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Abstract

An experiment was conducted during rabi season of 2020-21 to record the effect of different intercropping row ratios on feed
and forage yield, land use efficiency and profitability. The experiment consisted of nine treatments viz. sole barley, sole berseem,
intercropping of barley + berseem in 1:1, 2:1, 1:2, 2:2, 3:1, 1:3 and 3:3 row ratios. The experiment was laid out in a randomized
block design with three replications. The results of the study revealed that in barley, maximum grain yield (3.46 t ha!) was
recorded with sole barley, which was at par with 2:1 row ratios of barley + berseem intercropping. Intercropping of barley +
berseem in 2:1 row ratio also recorded maximum dry fodder yield (6.27 t ha™), land equivalent ratio (1.21), relative crowding
coefficient (3.73), phosphorus uptake (12.34 kg ha'), net return (Rs 45834 ha') and benefit-cost ratio (2.44). Further, in forage
berseem maximum green fodder yield (49.03 t ha), crude protein (18.27%), TDN content (64.08%), dry matter intake (2.71%),
digestible dry matter (66.41%) and relative feed quality (141.16%) were recorded with sole berseem treatment followed by 1:3

and 1:2 row ratio of intercropping.
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Introduction

Adequate feed and fodder are essential for enhancing
livestock productivity but the growing gaps between
requirement and availability warrant concern for
sustaining animal productivity (Mahanta et al., 2020).
As per the estimates of the National Institute of Animal
Nutrition and Physiology (NIANP), the deficit in the
requirement and the availability of dry fodder, green
fodder and concentrates during 2015 was to the extent of
21, 26 and 34%, respectively and it is likely to increase to
23, 40 and 38%, respectively by 2025 (Parmar and Misra,
2020). To bridge this gap there is an urgent need either
to increase the area under feed and fodder production or
to increase the productivity per unit area per unit time.
Due to competition with the other agricultural crops
and farmer’s preference to grow food and cash crops,
first approach of increasing the area under forage crops
is not possible as the land available for cultivation of
green fodder crops has also remained static at around
5% of the total cropped area for the last few decades (Roy
et al.,, 2019). So, the only alternative to meet the feed and
fodder requirement is to increase the yield of these crops
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per unit area per unit time. Therefore, an intercropping
system that provides crop intensification both in time
and space dimensions (Reddy, 2008) can be used as a
tool for the production of adequate feed and fodder.
Intercropping of cereal fodder crops with leguminous
fodder crops appears to be a good approach for fodder
production, efficient utilization of land resources, fodder
quality and for providing stability to the system (Tripathi,
1989). Cereals and leguminous fodder crops are often
intercropped to increase the productivity per unit area
and the quality of the mixed forage crops (Ghosh et al.,
2009).

Barley (Hordeum vulgare L.) is an important rabi season
cereal crop of northern India, and it is of utmost
importance for livestock feeding. After wheat and
oats, barley is the third readily degradable cereal
crop for ruminants and improves microbial nutrient
assimilation by providing more synchronous release
of energy and nitrogen (Nikkhah, 2012). Similarly,
berseem (Trifolium alexandrinum L.) is also considered
a prominent leguminous fodder crop of rabi season in
India(Pradeep Behari et al., 2003) as it remains soft and
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succulent at all stages of growth with better digestibility
and palatability (Chaterjee and Das, 1989). Intercropping
of barley with berseem provided higher dry fodder yield
and crude protein as compared to sole planting (Sultan
and Shafie, 2015). Forage quality indicators also suggested
that intercropping of berseem with barley was superior
as compared to oats (Ross et al., 2004). However, the
intercropping practices of grain barley + forage berseem
have not been evaluated extensively. Moreover, the
identification of suitable intercropping combinations
for this region is expected to help the farmers improve
farm profitability and livestock productivity. Therefore,
the present study was carried out to evaluate the suitable
intercropping combination of barley and berseem for
enhancing grain and forage yield, land use efficiency
and net profitability in the region of Yamuna ravines of
Uttar Pradesh.

Materials and Methods

Study area and soil site: A field experiment was
conducted at the Agriculture farm of ICAR-Central
Institute for Research on Goats, Makhdoom, Uttar
Pradesh, during the rabi season of 2020-21 to record the
effect of different intercropping row ratios on yield,
intercropping indices and economics of grain barley
and forage berseem. The mean weekly meteorological
data recorded at the institute showed that the maximum
and minimum temperatures during the crop growth
period ranged between 19.9 to 35.6°C and 3.9 to 14.6°C,
respectively. The mean relative humidity ranged between
52.7 to 81.4% and the total rainfall received during
the crop-growing season was 27.5 mm. The soil of the
experimental field was nearly neutral in reaction (pH
7.2) with EC of 0.28 dS m™. The soil was low in organic
carbon (0.29%), medium in available nitrogen (243 kg
ha™) and potassium (170 kg ha™); and high in available
phosphorus (41 kg ha™).

