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Abstract: Silivipastoral systems having trees and grasses
play an important role in providing fodder for sustainable
livestock production in arid region, prevent soil erosion,
conserve soil moisture and add organic matter to soil. A field
experiment was initiated on the silvipastoral system having
different trees species i.e., Hardwickia binata, Ailanthus excelsa
and Colophospermum mopane in association with Cenchrus
ciliaris grass at ICAR-CAZRI Jodhpur, India in the year 2003.
Observations on growth, biomass production and organic
soil carbon content were recorded during kharif season in
the year 2015. Maximum plant height was recorded in case of
H. binata whereas minimum was recorded for C. mopane. The
highest canopy area was recorded in C. mopane, whereas least
canopy area was recorded in case of H. binata. Highest DBH
was recorded for C. mopane and least for H. binata. Specific
gravity of wood of C. mopane was maximum whereas it was
minimum in A. excelsa. The AGB of C. mopane (13.5 t ha') was
maximum among the tree species whereas it was minimum in
case of A. excelsa (2.6 t ha™). Root biomass of C. mopane (3.51 t
ha') was maximum whereas least was recorded for A. excelsa
(0.67 t ha'') which was at par with that of H. binata (0.74 t ha™).
The highest amount of carbon was sequestered by C. mopane
tree (8.51 t ha') and least by A. excelsa (1.63 t ha™) which was
comparable with that of H. binata (1.80 t ha™). Total Carbon
sequestered by C. mopane based silvipature system. (10.19 t
ha™) was higher as compared to H. binata (3.69 t ha™) and A.
excelsa (4.45 t ha') based silvipasture systems. These results
would help in selection of suitable silvipasture system for the
arid regions of Rajasthan for sustainable land use management
and increase carbon sequestration.

Key words: Arid region, carbon sequestration, grass, silvipastoral
system.

Arid and semi-arid regions are associated with less
vegetation, high rate of deforestation and land degradation.
Approximately 75% of total area of hot arid region is degraded
and not suitable for annual crop production (Dhurvanarayan,
1993). Low and erratic rainfall worsens the situation; making
most of the seasons unfit for crop growth and intensifies the
process of land degradation coupled with high wind speed.
Indiscriminate use of the natural resources, high density of
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human and cattle population, and unscientific
land use practices have further accelerated
land degradation processes, causing reductions
in biodiversity and soil quality (Sidhu et al.,
2007). Under such circumstances, silvipasture
system can help in reclaiming the degraded
land and stabilizing the land use system for
sustainable livelihood security. Silvipasture
system is an ideal alternative for development
of such degraded lands (Rai, 2008). Besides,
this particular land use system has the ability
to enhance resilience of the system for coping
with the adverse impacts of climate change.
Land productivity in arid region is very low
due to poor fertility and low water holding
capacity of soils. In such situations, forage based
silivipastoral system could be a promising and
sustainable technology as trees and grass in
the system prevent soil erosion, conserve soil
moisture and add organic matter to soil.

Silvipasture systems provides a unique
opportunity to combine the twin objectives
of climate change adaptation and mitigation
as well as ensuring the availability of fodder
throughout the year even during the lean
period which helps livestock rearing activities.
There are many recent studies that substantiate
the evidence that silvipasture systems can play
a major role in storing carbon in above ground
biomass, soil and below ground biomass.
Some of the earliest assessments of national
and global terrestrial carbon dioxide sinks
reveal two beneficial attributes of silvipasture
systems (a) direct near term storage (decades
to centuries) in trees and soils and (b) the
potential to offset immediate GHG (Greenhouse
gas) emissions associated with deforestation
and subsequent shifting cultivation. The
United Nations Framework Convention on
Climate Change (UNFCCC) defines carbon
sequestration as the process of removing C from
the atmosphere and depositing it in a reservoir.
It entails the transfer of atmospheric CO, and
its secure storage in long-lived pools. From
the agroforestry point of view, C sequestration
primarily involves the uptake of atmospheric
CO; during photosynthesis and the transfer of
fixed C into vegetation, detritus and soil pools
for secure (i.e. long-term) storage (Nair ef al.,
2010). The role of silvipastoral systems, as a
means of sequestering atmospheric carbon to
mitigate the effects of the greenhouse gas has
been increasing (Albrecht and Kandji, 2003;

