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Abstract
A study was conducted for the assessment of productivity and nutritive quality of different rabi fodder crops under kinnow 
mandarin-based horti-pasture system. Among different rabi fodder crops, higher green fodder yield was produced by berseem 
followed by ryegrass and lucerne under partial shade of kinnow mandarin orchard. Green fodder yield of berseem was 12.83, 
14.50, 37.23 and 79.17% higher as compared to ryegrass, lucerne, oat and mustard, respectively. Due to diversity in genetic 
makeup, parameters of analysis vary significantly in different rabi fodder crops. Ash content (14.03%), acid insoluble ash content 
(3.90%), crude fiber content (48.03%) and crude fat content (3.18%) was found highest under berseem, oat, mustard and ryegrass, 
respectively. Fat content in ryegrass was 2.47, 4.48, 17.67 and 13.25 times higher as compared to mustard, berseem, lucerne and 
oat, respectively. Crude protein content was highest in lucerne (32.73%) followed by berseem (25.11%). Similarly lucerne was 
superior fodder crop with respect to N, Zn and Cu concentrations. Though, P, K and Fe concentration in ryegrass fodder was 
found higher as compared to other fodder crops.  
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Due to the increasing pressure of anthropocentric and 
development activities, the availability of land for fodder 
is decreasing day by day, resulting in about 4.0% of the 
total cultivable area is under fodder crops (Kumar et al., 
2013). Decreased land availability for fodder production 
has great pressure of livestock on available, total feed, 
and fodder. Additionally, more than 85% of farmers 
in the country are small and marginal having less 
than 2 ha land holding. Currently, India is facing net 
deficiency of green fodder, dry fodder and feed by 35.6, 
23.4 and 44%, respectively (Roy et al., 2019; Mahanta 
et al., 2020; Singh et al., 2022). By 2030 requirement for 
green fodder will be 1207 million tonnes and there will 
be 66% deficit in green fodder and 25% deficit in dry 
fodder (IGFRI, 2011). The regional level shortage is more 
critical than the national level as transportation of fodder 
to long distances is uneconomical. Under the Western 
Himalayan, Upper Gangetic Plains and, Eastern Plateau 
and Hilly Zones, green fodder availability is around 60% 
of the actual requirement. However, 40 to 60% fodder 
of the requirement is available in trans Gangetic plains 

and less than 40% availability in the remaining zones. 
Owing to a shortage of feed and fodder availability along 
with poor health and management, the productivity of 
Indian livestock is 20 to 60% lower in comparison to a 
global average. Feed and fodder contribute to 70 to 75% 
of the total cost of livestock production, particularly in 
milch animals (Roy et al., 2019). To maintain the present 
level of livestock production and its annual growth in 
population, the deficiency of fodder has to be met either 
from increasing productivity, utilizing unexploited feed 
resources, expanding land area, integrating of different 
systems or through imports (Kumar et al., 2023). 
Although the opportunity for area expansion under 
fodder crops is not feasible and yields of forage crops 
are reaching a plateau, still a great scope exists to 
increase forage availability through efficient utilization 
of horticultural and agroforestry based systems 
through conversion of these areas into hortipasture 
and silivipasture systems. Out of a total 25.5 mha area 
under horticulture (increasing with 2.1% annual growth 
rate), around 10.2 mha is occupied under cultivation of 
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fruit and plantation crop which is a potential area for 
the production of green fodder in their inter-row spaces 
(DACFW, 2018). Partial shade tolerant fodder crops such 
as guinea grass, signal grass, congo signal grass, berseem, 
cowpea, sorghum etc., can be easily grown between inter-
row space of fruit plants for efficient utilization of land 
and other resources (Kumar et al., 2012). Citrus, mango, 
guava, litchi, jujube, etc., in north Indian conditions 
provides a sizable area for the cultivation of perennial 
as well as seasonal fodder crops without affecting the 
productivity of orchard plants (Sharma, 2004; Meena et 
al., 2017). The additional forage availability through such 
systems is likely to reduce grazing pressure and thus have 
important environmental implications. Area of kinnow 
mandarin cultivation has increased considerably under 
irrigated conditions of north-western regions of India due 
to its wider adaptability to different agro-climatic regions, 
higher yield potential, better shelf life and excellent juice 
quality. Inter-cropping of kinnow mandarin orchards 
with suitable fodder species could be helpful to merge 
the gap between demand and supply of green fodder in 
the region for improvement of livestock production and 
rural economy. Against this backdrop, an experiment was 
initiated for assessment of the productivity and quality 
of different rabi fodder crops under inter row space of 
kinnow mandarin-based horti-pasture system.
The field experiment was carried out during rabi 2018-19 
at Research Farm of ICAR-Indian Institute of Farming 
Systems Research, Modipuram, Meerut, India, situated at 
the latitude of 29°04’38.8” N and longitude of 77°42’09.9” 
E, and altitude of 237 m above mean sea level. The climate 
of above unit is semi-arid with dry hot summers and 
cold winters with an average annual rainfall of 747 mm, 
80% of which is received through south-west monsoons 
during July-September. The experiment was laid out 
in a randomized complete block design with three 
replications. Five rabi fodder crops viz. mustard, berseem, 
lucerne, oat and ryegrass were assessed under inter-row 
space of 0.18 ha kinnow mandarin based hortipasture 
module of 0.70 ha integrated farming system model for 
marginal farmers having 2 livestock (1 buffalo and 1 
desi cow). Size of the experimental plot was 100 m2 strip 
of inter-row space. Kinnow mandarin plantation was 
done during 2010-11 at 5 x 5 m row to plant spacing. All 
the fodder crops were sown by broadcasting method 
during first fortnight of November. A standard package 
of practices was followed for the cultivation of different 
fodder crops.
Fodder yield of different fodder crops was calculated by 
harvesting fodder of a 2 x 2 m2 area using quadrate. Fodder 
was randomly harvested from five places and averaged 
for fodder yield (q/ha). Berseem (3 times), lucerne (3 
times), oat (2 times) and ryegrass (3 times) were harvested 
multiple times. However, mustard was harvested single 
time at maximum vegetative growth (50% flowering) 