Treatment details: The experiment consists of nine
treatments viz., sole barley, sole berseem, intercropping
of barley + berseem in 1:1, 2:1, 1:2, 2:2, 3:1, 1:3 and 3:3 row
ratios. The experiment was laid out in a randomized
block design with three replications. The field was
allocated into 27 plots and each plot was 6 m x 3 m in
size. All treatments were allocated in these small plots
without any biases. Barley variety Narendra Barley-2 and
berseem variety BB-2 were sown as per the treatment on
7" November 2020 by using the seed rate of 100 and 25 kg
ha in sole barley and sole berseem, respectively. Further,
the crops were sown with row-to-row spacing of 25 cm
in both sole as well as in intercropping combinations. All
the intercultural operations, like thinning and weeding,
were done manually.

Observations recording: Grain barley was harvested
at 120 days after sowing (DAS), whereas forage berseem
was harvested in three cuts, i.e., first at 50 DAS, second
at 40 days after the first cut, and third at 30 days after
the second cut. Harvesting for green fodder was taken
from the net plot, then weighed and converted into t ha™
to obtain green fodder yield. The randomly collected
green fodder samples were first dried in the sun and then
transferred in a hot air oven for drying at a temperature
of 65°C till constant weight. On the basis of these samples,
the green fodder yields were converted into dry fodder
yields and were expressed in t ha'. Grain yield was
obtained after threshing and winnowing, and straw yield
was calculated by subtracting the corresponding grain
yield from the total plot yield.

Intercropping indices calculation: The intercropping
indices were calculated from dry fodder yield of barley
and berseem by using the following formulas: Land
equivalent ratios (LER) = La+Lb, La =Yab/Yaa, Lb = Yba/
Ybb where La and Lb were the land equivalent ratio
of barley and berseem, respectively. Yaa and Ybb were
yields as a sole crop of a (barley) and b (berseem) and Yab
and Yba were yields as intercrops of barley and berseem,
respectively. Aggressivity of barley (Aab) = {(Yab/Yaa x
Zab) - (Yba/YDbb x Zba)} and of berseem (Aba) ={(Yba/Ybb
x Zba) - (Yab/Yaa x Zab)}. Competitive ratio of barley (Cra)
= (LERa/LERD) (Zba/Zab) and of berseem (Crb) = (LERb/
LERa) (Zab/Zba). Relative crowding coefficient of barley
(Kab) = (Yab x Zba)/(Yaa-Yab) Zab and of berseem (Kba) =
(Ybax Zab)/(Ybb — Yba) Zba, where Zab, the proportion of
intercrop area allocated to barley and Zba, the proportion
of intercrop area allocated to berseem.

Nutrient analysis and fodder quality: Analysis of
nutrients was carried out by using the digested samples
by following methods: nitrogen by using the micro
Kjeldahl method (AOAC, 2005), phosphorus by yellow
color method (Richards, 1968) and potassium by flame
photometer method (Richards, 1968). Crude protein
content was determined by multiplying the N with
the factor 6.25, and ether extract and ash contents were
analyzed following the AOAC (2005) method. Total
digestible nutrients (TDN), digestible dry matter (DDM),
dry matter intake (DMI), relative feed value (RFV) and
relative feed quality (RFQ) were estimated according
to the following equations adapted from Horrocks and
Vallentine (1999) whereas, relative feed quality (RFQ)
adapted from Undersander ef al. (2010): TDN = -1.291 x
ADF +101.35; DMI = 120/%NDF on dry matter basis; DMD
=88.9 - (0.779 x ADF); RFV = DMD x DMI x 0.775; REQ =
[(DML % of BW) x (TDN, % of DM)]/ 1.23.
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Economics and statistical analysis: Further, to find
out the most profitable treatment, the economics of
different treatments were worked out in terms of net
return (Rs ha') and B: C ratio. Net return = Gross return
(Rs ha™) — Cost of cultivation (Rs ha?) and B:C ratio =
Gross return (Rs ha)/cost of cultivation (Rs ha™). All the
data were subjected to statistical analysis by adopting an
appropriate method of analysis of variance as described
by Gomez and Gomez (1984).

