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Abstract
The growth and yield performance of seven fodder grasses were evaluated under tree shade and in open-field conditions during 
2021-2023 in the sub-tropical region of Jammu, India. The experiment included 7 treatments representing different grass species: 
T1- Setaria anceps (var. S-25), T2- Sorghum bicolor, T3- Setaria anceps (var. PSS-1), T4- Pennisetum purpureum, T5- Paspalum notatum, 
T6- Brachiaria decumbens and T7- Natural grass, grown both under the shade of Terminalia chebula trees and in open (control) 
conditions. Tree shade recorded a positive effect on growth parameters exhibiting higher plant height, leaf length, and leaf area 
whereas, physiological attributes (chlorophyll content, crop growth rate, relative growth rate) and yield parameters (fresh and 
dry yield) of grasses were higher in open conditions. Only a marginal improvement in soil physico-chemical properties compared 
to the initial fertility status was recorded. The findings suggested that in order to enhance forage production and ensure year-
round fodder availability the grass species might preferably be grown in open conditions. Setaria anceps var. PSS-1 exhibited the 
maximum fresh and dry forage yield and might be a suitable choice for open-field cultivation in this region.
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Introduction
The livestock sector is a crucial component of India’s 
agrarian economy, contributing significantly to socio-
economic development, nutritional security, and 
employment generation. It plays a multifaceted role, 
particularly in rural areas, by providing essential 
products such as milk, meat, eggs, wool and fiber, while 
serving as a primary source of livelihood for millions. 
The sector directly employs approximately 20.5 million 
people and sustains millions of marginal and landless 
farmers, highlighting its role in poverty alleviation and 
rural development (Pathak, 2024). India’s total livestock 
population has reached 535.78 million, reflecting a 4.6 % 
increase from the previous census in 2012. India holds 
a dominant position globally, accounting for 57.3% of 
the world’s buffalo population and 14.7 % of its cattle 
population (Mehta et al. 2024). However, despite this 
substantial livestock base, productivity levels remain 
sub-optimal due to several systemic challenges. One 

of the primary constraints is the inadequacy of quality 
feed and fodder, which accounts for nearly 50% of total 
production losses in addition to inefficiencies in breeding 
programs, disease prevalence and limited access to 
veterinary healthcare (Singh et al., 2020). India currently 
faces a substantial fodder deficit, with a shortfall of 35.6 % 
in green fodder and 10.9 % in dry forages, a gap projected 
to widen to 45 % and 11 %, respectively, in the coming 
years. This growing scarcity poses a significant challenge 
to the sustainability of livestock farming, necessitating 
urgent interventions to enhance fodder and feed resource 
management (Thevathasan and Gordon, 2004). 
In Jammu and Kashmir, total fodder production is 
estimated at 91.5 lakh tonnes, comprising 61.4 lakh tonnes 
of green fodder and 25.1 lakh tonnes of dry fodder (Mehta 
et al., 2024). However, the region faces a critical deficit of 
67% in green fodder and 27.31% in dry fodder, severely 
impacting livestock productivity. As of 2023, the union 
territory’s livestock population includes 14.58 lakh cattle, 
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16.26 lakh sheep, 0.214 lakh buffaloes and 3.17 lakh goats, 
all of which require adequate nutrition to maintain health 
and productivity (Mehta et al., 2024). 
Given these constraints, a strategic approach to 
enhance fodder production and ensuring its year-round 
availability was imperative. This requires not only 
increasing overall fodder yield but also optimizing its 
distribution across seasons to mitigate shortages. In 
this context, the objective of the present study was to 
evaluate the growth performance of grass species under 
two different environmental conditions: tree shade and 
open sunlight, in order to find the most suitable species 
to be grown in Jammu sub-tropics for higher forage 
production. 

