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ABSTRACT

A field experiment was conducted during
rabi season at research farm of CS Azad
University of Agriculture and Technology,
Kanpur, U.P. with the objective to study the
effect of irrigation and nitrogen levels on
growth, yield and nitrogen uptake by barley.
The experiment was laid out in split plot
design with three replications with
treatments, comprising four levels of
irrigation viz.,, I,= no irrigation, I= one
irrigation at tillering stage, I.= one irrigation
at flag leaf stage and L= two irrigations each
at tillering and flag leaf stage in main plots
and four nitrogen levels viz.,, N;= Control,
N,=30kgha”, N;=60 kgha"and N,=90 kg ha
' in sub-plots. Results revealed that
application of two irrigations first at tillering
and second at flag leaf stage along with 90 kg
nitrogen per hectare gives highest grain
yield, straw yield, nitrogen content and
nitrogen uptake by grain, straw and protein
content as compared to other irrigations (no
irrigation, one irrigation at tillering stage,
one irrigation at flag leaf stage) and nitrogen
treatments (0, 30 and 60 kg ha™).
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INTRODUCTION

n India, barley was grown on an area of about 0.757 m ha, with production of

1.47 m tones. The productivity was 19.41 g ha” in 2017. In U.P area, production

and productivity under barley cultivation was 2.869 lakh ha, 6.384 lakh tonnes
and 22.25 q ha”, respectively (FAO, 2017). Judicious use of water and fertilizer are
two important inputs in crop production. These inputs are costly as well as scare.
Thus, the problem of shortage of irrigational water is more aggravated under the
condition of irregular and in sufficient supply of energy. Under such conditions of
limited water availability, the efficient use of water to get the potential yield of a
crop becomes very essential.

Among the major nutrients for the crop productivity, nitrogen has unique place in
production, which is reported to be widely deficient in our soils. The efficiency of
nitrogen fertilizer in increasing the yields depend upon many factors and among
these soil moisture is most important. Adequate moisture without fertilizer or
adequate fertilizer without sufficient soil moisture may result in very low water
and fertilizer use efficiency, respectively.

Fertilizer levels and time of its application also application also affected the grain
yield and quality. Insufficient nitrogen can reduce grain yield and quality below
acceptable levels, while excess nitrogen usually enhances undesirable high protein
level (Amare and Adane, 2015). There was linear increase in grain protein and yield
depending upon initial soil nitrogen levels (Terefe et al., 2018). Keeping in view, the
present investigation was carried out during rabi season of year 2002-03 at Research
farm, Nawabganj, C.S. Azad University of Agriculture and Technology, Kanpur,
U.P with the objective to study the effect of irrigation and nitrogen levels on growth,
yield and nitrogen uptake by barley.

MATERIALS AND METHODS

A field experiment was conducted during rabi season at research farm of CS Azad
University of Agriculture and Technology, Kanpur, U.P. The experimental soil was
silty-loam in texture with pH 8.05. The organic carbon, available nitrogen,
phosphorus and potash were 0.30%, 145.00, 34.2 and 235.0 kg ha”, respectively. The
total rainfalls received during the crop growth season were 8.56 mm. The
experiment was laid out in split plot design with three replications with treatments,
comprising four levels of irrigation viz., = no irrigation, I,= one irrigation at
tillering stage, I,= one irrigation at flag leaf stage and I,= two irrigations each at
tillering and flag leaf stage in main plots and four nitrogen levels viz., N,;= Control,
N,=30kgha’,N,=60kgha’ and N,=90kg ha" in sub-plots. The test variety of barley
'K-551" was sown in rows 23 cm apart as per scheduled. The crop received a basal
dose of P,O, (30 kg ha') and K,O (20 kg ha") were applied uniformly in all the plots
through DAP and MOP. For application of nitrogen, urea was weighed as per
treatment for different plots and half of its requisite dose was drilled through pora
just before sowing as a basal dose and remaining half dose was broadcasted at
tillering stage. Grain yield of barley along with other yield attributing characters
like effective tillers m?, grain per ear head and test weight were recorded at harvest.
Grain yield was converted to t ha" at 14% moisture content. Cost of cultivation and
gross return were calculated on the basis of prevailing market prices of different
inputs and produces, respectively. All the other recommended agronomic and
plant protection measures were adopted to raise the crop as per needs.
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RESULTS AND DISCUSSION

The plant height at harvest was significantly affected by
irrigation and nitrogen levels. The different treatments of
irrigation significantly increased the plant height of barley
over control (I,), where no irrigation was applied. Application
of two irrigations first at tillering and second at flag leaf stage
(I;) produced maximum plant height (86.91 cm) followed by I,
(82.04 cm), I, (78.04 cm) and I, (73.25 cm) treatments of
irrigation.

