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Influence of Perennial Fodder Tree Species on Chemical Properties of
Soil Under Fodder Trees-Based Agroforestry System

GIRISH B SHAHAPURMATH*' AND SS INAMATI

ABSTRACT

The present field investigation was conducted in Northern Transitional zone of
Dharwad region at University of Agricultural Sciences, Dharwad campus,
Karnataka during the period 2018-19 and 2019-20. Seven fodder tree species were
planted at a spacing of 5 x 3m, viz., Calliandra calothyrsus, Albizia lebbeck, Leucaena
leucocephala, Sesbania grandiflora, Gliricidiasepium, Moringa oleifera and Bauhinia
purpurea during 2014. The experiment was laid out in Randomized Block Design
(RBD) with three replications. The main objective was to study the influence of
fodder tree based agroforestry system on soil chemical properties. A significant soil
improvement was observed through enhancement of soil organic matter, available
soil nitrogen, available phosphorus, available potassium and biological activity after
two years of investigation (2018 and 2019). Soil organic carbon was in the order of T’-
Leucaena leucocephala+ FC (0.776 %) > T.-Gliricidia sepium+ FC (0.774 %) > T,-Sesbania
grandiflora+FC (0.672 %) >T, - Bauhinia purpurea+FC (0.665 %) > T,-Albizia lebbeck+
FC (0.660 %) > T-Moringa oleifera + FC (0.634 %) > T,- Calliandra calothyrsus+FC (0.614
%). The highest available nitrogen, available phosphorus and available potassium
were found to have maximum in soybean as a sole crop (T, - Control), whereas,
among agroforestry systems, Albizia lebbeck + Soybean showed highest value of soil
macro nutrients before sowing and after harvesting field crops during study
periods. The study showed maximum available sulphur after harvesting soybean in
T, - Moringa oleifera+Soybean and T, - Sesbania grandiflora + Soybean. Whereas, after
harvesting safflower, it was highest in T, - Gliricidiasepium + Safflower and T, -
Moringa oleifera + Safflower. Available copper (ppm) in soil after harvesting soybean
was highest in T, - Bauhinia purpurea + Soybean and it was maximum in T, - Moringa
oleifera + Safflower after harvesting safflower during the study periods. Available
iron after harvesting soybean was highest in Bauhinia purpurea + Soybean (T,)
agroforestry system and it was found highest after harvesting safflower in T, -
Moringa oleifera + Safflower and T, - Sesbania grandiflora + Safflower. The highest
available manganese in soil was recorded in T, - Bauhinia purpurea + Soybean and T; -
Leucaena leucocephala + Soybean after harvesting soybean. After harvesting safflower,
it was maximum in T, - Moringa oleifera + Safflower andT, - Bauhinia purpurea +
Safflower. Available zinc (ppm) in soil after harvesting soybean attained highestin T,
- Bauhinia purpurea + Soybean and T, - Moringa oleifera + Soybean. After harvesting
of safflower, it was highest in T, - Bauhinia purpurea + Safflower. Available boron
(ppm) in soil after harvesting of soybean was highest in T, - Leucaena leucocephala+
Soybean. But after harvesting of safflower, it was maximum in T, - Leucaena
leucocephala+ Safflower and T, - Sesbania grandiflora + Safflower agroforestry systems.

Keywords: Chemical properties, Fodder trees, Inorganic fertilizers, Nitrogen fixation,
soil organic matter
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Agroforestry is considered as a collective name for structured
arrangements of land use and traditions, in which woody
perennial components are intentionally combined with crops
and/or animals on the equivalent land management

component. The land use systems comprising of tree, crops
and pastures contribute in enhancing soil fertility and its
quality by many ways. Many research outcomes reported the
influence of agroforestry models to prevent soil erosion,
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sustain soil organic matter, keep up soil physical properties,
supplement nitrogen fixation, enhance soil nutrient inputs,
endorse efficient nutrient cycling, decrease soil toxicities,
advance desirable soil faunal activity, expand soil water
accessibility to crops, and the role of root systems in
agroforestry (Young, 1991).

Many agroforestry systems are contributing massive
application in many tropical regions and mitigating decline in
agricultural productivity and natural resources. If fodder
trees are integrated with inorganic fertilizers, the crop yield
can be doubled or tripled in degraded lands. In zero grazing
systems, fodder trees can supplement or substitute
commercial feeds. Improved varieties of temperate and
tropical fruits can supplement household incomes and
nutrition (Bashir et al., 2006).

Tree components can influence both the supply and
accessibility of nutrients in the soil. Trees can enhance the
availability of nutrients in the course of increased release of
nutrients from soil organic matter (SOM) and recycling of
organic deposits. Many agroforestry trees provide nitrogen in
quantities to carry moderate crop yields through nitrogen
inputs by the process of biological nitrogen fixation and
improvement of nitrate from deep soil layers and cycling of
nitrogen from plant remains and compost. The cycling of
phosphorus from organic materials is normally inadequate to
fulfil phosphorus requirements of crops. Hence, sustainable
crop production with agroforestry on phosphorus lacking
soils will normally need external phosphorus inputs (Buresh
and Tian, 1998).