Materials and Methods

Experimental site and design: The site selected for 
the study was the Experimental Farm of the Division of 
Silviculture and Agroforestry, Sher-e-Kashmir University 
of Agricultural Sciences and Technology, Chatha, 
Jammu. Geographically, the site is located between 
32°73’ N latitude and 74°87’ E longitude. The area falls 
under the sub-tropical zone of the Jammu division and 
is situated at an altitude of 325 m above mean sea level 
(amsl). The climate of the area is characterized by hot-
dry summers, hot and humid rainy months, and cold 
winters. The average rainfall of experimental location is 
about 1000-1200 mm, of which 75 to 80 percent is received 
during July to September and the rest 20 to 25 percent 
during winter months from December to February. The 
maximum temperature rises to 45 °C during May-June 
and the minimum falls to about 1 °C in the month of 
December-January (Kumar, 2019).  The soil (0-15 cm) of 
experimental site was analysed before initiation of the 
trial and was found to be alkaline in nature (7.77-7.85) 
with normal electrical conductivity (0.26-0.30 dSm-1) 
and bulk density (1.46 -1.50 g cm-3). The NPK content of 
the soil was also recorded under low category (184.12-
201.56, 9.80-10.15 and 96.32-101.32 kg ha-1, respectively).
The experiment included 7 treatments (grass species): 
T1- Setaria anceps (var. S-25), T2- Sorghum bicolor, T3- Setaria 
anceps (var. PSS-1), T4- Pennisetum purpureum, T5- Paspalum 
notatum, T6 - Bracharia decumbens and T7 - Natural grass 
grown under the shade Terminalia chebula trees as well as 
in open conditions. The plantation was 11 years old and 
maintained at a spacing of 5 m × 4 m. A total of 21 plots 
with dimensions of 4 m × 2.8 m were prepared both under 
the trees as well as in open conditions. All grass species 
except Sorghum bicolor (T2) were planted using slips at a 
spacing of 40 cm × 40 cm making a total of 70 plants per 
plot, whereas seeds of sorghum were directly sown in the 
assigned plots. No manure or fertilizer of any kind was 
used during the experimental trial. The experimental 
trial was laid out using a randomized block design with 
3 replications. 

Sampling and methods of analyses: The observations 
on growth parameters of grasses were recorded before 
every harvest. A total of three harvests each of green 
fodder were taken both in the first year as well as second 
year. The data presented in this paper was the mean 
of two year data. For data collection, five plants were 
randomly selected from each treatment plot and were 
tagged. The selected plants were used for recording all 
the observations related to growth and the average values 
of these five plants were taken for statistical analysis. 
The plant height of the tagged plants was measured 
in centimetres from the ground level to the top of the 
tip and the number of tillers per plant was recorded by 
counting tillers of all the five tagged plants from each 
plot and the average tiller per plant was worked out 
(Dash et al., 2022). The length of the leaf was recorded 
by measuring the length from the junction of main stem 
to the tip of leaf. For estimation of leaf area, the leaves 
collected from tagged plants were designated into small, 
medium and large categories and the number of leaves in 
each of these categories was counted. Then, 3 leaves from 
each of these categories were selected and their area was 
determined with the help of length and breadth method 
(Musa et al., 2016). 
Crop growth rate is the dry matter accumulation of crop 
communities per unit land area per unit time. The crop 
growth rate of the grass species was calculated using the 
following equation (Radford, 1967).

Relative growth rate is the cumulative increase in dry 
matter per unit time. It was calculated using the following 
formula (Williams, 1946).

