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ABSTRACT

A field experiment was conducted during the winter (rabi) seasons of 2019-20 and 2020-21 at the research
farm of Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana to evaluate the dual purpose
barley for higher remunerations through increased production of fodder and grain under different cutting sched-
ules. The experiment was conducted in a split-plot design with 5 fodder cutting management practices, viz. No fod-
der cut; Fodder cutting at 50-60 DAS (days after sowing) above 5 cm cutting height; Fodder cutting at 50-60 DAS
above 10 cm cutting height; Fodder cutting at 60-70 DAS above 5 cm cutting height; Fodder cutting at 60-70 DAS
above 10 cm cutting height in main plot and 4 dual purpose barley varieties, viz. ‘BH 393", ‘BH 946’, ‘RD 2552’ and
‘RD 2715’ under sub-plots, replicated thrice. On the mean basis of 2 years experiment, maximum plant height,
tillers/m2? and GFY (green fodder yield) were recorded with fodder cutting at 60—70 DAS irrespective of their cutting
heights. Maximum GFY of 8.19 t/ha was found in variety ‘RD 2715’. At grain harvest, maximum effective tillers/m?
(415.2), no. of grains/ear-head (48.11), grain yield (4.82 t/ha) and straw yield (7.43 t/ha) were recorded in fodder
cut at 50-60 DAS above 10 cm height. Among the varieties, ‘BH 946’ exhibited maximum effective tillers/m? (416),
test weight (45.51 g), grain yield (5.25 t/ha) and straw yield (7.62 t/ha). Highest benefit cost (B:C) ratio was fetched
with the grain production after taking fodder cut at 50—60 DAS above 10 cm height (2.36) and barley variety ‘BH

946’ (2.61) among the tested dual-purpose barley varieties.
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India’s livestock wealth is enormous with nearly 535.78
million (DAHD, 2019) and more than 70% population is
dependent on agriculture and animal husbandry sector for
earning. It also generates employment for about 18.8% of
Indian population. Country’s livestock sector contributes
4.11% to the GDP and 25.6% to total Agriculture GDP
(Gol, 2021), but there is net deficit of 11.24, 23.40 and
29.0% green fodder, dry fodder and concentrate feed ma-
terial, respectively (Roy et al., 2021). Therefore, the sup-
ply of green forage must rise @1.69% per annum to meet
the requirement. India is leader in world milk production
(Gol, 2022) although the animal productivity is 1538 kg/
year which is low as compared to world average (2238 kg/
year) might be owing to malnutrition or deficit of feed/fod-
der (Vijay et al., 2018; Prajapati et al. 2019). During the
late winters and early spring, the shortage of green fodder
is the major limiting factor of livestock production world-
wide (Afshar et al., 2014) and in the absence of green fod-
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der, farmers become dependent on straw. Furthermore, in-
creased pressure of food production on land for the in-
creasing human population leaves a small proportion of
available land for further forage cultivation. As a result,
livestock mainly depends on crop residues which are low
in nutritional quality and crude protein. The demand of
dairy products also increased in recent years due to urban-
ization and burgeoning population which ultimately re-
quires warranted research on better utilization of crop resi-
dues and enhancing quality of diet for livestock in India to
increase the milk production.

Barley (Hordeum vulgare L.) is one of the important
rabi season crop grown for grain, however, harvested dur-
ing vegetative stage for green forage particularly, in dry
region of south Asia. Its cutting for fodder provides a good
quality green fodder, having high content of crude protein
and in vitro dry-matter digestibility (IVDMD) in lean pe-
riod in many countries. In India, it is cultivated in the area
of 690 thousand hectares with production and productivity
of 1750 thousand tonnes and 2.88 t/ha, respectively
(DAHD, 2019). It is fast growing and have high potential
of biomass production, so the interest has now been
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increased in exploiting the barley for dual purpose (Singh
et al., 2017). There are many constraints associated with
fodder production like low price, insect-pests and poor
quality seed (Singh et al., 2021). Under good agronomic
management practices and favourable agro-climatic condi-
tions dual purpose barley crop can produce high quality
green fodder and grains (Pal and Kumar, 2009). The higher
green fodder and grain yield could be achieved by the se-
lection of suitable variety and augmenting initial vegetative
growth by the agronomic management of monetary and
non-monetary resources. The most inevitable factor, par-
ticularly for dual purpose is the selection of an adaptable
variety for a particular area because the varieties perform
differently under varied climate and their regeneration ca-
pacity also affected by this (Rawat, 2011). Cutting manage-
ment i.e. days to cutting and cutting height can be an im-
portant factors affecting the overall yield (Neelam et al.,
2022). Considering the paucity of research findings on the
above, the present work was planned to evaluate the dual
purpose barley for better remunerations through higher
fodder and grain production under different cutting sched-
ules.

