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Abstract: Study intended to develop suitable Melia dubia-hybrid Napier (HN) silvi-pasture and sole cropping systems through assessment of
growth, physiology, forage yield, proximate and mineral principles of hybrid Napier under 5 years old M. dubia planted at2x2,3x3,3x2,4 x4
and 4 x 2 m spatial configurations. Study revealed that growth, physiological attributes, fresh and dry forage production, and proximate and
mineral matter principles (average of two years; three harvests in each year) were higher under silvi-pasture systems as compared to sole
cropping. Among silvi-pasture, HN attained significantly maximum plant height and number of leaves under M. dubia (2 x 2 m)-HN, lengthiest
leaf (96.76 cm) and widest leaf under M. dubia (3 x 2 m)-HN, and tillers under sole HN cropping system. Among studied physiological
attributes, specific leaf weight was maximum in sole HN cropping, chlorophyll content index was maximum of forage from M. dubia (2 x 2 m)-
HN system, leaf area and leaf area index was maximum for clumps under M. dubia (3 x 2 m)-HN system. Significantly higher total fresh and dry
forage yield was obtained from M. dubia (2 x 2 m)-HN and M. dubia (3 x 2 m)-HN, respectively. Significantly maximum dry matter and crude
fibre was in forage from sole cropping system. However, maximum crude protein, ether extract, nitrogen free extract, ash and nitrogen were
recorded in forage from M. dubia (2 x 2 m)-HN system. Whereas, phosphorus and potassium was higher in forage from M. dubia (3 x 2 m)-HN
system. Integration of HN as understory crops, increased microbial populations in all land use systems. Among different silvi-pasture systems,
closest spacing had more bacterial and actinomycetes populations, while fungi were highest under sole cropping. The study divulged out that
tree-crop interactions under different M. dubia spatial configurations were positive. Hence, HN could be adopted as intercrop for higher forage

yield and better nutritive quality.
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Estimates indicated that, there is a huge deficit of green
and dry fodder in India. Over the years, this deficit is showing
escalating trend from 62.76% (666 million MT)in year 2010 to
64.21% (759 million MT.) in year i.e. 2020 (Gol 2006). This
deficit is the result of shrinkage of open land for grazing,
urbanization and introduction of high yield cattle, which
requires feeds in large quantity and of good quality as well
(Birthal and Jha 2005). Ensuring an adequate supply of
reasonable quality feed and fodder to livestock is one of the
major challenges faced by country where dairying is largely
the avocation of poor, especially women. Land allocation for
cultivation of green fodder is limited and has hardly ever
exceeded 5% of the gross cropped area (Gol 2015) due to
increasing pressure for growing food grains, oil seeds and
pulses. Hence, available land cannot directly be brought
under fodder cultivation. In this case, agroforestry based
silvi-pasture systems are advocated to address these issues.
Such system promises healthy environment and rich
biodiversity, which is an important support system on earth
for sustainability of dairy enterprise (Pathak and Roy 1994,

Thakur et al 2005, 2015, Chauhan et al 2014). Besides the
forage demand, the current production of raw materials for
pulp and paper is 2.76 million tonnes, against the demand of
5.04 million tonnes, a shortfall of 45 per cent. The current
demand is 13.2 million tonnes, which is still more staggering
(Palsaniya et al 2009) and overall wood demand has been
estimated more than 150 million cum (Shrivastava and
Saxena2017).

In this backdrop, development of silvi-pasture systems
will not only help augment the raw material for wood-based
industries but also in bridging the gap between demand and
supply of quality fodder. For this the grass and tree species
need to be screened based on the quantitative and
qualitative evaluations which will provide insight to select
compatible species. Hence, in the present study, Hybrid
Napier (Pennisetum perpureum x P. americanum var. CO-3)
was selected as intercrop to develop Melia dubia-HN based
silvi-pasture systems. Melia dubia Cav. is indigenous to India
and also found Bangladesh, Myanmar, Thailand, Mexico, Sri
Lanka, Malaysia, Java, China, America, Philippines and
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Australia. It is multipurpose, fast-growing species, valued for
its high-quality termite and fungus resistant timber for
furniture, agricultural implements and house construction,
plywood and pulp wood, owing to its high pulp recovery and
exceptional fibre strength as compared other raw material
(Parthiban et al 2009, Sinha et al 2019, Kumar et al 2017a). It
has been reported compatible agroforestry ideotype (Jilariya
etal 2017, Mohanty et al 2017, Thakur et al 2019) without any
allelopathic effect (Kumar et al 2017b, Parmar et al 2019).
Thus, intercrops like pulse, vegetable and
medicinal/aromatic plants have been evaluated with this
valuable multipurpose species (Bhusara et al 2018a & b,
Mohanty et al 2019, Jilariya et al 2019). But fodder
intercropping studies are still lacking with respect to
production, bio-physical interactions and forage quality. The
study, intended to develop a compatible silvi-pasture system
with appropriate spatial configuration.