W1 = Dry weight at time t1; W2 = Dry weight at time t2 
and t2 - t1 = Time interval in days

For data related to yield, the entire plot was cut 
approximately 5 cm above the soil surface using sickle at 
maturity and the fresh weight of whole plot was recorded 
immediately. After harvesting the whole plot, five sub-
samples of fresh material (500 g each) of each treatment 
were placed in perforated paper bags, brought to the 
laboratory and oven-dried at 60° C till constant weight 
was achieved and the dry matter yield was determined 
from green fodder data (Pandey et al., 2011). 
In order to analyse the physico-chemical properties of 
the soil, composite soil samples were collected randomly 
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from 0-15 cm soil depth by using core sampler (Peterson 
and Calvin, 1965). The analysis was conducted twice: 
initially before the commencement of experimental 
trial and subsequently after the final crop harvest using 
standard methods. The experimental data collected were 
subjected to analysis of variance (ANOVA) in a 2-factor 
factorial design (factor 1: grass species (T) and factor 2: 
planting conditions (C) i.e. open and shade) by using 
OPSTAT. Wherever the effects exhibited significance at a 
5 percent level of probability, the critical difference (CD) 
was calculated.

Results and Discussion

Growth parameters: Effect of planting conditions (C), 
and grass species (T) on growth parameters viz. plant 
height, leaf length, leaf area, number of leaves and 
number of tillers were recorded (Table 1). Among the two 
planting conditions, grass species grown under shade 
recorded significantly higher plant height (100.16 cm), leaf 
length (46.65 cm) and leaf area (55.43 cm2). Conversely, the 
number of tillers (45.25) and leaves (385.09) were recorded 
higher under open conditions. Among the grass species, 
T2 (Sorghum bicolor) grown under shaded conditions 
recorded maximum plant height (140.07 cm), leaf length 
(73.48 cm) and leaf area (102.87 cm2), whereas T3 (Setaria 
anceps, var. S-25) under open conditions exhibited the 
highest average number of tillers (67.24) and leaves 
(629.28) per plant. The adaptation of plants to shade 
involves morphological and physiological adjustments, 

with variations observed across species and genotypes 
(Jose et al., 2019). 
The elongation of plant height under shade could be 
attributed to reduced light intensity. Diminished light 
level stimulates the activity of protein (expansins), 
leading to increased cell division and elongation (Dash 
et al., 2022). Rezai et al. (2018) demonstrated that shading 
significantly influenced leaf size, noting that plants 
grown under 50% and 70% shade exhibited larger leaves 
compared to those grown under full sunlight. The 
regulation of tiller production in grasses is influenced 
by genetic and physiological factors, as well as their 
interaction with environmental conditions (Assuero and 
Tognetti, 2010). Higher levels of shading could decrease 
the rate of tillering by delaying the development of tiller 
buds into tillers (Anthony and Thomas, 2015). The rate 
of leaf production is dependent on the number of tillers 
produced, thus resulting in a similar trend as observed in 
the number of tillers produced. On the similar lines, Jose 
et al. (2019) reported higher number of tillers and leaves 
in fodder grasses in the open conditions compared to 
grasses grown under coconut and rubber trees.

Physiological parameters: It is evident from the data 
presented in Table 2 that planting conditions and grass 
species exhibited a significant effect on chlorophyll 
content and crop growth rate (CGR) whereas, the effect 
was found to be non-significant in case of relative growth 
rate (RGR). Among the two planting conditions, the grass 
species grown in open conditions recorded higher CGR 

Table 1. Growth character of fodder grasses grown under tree shade and in open conditions

Treatments (T)

Planting conditions (C)
Shade Open Shade Open Shade Open Shade Open Shade Open

Plant height (cm) Leaf length (cm) Leaf area (cm2) Number of tillers
per plant

Number of leaves
per plant

T1: Setaria anceps
(var. S-25) 104.41 70.84 53.85 41.49 68.93 53.10 58.32 64.44 516.46 579.84

T2:  Sorghum
bicolor 140.07 72.73 73.48 49.99 102.87 69.98 10.08 12.20 41.62 58.18

T3: Setaria anceps
(var. PSS-1) 110.51 73.98 59.81 45.94 61.60 47.32 62.54 67.24 572.84 629.28

T4: Pennisetum
purpureum 125.39 85.73 64.38 48.19 64.38 48.19 52.89 56.90 449.29 498.97