Results and Discussion

Grain and forage yield: Intercropping of grain barley
and forage berseem with varying row ratios had a
significant effect on grain and straw yield of barley and
green and dry fodder yield of berseem (Table 1). The
highest grain yield (3.46 t ha™) of barley was recorded in
sole barley treatment. However, intercropping of barley +
berseem in 3:1 (3.25 t ha) and 2:1 (3.11 t ha™) row ratios
was also recorded at par grain yield with sole barley
treatment. In forage berseem highest green fodder yield
(49.03 t ha™) was recorded with sole berseem treatment.
Further, the highest dry fodder yield of berseem (2.66,
1.76 and 1.27 tha™ in I, IT and III cuts, respectively) and
barley i.e., straw yield (4.96 t ha™) were recorded with
sole beseem and sole barley treatment, respectively.
However, highest total dry fodder yield (6.27 t ha™)
of the barley + berseem intercropping system was
recorded in 2:1 row ratio, which was statistically at par
with the treatments of sole berseem and intercropping
row ratio of 1:1, 1:2, 2:2, 3:1 and 3:3. The increase in total
dry fodder yield in 2:1 row ratio was 26.41% over sole

barley treatment. The higher grain yield of barley in
2:1 and 3:1 row ratios with a lower proportion of barley
crop in these treatments as compared to sole barley
might be owing to better utilization of space and light
interception coupled with the nutrient contribution of
leguminous fodder to cereal. Kumar and Narmadha
(2021) reported that among the intercropping of grain
maize with forage legumes, sole maize crop recorded
the highest grain yield, although normal and paired
row intercropping of maize + pilipesera and maize
+ lucerne recorded at par value of grain yield with
sole maize treatment. Redfeara et al. (1999) reported
that intercropping of sorghum with forage soybean
produced lower soybean dry matter accumulation
thus less forage yield as compared to monocropping of
soybean. Hassan et al. (2017) also reported that yields
of legume components are significantly depressed by
grass components in intercropping. Ninama et al. (2022)
and Ganvit et al. (2018) reported the highest total dry
fodder yield of oats and lucerne with 2:1 row ratio of oat
+lucerne intercropping, which was significantly superior
to sole oat and sole lucerne and it confirmed the results
of this experiment.

Competitive performance: Intercropping treatments
of grain barley and forage berseem showed variation
in their competitive performance (Table 2). All the
intercropping combinations of barley + berseem recorded
a total land equivalent ratio (LER) value of more than 1.
This indicated the yield advantage of mixing these crops
in all these intercropping treatments. The highest value
of LER (1.21) was recorded in 2:1 row ratio of barley +
berseem intercropping combination followed by in 3:1

Table 1. Effect of different intercropping combinations on fodder and grain yield of berseem and barley

Treatment Green fodder yield (t ha™) Gr(atiﬁa}f})e d Dry fodder yield (t ha™)
Berseem Barley Berseem Barley* Total
I Cut II Cut III Cut  Total ICut IICut IIICut

Sole Barley - - - - 3.46 - - - 4.96 4.96
Sole Berseem 25.30 14.27 9.47 49.03 - 2.66 1.76 1.27 - 5.69
Barley + Berseem (1:1)  14.20 9.00 5.20 28.40 1.97 1.32 1.01 0.65 2.96 5.93
Barley + Berseem (2:1)  11.57 4.53 3.53 19.63 3.11 1.11 0.53 0.47 4.16 6.27
Barley + Berseem (1:2) 1523 10.10 7.60 32.93 1.25 1.55 1.14 0.98 2.00 5.66
Barley + Berseem (2:2)  13.93 9.07 5.07 28.07 1.88 1.29 1.03 0.62 2.88 5.82
Barley + Berseem (3:1)  8.93 3.27 2.57 14.77 3.25 0.86 0.37 0.32 4.29 5.84
Barley + Berseem (1:3)  17.57 11.30 7.90 36.77 1.01 1.77 1.29 1.03 1.48 5.57
Barley + Berseem (3:3)  13.77 9.00 5.00 27.77 1.85 1.28 1.00 0.61 2.85 5.74
SEM 0.83 0.56 0.42 1.23 0.13 0.09 0.08 0.06 0.19 0.20
CD (P<0.05) 2.52 1.69 1.27 3.73 0.39 0.27 0.23 0.18 0.58 0.61

*Barley straw yield used as dry fodder yield
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Table 2. Effect of different intercropping combinations on land use efficiency and competitive performance (calculated on dry

fodder yield basis)