Both irrigation and nitrogen treatments significantly affected
the dry matter accumulation per meter row length at harvest.
Twoirrigations first at tillering and second at flag leaf stage (I,)
produced significantly higher dry matter per row length
(126.01 g) followed by I, I, and I, treatments of irrigation. The
results are in conformity with the finding of Jai ef al. (2015). At
harvest, as the levels of nitrogen increased the dry matter
accumulation per meter row length. Dry matter accumulation
per meter row length at harvest increased from 111.47 g to
118.44 g,123.46 g to 125.84 g under N,, N, and N,, treatments
of nitrogen, respectively. Similar findings were also
corroborated with the results of Pankaj et al., (2015).

Both irrigation and nitrogen treatments significantly affected
the number of ear bearing shoots per meter row length at
harvest (Table 1). Itisevident from the results that application
of two irrigation first at tillering and second at flag leaf stage
(L) produced significantly higher number of ear bearing

shoots (88.46) per meter row length followed by I, (84.86), I,
(82.65) and I, (80.66) treatments of irrigation. Increasing levels
of nitrogen significantly increased the number of ear bearing
shoots per meter row length. The magnitude of increase was
from 78.44 (N,) to 82.63, 86.14 and 89.18 under N,,, N, and N,,
treatments of nitrogen, respectively.

Both irrigation and nitrogen treatments significantly affected
the number of spikelets per spike at harvest. The different
treatments of irrigation significantly affected the production
of number of spikelets per spike of barley. Under I, level of
irrigation where no irrgaiton was applied, the lowest number
of spikelets per spike (23.06) was recorded. The application of
oneirrigation at tillering (I,), one irrigation at flag leaf stage (I,)
and two irrigations first at tillering and second at flag leaf
stage (I,) produced significantly higher number of spikelets
per spike i.e. 24.97, 24.47 and 26.28, respectively as compared
toI level of irrigation. I, and I, treatments of irrigation were at
par inrespect to production of spikelets per spike. However, I,
treatment of irrigation produced significantly higher number
of spikelets per spike (26.28) as compared to I, treatment,
which produced 24.47 spikelets per spike. It is pertinent to
mention here that the number of spikelets per spike decreased
from 24.97 under I, to 24.47 under I, treatments of irrigation
though differences were not significant. With increasing
levels of nitrogen, number of spikelets per spike increased
from 22.91 under (N,) 24.47, 25.47 and 25.95 under N,,, N, and
N,, treatments of nitrogen, respectively.

Table 1: Effect of different treatments on growth and yield attributes of barley

Treatment Grain yjeld Straw yiEId .Harvest Protein 'content in
(qha’) (g ha’) index (%) grain (%)
Irrigation
10 (no irriga tion) 33.85 51.03 39.91 6.93
I1 (at tillering stage) 35.16 58.33 37.46 8.19
12 (at flag leaf stage) 35.09 55.50 38.72 7.41
13 (at tillering + flag leaf stage) 37.03 60.40 38.01 8.28
SE (d) 0.44 1.14 0.15 0.02
CD at5% 1.08 2.81 0.38 0.04
Nitrogen Levels
N 0 (no nitrogen) 32.29 50.10 39.24 7.15
N 30(30 kg N ha™) 34.63 55.12 38.62 7.47
N 60(60 kg N ha™) 36.40 59.02 38.18 8.00
N 90(90 kg N ha™) 37.80 61.44 38.05 8.18
SE (d) 0.67 1.07 0.25 0.04
CD at 5% 1.40 2.21 0.51 0.08

It is obvious from the above data that 1000-grain weight of
barley was significantly affected by irrigation levels. The
application of increasing levels of nitrogen did not affect 1000-
grain weight significantly. Application of two irrigations first
at tillering and second at flag leaf stage (I,) produced
significantly higher 1000-grain weight (42.22 g) followed by I,
(41.88 g), 1,(41.39 g) and I, (41.18 g) treatments of irrigation. I,
and I, treatments of irrigation were at par in respect to
production of 1000-grain weight. Though application of

nitrogen did not affect 1000-grain weight significantly but
with the increasing levels of nitrogen, 1000-grain weight
increased markedly from 41.48 g under N, to41.94 g under N,
treatments. N and N,, treatments of nitrogen did not increase
1000-grain weight of barley over N, and N, treatments of
nitrogen, respectively. The beneficial effect of higher dose of
nitrogen application on the yield attributes of barley have also
been reported by Kouzegaran ez al. (2015).

Similarly, Galav and Bharose (2017) and Anjum et a/. (2017) have
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reported that yield attributes increased with the increasing number of
irrigations in barely. It is clear from the data that both irrigation
and nitrogen treatments significantly affected the grain yield
of barley. The different treatments of irrigation significantly
increased the grain yield of barley over control (I,), where no
irrigation was applied. Application of two irrigations first at

tillering and second at flag leaf stage (I,) gave significantly
higher grain yield (37.03 q ha") over I, (33.85 q ha") followed
by I, (35.16 g ha™) and I, (35.09 q ha") treatments of irrigation.
However, I, and I, treatments of irrigation were at par in
respect to grain yield (Table 2).