MATERIALS AND METHODS

A field experiment was conducted during the winter
(rabi) seasons of 2019-20 and 2020-21 at the Research
Farm of Chaudhary Charan Singh Haryana Agricultural
University, Hisar (29°15” N and 75°72” E and 216 m amsl)
Haryana. Study area is characterized as semi-arid, with an
average annual rainfall of 400 mm. The soil of the experi-
mental field was sandy loam in, alkaline in reaction (pH
8.1), low in organic carbon (0.35%) and available nitrogen
(131 kg/ha), medium in available phosphorous (15 kg/ha),
and potassium (272 kg/ha). The total rainfall received dur-
ing the crop period was 133.8 mm and 728.3 mm in 2019-
20 and 2020-21, respectively. The minimum and maxi-
mum temperature varied from 2.4 to 35.1°C and 2.6 to
37.2°C during 1* and 2™ year of the experiment, respec-
tively. The experiment was conducted in a split-plot design
with 5 fodder cutting management practices, viz. No fod-
der cut; Fodder cutting at 50-60 DAS (days after sowing)
above 5 cm cutting height; Fodder cutting at 50-60 DAS
above 10 cm cutting height; Fodder cutting at 60—70 DAS
above 5 cm cutting height; Fodder cutting at 60—70 DAS
above 10 cm cutting height in main plot and 4 dual purpose
barley varieties, viz. ‘BH 393° and ‘BH 946’ (grain only);
‘RD 2552’ and ‘RD 2715’ (dual purpose) under sub-plots,
replicated thrice. The crop was sown on 30™ October and
I*"November, in 2020 and 2021, respectively with 22.5 cm
row spacing and a hand plough. Recommended dose of
fertilizer i.e. 60 kg N and 30 kg P,O /ha were applied
through urea and diammonium phosphate (DAP) (sowing).
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In no fodder cut treatment, nitrogen fertilizer (urea) was
applied as per the Chaudhary Charan Singh Haryana Agri-
cultural University, Hisar, Haryana package and practices,
but in cutting treatments, it was applied in 3 equal splits i.e.
at sowing; after 1% irrigation; and after green fodder cut-
ting. Irrigation was applied at the critical stages as per the
requirement. Height of 5 randomly selected plants was
measured at harvest with the help of wooden scale from the
base to the top of the ear head. The effective tillers were
counted in 5 selected rows in each plot and then averaged.
From the spikes, the grains were separated from spikelet
and the number of grains was counted and the grains per
spikes were calculated. The canopy temperature (CT) and
Normalized difference vegetation (NDVI) were measured
between 12:00 to 14:00 hours on the bright days with clear
sky at green fodder cutting (according to the cutting sched-
ules) and at 120 DAS.

In no fodder cut system, the crop was harvested only
once, i.e. only for grain, but in dual cut system two cuts
were taken i.e. first cut for fodder purpose and second cut
for grain. The crop was harvested on 1* and 3™ April in no
fodder cut system during 1% and 2™ year, respectively. But
in dual cut system, the 1* harvesting for green fodder was
done after 58 and 68 DAS in both the years and subse-
quently 2" harvesting for grain was done on 6™ and 10™
April in 2020 and 2021, respectively. After threshing with
the help of mini plot thresher the grain yield was measured
for each net plot area. Straw yield (t/ha) was calculated by
subtracting grain yield from biological yield for each of net
plot area. Then both were converted into tonnes per hect-
are (t/ha). The economic analysis of no-cut and dual-pur-
pose systems was carried on the basis of cost of cultivation
and prevailing market price of green fodder, grains and
straw. The treatments were evaluated by ANOVA and
means were compared by OPSTAT software. Linear re-
gression analysis was utilized to find out the relationship of
grain yield with number of grains/earhead and test weight.
The equation is as follows:

Y =a+bX +eX,

where Y, Grain yield (predicted); a, Intercept; b and ¢,
Regression coefficients. Correlation coefficient among
various parameters was also carried out.