LER Aggressivity CR RCC
Treatment

Barley Berseem Total Barley Berseem Barley Berseem  Barley Berseem  Total
Barley + Berseem (1:1)  0.60 0.52 1.12 0.08 -0.08 1.15 0.88 1.57 1.10 1.72
Barley + Berseem (2:1)  0.84 0.37 121 0.05 -0.05 1.15 0.88 3.11 1.20 3.73
Barley + Berseem (1:2)  0.40 0.64 1.05 0.08 -0.08 1.27 0.82 1.39 0.93 1.30
Barley + Berseem (2:2)  0.58 0.52 1.10 0.03 -0.03 1.13 0.90 1.42 1.08 1.54
Barley + Berseem (3:1)  0.86 0.27 1.14 0.01 -0.01 1.06 0.95 2.62 1.14 2.99
Barley + Berseem (1:3)  0.30 0.72 1.02 0.06 -0.06 1.27 0.87 1.32 0.90 1.19
Barley + Berseem (3:3)  0.58 0.51 1.08 0.02 -0.02 1.13 0.89 1.40 1.04 1.45

LER: Land equivalent ratio; CR: Competitive ratio; RCC: Relative crowding coefficient

row ratio (1.14). The value of 1.21 indicated that almost
21% more land would be required to plant the sole
crops to produce the same quantity of the yield of the
intercropping pattern. The greater LER might be due
to a greater resource use and resource-complementary
nature of component crops. The results were in close
confirmation with Ganvit et al. (2018) and Ninama
et al. (2022), who reported that the highest value of
LER was recorded with 2:1 row ratio of oat + lucerne
intercropping. The negative values of aggressivity for
forage berseem indicated their poor competitiveness
than the grain barley, which has positive aggressivity in
all the intercropping combinations. The higher values
of aggressivity of grain barley in 1:1, 2:1, 1:2 and 1:3 row
ratio of barley + berseem intercropping combination
showed its greater dominance over other intercropping
combinations. Higher values of the competitive ratio
of barley also indicated that it was more competitive to
berseem. Barley + berseem (1:2 and 1:3 row ratio) recorded
a competitive ratio of 1.27 it means barley produced 1.27
times as much as the expected yield and it was 1.27 times
as competitive. These results were in close confirmation
with Javanmard ef al. (2014), who reported that in mixed
cropping of barley + grass pea (75:25 and 50:50 seeding
ratio) and barley + vetch (75:25 seeding ratio), barley
was the dominant species as measured by the positive
value of aggressivity and in most cases, the competitive
ratio of legumes decreased as the proportion of barley
increased in the mixtures. Further, all the intercropping
combinations were more advantageous than sole
planting systems because the product of the relative
crowding coefficient of both the component crops was
more than one due to their complementary relationship.
The higher values of the relative crowding coefficient of
barley were obtained from 2:1 row ratio (3.11) of barley
+ berseem intercropping combinations followed by 3:1
row ratio (2.62), indicating greater advantage from these
intercropping combinations, which was further evident
from their respective higher values of product crowding

coefficient (barley crowding coefficient x berseem
crowding coefficient) of 3.73 and 2.99, respectively. The
results were in close confirmation with Javanmard et
al. (2014), who reported that the value of the relative
crowding coefficient was significantly influenced by the
mixing of different seeding ratios of barley + grass pea
and barley + vetch.

Nutrient content and uptake: Nitrogen, phosphorus
and potassium content and uptake of barley grain
and straw were significantly influenced by different
intercropping combinations and sole cropping systems
(Table 3). The highest value of nitrogen, phosphorus
and potassium content in barley grain (1.87 0.331 and
0.553%) and straw (0.292, 0.115 and 1.84%), respectively,
were recorded with 1:3 row ratio of barley + berseem
intercropping. However, intercropping row ratios of 1:2,
1:1, 2:2, 3:3 and 2:1 were recorded statistically at par value
of nitrogen, phosphorus and potassium content in barley
grain and straw. Significantly higher contents of nitrogen,
phosphorus and potassium in intercropping as compared
to sole cropping in barley grain and straw might be
attributed to the fact that the inclusion of a legume with
cereal intercropping restores the soil fertility as it lessens
the depletion of soil N, P and K compared to sole cropping
of cereals. These results were in close confirmation with
Gecaité et al. (2021), who reported that intercropping of
forage legumes with oats significantly influenced the
content of nutrients accumulated in oats grain. Further,
the highest value of nitrogen and potassium uptake in
barley grain (56.47 and 16.41 kg ha™) and straw (11.98 and
73.51 kg ha), as well as total uptake (68.45 and 89.92 kg ha”
1) were recorded in sole barley treatment. Intercropping
of barley + berseem in 2:1 row ratio recorded the highest
value of phosphorus uptake in barley grain (9.15 kg ha
1), straw (3.89 kg ha) and total uptake (13.04 kg ha™).
However, sole barley and intercropping row ratio of
2:1 and 3:1 were recorded statistically at par value of
nitrogen, phosphorus and potassium uptake in barley
grain, straw and in total. The results of nitrogen and
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Table 3. Effect of different intercropping combinations on nutrient content and uptake of grain barley

Potassium uptake

(kg ha?)