MATERIAL AND METHODS

This study was carried out at the College of Forestry,
Navsari Agricultural University, Navsari, Gujarat, India, during
2018-2019. Site is situated at 20.95'N latitude, 75.90°E
longitude at an altitude of 10 m above the mean sea Arabian
seashore. The system units of silvi-pasture systems were M.
dubia [planted in 2014, the average growth attributes of M.
dubia at Hybrid Napier (HN) planting-January, 2018 and at
HN final harvest-November, 2019) under different spatial
configurations are given in Table 1] as tree component and
HN as intercrop. The experiment was conducted in
randomized block design with 6 land uses i.e. LU, to LU,=M.
dubiaat2x2,3x2,3x3,4x2and4 x4 m, intercropped with
HN, respectively and LU= sole HN, with four replications.
The treatment combinations so formed are referred here as
silvi-pasture (M. dubia + HN) systems. Healthy slips of HN,
Var. CO-3, were planted at 50x50 cm spacing under each
treatments (L, to L;) in January, 2018. Necessary agro-
techniques were followed as suggested by Pandey and Roy

(2011).

Soil physico-chemical properties in silvi-pasture and
sole cropping were estimated by taking samples in a zigzag
manner to cover the entire treatment plot. Ten sub samples
(cores) were taken randomly under each treatment and
mixed together to make a representative (composite)
sample. The average values of soil parameters along with
estimation methods followed are presented in Table 2. Soil
moisture (0-30 cm soil depth) was estimated gravimetrically
using samples from all treatments and monthly data from
transplanting till final harvest of HN are illustrated in Figures
1a & b. Photosynthetically active radiation (PAR) (WUEm?s™)
was measured fortnightly (on 9 points of each treatment, i.e.
3 points under the tree, 3 points between the trees, and 3
spots in the middle of tree diagonal) in each LU, using LI-
COR biosciences quantum sensor (LI-190) and monthly
average values s illustrated are Figures 2a & b.

Growth, physiology and yield: Growth attributes viz., plant
height, number of tillers/clump, number of leavesttiller, leaf
length and leaf width were recorded by taking 20 random
samples (n=20; 5 plants x 4 replications from each
treatment). Physiological parameters viz., specific leaf
weight [(SLW (mg/cm®)=Leaf dry weight (mg)/Leaf area
(cm?), n=20; 5 leaf discs x 4 replications from each
treatment], chlorophyll content index [using chlorophyll meter
(Opti-sciences CCM 200, USA); n=20; 4 leaves x 4
replications from each treatment], leaf area (n=20; 5 leaves x
4 replications from each treatment), leaf area index [using
LAI-2200C plant canopy analyzer (n=20; 5 sampling points x
4 replications from each treatment), were recorded by taking
random samples. Similarly, fresh and dry HN forage vyield
was assessed by harvesting whole plot (n=24; 4 replications
x 6 treatments) under each treatment, taking 3 harvests each
yeari.e.2018 and 2019.

Proximate principles and mineral matter: Proximate
principles (%) i.e. dry matter (DM), crude protein (CP), crude
fibre (CF), ether extract (EE), ash content (AC) and nitrogen-

Table 1. Average growth attributes of M. dubia under silvi-pasture systems having different spatial configurations at Hybrid

Napier planting (2018) and final harvest (2019)

Land use systems Height (m) GBH (cm) Crown spread

* ok * ok North-South East-West
MD (2 x 2 m)-HN 4.18 7.18 13.55 30.65 1.05 1.75 0.73 1.58
MD (3 x 2 m)-HN 6.33 9.25 21.18 42.63 1.68 2.84 1.29 1.73
MD (3 x 3 m)-HN 6.70 10.45 22.03 47.40 1.84 2.81 1.60 2.28
MD (4 x 2 m)-HN 5.50 9.50 20.48 47.35 2.08 3.61 1.23 1.75
MD (4 x 4 m)-HN 6.50 10.08 21.53 47.58 2.10 3.78 1.41 2.60