T5: Paspalum
notatum 68.68 51.12 32.75 29.90 42.90 39.16 31.85 38.95 261.76 323.70

T6:  Bracharia
decumbens 95.40 67.59 33.33 31.66 41.99 39.89 47.65 58.48 355.03 440.45

T7: Natural grass 56.64 25.91 8.93 5.32 5.36 3.20 16.35 18.56 137.61 165.18
Mean 100.16 63.99 46.65 36.07 55.43 42.98 39.95 45.25 333.52 385.09
Factor
T
C

CD (P<0.05)     SEM
2.74                   0.94
1.46                   0.50

CD (P<0.05)     SEM
1.15                   0.39
0.61                   0.21

CD (P<0.05)     SEM
1.38                   0.47
0.74                   0.25

CD(P<0.05)       SEM
1.17                      0.40
0.62                      0.21

CD (P<0.05)       SEM
13.10                    4.48
7.00                      2.40
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Table 2. Physiological attributes of fodder grasses grown under tree shade and in open conditions

Treatments (T)

Planting conditions (C)
Shade Open Shade Open Shade Open
Chlorophyll content
(SPAD value)

Crop growth rate
 (g m-2day-1)

Relative growth rate
 (g g-1day-1)

T1: Setaria anceps      
      (var. S-25) 37.83 32.62 8.06 10.17 0.0096 0.0099

T2: Sorghum              
      bicolor 32.05 26.38 5.76 7.09 0.0109 0.0117

T3: Setaria anceps  
      (var. PSS-1) 37.45 32.22 6.12 7.91 0.0096 0.0098

T4: Pennisetum  
       purpureum 39.56 37.30 4.96 7.16 0.0109 0.0112

T5: Paspalum  
       notatum 36.10 34.90 6.63 9.84 0.0106 0.0109

T6:  Bracharia   
      decumbens 32.92 29.91 4.34 6.66 0.0098 0.0105

T7: Natural grass 23.88 20.58 3.09 6.05 0.0104 0.0115
Mean 34.25 30.56 5.57 7.84 0.0103 0.0108
Factor
T
C

CD (P<0.05)      SEM
1.04                    0.36
0.56                    0.19

CD (P<0.05)      SEM
0.70                    0.24
0.37                    0.13

CD (P<0.05)      SEM
NS                     0.00
NS                     0.00

Table 3. Yield parameters of fodder grasses grown under 
tree shade and in open conditions

Treatments (T)

Planting conditions (C)
Shade Open Shade Open
Forage fresh weight
 (t ha-1)

Forage dry weight 
(t ha-1)

T1: Setaria anceps      
      (var. S-25) 70.98 83.04 15.81 18.41

T2: Sorghum              
      bicolor 38.42 42.70 10.11 11.80

T3: Setaria anceps  
      (var. PSS-1) 79.20 87.93 16.84 20.33

T4: Pennisetum  
       purpureum 66.16 74.98 10.92 12.21

T5: Paspalum  
       notatum 52.25 62.30 12.50 15.83

T6:  Bracharia   
      decumbens 42.24 49.72 8.87 10.04

T7: Natural grass 16.91 23.79 7.86 11.55
Mean 52.31 60.64 11.85 14.31
Factor
T
C

CD (P<0.05)    SEM
2.57                 0.88
1.38                 0.47

CD (P<0.05)      SEM
0.56                    0.19
0.30                    0.10

(7.84 m-2day-1) and chlorophyll content (34.25). The higher 
CGR under open conditions probably be due to presence 
of more sunlight which might have exhibited higher 

photosynthetic efficiency and in turn accumulated higher 
biomass. According to Kishore et al. (2021) utilization of 
light energy in an intercropping system depends on the 
interception of photosynthetically active radiation (PAR) 
by the leaves of intercrop and its assimilation to produce 
biomass. Renu et al. (2017) also recorded higher crop 
growth rate and relative growth rate values in new pearl 
millet hybrids grown as sole compared to intercropping 
systems. Likewise Mishra et al. (2020) reported 40% 
reduction in relative growth rate (RGR) of Phalaris minor 
in 55% shading compared to open conditions. 