Montagnini and Nair, 2004; Oelbermann et al.,
2004). Keeping these things in view silivipastoral
system with different trees viz., Hardwickia
binata, Ailanthus excelsa and Colophospermum
mopane in association with Cenchrus ciliaris
grass was established to evaluate the biomass
and carbon sequestration production potential
in arid region.

Materials and Methods

Experimental site and climatic conditions

The experimental site is located at ICAR-
Central Arid Zone Research Institute in the
Jodhpur district (26°14’53”N and 72°59'34”E)
of Rajasthan, India. The area was undulating,
and soils were loamy sand textured. Soil pH
was 8.29 and organic carbon in the 0-15 ¢cm soil
layer was 0.12%. Summer temperatures often
exceed 46-47°C in May and June, minimum
temperatures in December and January range
from 3 to 9°C and there are occasional periods
of sub-freezing surface temperatures and frost.
In May-July, winds average 6-20 km h* with
occasional dust storms (winds velocities as
strong as 120 km h™). The average rainfall
is <350 mm. There was 373.2 mm rainfall
received in 24 rainy days during the year
2015. A large variation has been observed in
the annual rainfall pattern. The trial was laid
out in a randomized block design with three
replications in 2003. The total area of the trial
was 1.5 ha. There were 92 trees of C. Moparne,
54 of H. binata and 50 of A. excelsa in the
experimental field. C. ciliaris grass was grown
in the tree alleys.

Soil sampling and estimation

Soil was sampled manually at a depth of
(0-15 cm) in alley between tree and grasses in
2015. These samples were taken at distance of
1.5, 3.0 and 4.5 m under C. mopane, H. binata
and A. excelsa in different silvipasture systems.
Samples were air-dried, grounded in a ceramic
pestle and mortar and sieved. Soil pH and
electrical conductivity (EC) was determined
in a 1:2 soil: water solution, soil available P
(Olsen et al., 1954), soil available K and organic
carbon was determined using the Walkley-
Black method (Jackson, 1958).

Estimation of growth and biomass yield

Growth parameters viz. tree height, crown
diameter (average of two diameters at right
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angle), tree basal diameter at ground level
and number of stems per tree were measured
in 2015. In accordance with MacDicken et al.
(1991), tree height measurements were carried
out for total stem length to the highest growing
point on the longest stem only. All shoots over
1 cm in diameter and originating between 0
and 30 cm from the soil were considered to
be stems. Tree basal diameters were measured
according to MacDicken et al. (1991) formula:

D combined = Vd21+ d22 + d23 +....+dn2

Crown diameter was measured using a
non-elastic tape. Since crowns were irregularly
shaped, the longest and shortest axes were
measured making sure to pass through the
geometric centre of crown (MacDicken et
al., 1991). The above ground biomass (AGB)
includes all living biomass above the soil
including stem, stump, branches, bark, seeds
and foliage. Grasses were harvested at different
stages using 1 m? quadrant for estimating the
fresh forage yield and oven dried at (65°C) for
biomass production. Grass yield was measured
at distance of 1.5, 3.0 and 4.5 m from C. mopane,
H. binata and A. excelsa trees to evaluate the
effect of trees on growth of grasses.