*at Hybrid Napier planting; **at Hybrid Napier final harvest; MD=M. dubia; HN=Hybrid Napier
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free extract (NFE) as well as mineral matter constituents i.e.  actinomycetes) was counted in each LU system by the
Nitrogen (N), phosphorus (P), and potassium (K) were standard plate count method (Seeley et al 1991) using
estimated by standard procedures (AOAC 2016). formula: Total no. of microbes/g of soil = No. of colonies in
Soil biota: The microbial population (bacteria, fungi and  plate/volume of aliquot plated on agar medium x dilution level.
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Fig. 1a. Average monthly soil moisture (%) under M. dubia-Hybrid Napier based silvi-pasture and sole cropping systems
during Jan-2019 to Nov-19 [LU, = M. dubia (2 x 2m)-HN, LU, = M. dubia (3 x 2 m)-HN, LU, = M. dubia (3 x 3m)-HN, LU,
=M. dubia (4 x 2m)-HN, LU, = M. dubia (4 x 4)-HN, LU, = Sole HN]
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Fig. 1b. Average monthly soil moisture (%) under M. dubia-Hybrid Napier based silvi-pasture and sole cropping systems
during Jan-2019 to Oct-19 [LU, = M. dubia (2 x 2 m)-HN, LU, = M. dubia (3 x 2m)-HN, LU, = M. dubia (3 x 3 m)-HN, LU,
=M. dubia (4 x 2m)-HN, LU, =M. dubia (4 x 4)-HN, LU, = Sole HN]
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Statistical analysis: The experimental data generated were
subjected to the statistical analysis following randomized
block design (RBD) and ANOVA (Y =p+a+b+eij where
i=1,2,....... Bi=1,2,0 ,n; Y,=response of the | individual
unit (replication) belong to the i group (treatment); = overall
mean; ai= effect of treatment i (difference with p); b= effect of
block j (difference with p); eij= error in measurement for
treatment i and block j) was constructed following Sheoran et
al (1998). Duncan's multiple range test (DMRT) was used to
compare the sets of means of each treatment at P<0.05

suing WASP (Web Agri Stat Package) Developed by Ashok
Kumar Jangam and Pranjali Ninad Wadekar, Indian Council
of Agricultural Research complex, Goa, India.

RESULTS AND DISCUSSION
Hybrid napier growth, physiology and yield: Growth,
physiological and yield attributes (average of three
consecutive harvests per year i.e. 2018 and 2019) of Hybrid
Napier (HN) varied significantly (P<0.05) under M. dubia-HN
silvi-pasture and sole cropping land use (LU) systems (Table
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Fig. 2a. Average monthly Photosynthetically Active Radiation (PAR; yEm-2s-1) under M. dubia-HN based silvi-pasture and
sole cropping systems during Jan-2018 to Dec-19 [LU, = M. dubia (2 x 2 m)-HN, LU, = M. dubia (3 x 2m)-HN, LU, = M.
dubia (3 x 3m)-HN, LU,= M. dubia (4 x 2 m)-HN, LU, = M. dubia (4 x 4)-HN, LU, = Sole HN]
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Fig. 2b. Average monthly Photosynthetically Active Radiation (PAR; yhEm-2s-1) under M. dubia-HN based silvi-pasture and
sole cropping systems during Jan-2019 to Nov-19 [LU, = M. dubia (2 x 2m)-HN, LU, =M. dubia (3 x 2 m)-HN, LU, =M.
dubia (3 x 3m)-HN, LU,= M. dubia (4 x 2m)-HN, LU, = M. dubia (4 x 4)-HN, LU, = Sole HN]
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3, Fig. 3a, b). Significantly superior plant height, number of
tillers per clump, leaf length and leaf width of HN was under
M. dubia-HN systems having 2 x 2 m and 3 x 2 m spatial
configurations as compared other M. dubia geometries and
sole cropping. HN attained maximum plant height (142.29
cm) and number of leaves (9.29/tiller) under M. dubia (2 x 2
m)-HN (Table 3). Maximum tillers (21.92/clump) were formed
under sole HN cropping. Significantly lengthiest (96.76 cm)
and widest leaf (3.09 cm) was developed by clumps under M.
dubia (3 x 2 m)-HN. The study deduced that HN growth
parameters were lesser under silvi-pasture systems with
wider spatial configurations (Table 3).

Specific leaf weight was maximum (6.17 mg/cm’) in sole
HN cropping system (Table 4). Highest chlorophyll content
index (47.08) was in forage from M. dubia (2 x 2 m)-HN
system. Maximum leaf area (188.26 cm’) and LAl (13.98)

was under M. dubia (3 x 2 m)-HN, which was statistically at
par with that attained under M. dubia (2 x 2 m)-HN system.
The study indicated that SLW was least, whereas all other
attributes were superior under silvi-pasture systems with
narrow spatial configurations (Table 4). Fresh and dry forage
productivity (t ha” year") of HN was significantly (P<0.05)
highest (122.66 t ha™year") from M. dubia (2 x 2 m)-HN LU
(Fig. 3a). Significantly maximum dry forage productivity
amounting to 27.55 t ha” year” was from M. dubia (3 x 2 m)-
HN, which was at par with that provided by M. dubia (2 x 2 m)-
HN system (Fig. 3b).