RESULTS AND DISCUSSION

A. At fodder cut

Growth parameters: For green fodder the cut was taken
as per the treatments to compare the cutting stage and
height. Maximum plant height of 63.49 and 63.08 cm was
recorded at 60-70 DAS, which was significantly superior
over cut at 50-60 DAS at 5 and 10 cm cutting height, re-
spectively. Tillers/m* were also significantly affected by
cutting schedules (Table 1). At 60—70 DAS, the number of
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Table 1. Effect of cutting schedules and dual-purpose barley varieties on growth and green fodder yield at fodder harvest (mean of 2 years)

Treatment Plant height Tillers/m? Green fodder yield NDVI
(cm) (t/ha)
Cutting management
No fodder cut - - - -
Fodder cutting at 50-60 DAS 57.93 344.8 7.65 0.71
(above 5 cm height)
Fodder cutting at 50-60 DAS 58.38 347.6 5.48 0.72
(above 10 cm height)
Fodder cutting at 60-70 DAS 63.08 365.5 9.99 0.74
(above 5 cm height)
Fodder cutting at 6070 DAS 63.49 365.4 8.65 0.74
(above 10 cm height)
SEmz+ 1.13 5.5 0.15 0.01
CD (P=0.05) 3.43 17.0 0.46 N.S.
Varieties
‘BH 393’ 61.06 337.2 7.59 0.71
‘BH 946’ 58.56 356.6 8.05 0.74
‘RD 2552 58.33 422.7 7.94 0.73
‘RD 2715’ 64.93 306.7 8.19 0.74
SEmz+ 0.48 4.7 0.04 0.01
CD (P=0.05) 1.47 14.1 0.12 N.S.

NDVI, Normalized difference vegetation; DAS, Days after sowing.

tillers/m? were found significantly higher (365.5 and 365.4)
as compared to 50-60 DAS at 5 and 10 cm cutting height,
respectively. Among the varieties, ‘RD 2715” and ‘RD
2552’ recorded maximum plant height and tillers/m?* of
64.93 cm and 422.7, respectively. Since all the varieties
were grown under same agronomical and agro-climatic
conditions, the difference in their response could be as-
cribed to their genetic potential to exploit the resources in
completion of their life cycle (Choudhary et al., 2018)

Fodder yield and physiological parameter: Significantly
maximum green fodder yield (GFY) of 9.99 t/ha was
achieved in fodder cut at 60—70 DAS above 5 cm height
because plants accumulated more biomass in 10 more
number of days, furthermore cutting at 5 cm from base of
the plants resulted in more weight of green fodder as com-
pared to cutting above 10 cm height. Highest GFY of 8.19
t/ha was reported with ‘RD 2715’ variety due to higher bio-
mass production. Meena et al., (2016) and Neelam et al.,
(2022) also recorded maximum GFY of ‘RD 2715’ variety
among all the varieties tested for dual purpose. Both the
factors did not affect the NDVI of dual purpose varieties of
barley. This means that the photosynthesis works at a simi-
lar rate in all treatments, and changes in biomass and green
fodder yield may be owing to the difference in morphology
of varieties rather than metabolic events (Elis and Y1ldirim,
2021).

B. At grain harvest
Growth and yield attributes: Maximum plant height of
108.46 cm was recorded in no fodder cut treatment which

was found at par with fodder cut at 50-60 DAS above 10
and 5 cm height and significantly higher from fodder cut-
ting at 60—70 DAS at both the heights (Table 2). This might
be owing to better regenerative capacity of dual purpose
barley when cut was taken above 10 cm height from the
base as compared to cutting above 5 cm. The irrigation and
nitrogen were applied after green fodder cutting in dual cut
system which enhanced the growth, and tilleing started
about 15-20 days after cutting. Effective tillers/m? and
number of grains per ear-head were maximum in fodder
cut at 50-60 DAS above 10 cm height. Cutting at the ear-
liest, the predominant apex is eliminated and then tiller
production restarts and could drive to a higher number of
effective tillers/metre row length (Zeleke, 2019). Maximum
test weight (45.37 g) was found in no-cut treatment, which
was at par with fodder cut at 50-60 DAS above 5 and 10
cm height. The developmental delay caused by late cutting
does not have enough time for spike formation and dry
matter to accumulate in the spike. In varieties, maximum
height was attained in ‘RD 2715’ (111.20 cm) which was
followed by ‘BH 946’ (110.69 cm). Highest effective
tillers/m? (416) were found in variety ‘BH 946°. The in-
creased plant height and effective tillers of ‘BH 946’ seems
to have more leaf area and better utilization of solar radia-
tion thereby resulting in higher photosynthates accumula-
tion after green fodder cutting. Highest number of grains/
earhead was recorded with ‘BH 393’ (48.51) variety. Sig-
nificantly highest test weight was recorded with ‘BH 946’
(45.51 g) and the lowest was found in ‘RD 2715°.