Phosphorus uptake

(kg ha™)

Nitrogen uptake

Potassium
content (%) content (%) (kg ha)

Phosphorus

Nitrogen
content (%)

Treatment

Total Grain Straw Total

Straw

Straw Grain Straw Grain Straw Total Grain

Straw  Grain

Grain

12.34 16.41 73.51 89.92

3.33

9.01

0241 0.262 0.067 0476 1.48 56.47 1198  68.45

1.63

Sole Barley

8.82 10.19 49.84 60.03

2.88

5.94

0270 0.302 0.099  0.518 1.69 34.03 797 42.00

1.73

Barley + Berseem (1:1)

13.04 15.72 67.97 83.70

3.89

9.15

0.294 0.093  0.505 1.63 5324 11.01 64.25

0.264

1.71

Barley + Berseem (2:1)

36.16 43.00

6.84

5.77 2891 4.06 2.25 6.31

23.14

0.547 1.8w2

0.325 0.112

0.289

1.85

Barley + Berseem (1:2)

0276  0.311 0.105  0.529 1.74 3322 795 41.17 584 3.03 8.88 9.94 50.13 60.06

1.77

Barley + Berseem (2:2)

66.21 82.31

16.10

12.79

0252  0.279 0.087  0.495 1.55 5425 10.75  65.00 9.09 3.70

67

1.

Barley + Berseem (3:1)

33.11

27.54

5.58

0292 0.331 0.115  0.553 1.84 18.84 431 23.15 3.34 1.71 5.04

1.87

Barley + Berseem (1:3)

50.43 60.40

9.97

0.318  0.108 0.538 1.77 33.27 8.06 4133 590 3.09 8.99

0.282

1.79

Barley + Berseem (3:3)

0.010 0.012 0.007  0.016 0.07 291 0.63 3.00 0.49 0.32 0.66 0.74 3.82 4.14

0.06

SEM

Arifet al.

12.56

11.60

0.030  0.038 0.022  0.048 0.22 8.81 1.92 9.10 1.47 0.96 2.00 2.24

0.17

CD (P<0.05)

potassium uptake were in close confirmation with Gao
et al. (2019), who reported that sole maize and sole peanut
had greater N and K uptake than intercropped maize and
peanut, respectively. Ramanakumar and Bhanumurthy
(2001) reported that intercropping of maize and cowpea
resulted in more phosphorus uptake of the system than
sole cropping.

Proximate constitutes and fodder quality: Sole and
intercropping combinations had a significant effect on
proximate constitutes and fodder qualities of forage
berseem (Table 4). Sole berseem treatment recorded
significantly the highest value of crude protein (18.27%),
ether extract (3.69%) and total ash (15.49%) content in
forage berseem. However, intercropping row ratios
1:3, 1:2, 1:1, 2:2, 3:3 and 1:1 were recorded at par values
of crude protein, ether extract and total ash content
in forage berseem. The mean crude protein content of
berseem in intercrops with oats was less than in berseem
sole crops, indicating that competition by oats reduced
the crude protein content of berseem (Ross et al., 2005).
Legumes contain more crude protein than cereals and
when mixed with cereals, the crude protein content
of mixtures remains lower than legume monoculture
(Stout et al., 2001). The results were in close confirmation
with Mohsenabadi et al. (2008), who reported that in
barley and vetch intercropping, crude protein content of
vetch decreased over sole cropping of vetch. Further, a
comparative analysis of different sole and intercropping
treatments revealed that the highest value of TDN
content in forage berseem (64.08%) was found with sole
berseem treatment. However, treatment sole berseem
and intercropping combinations of 1:3, 1:2, 1:1, 2:2 and 3:3
were recorded at par values of TDN content. The results
were in close confirmation with Yilmaz et al. (2015) who
reported that in legume + barley intercropping TDN
content decreased as the rate of barley increased. The
highest value of dry matter intake (2.71%) and digestible
dry matter (66.41%) in forage berseem was recorded with
sole berseem treatment. However, treatment sole berseem
and intercropping combinations of 1:3, 1:2, 1:1, 2:2 and
3:3 were recorded at par values of dry matter intake
and digestible dry matter. NDF and ADF were used to
predict the dry matter intake and digestible dry matter,
respectively. Dry matter intake was negatively correlated
with NDF, whereas digestible dry matter was negatively
correlated with ADF. Horrocks and Vallentine (1999) also
reported that where NDF was high, forage quality and
dry matter intake were low. The results were in close
confirmation with Yilmaz et al. (2015), who reported
that in legume + barley intercropping, dry matter intake
increased as at the rate of legume increased. Similarly, the
highest value of relative feed value (110.33%) and relative
feed quality (141.16%) in forage berseem was recorded
with sole berseem treatment. However, treatment sole
berseem and intercropping combinations of 1:3 and 1:2
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Table 4. Effect of different intercropping combinations on proximate constitute and fodder qualities of berseem (calculated on the basis of mean values of all three cuttings)