Our study indicated that growth performance of HN was
better under silvi-pasture systems. It may be ascribed to
partial shade (Fig. 2a, b) under different M. dubia spatial
configurations. Antony (2016) reported that increased level of
artificial shade increased plant height, leaf length, leaf width

Table 2. Average soil physico-chemical properties (0-30 cm depth) under M. dubia-Hybrid Napiersilvi-pasture systems and

sole cropping

Land use pH' Electrical conductivity Organic Nitrogen Phosphorus Potassium
systems (dSm™y carbon (%)’ (kg ha)* (kg ha™)* (kg ha)**
At HN planting (January, 2018)

T, 7.70 0.29 0.79 246.38 11.26 504.08
T, 7.65 0.24 0.77 236.77 10.96 504.76
T, 7.52 0.24 0.74 224.86 10.90 508.48
T, 7.52 0.23 0.70 212.46 10.96 510.86
T, 7.50 0.24 0.67 212.00 10.70 512.10
Ts 7.34 0.33 0.57 230.57 13.99 615.89
At HN final harvest (November, 2019)

T, 7.39 0.26 0.82 229.74 10.62 47713
T, 7.37 0.22 0.81 220.30 10.92 482.41
T, 7.33 0.19 0.80 217.11 10.80 495.76
T, 7.28 0.16 0.77 203.84 10.80 501.35
T, 7.26 0.16 0.74 189.76 10.38 515.64
T 7.32 0.13 0.66 189.37 9.02 550.83

®

T,=M. dubia (2 x 2 m)-HN, T,= M. dubia (3 x 2m)-HN, T,=M. dubia (3 x 3 m)-HN, T,=M. dubia (4 x 2 m)-HN, T,= M. dubia (4 x4 m)-HN, T,= Sole HN; 'Potentiometric
method;"supernated liquid suspension of 1:2.5 soil water ratio method;*Walkley and Black's rapid titration method; *Alkaline potassium permanganate method;

"Olsen's method; "1 N NH,OAC Extraction method

Table 3. Growth performance of hybrid napier (HN) under M. dubia-HN based silvi-pasture and sole cropping systems

Land use systems Plant height Number of tillers Number of leaves Leaf length Leaf width
(cm) clump tiller” (cm) (cm)
MD (2 x 2 m)-HN 142.29° 20.16° 9.29° 94.64* 2.97°
MD (3 x 2 m)-HN 138.46* 21.66° 9.14% 96.76° 3.09°
MD (3 x 3 m)-HN 134.28" 15.17° 8.89" 93.29" 2.83°
MD (4 x 2 m)-HN 121.09° 20.52° 8.73° 87.46° 2.68°
MD (4 x 4 m)-HN 127.62° 19.15° 8.92" 93.49% 2.86°
Sole HN 126.98" 21.92° 8.99” 91.35° 2.80°
SEm () 1.86 0.30 0.08 0.79 0.03

T,= M. dubia (2 x 2 m)-HN, T,= M. dubia(3 x 2 m)-HN, T,= M. dubia (3 x 3 m)-HN, T,=M. dubia (4 x 2 m)-HN, T,= M. dubia (4 x 4 m)-HN, T,= Sole HN; Means with
different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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and leaf area index, whereas, number of tillers, number of
leaves, and fodder yield of six cultivars of HN (CO-3, CO-4,
Suguna, IGFRI-3, DHN-6 and PTH) were reduced under
shade. In contrary, growth and yield in our study was higher
under natural shade of M. dubia. DeBruyne et al (2011)
reported that grass forage yield was greater under black
walnuts and honey locusts tree canopy than under 70 per
cent shade cloth (artificial shade). This indicate that, tree
canopy shade increases forage fresh/dry biomass (Soares et
al 2009, Barro et al 2012). The varying tree densities affect
performance and production of under storey grasses. Earlier
studies also inferred that tree canopy shade under
agroforestry system favour intercrops resulting in enhanced
growth and production (Gupta et al 2012, Paciullo et al 2011,
DeBruyne etal 2011, Mohanty etal 2019, Thakur etal 2019).

Enhanced growth and herbage production of aromatic
grasses has been reported under M. dubia based
agroforestry systems due to beneficial effect of partial shade
and better moisture availability (Thakur et al 2019, Mohanty
et al 2019). Partial shade under silvi-pasture systems,
moderate ambient microclimate i.e. air temperature, soil
moisture and retention for longer time and reduction in the
soil water evaporation especially due to low irradiance under
closed tree spacings (Jilariya etal 2017, Thakuretal 2018).
In present study these deductions are supported by available
soil moisture (Fig. 1a, b) and reduced PAR (Fig. 2a, b).