stage. Samples collected for the calculation of fodder 
yield were also used for the investigation of different 
parameters of proximate analysis. Proximate analysis 
(ash content, acid insoluble ash, crude fibre, crude fat 
and crude protein contents) of different rabi season 
fodder crops was done using standard methodology 
(AOAC, 1970) at ICAR-Central Institute for Research 
on Cattle, Meerut. For the estimation of crude protein 
content, the nitrogen content (N) was determined by 
micro-Kjeldahl method (Bailey, 1967) and the crude 
protein (CP) was expressed as N x 6.25. Samples used 
for proximate analysis were also used for analysis of 
macro and micro mineral nutrient content in different 
rabi fodder crops. Nitrogen content in samples was 
analyzed by using Kjeldahl’s apparatus and expressed 
as percentage. The P content was determined by using 
Vanado-molybdo-phosphoric acid yellow color method 
(Piper, 1966). The K content was determined by using 
the flame photometer and was expressed as percentage. 
The zinc (Zn), copper (Cu), manganese (Mn) and iron 
(Fe) content were determined using atomic absorption 
spectrophotometry (AAS).
The experimental data on different parameters recorded 
during study period were investigated statistically 
using the F-test, as per the procedure given by Gomez 
and Gomez (1984). The significant differences between 
treatments means were compared with the least 
significant at 5% level of probability. 
Significant variation in fodder yield of different rabi 
fodder crops was observed under kinnow based horti-
pasture system. Highest green fodder yield was produced 
by berseem followed by ryegrass and lucerne (Table 1). 
Green fodder yield of berseem was 12.83, 14.50, 37.23 and 
79.17% higher as compared to ryegrass, lucerne, oat and 
mustard, respectively. Cultivation of mustard, berseem, 
lucerne, oat and ryegrass under 0.18 ha horti-pasture 
module could fulfill the green fodder requirement 
(50 kg/day) of livestock (1 buffalo, 1 native cow and 
2 calves) for the period of 65, 116, 101, 80 and 103 days, 
respectively. It showed the superiority of berseem and 
ryegrass to perform better under partial shades of 
kinnow orchard provided resource competition with 
other species remained minimal (Pang et al., 2019a). Poor 
growth of oat and mustard made these crops unsuitable 
for cultivation under kinnow orchards. The presence of 
trees modified light, nutrient and water availability and 
affected the production of crops (Jose and Dollinger, 2019; 
Ram et al., 2019; Prajapati et al., 2022).
Parameters of proximate analysis were significantly 
varied among different rabi fodder crops. Highest ash 
content was found in berseem (14.03%) followed by lucerne 
(13%) and lowest in mustard (7.24%). Acid insoluble ash 
content was found highest under oat (3.90%) followed by 
ryegrass and lowest in mustard (0.48%). Mustard recorded 
highest fiber content (48.03%) followed by oat and least 
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under lucerne (29.01%). Higher fat content was found 
under ryegrass (3.18%) followed by mustard (1.30%) and 
lowest was with lucerne (0.20%). Fat content in ryegrass 
was 2.47, 4.48, 17.67 and 13.25 times higher as compared to 
mustard, berseem, lucerne and oat, respectively. Among 
the different fodder crops, crude protein content was 
found to be higher under legume crops. The highest 
crude protein content was registered under lucerne 
(32.73%), followed by berseem (25.11%). Higher protein 
content under berseem and lucerne might be due to its 
leguminous nature (Ruckle et al., 2017). Variation under 
different proximate parameters under rabi fodder crops 
might be due genetic makeup of different fodder species 
(Pezzopane et al., 2019; Pang et al., 2019b).
Different rabi fodder crops differed significantly with 
respect to mineral nutrient composition (macro- and 
micro minerals) under kinnow mandarin-based horti-
pasture system. Nitrogen content was found highest 
under lucerne (5.24%) followed by berseem (4.02%) 
(Table 2). However, phosphorus content was registered 
maximum under ryegrass (0.203%) and found statistically 
identical with oat (0.201%). It was noticed that among 
the macronutrients, nitrogen content was comparatively 
higher under fodder crops of the Leguminosae family 
(lucerne and berseem) and phosphorus content in 
fodder crops of the Gramineae family (oat and ryegrass). 
Potassium (K) content was found highest under ryegrass 
(3.05%) followed by lucerne (1.69%) and oat (1.62%). K 
content in ryegrass was 2.42, 2.18, 1.80 and 1.88 times 