TDN (%) DMI (%) DDM (%) RFV (%) RFQ (%)

EE (%) Ash (%)

CP (%)

Treatment

141.16

110.33

3.69 15.49 64.08 2.71 66.41

18.27

Sole Berseem

131.23

105.10

14.58 62.28 2.59 65.33

3.45

17.33

Barley + Berseem (1:1)

13.84 61.35 2.52 64.76 101.96 125.60

3.06

16.77

Barley + Berseem (2:1)

63.26 2.63 65.92 107.03 135.20

15.21

3.62

18.02

Barley + Berseem (1:2)

2.60 65.44 105.65 132.24

14.68 62.48

3.48

17.46

Barley + Berseem (2:2)

124.13

101.18

13.73 60.92 2.50 64.51

01

3.

16.59

Barley + Berseem (3:1)

Barley + berseem intercropping under varying row ratios

136.63

107.96

15.32 63.59 2.64 66.11

3.66

18.18

Barley + Berseem (1:3)

2.61 65.64 106.24 133.30

14.75 62.81

3.51

17.57

Barley + Berseem (3:3)

2.23

1.53

0.38

0.04

0.63

0.36

0.08

0.34

SEM

1.08 1.92 0.12 1.16 4.64 6.76

0.24

1.03

CD (P<0.05)

CP: Crude protein; EE: Ether extract; TDN: Total digestible nutrients; DMI: Dry matter intake; DDM: Digestible dry matter; RFV: Relative feed value; RFQ: Relative feed quality

Table 5. Effect of different intercropping combinations on
economics of barley and berseem cultivation

Gross return Net return B:C

Treatment (Rs/ha) (Rs/ha) ratio
Sole Barley 65273 34498 2.12
Sole Berseem 49033 11281 1.30
Barley + Berseem (1:1) 65840 33575 2.04
Barley + Berseem (2:1) 77720 45834 2.44
Barley + Berseem (1:2) 56873 23532 1.71
Barley + Berseem (2:2) 63900 31635 1.98
Barley + Berseem (3:1) 75287 43065 2.34
Barley + Berseem (1:3) 55947 21889 1.64
Barley + Berseem (3:3) 63060 30795 1.95
SEM 2093 2093 0.07
CD (P<0.05) 6275 6275 0.20

B:C ratio: Benefit cost ratio

recorded at par values of relative feed value and quality.
Relative feed value (RFV) is an index that is used to
predict the intake and energy value of forage, which is
derived from DMD and DMI (Lithourgidis et al; 2006).
Differences in the digestibility of the fiber fraction could
resultin a difference in animal performance when forages
with a similar RFV are fed. Therefore, the relative feed
quality (RFQ) index has been developed to overcome
this difference. This index takes into consideration the
differences in digestibility of the fiber fraction and can
be used to more accurately predict animal performance
and match animal needs (Jeranyama and Garcia, 2004).

Economics: The economics of grain and forage
production were also significantly influenced by different
intercropping combinations of barley +berseem (Table 5).
The highest gross return (Rs 77720 ha), net return (Rs
45834 ha) and benefit: cost ratio (2.44) were obtained
with 2:1 row ratio of grain barley and forage berseem
intercropping combination followed by 3:1 row ratio.
Similar results were also reported by Arif et al. (2024), who
recorded the highest gross return, net return and benefit:
cost ratio with 2:1 row ratio of fodder oats + berseem
intercropping combination followed by 3:1 row ratio.
Ganvit et al. (2018) and Ninama et al. (2022) also reported
that 2:1 row ratio of oats +lucerne intercropping recorded
the highest net returns and benefit-cost ratio as compared
to other intercropping ratios and sole cropping of oats
and lucerne. Langat et al. (2006) and Sharma et al. (2008)
observed that intercropping row ratios significantly
influenced monetary returns and benefit-cost ratios in
forage crops.
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Conclusion