Plants respond to resource limitations by allocating their
biomass to those organs which are engaged in capturing
these resources (Poorter et al 2012). The taller plants in silvi-
pasture systems indicate a phototropism response to modify
plant leaf distribution in order to help the plants receive
enough light (Yang et al 2007). Under-storey plants in
response to varying shade levels increase number of leaves
(Rezai et al 2017). Likewise, intermediate light conditions
(about 50% of full sun light) results in higher levels of biomass
production in some species (Goncalves et al 2005).

Similarly, in the present study decreased PAR under silvi-
pasture (Fig. 2a, b) increased number of leaves, leaf length
and width and leaf area due to increase in radiation use
efficiency. Thus, shade increases these growth-attributes for
higher light interception, which may have ultimately resulted
in vegetative growth of HN under M. dubia-HN silvi-pasture
systems.

In present study, more trees in close spatial magnitudes
might have produced more litter fall, which eventually
released more nutrients into the soil due to high
decomposition rate under shade owing to higher moisture
retaining capacity (Dodd et al 2005, Jilariya et al 2017). The
availability of nutrients and moisture for longer period
improve intercrop growth and yield (Wilson 1996, Scholes
and Archer 1997). Increased decomposition rate of organic
matter increased N availability (Wilson and Wild 1995).
Higher N availability under silvi-pasture LU may be attributed
to directly N fixation by microbial communities (Catchpole
and Blair 1990). Soil microbes itself store significant
quantities of soil carbon and nitrogen in living biomass and
their death make N readily available to crops (Duxbury et al
1989). Present findings are consistent with these studies
where higher organic matter, N content (Table 2) and
microbial colonies (Table 6) were observed under silvi-
pasture LU than sole cropping systems. Light levels increase
towards saturation, quantum yields (ratio of the number of
photons emitted to the number of photons absorbed) decline,
due to the inability of carbon metabolism to utilize fully the
light energy absorbed by the leaf of C, plants (Zhu et al 2010).
Similar mechanism may have encountered in open plot
where high sunlight did not yield biomass due to maximum
lightlevel.

Increased forage yield may also be assigned to twin
facts i.e. water use efficiency by shaded grass and increased
water availability through hydraulic lift by trees (DeBruyne et
al 2011). High water use efficiency may also allow C, plants to

Table 4. Physiological attributes of hybrid napier (HN) under M. dubia-HN based silvi-pasture and sole cropping systems

Land use systems Specific leaf weight (mg Chlorophyll content Leaf area Leaf area index
cm?) index (CCl) (cm?) (LAI)

MD (2 x 2 m)-HN 5.59° 47.08° 177.86° 12.80°

MD (3 x 2 m)-HN 5.64° 42.45° 188.26" 13.98°

MD (3 x 3 m)-HN 5.69° 39.99° 160.94° 8.36°

MD (4 x 2 m)-HN 5.95° 36.62° 142.71° 9.91°

MD (4 x 4 m)-HN 5.94° 36.11° 163.42* 10.95°
Sole HN 6.17° 33.28° 169.08° 12.77°
SEm () 0.04 0.57 2.28 0.28

T,= M. dubia (2 x 2 m)-HN, T,= M. dubia(3 x 2 m)-HN, T,=M. dubia (3 x 3 m)-HN, T,=M. dubia (4 x 2 m)-HN, T,= M. dubia (4 x 4 m)-HN, T;= Sole HN; Means with
different superscriptletter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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exhibit more flexible allocation patterns, for example
allocating proportionally more biomass to shoots in moist
environments (silvi-pasture systems), or to roots in dry
environments (Open plot) (Taylor et al 2010). Superior
growth and yield attributes of HN under silvi-pasture system
in the present investigation, may be due to the fact that M.
dubia in younger age of 4-5 years moght have created
favorable microclimatic conditions. Therefore, HN performed
well under different M. dubia spatial configurations compared
to open or sole HN cropping systems.

Integration of woody and non-woody components
together leads to complex interactions among themselves at
various bio-physical domains such as light, space, water,
nutrients, etc. Modifications in micro-environment by trees,
directly or indirectly influence various vital physiological
processes of under-storey crops (Chauhan etal 2013, Zhang
et al 2014). Adaptable plants change morpho-physiological
attributes in response to changing environments, including
larger and thinner leaves with about three-fold increase in
total chlorophyll content. The synthesis and degradation of
photosynthetic pigments are associated with adaption to
changing environments (Taiz and Zeiger 2002). Lower SLW
in silvi-pasture systems may be ascribed to reduced
irradiance (Figures 3.1a &b, 3.2) due to tree shade with fewer
mesophyll cells and stomata per unit area, and more
intercellular air space. Shade reduces cell wall concentration
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due to unavailability of photosynthates for secondary cell wall
development (Fales and Fritz 2007).