Agroforestry as an unconventional land managing system
deals with various global challenges. Hence, agroforestry
practices are finding enormous application in many tropical
regions and extenuating diminishing agricultural
productivity and natural resources. Trees can influence both
the supply and accessibility of soil nutrients. Trees represent
both conduits through which nutrients cycle and sites for the
accumulation of nutrients. Trees develop soil chemical,
physical and biological properties in terms of improved soil N
and organic matter, percent clay, available phosphorus, higher
total nitrogen and inorganic nitrogen, soil pH, organic carbon
(OC), cation exchange capacity (CEC) and electrical
conductivity (EC), mean moisture content, exchangeable
potassium, sodium, calcium and magnesium, available water
capacity, declined sand particles, increased clay particles, soil
organic carbon (SOC), total nitrogen, total phosphorus and
mineral nitrogen. Hence, soil microbial biomass performs as a
source and sinks for the plant nutrients contributing a
significant role in nutrient cycling and soil organic matter
(SOM) dynamics. This is the major cause in plant residue
disintegration, nutrient preservation and cycling practices in
the soil and considered necessary for soil fertility
development. So agroforestry systems are more sustainable to
farmers as a soil fertility management device when
commercial fertilizers are not available or too expensive and
continuous monocropping practices have deleterious effect
on fertility of soils leading to degraded lands. Hence,
integration of trees into the farmlands is highly
recommended. With this background and ideas in view on
issues concerned with the soil enrichment and nutrient
cycling under agroforestry system, a field experiment on the

effect of different fodder tree species on soil chemical
properties was studied under agroforestry system.

MATERIALS AND METHODS

The present field investigation was carried out in existing
fodder plantation for two years during kharif and rabi seasons
of 2018-19 and 2019-20 to study the effect of different fodder
tree species on chemical properties of soil under agroforestry
system at University of Agricultural Sciences, Dharwad,
Karnataka. The experiment was conducted in Kharif and Rabi
seasons during 2018-19 and 2019-20 at Dharwad campus
which is located at 15° 26' North latitude and 75° 0" East
longitude, with an elevation (altitude) of 678 m above mean
sea level. The experimental plotis situated in transitional tract,
representing Northern Transitional climate zone (Zone 8) of
Karnataka (Fig. 1). Soil of the experimental location is medium
deep black in nature. The composite soil sample was collected
from 0-15 cm soil depth from the site before the initiation of the
experiment. The soil samples were air dried, powdered and
allowed to pass through 2 mm sieve and were analyzed for
chemical properties.

Fig. 1: View of fodder tree species based agroforestry system
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Seven fodder tree species viz., Calliandra calothyrsus, Albizia
lebbeck, Leucaena leucocephala, Sesbania grandiflora, Gliricidia
sepium, Moringa oleifera and Bauhinia purpurea were planted
during 2014 at a spacing of 5 x 3 m and the plot size was 15 x 12
m with 12 trees per treatment. The experiment was laid out in
Randomized Block Design (RBD) with three replications in an
established plantation. Land was ploughed after the harvest
of the previous crop and harrowed twice to crush the clods
and brought to fine tilth before sowing intercrops (soybean
and safflower). The pruning of fodder tree species was done
thrice in year at 2 m height. Annual cultural operations were
carried out in fodder based agroforestry system as per the
package of practices.

The composite soil samples were collected from 0-45 cm soil
depth from the net plots of different fodder trees in three
stages viz., Before sowing of intercrops, After harvesting of
soybean and After harvesting of safflower, from each
representative sample plot in all replications from 0-45 cm
depth after scraping away the litter before initiation and at the
end of the experiment during 2018 and 2019. The soil samples
were air dried, powdered and allowed to pass through 2 mm
sieve and analyzed for chemical properties by adopting
standard procedure viz.,, pH, Electrical Conductivity,
Available nitrogen, Available phosphorous, Available
potassium, Soil organic carbon, soil moisture and also for
secondary and micronutrients of soil such as available
sulphur, copper, iron, manganese, zinc and boron using
standard procedures.

The statistical analysis was done in simple Randomized Block
Design with 8 treatments and 3 replications for the period of
2018-19 and 2019-20 independently. Then the pooled data for
both the year (2018-19 and 2019-20) was statistically analysed
considering the mean value. The pooled data analysis for both
the years was done. Simple correlation (Pearson correlation
coefficient) analysis was carried out to study the influence of
fodder trees and field crops on soil chemical properties under
agroforestry systems.

RESULTS AND DISCUSSION

The land use systems consisting of tree, crops and pastures
play a significant role in recuperating soil fertility and its
quality by numerous ways. Nair (1984) reported that
agroforestry (agri-pastoral) systems have the potential to
preserve soil organic matter, improve soil physical properties
and boost nitrogen fixation and support efficient nutrient
cycling (Table 1).The nutrient content in soil is one of the
determining factors for the growth of fodders and forages
(Adams and Rieske, 2003). The quality and quantity of fodder
are influenced by the type of soil and stage of growth of fodder
trees (Anonymous, 1991; Kim et al., 2001).

During the present study (2018), soil organic carbon (%)
varied significantly after harvesting soybean and safflower
crops under fodder tree based agroforestry system with a
range of values from 0.439 to 0.975 per centand 0.783 and 1.007
per cent respectively. Among fodder tree based agroforestry
systems, Gliricidia sepium+ Soybean (T;) and Leucaena
leucocephala+ Safflower (T,) recorded the highest soil organic
carbon (0.975 and 1.007 %)and the least was reported in T, -
Calliandra calothyrsus+ Soybean (0.439%) and in sole crop
(0.783 %).