Yield parameters: The data presented in Table 3 clearly 
indicated that both planting conditions and grass species 
had a significant impact on forage fresh and dry yield. 
Among the two planting conditions, forage yield was 
higher in open-field conditions, with fresh yield recorded 
at 60.64 t ha-1 and dry yield at 14.31 t ha-1. This variation 
could be attributed to absence of competition for nutrients 
from trees and increased light availability in open fields 
resulting in production of more tillers and hence more 
leaves. Furthermore, the greater exposed photosynthetic 
area in open conditions enhanced solar radiation 
interception, thereby facilitating higher photosynthetic 
activity. Notably, among the grass species, T3 (Setaria 
anceps, var. PSS-1) grown under open conditions exhibited 
the highest fresh (87.93 t ha⁻¹) and dry (20.33 t ha⁻¹) forage 
yields. Deepthi et al. (2024) stated that fodder yield was 
directly influenced by tiller production, with increased 
tillering under open conditions contributing to higher 
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yields. Additionally, a reduction in solar radiation 
negatively affected photosynthetic efficiency and 
carbohydrate assimilation (Anthony and Thomas, 2015). 
Similarly Jose et al. (2019) reported that fodder grasses 
cultivated in the open conditions produced higher fresh 
biomass compared to those grown under shade.

Impact of fodder grasses on soil physico-chemical 
properties: The data regarding physico-chemical 
properties of soil towards the end of the experiment 
recorded only a marginal improvement compared to 
the initial values (Table 4). More specifically, it recorded 
an increase in soil electrical conductivity (EC), nitrogen 
(N), phosphorus (P) and potassium (K) contents, whereas 
pH and bulk density (BD) values exhibited a decreasing 
trend both under the shade as well as in open conditions. 
It might be attributed to increase in soil organic matter 
content brought about by incorporation of biomass of the 
intercrops resulting in better aggregation properties of 
soil. In addition, the intercultural operations might have 
contributed in decreasing the compactness of soil and 
hence increased soil aeration. Organic matter is a very 
important part of soil and usually used as an important 
index of the soil fertility level, and contains nutrient 
elements needed for plant growth (Wang et al., 2023). 
Among the two planting conditions, lower pH (7.71) and 
bulk density (1.43 g cm-3) were recorded under tree shade. 
It was attributed to higher accumulation of organic matter 
in the form of leaf litter, twigs and root biomass under 
tree based agroforestry system and the decomposition of 
these organic materials produced acids, such as folic acid 
and humic acid, which contributed to soil acidification 
i.e., lowering of soil pH (Singh, 2018). Similar results 
were also reported by Devi et al. (2020) and Sharma et al. 
(2022). Sharma (2011) found that soil with higher organic 
matter content also tended to exhibit lower bulk density 
due to the lower particle density of organic matter and 
the formation of soil aggregates. 
In the present study, higher nitrogen (213.22 kg ha-1), 
phosphorus (11.09 kg ha-1) and potassium (106.77 kg ha-1) 
contents were recorded under the shade of Terminalia 
chebula trees. The accumulation and subsequent 
decomposition of organic constituents contributed 
to heighten nitrogen accumulation under tree-based 
agroforestry systems relative to tree-less plots. Singh et 
al. (2021) observed greater total nitrogen stock in tree + 
fodder wheat based agroforestry systems relative to sole 
wheat plots. The enhancement in phosphorus under tree 
shade could be attributed to the ability of woody perennial 
components to absorb phosphate ions from deeper soil 
layers and redistribute them to upper layers through the 
decomposition of litter. Sharma (2011) identified factors 
such as denser fine roots, microbial activity, mycorrhizal 
associations and root-induced phosphorus solubility as 
major contributors to increased available phosphorus 
under tree-based agroforestry systems. Potassium Ta
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regulates transpiration, respiration, enzymatic activity 
and the synthesis of proteins and carbohydrates (Sharma 
et al., 2022) and also plays a critical role in opening and 
closing of stomata, water balance, and osmotic potential 
regulation (Erel et al., 2013). The higher potassium content 
under tree based systems was also recorded earlier (Devi 
et al., 2020; Sharma et al., 2022).