The increased leaf area under shade is the result of
longer leaves because of leaf elongation to capture more sun
light under reduced irradiance (Kephart et al 1992, Mohanty
etal 2019). Sanderson and Nelson (1995) Reducing lightin a
stepwise manner results in longer leaves with a larger area
and lower SLW, a greater leaf elongation rate, and reduced
dry matter deposition in high yield per tiller and low yield per
tiller genotypes of tall fescue. These findings are in
congruence with the present study.

Similar to our study, higher chlorophyll content under
shade has been reported earlier (Rezai et al 2017). This
demonstrate the ability of plant to maximize the light
harvesting capacity under light-deficit conditions and the
efficient use of light captured in photosynthesis with
decreased respiration costs for maintenance (Dai et al 2009).
The lower CCI in sole crops might be due to excess
irradiance that caused greater degradation or photo-
oxidation of chlorophyll and consequently decrease
chlorophyll levels (Goncalves et al 2005). Increased leaf area
and leaf area index while reduced specific leaf dry weight in
shade compared to plants grown in full sun have also been
reported (Lin et al 2001, Mohanty et al 2019, Thakur et al
2019). These findings are in agreement with present study.
Overall, change in microclimatic condition under narrow and
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Fig. 3. Hybrid Napier fresh [a (SEm ()= 2.57) and dry [b (SEm (+)= 2.57) forage yield (t ha'year”) under M. dubia-HN based
silvi-pasture and sole cropping systems [LU, = M. dubia (2 x 2 m)-HN, LU, = M. dubia (3 x 2m)-HN, LU, = M. dubia (3 x 3
m)-HN, LU,= M. dubia (4 x 2 m)-HN, LU, = M. dubia (4 x 4)-HN, LU, = Sole HN]; Means with different superscript letter
with data labels in each bar indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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wider spatial configurations influenced the HN physiological
attributes by altering PAR, moisture (Fig. 2a, b), nutrients
availability and soil microbial populations (Tables 2, 6).
HN forage qualitative attributes: Results on HN forage
qualitative attributes (average of three consecutive harvests
per year i.e. 2018 and 2019), evinced that forage proximate
principles namely dry matter (DM), crude protein (CP), crude
fibre (CF), ether extract (EE), ash content (AC), nitrogen free
extract (NFE), N (nitrogen), P (phosphorus) and K
(potassium) experienced significant (P<0.05) influence of
silvi-pasture and sole HN cropping systems (Table 5).
Significantly maximum DM and CF to the tune of 23.89 and
31.39%, respectively was obtained in HN forage from sole
cropping system. However, maximum CP (9.36%), EE
(2.19%) and AC (14.25%) was recorded in HN forage
harvested from M. dubia (2 x 2 m)-HN system. Similarly, NFE
content was also maximum (47.23%) in forage harvested
from M. dubia (2 x 2 m)-HN (Table 5). Maximum forage N
(1.50%) content was in samples from M. dubia (2 x 2 m)-HN
system. Whereas, P and K percentage (0.21 and 3.82%,
respectively) was in forage from M. dubia (3 x2 m)-HN LU.
The ranges of DM, CP, CF, EE, N and P of HN (var. CO-
3) forage in the present study are in agreement, while ash
and K contents are higher to those reported by Antony and
Thomas (2014). Low pasture quality impairs the productivity
of ruminant livestock and present study suggested that
integration of HN under M. dubia silvi-pasture systems not
only increased the overall DM production but also increased
CP, EE, ash, N, P and K content. Higher NDF i.e. total fibre
levels (cell wall) are advocated to slower forage digestion
rate and result in lower voluntary intake (Ball et al 2001), dry
matter intake and energy content (Saha et al 2017).
Therefore, lower crude fibre in forage from silvi-pasture
system is better while considering forage quality in
intercrops.

Sanderson and Nelson (1995) found that reduced light
result in reduced dry matter deposition in high yield per tiller
and low yield per tiller genotypes of tall fescue. CP contents
of 10% is sufficient for medium level of production from
ruminants (Subba 1999) and the present study indicated
higher CP in silvi-pasture system which may decrease the
cost of additional concentrated feeds to the animals. The
lower amount of CP or N content in sole cropping systems
may be due to the low soil moisture availability (Fig. 1a, b)
that directly affects the mineral nutrition of plants by
mechanisms (Lemaire and Gastal 2009). Higher N
availability under silvi-pasture may also be due to direct effect
of N fixation in the under-storey grass by microbial
communities (Catchpole and Blair 1990). Many other
researchers have also reported higher CP or nitrogen
content (irrespective of nitrogen fertilization) under shady
environmental condition (Cruz 1997, Guenni et al 2008),
which are in accordance with the present investigation. The
higher moisture availability under agroforestry systems boost
rapid organic matter breakdown and increase N availability
(Wilson 1996, Thakur et al 2019). The eventual availability of
more N availability to HN under M. dubia tree canopy might
have increased N content of intercrops as compared to the
sole grown crop. Apparently in present study, the better
fertility status (Table 2) and microbial populations (Table 6)
are evidentto support these inferences.