The addition of litter fall and fine root in the soil turnover may
increase soil organic matter concentration. The fodder tree
based agroforestry systems improved soil conditions by
increasing total soil organic matter and biological activity
after 6-7 years of establishment. After two years of
investigation (2018 and 2019), the soil organic carbon content
in the soil under fodder tree based agroforestry systems is in
the order of T, - Leucaena leucocephala + FC (0.776 %) > T; -
Gliricidiasepium + FC (0.774 %) > T, - Sesbania grandiflora + FC
(0.672 %) > T, - Bauhinia purpurea +FC (0.665 %) > T, - Albizia
lebbeck + FC (0.660 %) > T, - Moringa oleifera + FC (0.634 %) >T, -
Calliandra calothyrsus+FC (0.614 % (Table 2). So, organic matter
inputs from trees in the form of litter fall and fine roots
contributed to increased soil organic matter content. The
organic matter content in the soil for different tree species is in
the order of Acacia>Populus > Eucalyptus. Similar studies by
Kaur (1998) showed that Acacia nilotica alone or in
combination with crops caused greater improvement of soil
organic carbon content closely followed by Populus and
Eucalyptus based systems. Further organic matter
dynamics studies found that the litter accumulation on the
ground floor was higher in Acacia based systems as
compared to agroforestry systems with Populus and
Eucalyptus (Singh and Gill, 1992; Singh et al., 1997; Bhojvaid et
al., 1996).

Besides litter fall, the fine roots might have contributed to soil
organic matter which accounted for more total dry matter
input to the soil resulting in higher soil organic carbon. Under
the present study, sole crop plot attained lower values of soil
organic carbon as compared to fodder trees due to less litter
accumulation. Similarly, Yang and Singh (2004) concluded
that lower soil organic carbon in agricultural soils was
attributed to low organic matter input coupled with reduced
physical protection of soil organic carbon as a result of tillage
and oxidation of soil organic matter.

In comparison to 2018, there was increase in available nitrogen
during 2019 for each treatment under fodder tree based
agroforestry systems. This might be due to addition of more
litter accumulation during 2018 resulting in more
decomposition of litter. The sole crop plot (Ty- control)
recorded the highest available nitrogen (254.09, 256.90 and
260.92 kg ha') as compared to all agroforestry systems
studied. Among fodder tree based agroforestry systems, the
treatment Albizia lebbeck (T,) observed higher value of
available nitrogen (253.11, 255.87 and 259.09 kg ha™) and the
lowest (231.67, 235.46 and 238.69 kg ha™) was registered in the
treatment T, - Sesbania grandiflora.

The present data showed that the extent of increase in
available nitrogen in soil was 4.72 and 5.86 per cent during
2018 after harvesting soybean and safflower crops
respectively in Gliricidia sepium + FC (T;) under fodder tree
based agroforestry system compared to before sowing field
crops. But in 2019, the extent of increase in available nitrogen
was only 1.64 and 3.03 per cent in Sesbania grandiflora+ FC (T,)
compared to sole crops (Table 2). The contribution of Gliricidia
sepium + FC (T;) and Sesbania grandiflora + FC (T,) was more to
the available nitrogen in soil due to their leguminous and
nitrogen fixing properties as compared to other fodder tree
systems.

There was a consistent increase in available nitrogen in soil
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after harvesting of soybean and safflower crops under fodder
tree based agroforestry system as compared to before sowing
field crops. This was attributed to incorporation of crop
residues after harvesting crops and adding more organic
matter and these leguminous fodder tree species under
agroforestry system might have also influenced and
contributed in the form of litter to gradual increase in available
nitrogen in soil. Higher value of available nitrogen under
Albizia lebbeck (T,) was attributed mainly to its nitrogen fixing
ability with adequate root nodules as compared to other
fodder tree species. The results are in agreement with
Kadiata and Mulongoy (1995) who reported that Albizia
lebbeck accumulated significantly more nitrogen than Leucaena
leucocephala and Gliricidia sepium. This superiority
in nitrogen yield was due to its abundant nodule dry
weight production which accounted up to 10.8 per cent
of its total nitrogen. This was equivalent to 2.5 and 6.0
fold of Gliricidia sepium and Leucaena leucocephala nodules,
respectively.

Higher nitrogen availability under agroforestry system may
be attributed to high organic inputs from the trees. For certain
tropical agroforestry systems, Haggar et al. (1993) showed that
an efficient uptake of nitrate by trees was more at closer to
trees and higher rates of N mineralization close to the trees
may be due to the rhizospheric effects. Yadav et al. (2008)
opined that litter fall and disintegration are the two major
aspects leading to soil improvement in agroforestry. There
was considerable build up of soil organic carbon and available
nitrogen in the agrisilvicultural systems under Prosopis
cineraria. A study by Singh ef al. (1989) showed an increase in
available nutrients due to mineralization of nutrients from
litter fall, fine roots and release of nutrients from the residual
soil reserves.