The AGB of trees has been calculated by
multiplying volume of biomass and wood
density. Allometric model are wused for
calculation AGB and below ground biomass
(BGB) based on regressing a dependent variable
(i.e. AGB), against one or several independent
variables. The possible independent variables
included here were trunk diameter D (cm),
wood specific gravity p (g cm?®), total tree
height H (m), or a combination there of. We
fitted the following log-log model relating AGB
to the compound variable px D?x H

According to Chave et al. (2014) regression
equation for tree AGB (kg) against the product
p x D?>x H, were found to be the best-fit
pantropical model:

AGB. = 0.0673 x (pD?H) %97

where, D is in cm, H is in m, and p is in g
cm®. This model performed well across forest
types and bioclimatic conditions

AGB (g) = Volume of Biomass (cm?®) xWood
Density (g/cm?)

Wood specific gravity (here defined as the
oven-dry wood mass divided by its green

volume, and denoted p) is an important
predictor of stand-level AGB (Baker et al., 2004).
In the field, green volume was measured from
freshly cut wood samples. The samples were
subsequently weighed after having been left in
a drying oven until constant weight is reached.
The BGB has been calculated by multiplying
the AGB by 0.26 factors as the root: shoot ratio
(Hangarge et al., 2012). Since the grass was
harvested as fodder for livestock therefore it
was not considered in AGB for calculation of
carbon stock.

BGB = AGB x 0.26. Root biomass of grasses
were also estimated by cutting the above
ground portion with sickle and digging the
roots of grasses with spade in an area of 1 m?
quadrant. Total biomass, the sum of the above
and below ground biomass from trees and root
biomass of grass is considered for carbon stock.

Total Biomass (TB) = Above Ground Biomass
(AGB) + Below Ground Biomass (BGB)

Carbon stock and sequestration

Carbon stock refers to the amount of carbon
stored in the forest ecosystem, mainly in living
biomass and soil. The total biomass obtained
is converted to carbon stock using carbon
conversion factor of 0.47.

Biomass carbon stock (tons) = TB x 0.47

The total carbon sequestrated was calculated
by adding total biomass carbon stock and
carbon sequestrated in soil. The amount carbon
stock in soil was determined by multiplying
soil weight and carbon content. The carbon
accumulated in soil under silvipastoral system
was determined by subtracting the quantities
of soil carbon stock at the end of experiment
and initial value.

Statistical analysis: Data were analysed
statistically in RBD design with three
replications as per standard procedure (Gomez
and Gomez, 1984).

Results and Discussion

Growth and yield of grass under silvipastoral
system

Plant height of grass was significantly
influenced by all the tree species, i.e. C. mopane,
H. binata and A. excelsa (Table 1). Maximum
height of C. ciliaris was recorded under H.
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Table 1. Growth and yield of grass affected by trees and the distance from tree in silvipasture system

Tree species Distance from tree (m) Grass height (cm) Fresh weight (q ha™) Dry weight (q ha)

C. mopane 1.5 82.67 52 1.29
3.0 82.67 14.4 3.60
4.5 90.00 36.5 9.12
Mean 85.11 £3.81 18.7+4.50 4.67+1.13
SEm+ 2.69 3.18 0.80
CD (P=0.05) NS 12.8 3.21

H. binata 1.5 100.67 69.19 17.30
3.0 100.67 72.87 18.22
4.5 108.33 102.54 25.63
Mean 103.2242.84 81.5345.60 20.38+2.84
SEm+ 2.09 410 2.07
CD (P=0.05) NS 16.44 8.3

A. excelsa 1.5 96.67 65.76 15.94
3.0 103.67 83.72 20.93
45 108.67 97.01 24.75
Mean 103.00+9.621 82.1616.76 20.54+2.44
SEm+ 6.803 4.82 1.72
CD (P=0.05) NS 19.36 6.89