Grain and straw yield: Data (Table 2) revealed that the
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Table 2. Effect of cutting schedules and barley varieties on growth, yield and yield attributes of barley at harvest for grain (mean of 2 years)

Treatment Plant Effective Grains/ Test Grain Straw CT*(°C) NDVI at
height tillers/ ear-head weight yield yield Ambient 120
(cm) m? (t/ha) (t/ha)  temp. (24.4 °C) DAS
Cutting management
No fodder cut 108.46 387.6 47.18 45.37 4.66 6.79 17.69 0.75
Fodder cutting at 50-60 DAS 106.03 394.8 47.11 44.04 4.67 6.86 17.68 0.77
(above 5 cm height)
Fodder cutting at 50-60 DAS 107.18 415.2 48.11 44.93 4.82 7.43 18.45 0.78
(above 10 cm height)
Fodder cutting at 60—70 DAS 99.42 335.6 43.92 40.49 4.02 5.78 19.22 0.75
(above 5 cm height)
Fodder cutting at 60—70 DAS 101.44 3383 43.03 41.14 3.90 5.67 18.47 0.76
(above 10 cm height)
SEm:+ 1.29 8.15 0.19 0.50 0.09 0.11 0.02 0.01
CD (P=0.05) 3.89 24.5 0.61 1.52 0.29 0.33 N.S. N.S.
Varieties
‘BH 393’ 92.90 358.8 48.51 44.17 4.67 5.83 18.64 0.75
BH 946’ 110.69 416.0 47.77 45.51 5.25 7.62 17.69 0.78
‘RD 2552 103.24 390.8 45.03 43.12 4.37 7.36 18.32 0.78
‘RD 2715’ 111.20 3314 42.17 39.97 3.37 5.21 18.56 0.75
SEm: 0.98 4.53 0.55 0.44 0.06 0.11 0.14 0.006
CD (P=0.05) 2.95 13.6 1.65 1.32 0.18 0.33 0.42 0.02

CT, Canopy temperature; NDVI, Normalized difference vegetation; DAS, Days after sowing. NDVI was recorded at 120 days after sowing in

No fodder cut as well as in dual cut system.

highest grain (4.82 t/ha) and straw yield (7.43 t/ha) were
obtained when fodder cut was taken at 50-60 DAS above
10 cm height, which was at par with no fodder cut and fod-
der cut at 50-60 DAS above 5 cm height, but significantly
superior over the fodder cutting at 60—70 DAS with both
cutting heights. When averaged, the increase in grain yield
at 50—60 DAS (cut above 5 or 10 cm height) was 1.82 and
19.80% over no fodder cut and fodder cut at 60—70 DAS
(cut above 5 or 10 cm height). Beji (2016) also reported the
gain in grain yield after a cutting during vegetative stage of
barley, which could be associated with decrease of lodging.

He further documented that the practice of cutting helps to
get the nutritious forage, but may reduce the production
(grain and straw), particularly when cut was scheduled at
later stage. Tian et al., (2012) explored that forage har-
vested before growth stage 30 i.e. before stem elongation
could provide a valuable feed without reducing the grain
yield significantly. Among the varieties, ‘BH 946’ recorded
with highest grain (5.25 t/ha) and straw yield (7.62 t/ha),
respectively. The grain yield of ‘BH 946’ was 12.41, 20.3
and 55.78% higher over ‘BH 393°, ‘RD 2552’ and ‘RD
2715’ varieties, respectively. Variety ‘BH 946 also

Table 3. Interactive effect of cutting schedules on grain yield (t/ha) of dual purpose barley varieties (mean of 2 years)

Cutting management ‘BH 393’ ‘BH 946’ ‘RD 2552’ ‘RD 2715° Mean A
No fodder cut 4.67 5.69 4.59 3.69 4.66
Fodder cutting at 50-60 DAS 5.54 5.37 4.47 3.31 4.67
(above 5 cm height)

Fodder cutting at 50-60 DAS 5.15 5.73 4.45 3.95 4.82
(above 10 cm height)

Fodder cutting at 60-70 DAS 3.99 4.67 4.46 2.97 4.02
(above 5 cm height)

Fodder cutting at 60-70 DAS 4.01 4.79 3.86 2.93 3.90
(above 10 cm height)