Results of the study confirmed that intercropping of grain
barley with forage berseem significantly influenced the
grain yield and nutrient content in barley and the land use
efficiency of the system. Maximum values of dry fodder
yield, land equivalent ratio, relative crowding coefficient,
phosphorus uptake, net return and benefit-cost ratio were
recorded with intercropping of 2:1 row ratio of barley +
berseem combination. However, the maximum value of
grain yield, nitrogen and potassium uptake was recorded
by sole cropping of barley, which was at par with 2:1 row
ratio of barley + berseem intercropping combination.
Hence, this investigation recommends two rows of barley
+ one-row berseem (2:1) intercropping combination for
obtaining the maximum value of grain and dry fodder
yield, profitability, and land use efficiency from barley
and berseem intercropping.

References

AOAC. 2005. Official Methods of Analysis. 18" Rev
edn. Association of Official Analytical Chemists,
Arlington, Virginia, USA.

Arif, M., A. Kumar, R. Pourouchottamane, D.L. Gupta and
B. Rai. 2024. Enhancing productivity, profitability and
land use efficiency of fodder oats (Avena sativa L.) and
berseem (Trifolium alexandrinum L.) by intercropping.
Range Management and Agroforestry 45: 111-117.

Chaterjee, B.N. and P. K. Das. 1989. Forage Crop Production-
Principles and Practices. Oxford & IBH Publishing Co.
Pvt. Ltd., New Delhi.

Ganvit, V. C,, V. H. Surve, S. Sharma and J. B. Ganvit.
2018. Forage production potential of oat (Avena sativa)-
lucerne (Medicago sativa L) intercropping under sole
and intercropping systems. Journal of Pharmacognosy
and Phytochemistry 7: 705-707.

Gao, H, W. Meng, C. Zhang, W. V. D. Werf, Z. Zhang, S.
Wan and F. Zhang. 2019. Yield and nitrogen uptake of
sole and intercropped maize and peanut in response
to N fertilizer input. Food Energy Security 00: el87.
https://doi.org/10.1002/fes3.187.

Gecaité, V., A. Arlauskiené and J. Ceseviciené. 2021.
Competition effects and productivity in oat-forage
legume relay intercropping systems under organic
farming conditions. Agriculture 11: 99. https://doi.
org/10.3390/agriculture11020099.

Ghosh, PK,, A. K. Tripathi, K. K. Bandyopadhyay and M.
C. Manna. 2009. Assessment of nutrient competition
and nutrient requirement in soybean/sorghum
intercropping system. European Journal of Agronomy
31: 43-50.

Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedures
for Agricultural Research. International Rice Research
Institute, John Wiley and Sons. New York.

Hassan, H. H. M., H. Mervat, R. I. Sayed and M. E.
M. Walaa. 2017. Effect of intercropping patterns on

forage yield and land use efficiency of some summer
fodder crops. Zagazig Journal of Agricultural Research
44: 2007-2020.

Horrocks, R. D. and J. F. Vallentine. 1999. Harvested Forages.
Academic Press, London, UK.

Javanmard, A., Y. Nasiri and F. Shekari. 2014. Competition
and dry matter yield in intercrops of barley and
legume for forage. Albanian Journal Agricultural Science
13: 22-32.

Jeranyama, P. and A. D. Garcia. 2004. Understanding
relative feed value (RFV) and relative forage quality
(RFQ). Extension Extra, Cooperative Extension
Service. SDSU. http://agbiopubs.sdstate.edu/articles/
ExEx8149.pdf.

Kumar, R.S. and R. Narmadha. 2021. Maize with green
legume fodder intercropping system. In: Agriculture
Development and Economic Transformation in Global
Scenario. Mahima Research Foundation and Social
Welfare/ Banaras Hindu University, Varanasi, India.
pp. 157-163.

Langat, M. C,, M. A. Okiror J. P. Ouma and R. M. Gesimba.
2006. The effect of intercropping groundnut (Arachis
hypogea L.) with sorghum (Sorghum bicolor L.) on yield
and cash income. Agricultura Tropica et Subtropica 39:
87-91.

Lithourgidis, A.S., I. B. Vasilakoglou, K. V. Dhima, C.
A. Dordas and M. D. Yiakoulaki. 2006. Forage yield
and quality of common vetch and mixtures with oat
and triticale in two seed ratios. Field Crop Research
99: 106-113.