The results revealed that the extent of increase in available
phosphorus in soil during 2018 after harvesting soybean and
safflower crops was 8.81 per cent in Calliandra calothyrsus + FC
(T)) and 23.08 per cent in Sesbania grandiflora + FC (T,)
respectively under fodder tree based agroforestry system over
the soil collected before sowing field crops. Whereas in 2019, it
was 10.95 per cent in Sesbania grandiflora + FC (T,) and 6.66 per
cent in Albizia lebbeck + FC (T,) over the soil without crops as
compared to control plot (sole crop).This gradual increase in
available phosphorus in soil after harvesting soybean and
safflower crops under fodder tree based agroforestry system
as compared to before sowing field crops was attributed to
incorporation of crop residues after harvesting intercrops.
This in turn added more organic matter and also these fodder
tree species could have contributed due to litter
mineralization.

Among the cropping periods, there was depletion in available
phosphorus during 2019 as compared to 2018. This might be
due to leaching of nutrients through excess rainfall both in
kharif and rabi seasons during 2019. This could be the reason
for affecting the growth and yield of intercrops during the
period. Among the fodder tree systems, Calliandra calothyrsus
+FC (T)), Sesbania grandiflora + FC (T,) and Albizia lebbeck + FC
(T,) have a greater influence on available phosphorus due to
litter mineralization.Under a similar study, Singh and Sharma
(2012) observed that available phosphorus was higher under

kikar (9.5 mg kg') beneath trees as compared to shisham and
khair in the surface layer as well as whole soil profile
indicating importance of tree plantation in improvement of
nutrient availability in the soil profile. Yadav et al. (2008)
opined that there was significant build up of soil organic
carbon and available phosphorus with Prosopis cineraria under
agrisilvicultural systems.

Ramesh et al. (2013) reported that presence of multipurpose
tree species (MPTs) (Michelia oblonga, Parkia roxburghii, Alnus
nepalensis and Pinus kesiya) in Meghalaya (India) improved all
the physico-chemical and microbial biomass parameters. Soils
under multipurpose tree species showed significant increase
of available phosphorus (28 %) as compared to control. In a
similar study by Swain (2014) opined that significant increase
in the availability of phosphorus was observed in the mango
orchard soils with intercropping of legumes. In another study,
Shehnaz (2014) noticed an increase in available phosphorus
under poplar over control (no tree canopy) in surface layers of
soil from 3.4 to 32.8 per cent and opined that poplar was
superior to eucalyptus in enriching the soil.

Singh et al. (2014) reported that available soil phosphorus was
significantly higher under poplar based agroforestry system
as compared to open farming system in Uttarakhand resulting
a marked improvement of available phosphorus (12.41 %) in
agroforestry system over open farming system. In another
study, Pellegrino et al. (2011) observed an increase in soil
available phosphorous by about 30-71 per cent in the triannual
cutting cycles of poplar stand as compared to maize-wheat
cropping system. Singh ef al. (1989) showed an increase in
available nutrients was due to mineralization of nutrients
from litter fall, fine roots and release of nutrients from the
residual soil reserves. Among fodder tree based agroforestry
systems, Albizia lebbeck (T,) recorded the highest available
potassium (266.06, 270.87 and 274.86 kg ha')and Sesbania
grandiflora (T,) has the least values of 225.33, 226.81 and 234.23
kg ha' as compared to other treatments. However, sole crop
plot (T - control) recorded maximum (362.27, 369.70 and
377.03 kg ha') as compared to other agroforestry systems
(Table 3).

Before sowing field crops during 2019, available potassium
(kg ha™) varied significantly among treatments under fodder
tree based agroforestry systems with values ranged from
233.80t0320.55kgha". Available potassium (kg ha") increased
in each treatment from 2018 to 2019 under fodder tree based
systems. The sole crop plot (T, - control) recorded the highest
available potassium (320.55, 326.32 and 330.03 kg ha") as
compared to other agroforestry systems. Among fodder tree
based agroforestry systems, Albizia lebbeck (T,) observed
higher values of available potassium (284.89, 295.74 and
303.45 kg ha™). The lowest value (233.80, 240.56 and 250.55 kg
ha') was registered in the treatment T,- Sesbania
grandiflora.The present results showed that the extent of
increase in available potassium in soil during 2018 after
harvesting soybean and safflower crops was 3.96 and 7.11 per
cent respectively in Leucaena leucocephala + FC (T,) under
fodder tree based agroforestry system over before sowing of
field crops. However, in 2019, it was 3.81 and 6.51 per cent
respectively increase in Albizia lebbeck + FC (T,) over no crops
as compared to open control plot.
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Available potassium in soil gradually
increased after harvesting of soybean and
safflower crops under fodder tree based
agroforestry system as compared to the soil
before sowing field crops. This was
attributed to external fertilization to crops
and also incorporation of crop residues
after harvesting of crops and adding more
organic matter and these leguminous
fodder tree species under agroforestry
systems might have also influenced and
contributed in the form of litter to gradual
increase in available potassium in soil.But
there was no considerable difference in
extent of increase in available potassium
among the cropping periods studied
(2018 and 2019) both in kharif and rabi
seasons in sole crops, however, among the
fodder tree species, Leucaena leucocephala +
FC (T,) and Albizia lebbeck + FC (T,) have
greatly influenced potassium content
compared to other fodder tree species
under agroforestry system.