Ether extract contains crude fat which is high density
source of energy and alcohols, waxes, terpenes, steroids,
pigments, ester, aldehydes, and other lipids (Ball et al 2001).
In present study it was higher in forage under M. dubia silvi-
pasture than sole cropping systems. Increased EE may be
due to higher availability of nitrogen due to high
decomposition and N cycling rate under silvi-pasture induced
the pigments amount in plants and that, ultimately, increased
the EE percent in silvi-pasture (Barros 2010). Forage quality

Table 5. Proximate principles and mineral content (%) of hybrid napier (HN) under M. dubia-HN based silvi-pasture and sole

cropping systems

Land use systems DM CP CF EE AC NFE N P K

T, 22.19° 9.36° 26.98' 2.19° 14.25° 47.23° 1.50° 0.20° 3.77°
T, 22.51° 9.13° 27.85° 2.03° 13.98* 47.02° 1.46° 0.21° 3.82°
T, 22.71% 8.43° 28.62° 1.92° 13.94* 47.09° 1.35° 0.19° 3.69%
T, 22.91° 8.22° 30.05° 1.81° 13.75% 46.16" 1.32° 0.18° 3.60°
T, 23.40° 7.93¢ 30.62° 1.80° 13.49° 46.17° 1.27° 0.17° 3.36°
T, 23.89° 6.83° 31.39° 1.52° 13.11° 47.15° 1.09° 0.15° 3.24°
SEm () 0.08 0.06 0.15 0.03 0.12 0.22 0.01 0.004 0.06

T,= M. dubia (2 x2m)-HN, T,= M. dubia(3 x 2 m)-HN, T,=M. dubia (3 x 3 m)-HN, T,=M. dubia (4 x 2 m)-HN, T;= M. dubia (4 x 4 m)-HN, T;= Sole HN; DM=Dry matter;
CP=Crude protein; CF=Crude fibre; EE=Ether extract; AC=Ash content; NFE=Nitrogen free extract; N=Nitrogen; P=Phosphorus; K=Potassium; Means with
different superscript letter in the same column indicate significant difference (p<0.05) according to Duncan's Multiple Range Test
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of grasses increased by shade with a small decrease in fiber
concentration, an increase in digestibility, and a large
increase in N concentration. Under shaded conditions, leaf
area may be increased and leaf-area expansion may be
prolonged, allowing only limited photosynthate for growth of
secondary cell walls. Thus, shade may cause lower cell wall
(fibre) concentration and increased forage quality (Kephart
and Buxton 1993). The reduced PAR delays the maturation
process of fodder grasses (Bos and Neuteboom 1998) and
delays plant maturity, thereby reducing the fibre content
(Pierson et al 1990). Higher cell wall content i.e. crude fibre
decrease the in-vitro dry matter digestibility (O'Shea 1968).
Therefore, higher HN CF content under sole cropping
systems may impair the DM intake and lower the feed
conversion ratio. The grasses under silvi-pasture relatively
have high ash content j.e. total minerals content as compared
to sole cropping systems. It may be due to higher uptake of
potassium under silvi-pasture systems, which is major part of
ash. Apparently, in the present study, forage K content was
higher under silvi-pasture systems compared to sole crop.
Previous studies have reported higher uptake of K (Guenni et
al 2008) and P (Belsky 1992, Cruz 1997) by plants under
shade which are in consistence with our study. NFE content
of forage grasses s directly affected by CP, CF, EE, and AC of

the grasses. Therefore, increase in these proximate
principles decreases the NFE content of the forage grass.
Higher NFE content in HN under silvi-pasture systems
indicate it as energy rich source (Sukhadiya et al 2020).
Fungal population (cfu; colony forming units/g of soil):
Fungal population (two years average of each season) was
minimum (0.25 x 10° cfu/g) in M. dubia 2 x 2 m configuration
among different spatial configurations (before planting HN in
M. dubia plantations and open filed later HN sole crop
systems) (Table 6). Fungal population increased with
increase in M. dubia spacing and was maximum (3.25 x 10°
cfu/g) in open field. After HN intercropping, similar trend was
observed in all the seasons viz., summer, monsoon and
winter. Maximum fungal population count of 3.88, 2.88 and
3.75 x 10° cfu/g was observed in summer and monsoon
under HN sole cropping and in winter under M. dubia (4 x 4
m)-HN LU, respectively. M. dubia (2 x 2 m)-HN silvi-pasture
system showed minimum fungal count of 0.38, 0.88 and 1.50
x 10° cfu/g in three seasons, respectively. However, it
increased from summer, monsoon to winter season.
Bacterial population (cfu/g): Bacterial population, before
HN planting, was maximum (61 x 10”cfu/g)in 2 x 2 m M. dubia
spatial configuration. It was in decreasing order with increase
in spatial arrangement of M. dubia and minimum (4 x 10’