Mahanta, SK., S.C. Garcia and M.R. Islam. 2020. Forage
based feeding systems of dairy animals: issues,
limitations and strategies. Range Management and
Agroforestry 41: 188-199.

Mohsenabadi, G.R., M. R. Jahansooz, M. R. Chaichi, H.
R. Mashhadi, A. M. Liaghatand and G. R. Savaghebi.
2008. Evaluation of barley vetch intercrop at different
nitrogen ranges. Journal of Agricultural Science and
Technology 10: 23-31.

Nikkhah, A. 2012. Barley grain for ruminants: A global
treasure or tragedy. Journal of Animal Science and
Biotechnology 3: 22.

Ninama, S. D., J. C. Shroff, S. N. Shah, M. K. Rathwa. 2022.
Evaluation of growth performance and biomass yield
of oat (Avena sativa L.) and lucerne (Medicago sativa L.)
in intercropping. Biological Forum- An International
Journal 14: 560-564.

Parmar, P. and H. Misra. 2020. Focus needed on fodder
shortage in India. Published in The Hindu Newspaper
on 28" April, 2020.

Pradeep Behari, ].B.Singh and R. B. Yadava. 2003. Crop
coefficient and evapotranspiration of berseem
(Trifolium alexandrinum L.) grown under semi- arid
environment. Journal of Agrometeorology 5: 53-57.

Ramanakumar, K. and V. B. Bhanumurthy. 2001. Effect of

327


https://sciprofiles.com/profile/1385945
https://sciprofiles.com/profile/1386046
https://sciprofiles.com/profile/1386047
https://jasbsci.biomedcentral.com/
https://jasbsci.biomedcentral.com/
https://www.thehindubusinessline.com/profile/author/Pankaj-Parmar-Harekrishna-Misra-10576/

Barley + berseem intercropping under varying row ratios

staggered sowing and relative proportion of cowpea
on the performance of maize + cowpea. Forage Research
27:105-110.

Reddy, S. R. 2008. Principles of Crop Production. 2™ edn.
Kalyani Publisher, New Delhi.

Redfeara, D. D., D. R. Buxton and T. E. Devine. 1999.
Sorghum intercropping effect on yield, morphology
and quality of forage soybean. Crop Science 39: 1380-
1384.

Richards, L. A. 1968. Diagnosis and improvement of
saline and alkaline soils. USDA Handbook No. 60,
Oxford and IBH Publication Company, New Delhi.

Ross, S. M., J. King, J. T. O’'Donovan and D. Spaner.
2005. The productivity of oats and berseem clover
intercrops. I. Primary growth characteristics and
forage quality at four densities of oats. Grass and Forage
Science 60: 74-86.

Ross, S.M,, J. King, ]. T. O’'Donovan and D. Spaner. 2004.
Forage potential of intercropping berseem clover with
barley, oat, or triticale. Agronomy Journal 96: 1013-1020.

Roy, A. K, R. K. Agrawal, N. R. Bhardwaj, A. K. Mishra
and S. K. Mahanta. 2019. Revisiting national forage
demand and availability scenario. In: A.K. Roy, R.K.
Agrawal and N.R. Bhardwaj (eds). Indian Fodder

Scenario: Redefining State Wise Status. ICAR-AICRP on
Forage Crops and Utilization, Jhansi, India. pp. 1-2.

Sharma, R. P, A. K. Singh, B. K. Poddar and K. R. Raman.
2008. Forage production potential and economics of
maize (Zea mays) with legumes intercropping under
various row proportions. Indian Journal of Agronomy
52:121-124.

Stout, W.L,, S. R. Weaverand and G. F. Elwinger. 2001.
Effects of early season nitrogen on grass- clover
swards in the northeastern USA. Agronomy Journal
93: 1000-1021.

Sultan, EM. and W. W. Shafie. 2015. Intercropping barley
with berseem clover under different seeding rates.
Egyptian Journal of Agricultural Research 93: 1195-1207.

Tripathi, S. N. 1989. Mixed cropping of forage species in
relation to herbage yield and quality. Indian Journal of
Dryland Agricultural Research and Development 4: 68-72.

Undersander, D., J. E. Moore and N. Schneider. 2010.
Relative forage quality. Focus on Forage 12: 1-3.

Yilmaz, S., A. Ozel, M. Atak and M. Erayman. 2015.
Effects of seeding rates on competition indices of
barley and vetch intercropping system in the Eastern
Mediterranean. Turkish Journal of Agriculture and
Forestry 39: 135-143.

328


https://www.researchgate.net/journal/Grass-and-Forage-Science-1365-2494
https://www.researchgate.net/journal/Grass-and-Forage-Science-1365-2494