Mean B 4.67 5.25 4.37 3.37

Factors CD (P=0.05) SEm+

Factor (B) at same level of A 0.43 0.15

Factor (A) at same level of B 0.46 0.18

DAS, Days after sowing.
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recorded maximum straw yield (7.62 t/ha), but it was at par
with ‘RD 2552’ (7.36 t/ha). The significant enhancement in
yield attributes in variety ‘BH 946’ exhibited in increased
productivity in terms of grain and straw yield. Grain yield
of ‘BH 946’ was found maximum among all the selected
varieties of barley (Adhikari and Singh, 2022). Kharub
et al., (2013) also reported higher grain and forage yield of
‘RD 2552” as compared to ‘RD 2715 (Meena et al., 2016).
The highest dry fodder yield in variety ‘BH 946’ apparently
an account of better growth as indicated from taller plant
and production of more tillers. The interaction of cutting
schedule and varieties was found significant in grain yield
(Table 3). Among all the varieties ‘BH 946’ produced
maximum yield in fodder cutting at 5060 DAS (above 10
cm height).

Economics: Among the cutting schedules (Table 4),
maximum net returns and benefit cost (B:C) ratio of
358,862/ha and 2.36 were fetched with the fodder cutting
at 50-60 DAS (cut above 10 cm height) followed by fod-
der cutting at 50-60 DAS (cut above 5 cm height). Lal and
Saini (2017) also recorded maximum net returns in cutting
of barley at 50 DAS for green fodder, whereas, lowest was
in no cut barley. Barley variety ‘BH 946’ gave the maxi-
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mum net returns (368,126/ha) as well as B:C (2.61) as
compared to others.

Physiological parameters: Canopy temperature and
NDVI among the cutting schedules were found non-signifi-
cant (Table 2). However, ‘BH 946’ recorded significantly
lowest canopy temperature of 17.69°C, which means that
the aforesaid variety had relatively coolest canopy among
all the varieties owing to more chlorophyll synthesis indi-
cating better capacity for taking up the soil moisture and
maintaining better plant water status (DeJonge et al.,
2015). Varieties ‘BH 946’ and ‘RD 2552’ were having the
highest value of NDVI (0.78) which was followed by ‘BH
393’ and ‘RD 2715’ (0.75).

Correlation and regression: Data in Table 5 pertaining
to correlation of yield with the yield attributes indicates
that, number of grains/earhead (r = 0.702), test weight (r =
0.800) and effective tillers/m?(r = 0.775) were significantly
and positively correlated with the grain yield (Fig. 1a and
b), whereas, NDVI (r = 0.360) was found non-significant.
The grain yield was negatively correlated with CT (r = -
0.529).

Based on the 2-year study it can be concluded that bar-
ley can perform well under dual purpose. Cutting at 50—-60

Table 4. Economics of different treatments as affected by cutting schedule and barley varieties (mean of 2 years)

Cutting management Cost of cultivation Gross returns Net returns Benefit:
(R/ha) (R/ha) (R/ha) cost ratio
No fodder cut 39,330 89,432 50,102 2.27
Fodder cutting at 50-60 DAS 43,065 1,01,292 58,227 2.35
(above 5 cm height)
Fodder cutting at 50-60 DAS 43,065 1,01,927 58,862 2.36
(above 10 cm height)
Fodder cutting at 60-70 DAS 43,065 91,899 48,834 2.13
(above 5 cm height)
Fodder cutting at 60-70 DAS 43,065 87,786 44,721 2.04
(above 10 cm height)
Varieties
‘BH 393’ 42,318 95,834 53,516 2.26
‘BH 946’ 42,318 1,10,444 68,126 2.61
‘RD 2552’ 42,318 96,268 53,950 227
‘RD 2715’ 42,318 75,323 33,005 1.78
DAS, Days after sowing.
Table 5. Correlation of the barley grain yield with yield attributes and physiological parameters
Grain No. of Test Tillers/metre NDVI CT
yield grains/earhead weight row length
Grain yield 1#*
Grains/earhead 0.702%* 1**
Test weight 0.800%** 0.536%* 1
Tillers/metre row length 0.775%* 0.458%* 0.709%* 1
NDVI 0.360™ 0.346M8 0.22INS 0.42369NS [**
CT -0.529* -0.480* -0.419NS -0.600%* -0.393NS 1**

*=significant at 5 %; " = significant at 1 %; and ™ = non-significant. NDVI, Normalized difference vegetation; CT, Canopy temperature.
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Fig. 1. (a)and (b) Regression analysis of grain yield with the num-
ber of grains per earhead and test weight.

days after sowing, irrespective of cutting height yielded at
par as compared to no cut but cutting for green fodder later
than that reduced the grain yield significantly. When com-
pared to dual-purpose cultivars that have already been re-
leased, the grain-only variety yielded more.
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