The study conducted by Singh and Sharma
(2012) observed that available potassium
was higher under kikar (142 mg kg')
beneath trees than shisham and khair in the
surface layer as well as whole soil profile.
Higher available potassium content under
trees suggested that tree plantation can
improve the nutrient availability in the soil
profile. Yadav et al. (2008) opined that there
was a considerable development of soil
organic carbon and available potassium
with Prosopis cineraria under agrisil-
vicultural systems. Ramesh ef al. (2013)
reported that soils under multipurpose
tree species (MPTs) showed significant
increase of available potassium (50 %)
than control due to presence of multipur-
pose tree species wviz.,, Michelia oblonga,
Parkia roxburghii, Alnus nepalensis and Pinus
kesiya, in Meghalaya (India) improving all
the physico-chemical and microbial
biomass parameters. In a similar
investigation by Das et al. (2017), the
maximum available potassium was
recorded in Mango + No filler + Cowpea
(236.11+26.9 kg ha") among the different
combinations, whereas the minimum
value was recorded in case of Mango +
Gamhar + Cowpea (143.87£18.6 kg ha™).
Hence, the depletion in the available
potassium can be attributed to higher
uptake by the filler plants.

A study by Shehnaz (2014) noticed an
increase of available potassium over
control (no tree canopy) in surface layers of
soil from 5.8 to 24.3 per cent and concluded
that poplar was superior to eucalyptus in

Table 3: Soil chemical properties (Available P205 and K20) as influenced by fodder tree based agroforestry systems at different cropping stages

2019

After harvesting
safflower

Available
K (kg ha?)

293.56

303.45

284.09

250.55

260.11

268.31

284.66

330.03

6.153
18.844

Available
P (kg ha)

41.98

43.08

35.29

33.48

33.99

35.05

37.43

44.04

1.589
4.866

After harvesting soybean

Available
K (kg ha?)

286.15

295.74

276.38

240.56

252.40

260.60

276.95

326.32

6.318

19.35

Available
P (kg ha)

39.46

40.39

34.79

31.10

31.50

33.89

36.27

42.88

1.650
5.054

Before sowing field
crops

Available
K (kg ha?)

279.39

284.89

269.62

233.80

243.68

253.83

271.94

320.55

6.893
21.109

Available
P (kg ha?)

37.56

37.99

32.66

28.03

28.23

32.41

34.13

41.40

1.501

4.596

2018

After harvesting

safflower

Available
P (kg ha)

Available
K (kg ha?)

267.53

274.86

261.80

234.23

235.86

246.02

264.13

377.03

11.996
36.739

35.24

35.33

30.33

25.70

25.90

30.09

3247

39.08

1.537
4.706

After harvesting soybean

Available
K (kg ha?)

257.45

270.87

254.09

226.81

228.18

239.04

257.33

369.70

13.527
41.429

Available
P (kg ha)

33.71

33.80

28.80

22.84

23.05

28.56

3041

3791

1.613
4.939

Before sowing field crops

Available
K (kg ha?)

254.36

266.06

244.42

225.33

226.91

238.69

249.89

362.27

11.866
36.339

Available
P (kg ha?)

30.98

32.31

27.31

20.88

21.34

26.73

28.25

34.85

1.826
5.591

Agroforestry

system

T1 - Calliandra

calothyrsus+ FC

T2 - Albizia lebbeck

+FC

Ts - Leucaena

leucocephala + FC

Tas- Sesbania

grandiflora + FC

Ts-

Gliricidiasepium +

FC

Ts - Moringa
oleifera + FC

T7- Bauhinia

purpurea +FC

Ts- Sole Crop —
Soybean -

Safflower
SEm +

CD @ 5%

FC - Field Crop; Age of the fodder tree plantation — 5 years (2018) and 6 years (2019)

47



[Journal of AgriSearch, Vol.11, No.1]

Shahapurmath ef al

March 2024

(6107) s1eak 9 pue (8107) s1ea4 g — uonejueld 9913 19ppoy ayy yo a8y ‘do1) pRL] — D

6L°0 06L°0 Pr8’1 6€S°1 LLE'T 8861 88L°0 8LL'0 £€98°'1 W'l SN 9€6°'S %S ® Ad
6ST°0 8570 7090 €0S°0 9LL'0 6V9°0 LST0 ¥ST0 809°0 9¢€°0 9€6°0 8€6°'1 FWwys
L9°81 Slree ee Il (| a4 9 8Y'L ¥6'9C 70'1¢€ 10°01 SYL1 8¢€'¢ S99 Jomopjyes
- ueaqAog —doi) 9[oS - 81,
€861 e8Il €L'8 ¢6'1¢ L'y 9701 LO'8L 11°€T 17’9 L1°C1 €L'e SL'L od
+ paand.and prurynvg - L],
1971 Y6'L1 0T'8 (444 79'¢ (44! L8'TT S8'¥T 68'S 0S'11 £€e'¢ 19'8 D + 42f12]0 DSULIOP -9,
8011 96l LTS 8891 67T £5°6 eyl 9¢'81 ¥6'v 966 S8'1 0L9 Dd + wnidasoipiora]n - S
vrel €I'1e 9¢'y 0T'sT LY'T £€9'6 0L'1T $0°0C 10°¢ 1¢€°8 [44 089 o4
+ DA0}fipupa3 PIUDGSAS - V],
YA GS81 016 0L'ST a4 176 9%°81 91 LL'Y SL'TT £€ee 866 od+
ppYdad0ona] bUPINIT - €],
S9°6 £e6l 78'¢ 149! 11'c r'6 LO'TI ¥T'81 08T 6T6 L8] 19'8 D4 +¥22992] viziqy - L
05’8 9¢€°0T 149 % STl LL'E 67’8 8691 961 8I'Y 79°01 06C 00'6 Dd +snsidiyrojps
pipuvlyp) - 11,
(wdd) e_“.w& (wdd) A.Mw& e__.._m,wv ?wm& (dd) (wdd) A.”m: Eww& (wdd) e_“&
AR dlqe[reAy VI RIqEIEAY Jlqe[reAy dqeeAy dqereAy UINFIquIIEAY 9.0 JIqE[ieAY JqereAy dlqe[reAy AL dlqe[reAy
TROES d : : : : : d WI)SAS A1)S2.10J0I3Y