Conclusion
Fodder grasses produced higher forage yields (both fresh 
and dry) when grown under open conditions i.e., tree-
less plots in comparison to tree shade. More specifically, 
Setaria anceps var. PSS-1 might be adopted and grown 
on open fields under sub-tropical conditions of Jammu 
for higher forage production in order to meet the fodder 
demands of livestock in the region.

References 
Anthony, Savita. and C.G. Thomas. 2015. Shade tolerance 

of selected hybrid napier cultivars under rainfed 
conditions. Journal of Tropical Agriculture 53: 35-41.

Assuero, S.G. and J.A. Tognetti. 2010. Tillering regulation 
by endogenous and   environmental factors and its 
agricultural management. The Americas Journal of Plant 
Science and Biotechnology 4: 35-48.

Dash, Deepali, D. Pattanaik, D. Panda, P. Dey, M.J. Baig, 
G.R. Rout, R.K.  Paikray, K.C. Samal, R.K. Panda and 
A.K. Gupta. 2022. Effect of low light stress on plant 
height, tiller number, panicle number, leaf area and 
yield of long duration rice (Oryza sativa L.) varieties. 
International Journal of Environment and Climate Change 
12: 1177-1183.

Deepthi, C., U. Thomas and R.K. Agrawal. 2024. Yield 
and quality of promising fodder grass varieties under 
varying shade levels in Kerala. Range Management and 
Agroforestry 45: 329-324. 

Devi, Sonia, K.K. Bhardwaj, G. Dahiya, M.K. Sharma, 
A.K. Verma and G.  Louhar. 2020. Effect of agri-silvi-
horticultural system on soil chemical properties and 
available nutrients at different depths in Haryana. 
Range Management and Agroforestry 41: 267-275. 

Erel, R., A. Dag, A. Schwartz, A. Ben-Gal and U. 
Yermiyahu. 2013. The role of potassium in the 
physiological response to water stress of the olive tree. 
In: XVII International Plant Nutrition Colloquium, 
(August 19-22, 2013), Turkey.

Jose, R.M., V. Jamaludheen, T.K. Kunhamu, A.V. 
Santoshkumar and A.K. Raj. 2019. Growth and 
productivity of selected fodder grasses intercropped 
under mature coconut rubber plantations at 
Vellanikkare, Thrissur. Indian Journal of Agroforestry 
21: 21-26.

Kishore, Kundan, T.R. Rupa and D. Samant. 2021. 
Influence of shade intensity on growth, biomass 
allocation, yield and quality of pineapple in mango-

based intercropping system. Scientia Horticulturae 
278: 0304-4238.

Kumar, Akshay. 2019. Performance of wheat in Harad 
(Terminalia chebula Retz.) based     agroforestry 
system in Jammu sub-tropics. M.Sc. Thesis. Division 
of Agroforestry, Sher-e-Kashmir University of 
Agricultural Sciences and Technology, Jammu. pp. 13.

Mehta, Swati, N. Sharma, N. Rana, R. Kumar, M. Attri, 
F.  Farooq and J. S. Mecarty. 2024. Sustainable forage 
cropping systems for round the year green fodder 
supply in irrigated subtropics of Jammu. Range 
Management and Agroforestry 45: 342-350. 

