9(1):902-906.
Momin BG, Dhara PK, Tarafdar PK.

Differential responses of arable crops with
gamhar (Gmelina arborea) and mango
(Mangifera indica) based agroforestry
system in red and lateritic soils of West
Bengal, India. Indian Journal of Agricultural
Research. 2017;51(1):86-89.

Barberi P, Carlesi S. Effect of homegarden
and parkland agroforestry practices in
ethiopia on selected soil properties. Afr. J.
Food Agric. Nutr. Dev. 2021;21(5):18115-
18130.

DOI: org/10.18697/ajfand.100.19220

© 2021 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/76400

77