binata (103.2 cm) whereas least was recorded
under C. mopane (85.1 cm). The difference in
plant height of C. ciliaris was due to effect of
different growth habit of tree species. C. mopane
exert more competition due to its branching
habits than other species. Further, plant height
of C. ciliaris was also not affected significantly
due to distance from trees however a general
increasing trend in plant height of grasses as
the distance from the tree increases under all
the species of tree. Forage yield of grass was
significantly influenced by all the tree species.
Fresh forage yield of grass was higher under H.
binata and A. excelsa tree (82 q ha™) as compared
to that of C. mopane tree (19 q ha'). Furthermore,
result also shows that highest dry matter
accumulation was recorded under A. excelsa
tree (20.54 q ha') whereas least dry matter
accumulation was recorded under C. mopane
tree (4.67 q ha). Forage yields of C. ciliaris was
also affected significantly due to distance from
trees in all three species. The yield of grass was
more as the distance from the tree increases
because the growth of grass was found better
as the distance increases. Patidar and Mathur

(2017) also reported similar findings. Since,
there were least competition between grasses
and trees for nutrients and other factors such as
light, water etc. as the distance increases. Better
growth of the grass promoted the increased
production of fresh forage yield and higher dry
matter accumulation. Rosecrance ef al. (1992)
also reported that grain yield of maize was
decreased only by 10% in the row close to the
trees. The yield reduction in close rows was due
to shade effect of forage trees. Similar report
of dismal performance of under storey forage
species after three years may be the result of
greater radial growth, spreading of crown and
the branching habit of the tree species which
interrupted the solar radiation reaching the
under storey (Shrinivasan and Swaminathan,
1999).

Growth parameters of different trees under
silvipastoral system

All tree species differ in plant height and
canopy area. Maximum plant height was
recorded for A. excelsa (5.20 m) whereas least

Table 2. Growth parameter of different trees under silvipasture system

Tree species Plant height (m) Canopy area (m?) DBH (cm) Specific gravity of trees (g cm™)
C. mopane 4.02.2+ 0.083 17.2+1.1 19.5+0.80 0.689+0.011
H. binata 4.92.5+0.148 3.8+0.82 10.9+0.61 0.566%0.009
A. excelsa 5.20.6+0.259 11.7+0.93 12.9+0.75 0.365+0.007
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Table 3. Biomass production of different silvipasture systems

Silvipasture systems No. of trees Area AGBoftree Root biomass of Grass root Total biomass
(ha) (that) tree (t ha') biomass (t ha™) (thal)

C. mopane + C. ciliaris 92 0.5 13.51 3.51 0.882 17.90

H. binata + C. ciliaris 54 0.5 2.87 0.75 1.30 491

A. excelsa + C. ciliaris 50 0.5 2.6 0.68 1.18 4.45

were recorded for C. mopane (4.02 m) (Table 2).
The plants of A. excelsa are fast growing as
compared to H. binata and C. mopane. The
canopy area and DBH in C. mopane was more
due to more number of branches. Further,
the variation in these growth parameters was
higher in A. excelsa compared to H. binata and C.
mopane. The specific gravity of C. mopane (0.689
g cm?®) was highest whereas it was lowest in
A. excelsa (0.365 g cm?). This might be because
of the genetic potential of the tree species for
its growth habit, branching pattern etc.

Biomass production of an established
silvipasture system

Results shows that (Table 3) AGB (Above
ground biomass) of C. mopane (13.5 t ha™) was
highest among the tree species whereas lowest
in A. excelsa (2.6 t ha'). This might be because
of the inherent genetic potential of tree species
for its growth and development as well as the
number of trees in an experimental area have
also contributed for the higher AGB production.
Results shows that root biomass of C. mopane
(3.51 t ha') was also maximum whereas least
were recorded in A. excelsa (0.67 t ha') which is
at par with H.binata (0.75 t ha™). Root biomass
of grass grown in association with H. binata and
A. excelsa was higher as compared to that grown
in association with C. mopane. The higher root
biomass of grass grown in association with H.

binata and A. excelsa was due to better plant
growth under these trees as compared to C.
mopane. However, the total biomass production
was higher with the silvipasture system of C.
mopane due to higher biomass of C. mopane
plants in the system.