Table 6. Soil microbial population (cfu/ml) under M. dubia-HN based silvi-pasture and sole cropping systems

Types of microbes Land use systems

At HN planting

Average seasonal (2018-19) variation in microbial
population after HN planting

Summer Monsoon Winter
Fungi population x 10° (cfu/g) T, 0.25 0.38 0.88 1.50
T, 1.25 1.50 1.00 2.25
T, 1.25 1.75 1.13 2.25
T, 1.50 1.75 1.38 2.38
T, 2.00 2.25 2.00 3.75
T, 3.25 3.88 2.88 3.50
Bacterial population x 107 (cfu/g) T, 61.00 144.88 300.00 187.13
T, 57.00 117.50 267.38 173.75
T, 38.75 116.13 241.00 100.38
T, 27.00 78.13 166.63 88.63
T, 21.75 66.63 141.75 47.63
T, 4.00 40.25 105.75 16.75
Actinomycetes population x 10° (cfu/g) T, 4.00 10.50 4.38 30.75
T, 3.00 8.13 4.25 19.13
T, 2.75 3.13 3.50 14.25
T, 1.00 2.25 1.13 6.75
T, 0.75 1.25 1.00 4.25
T, 0.00 0.38 0.13 1.38

T,= M. dubia (2 x 2 m)-HN, T,= M. dubia(3 x 2 m)-HN, T,=M. dubia (3 x 3 m)-HN,

T,=M. dubia (4 x 2 m)-HN, T,= M. dubia (4 x 4 m)-HN, T,= Sole HN
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cfu/g) was in open field (Table 6). Similar trend was also
observed in all the seasons viz., summer, monsoon and
winter after intercropping HN (Table 6). Bacterial population
was highest (114.88, 300 and 187.13 x 10’ cfu/g in all
seasons, respectively) in M. dubia (2 x 2 m)-HN silvi-pasture,
whereas lowest was in sole HN cropping system.
Actinomycetes population (cfu/g): Actinomycetes
populations, before HN intercropping (Table 6) was
maximum (4 x 10cfu/g) in M. dubia (2 x 2 m)-HN silvi-pasture
system. Count decreased with increase in spatial
configuration and no count was recorded in open field.
Similar trend was observed after HN intercropping in all the
seasons. M. dubia (2 x 2 m)-HN LU harbored highest
population (10.50, 4.38 and 30.75 x 10° cfu/g, in three
seasons, respectively) and minimum was in sole HN system.
The soil microbial population study substantiated that
integration of HN as understory crops, increased microbial
populations in all LU systems. Further, among different
seasons, fungi and actinomycetes populations were highest
in winter season, while bacterial population was maximum in
monsoon season. Among different silvi-pasture systems,
closest spacings had more bacterial and actinomycetes
populations, while fungi were highest under sole cropping.
Agroforestry practices are advocated as techniques that can
be used to conserve and improve soil organic matter (Ross
1993) by increasing soil microbial biomass and enhance
plant residue inputs (Amatya et al 2002, Lee and Jose 2003,
Mao and Zeng 2013).

Many factors i.e. environmental, and soil conditions;
composition of the soil micro-organism population; and
chemical quality of the litter affect soil organic matter
decomposition rate (Swift et al 1979), which is directly
proportional to the nutrient release to the soil (Dhanya et al
2013). Rates of litter and soil organic matter mineralization
and nutrient availability to plants may be greater under trees,
due to higher litter inputs, higher soil moisture, and lower soil
and air temperatures (Menezes et al 2002). These studies
are evident for the increased microbial populations obtained
in the present investigations. Low population of
microorganism is found in the soil with low organic matter
(Bhattarai et al 2015). Thus, present study substantiates that
varying M. dubia densities created congenial development
conditions for soil biota thereby improving the soil health.
Further, inclusion of HN improved the microbial populations.

CONCLUSIONS
The growth, physiological attributes, fresh and dry
forage production, and proximate and mineral matter
principles and qualitative attributes (average of two years;
three harvests in each year) were higher under silvi-pasture

systems as compared to sole cropping. Study also
substantiated that integration of HN under varying M. dubia
configurations, increased microbial populations in all LU
systems. Among different silvi-pasture LU systems, closest
spacing had more bacterial and actinomycetes populations,
while fungi were highest under sole cropping. The study
evinced out that tree-crop interactions under different M.
dubia spatial configurations were positive and hence HN
could be adopted as intercrop for better quantitative and
qualitative attributes.
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