Junsaarey 1)y

uedqAos SunsIAley 1)y

sdo.ad ppoy Suimos diojg

JTIMO[JJes SunsdATey 1AV

uedqAos SunsIAley 1)y

sdoad pray suimos daog

6107

8107

sadeys Surddo juaraggrp Je swaysAs A13s9105013e paseq 9913 IDPPOJ Aq paduINIFuI sk (9saueuey pue UOI] A[qe[IeAY) SJUSLIFNUOIIIW [0S G d[qeL

(6107) stea4 9 pue (8107) s1eak G — uoryejuerd 9913 1ppoy ayj jo a8y ‘dox) pror] — D

10T°0 8¢€6'L L4990 018’1 SN SN 080°0 796’1 990 a8 SN SN %S @ dD
€€0°0 €€9°0 810 16S°0 aer0 SLL'E 920°0 9€9°0 [7AN] 96S°0 €ev'0 TLLE FWwys
96V 92°0¢ e LTTE 66'C 009¢ 06'C LY LT 9CY 09'6¢ ¥6'C (\ra 74 I9MOjJeS -
ueaqAog — dorD) 370G -8],
VAN 16'9C e 26'cT 9'C 6L'61 19C 60'7¢C €e'e qeee ¢I'e 78'L1 od
+ vaindind viunynvg -1,
14T 1¢°8¢C (4% [4ard €ee T 74 79°C ¥¥'ac €Ce L8YE €e¢ (o4 DA + v42f1210 vSULION - 9],
8C'T 04°GC 8€'C 66°L1 €€'C 84°81 1c¢C 96'C¢ ¥CT €€°9¢ 00C 0€91 DA +wmdasviprad - S L
1ce 99°¢C a9C 60'9C €eC a8'81 91°C 06'cc 19¢C erve 454 0s'21 od
+ DAOLfipupLS v1IUVQSIS - v,
'rar4 ar'le 84T r4 4 94'C 9T'¥C 0C¢T <99°0C e Ge9t €CC 1cce od+
pYdas0ona) puavona - €1,
'rar4 ¥9°CC 79T 61°0C 0¥'¢ 0081 0C¢T 861 K4 6V'1C yAN4 qr91 D4 +292qq9] v1z1q]y -<1,
9¢¢ Ir'6l e ar'el c0C vyl 0S¢ 6€91 76'L 67l 68’1 6CClL DA +snsihifjopvo
pApUDIILD) - 1],
(wdd) np (wdd) g [(udd)np (wdd) g (wdd) np (wdd) g (wdd) np (wdd) g (wdd) np (wdd) g (wdd) np (wdd) g
d[qe[reay dqe[reay | 3d[qe[reay d[qereay d[qereay d[qe[reay d[qe[reay d[qe[reay | d[qe[reay dqe[reay | d[qe[reay d[qe[reay
A A A
IaMoO[JJes ueaqAos sdox> ppoyy Burmos 210508 IaMo[jJes ueaqAos sdomn wdysAs A13sarojordy
Gunsaarey 123y Sunsaarey 213y Gunsaarey )3y Sumnsaarey )V P13y Suimos axojag
610C 810C

sadeys Surddo juaragrp Je swaysAs A13sa10j013e paseq aa1) 19ppoj Aq pasuanyyut se (roddo) pue myding ajqe[reay) syusrynuoIdIW 10S pue ATepu0dag :f3[qel,

D
<




[Journal of AgriSearch, Vol.11, No.1]

Chemical properties of soil under fodder tree - based agroforestry

enriching the soil. Similarly, Singh ef al. (2014) reported that
available potassium was significantly higher (6.20 %) with
marked improvement under poplar based agroforestry
system as compared to open farming system in Uttarakhand.
Vishwanath (2013) reported that the soil fertility was
significantly better in association with biofuel trees compared
to open field in Bengaluru in which available potassium
(304.67 kg ha) was significantly higher under agroforestry
system.

The study showed available nutrients increased due to
mineralization of nutrients from litter fall, fine roots and
release of nutrients from the residual soil reserves (Singh ¢t al.,
1989). A similar study conducted by Gindaba ef al. (2005)
concluded that Croton macrostachyus and Cordia africana trees
on farms keep soil nutrient high via protection against
leaching, translocation of nutrients from deeper to the surface
layer and accumulation of litter, which create a temporary
nutrient pool in the surface soils under their canopies. Similar
results were also established under alley cropping
agroforestry systems.

Soil micronutrients are important elements for plant growth
but required in small quantities. Deficiency of micronutrients
can result in severe crop failure while excess levels can lead to
health hazards. Therefore, investigating status of
micronutrients in soil under agroforestry systems is crucial.
The soil micronutrients are relatively in small amounts and
soil supplies sulphur, iron, manganese, boron, molybdenum,
copper, zingc, chlorine and cobalt which are known as soil
micronutrients. The main sources of soil micronutrients are
inorganic forms from parent material and organic forms
within humus, though deficiency or toxicity can mostly be
attributed to the parent material (Ritchie ef al., 2007; Joy et al.,
2015).