Carbon sequestered in different silvipasture
systems

The highest amount of carbon was
sequestered by C. mopane trees (8.51 t ha™) and
least by A. excelsa (1.64 t ha') which is quite
comparable to H. binata (1.81 t ha™). This might
be because more growth and branching of trees
of C. mopane. Carbon sequestered through the
root biomass of grass was higher in H. binata
(0.65 t ha') and A. excelsa (0.6 t ha') based
silvipasture systems as compared to C. mopane
based system (Fig. 1). It might be because of
the better grass growth under H. binata and A.
excelsa system. Soil C sequestration was found
highest (2.23 t ha') in case of A. excelsa based
plantation, whereas soil C sequestration was
least in C. mopane. The variation of SOC in
different land use systems could be attributed
to differences in quantity and quality of
foliage/litter accumulated on the surface,
their decomposition pattern and depth of root
penetration (Jobbagy and Jackson, 2000; Yadav
et al., 2008). Total amount of carbon sequestered
was maximum with C. mopane based system

12.00
10.00

B Trees m Grasses mSoil = Total
8.00
& 6.00
4.00
2.00

0.00 — . | . [ |
C. mopane H. binata A. excesa
Silvipastoral systems

Fig. 1. Carbon sequestered in different silvipasture system.
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Table 4. Soil parameters in different silvipasture systems

Treatments Soil parameters

OC % pH EC (dSm™) P (kg ha™) K (kg ha™)
Tree species
C. mopane 0.175 8.50 0.068 5.97 195
H. binata 0.182 8.29 0.083 5.60 248
A. excelsa 0.219 8.27 0.086 4.48 240
SEmz+ 0.007 0.11 0.002 0.09 51
CD (P=0.05) 0.024 NS 0.006 0.31 18.0
Distance (m)
1.5 0.181 8.36 0.069 5.60 210
3.0 0.202 8.48 0.089 5.60 251
4.5 0.192 8.22 0.078 4.85 221
SEmz+ 0.007 0.09 0.006 0.32 11.8
CD (P=0.05) NS NS NS NS NS

(10.19 t ha) followed by A. excelsa (4.45 t ha™')
and H. binata (3.69 t ha') based silvipasture
systems.

Soil carbon content and other soil properties

Results show that soil carbon content varied
significantly in different silvipasture systems
(Table 4). The maximum organic carbon content
was recorded from A. excelsa (0.219%) based
silvipasture system followed by H. binata
(0.182%) and C. mopane (0.175%). Low organic
carbon content in the soil under C. mopane
based systems was due to poor grass growth.
There might be a chance of allelopathic effect
by the roots of these trees which might not have
favoured the growth of grass. A. excelsa and H.
binata had less competition for light penetration
which favoured better grass growth. This
shows that there is direct correlation between
growth of grass and improvement in the soil
organic carbon. The effect of distance of trees
on soil organic carbon content in different
silvipasture systems was found non-significant.
The other soil properties such as EC, available
P and K of soil except pH were significantly
affected by tree species under the established
silvipasture system. This variation was due to
the individual effect of tree, however, distance
from tree did not affect these parameters in the
soil of different silvipasture systems.

Conclusion

In the arid region of Rajasthan, the adoption
of silvipasture appears to be a sustainable land
use management practice that preserves and
increases soil C pools. We can expect significant

gains in SOC in the future resulting from
remaining H. binata, C. mopane and A. excelsa
stumps and coarse roots decomposition. The
above ground below ground C pools ratio
showed the preponderance of C pools below
ground. Besides the higher stem density in the
plantation, the synergistic effect resulting from
the combination of trees and pasture led to
more C being sequestered in the silvipasture
soil. Thus these silvipastoral systems allow the
farmer to obtain multiple products from the
same area of land, timber, fodder and grazing
along with increasing carbon sequestration.
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