higher as compared to mustard, berseem, lucerne and 
oat, respectively. Among different micro-nutrients, zinc 
content was found highest under lucerne (80.4 ppm) 
followed by ryegrass. Similarly, copper content was 
found to be highest under lucerne (10.03 ppm) followed 
by berseem (5.99 ppm). Iron content was found to be 
highest under ryegrass (602.5 ppm) and Mn under oat 
(246.6 ppm). Lucerne was a superior fodder crop with 
respect to N, Zn and Cu concentrations. However, with 
respect to P, K and Fe concentration ryegrass fodder was 
found superior as compared to other fodder crops. The 
lower concentration of macro and micro-nutrients in 
mustard fodder makes it an unsuitable crop for livestock 
feeding as compared other fodder crops. Significant 
variation in nutrient contents of different legume and 
grassy fodders under silvopsture systems was also 
reported by earlier (Pang et al., 2019b; Pezzopane et al., 2019). 
Based on this study, it was concluded that legume fodder 
crops performed better under the partial shade of kinnow 
mandarin-based hortipature system. Berseem and 
ryegrass were found promising rabi fodder crops to fulfill 
green fodder requirements with higher yield and nutrient 
contents under kinnow mandarin-based hortipasture 
systems for marginal households of the western plain 
zone of Uttar Pradesh.
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Table 1. Green fodder yield and proximate analysis of different rabi fodder crops under horti-pasture system
Fodder crop Green fodder yield (q/ha)* Ash (%) AIA (%) Crude fiber (%) Crude fat (%) Crude protein (%) 

Mustard 216 7.24 0.48 48.03 1.30 11.64

Berseem 387 14.03 1.17 34.44 0.71 25.11

Lucerne 338 13.00 1.92 29.01 0.20 32.73

Oat 282 11.28 3.90 34.89 0.24 10.06

Ryegrass 343 12.23 3.03 30.79 3.18 11.38

SEM 6.5 0.155 0.080 1.23 0.02 0.354

CD (p < 0.05) 21.4 0.364 0.264 4.06 0.06 1.174

AIA: Acid Insoluble Ash; *10 quintals (q) = 1 ton

Table 2. Mineral nutrient content in different rabi fodder crops under horti-pasture system
Fodder crop N content (%) P content (%) K content (%) Zn (ppm) Cu (ppm) Fe (ppm) Mn (ppm)

Mustard 1.86 0.134 1.26 36.7 2.80 218.5 28.4

Berseem 4.02 0.189 1.40 66.2 5.99 434.3 72.5

Lucerne 5.24 0.184 1.69 80.4 10.03 504.5 57.7

Oat 1.61 0.201 1.62 48.8 2.24 339.4 246.6

Ryegrass 1.82 0.203 3.05 76.2 2.43 602.5 155.3

SEM 0.056 0.005 0.053 1.63 0.085 6.85 2.87

CD (p < 0.05) 0.186 0.016 0.175 5.40 0.282 22.70 9.52
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