The available sulphur as secondary nutrient indicates
elemental sulphur and other forms as found in soil organic
matter. They must be converted to the sulfate (SO,) form to
become available to the crop. This sulphur is available to crops
when the roots reach this area of the soil. In the present study,
available sulphur of soil after harvesting soybean crop was
recorded maximum in T, - Moringa oleifera + Soybean (34.87
ppmin 2018) and T, - Sesbania grandiflora+ Soybean (26.09ppm
in 2019). Whereas, available sulphur in soil after harvesting
safflower observed highest in T, - Gliricidia sepium+ Safflower
(32.95 ppm in 2018) and T, - Moringa oleifera + Safflower
(28.21ppm in2019) (Table 4).

Copper availability depends on organic matter and soil pH,
and copper accessibility declines as soil organic matter
increases. Organic matter binds copper more firmly
compared to other micronutrients. After harvesting soybean,
available copper (ppm) in soil was highest in T, - Bauhinia
purpurea + Soybean agroforestry system (3.33 and 3.44ppm
respectively in 2018 and 2019). But after harvesting safflower,
maximum values were noticed in T, - Moringa oleifera +
Safflower agroforestry system (2.64 and 2.71ppm in 2018 and
2019 respectively).

Available iron is the fourth most abundant element found in
soil though it is largely present in forms that cannot be taken
up by plants. In small amounts, iron is essential for healthy
plant growth. Organic matter provides iron and makes it more

readily available. After harvesting soybean during the periods
of investigation, Bauhinia purpurea + Soybean (T,) agroforestry
system recorded higher values of 12.17and21.92ppm available
ironin soil during 2018 and 2019 respectively. After harvesting
safflower crop, T, - Moringa oleifera+ Safflower and T, - Sesbania
grandiflora + Safflower (24.85 and21.13 ppm) noticed highest
values during 2018 and 2019 respectively (Table 5).
Manganese is available in soil pH lower than 7.0 but its
toxicity might occur at soil pH lower than 5.5 whereas at a
higher soil pH, manganese solubility is reduced. In fact,
manganese deficiency is more common in soils with high
organic matter content than in alkaline soils. After harvesting
of soybean during the study periods, the highest available
manganese in soil was recorded in T, - Bauhinia purpurea +
Soybean (6.41ppm) and T, - Leucaena leucocephala + Soybean
(9.10 ppm) respectively. After harvesting safflower, maximum
values were recorded in T, - Moringa oleifera + Safflower
(22.87ppm)andT, - Bauhinia purpurea + Safflower (19.83ppm)
(Table5).

Available zinc (ppm) in soil was insignificantly influenced by
fodder tree based agroforestry systemsbefore sowing of field
crops but varied significantly after harvesting field crops
(soybean and safflower) during 2018 and 2019. Available zinc
is one of the eight essential micronutrients and it is needed by
plants in small amount but crucial to plant development. After
harvesting of soybean, available zinc (ppm) in soil attained
highest in T, - Bauhinia purpurea + Soybean (1.600ppm in 2018)
and T, - Moringa oleifera + Soybean (1.162ppm in 2019). But
after harvesting safflower, the maximum available zinc (ppm)
in soil was recorded in T, - Bauhinia purpurea + Safflower
(0.850and 0.979ppm respectively during 2018 and 2019) (Table
6).

Available boron helps to control the transport of sugars in
plants. It is important for cell division and seed development.
As a micronutrient, the amount of boron in soil is minute, but
among micronutrients, boron deficiency in plants is the most
common. Available boron (ppm) in soil after harvesting
soybean was highest in T, - Leucaena leucocephala +
Soybean (0.375ppm) and (0.435 ppm) agroforestry system.
After harvesting safflower, the highest available
boron (ppm) in soil was recorded in T, - Leucaena leucocephala+
Safflower (0.777ppm in 2018) and T, - Sesbania grandiflora +
Safflower (0.612 ppm in 2019) agroforestry systems
(Table 6).