Mishra, Sudershan, B. Joshi, P. Dey, P. Nayak and S.K. 
Guru.  2020. Effect of shading on growth, development 
and reproductive biology of Phalaris minor Retz. Journal 
of Pharmacognosy and Phytochemistry 9: 803-807.

Musa, Tanko, Umar and U.T. Hassan. 2016. Leaf 
area determination for maize (Zea mays L.), okra 
(Abelmoschus esculentus L.) and cowpea (Vigna 
unguiculata L) crops using linear measurements. 
Journal of Biology, Agriculture and Healthcare 6: 103-111.

Pathak, Himanshu. 2024. Increasing livestock productivity 
in India: technological advances. In: V.K. Baranwal 
and R.K. Jain (eds.) National Academy of National 
Sciences Newsletter, Vol. 24. National Academy of 
Agricultural Sciences, New Delhi. pp. 1-17.

Pandey, K.C., S. Verma, J. Dagar and R. Srivastava. 2011. 
Forage production and nitrogen nutrition in three 
grasses under coconut tree shades in the humid 
tropics. Agroforestry Systems 83: 1-12.

Peterson, R.G. and L.D. Calvin. 1965. Method of 
soil analysis: Part-1. In: C.A. Black (ed). Physical 
and Mineralogical Properties Including Statistics of 
Measurement and Sampling. American Society of 
Agronomy, USA. pp. 54-72. 

Radford, P.J. 1967. Growth analysis formulae- their use 
and abuse. Crop Science 7: 171-175.

Renu, K., Anil and P. Kumar. 2017. The performance of 
new pearl millet hybrids with green-gram under sole 
cropping and intercropping systems in semi-arid 
environment. Forage Research 43: 26-30.

Rezai, Sedigheh, E. Nematollah, N. Ali, M. Yousefi and 
M.M. Majidi. 2018. Effect of light intensity on leaf 
morphology, photosynthetic capacity and chlorophyll 
content in sage (Salvia officinalis L.). Horticultural Science 
and Technology 36: 46-57.

Sharma, K.L. 2011. Effect of agroforestry systems on 
soil quality–monitoring and  assessment. Central 
Research Institute for Dryland Agriculture. http://
www.crida.in/ DRM1-WinterSchool/KLS (accessed 
on Nov. 25, 2024).

Sharma, A., V.K. Sah, V. Yadav and P. Kaushik. 2022. Effect 
of poplar and eucalyptus based agroforestry system 
on soil biochemistry. Indian Journal of Biochemistry and 
Biophysics 59: 126-130.

Singh, Gurvinder. 2018. Productivity and carbon storage 



Namgial et al.

37

in prevailing agroforestry systems in Nalagarh (HP). 
M.Sc. Thesis. Dr YSP University of Horticulture and 
Forestry, Nauni, Solan (HP). pp. 105.

Singh, Jagmanjot, B. Singh and Sandeep Sharma. 2021. 
Comparison of soil carbon and nitrogen pools among 
poplar and eucalyptus based agroforestry systems in 
Punjab, India. Carbon Management 12: 693-708. 

Singh, K., R. Singh, Y.S. Jadoun, B. Deshmukh and S.K. 
Kansal. 2020. Role of livestock in Indian economy- a 
review. International Journal of Current Microbiology and 
Applied Sciences 9: 2319-7706.

Thevathasan, N.V. and A.M. Gordon. 2004. Ecology of 
tree intercropping systems in the north temperate 
region: experiences from southern Ontario, Canada. 
Agroforestry Systems 61: 257-268.

Williams, R.F. 1946. The physiology of plant growth with 
special reference to the concept of   net assimilation 
rate. Annals of Botany 10: 41-71.

Wang, Zenghang, Rui Lui, Liang Fu, Shuitian Tao and 
Jianping Bao. 2023. Effect of orchard grass on soil 
fertility and nutritional status of fruit trees in korla 
fragnat pear orchard. Horticulture 903: 1-12.