The present results indicated that most of the micronutrients
studied did not varied significantly before sowing field crops
under fodder tree based agroforestry systems, but increased
after harvesting (soybean and safflower). Results showed that
fodder tree species studied wviz.,, Moringa oleifera, Bauhinia
purpurea, Leucaena leucocephala and Sesbania grandiflora with
field crops (soybean and safflower)contributed more to soil
micronutrients. This could be due to incorporation of more
litter to soil after harvesting field crops under agroforestry
systems. This might be attributed to favourable pH and
organic matter through parent material and organic forms
within humus. A study by Murphy ef al. (2008) and Ali (2014)
reported the factors which play important role in regulating
micronutrients include soil pH, oxidation state, organic
matter, mycorrhizae and organic compounds.
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The possible reasons for low micronutrients could be due to A
unfavourable soil pH, intensive cropping, the use of high w | 2 g G I e B S R S
yielding varieties, and unsuitable fertilizer application «E I Rl B o B B o o R B o g
strategies practiced by small land holding farmers (Panday ef z % :
al., 2018). As legume constitute a major crop share, the lower 2 E| N
. . St @ 2 —
boron affects the nodulation in legume plants and can greatly &7 2§ 28 & gzBIRl glElE
reduce yield (Andersen, 2007; Shrestha et al., 2005). Improper < '§ S Sl8 S Slslsls|] =SS
use of fertilizer practices and mismanagement of land <
resources have been accelerating deficiencies of - e
micronutrients. In a similar study, Bhola and Mishra (1998) SlEa E ool wl wlslgle|l glelg
reported that available zinc, copper, iron and manganese in z ;;‘ A [Red B Bt] o] D] Jat] B et o
soil were significantly higher under the Nitrogen Fixing Trees " 2
(NFTs) at all peripheral distances as well as soil depths than S I
. . .. o |N| Z o -~
controls (open plots adjacent to plantation plots). A declining 3 S12E| =z gl slzlel=l z|sle
. . . = 3 =
trend in amount of available nutrients was observed towards & 3 & 22 2 oSl 222
greater peripheral distance and soil depth. The maximum & Z| =
build up of available copper, iron and manganese was noticed o
o . . o
under A. nilotica and the maximum zinc was observed under = g1z
A. lebbeck. & 2= E 28 2 2EREl 22
The mean organic carbon levels under the canopies of = E 2 8 3|8 | s|s|sle| 3|9
peltophorum and combretum were 47 per cent and 55 per cent g o
higher than in the open grassland of South Eastern Botswana. g B
Exchangeable potassium, magnesium, calcium and CEC were g s 12 _8 oo o olalalsl =l
. . . . ) 5258 S0 g xS TS|
66-106 per cent higher than their respective levels in the open > € I1ENE == g sigI|lel ==z
“Ls 0 2z T 2= 2 clelele] ef°
grassland (Aweto and Dikinya, 2003). In another study by >
Singh et al. (2011), the influence of three tree species viz. dek, 2 -
shisham and eucalyptus was assessed on the available :@ g é 2l olol o olelelel olele
micronutrients in the soil profile up to 120 cm depth. They 2 £ 2% SERAE S R e N
. . .. . . < s |z = sls sl olslsls| s|s8|S
found that the micronutrient accumulation in soil profile was z e =
higher under the tree species as compared to control. The Q g
available zinc, iron, manganese and copper decreased S z 2 N
significantly with increase in depth. These were higher under 0 2 ==& g8 %l 2izlz@ glEE s
. . B 5 [ENE 2oa| | «|a=ixl =2z &
dek and eucalyptus than shisham and control at two different 5 o e I S I I E S S el A e
sites. Also, the content of manganese was the highest and that % < s
of copper the lowest in control or under tree species among 5;’\ s | % z
four micronutrients. In another study, Singh ef al. (2007) also Q § = E | slgl o glelmlal Iiwle e
. . e > | = & Sl o qlqlajal K|S §
reported that zinc, iron, manganese and copper (0.473, 7.77, g g 5= sls| | slslsls| SlS|S| &
1.05 and 0.116 kg ha’, respectively) were recorded under g l=l 2| ‘2
poplar and returned to soil through litter fall in 5 year old 2 (] § © )
plantation. E 2|88 alt| o ololals] olwls| &
< TlENg N ¥ SR[EIR £g5 8
= 5128 S8l < Slsl=lEl =EE] >
CONCLUSION 5 g |= o
The fodder tree based agroforestry system improved soil g ::
conditions by increasing soil organic matter, available soil o 212 = 2
nitrogen, phosphorus, potassium and biological activity after & ElEa g BIE 3 2laBE| glaly £
gen, phosp /P & ty s SI1BR 8 S5 & =E=E8 S&Z7]
5 to 6 years of establishment of fodder tree based agroforestry & ?:, - I b T T o e i W %
systems. Among agroforestry systems, Gliricidia sepium+ N Eu = g
Soybean (T,) and Leucaena leucocephala+ Safflower (T,) < E N B
recorded the highest soil organic carbon. After two years of =3 2| 2E| 28 = 2582 28w B
. . . . > t =2 ZIZ 2 22ze 2HoE s
investigation (2018 and 2019), the organic carbon content in < E1ET] SISl 2 Sl°ee] <Ifl |8
the soil under fodder tree based agroforestry systems was in yé A= )
the order T;- Leucaena leuicocephala+FC >T;- Gliricidia sepium + 2 N O f..:
FC>T4—‘Sf{sbanlagrandgflora+FC>T7-Bauh1nu‘1purpurea +FC> *é £ g o :‘; E QR I s °
T, - Albizia lebbeck + FC > T, - Moringa oleifera + FC > T, - 5 £ N el i e R R o0
. . . . . 5 ES MRS N <
Calliandra calothyrsus+ FC. Soil macro nutrients viz., available -3 s EREEREEEEEE 8,
. . . . Q
nitrogen, available phosphorus and available potassium g % s % ﬁ ) § NH L e
recorded before sowing and after harvesting field crops R 3 E N '§ 3 §oj§ 3 e %
during the period of investigation were significantly g £ § R é é EE 2| e
influenced by fodder tree based agroforestry system. The % < e A Q% ol N E|E g) er
highest available nitrogen, available phosphorus and = il A e o A R A O~
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available potassium were found to have maximum in soybean
as a sole crop (T, - Control), whereas, among agroforestry
systems, the treatment Albizia lebbeck + Soybean showed
highest value of soil macronutrients before sowing and after
harvesting field crops during study periods.
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