Table 2: Effect of different treatments on grain yield, straw yield and protein content of barley

Treatment .Plant Dry matter/m No. of ear bearing . No. of . 1009—grain
height (cm) row length (g) shoots/m row length spikelets/spike  weight (g)
Irrigation
I0 (no irrigation) 73.25 110.52 80.66 23.06 41.18
I1 (at tillering stage) 82.04 124.94 84.86 24.97 41.88
12 (at flag leaf stage) 78.04 118.03 82.62 24.47 41.39
I3 (at tillering + flag leaf stage) 86.91 126.01 88.46 26.28 42.22
SE (d) 0.77 2.79 0.89 0.44 0.27
CD at 5% 1.89 6.84 2.18 1.08 0.68
Nitrogen Levels
N 0 (no nitrogen) 69.34 111.47 78.44 2291 41.48
N 30(30 kg N ha™) 79.12 118.44 82.63 24.47 41.47
N 60(60 kg N ha™) 84.27 123.46 86.14 25.47 41.94
N90(90 kg N ha™) 87.52 125.84 89.18 25.95 41.78
SE (d) 1.52 3.44 1.67 0.37 0.33
CD at 5% 3.15 7.10 3.45 0.77 NS

Increasing levels of nitrogen significantly increased the grain
yield of barley from 32.29 q ha under control (N,) to 34.63,
36.40 and 37.80 q ha” under N,, N, and N,, treatments of
nitrogen, respectively.

Results showed that both irrigation and nitrogen treatments
significantly affected the straw yield of barley. The perusal of
data makes it clear that the different treatments of irrigation
significantly increased the straw yield of barley over control
(I,), where no irrigation was applied. Application of two
irrigations first at tillering and second at flag leaf stage (I,)
produced significantly higher straw yield (60.40 q ha") over I
(51.03 q ha") followed by 1, (58.33 q ha") and I, (55.50 q ha")
treatments of irrigation. Increasing levels of nitrogen
significantly increased the straw yield of barley i.e. from 50.20
q ha” under control (N,) to 55.12, 59.02 and 61.44 q ha" under
N,, Ny, and N,, treatments of nitrogen, respectively.

The per cent increase recorded with application of two
irrigations first at tillering and second at flag leaf stag over no
irrigation (I,), one irrigation at tillering (I,), one irrigation at
flag leaf stage (I,) was 9.38, 5.31 and 5.50 per cent in grain yield
and 18.27, 3.53 and .82 per cent in straw yield, respectively.
Increase in grain yield might be on account of higher number
of ear bearing shoots per meter row length, higher dry matter
accumulation and improved yield attributing characters with
application of twoirrigations.

The increase in grain yield with application of higher dose
of nitrogen might be due to higher number of tillers,
higher dry matter accumulation and improved yield
attributing characters on account of balance nutrition of the

crop, which finally improved the grain and straw yields of
barley. Similar results were also reported by Kouzegaran ef al.
(2015).

Results showed that both irrigation and nitrogen treatments
significantly affected the harvest index of barley. From the
data, it is clear that HI decreased significantly from 39.91
under I, treatment of irrigation to 38.72 under I, followed by I,
(38.01) and I, (37.46) treatments of irrigation. The harvest
index decreased with increase in the frequency of irrigation
from 39.91 to 38.72, 38.01 and 37.46 with application of one
irrigation at flag leaf stage (I,), one irrigation at tillering (I,),
and application of twoirrigation first at tillering and second at
flag leaf stage (I,), respectively. This might be due to increased
vegetative growth as well as yield attributes under higher
number of irrigations. Similar results were also reported by
Taniet al. (2016).

The increasing levels of nitrogen significantly decreased the
HI from 39.24 under N, to 38.62, 38.18 and 38.05 under N,,, N,
and N,, levels of nitrogen, respectively. However, N,, Ny,
and N, levels of nitrogen were at par in respect to harvest
index. This might be on account of increased vegetative
growth which could not be transformed into grain
in same proportion under higher levels of
nitrogen. Similar results were also reported by Reddy et
al. (2018).

Data revealed that both irrigation and nitrogen
treatments significantly affected the nitrogen content in
grain of barley.
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Table 3 : Effect of different treatments on nitrogen content and uptake in barley

Treatment N content N content N uptak.e by N uptake b}_/1 Total N urjtake
in grain (%) in straw (%) gram straw (kg ha’) (kg ha)
Irrigation
I, (noirrigation) 1.11 0.31 37.68 16.00 53.68
I, (attillering stage) 1.30 0.35 46.73 20.30 67.03
I, (at flag leaf stage) 1.18 0.33 41.80 18.52 60.32
I, (attillering + flag leaf stage) 1.31 0.36 48.74 21.78 70.53
SE (d) 0.002 0.002 0.19 0.10 0.27
CD at 5% 0.005 0.004 0.48 0.24 0.66
Nitrogen Levels

N 0 (no nitrogen) 1.14 0.31 37.09 15.97 53.06
N 30(30 kg N ha™) 1.19 0.33 41.50 18.67 60.17
N 60(60 kg N ha™) 1.25 0.34 46.70 20.26 66.96
N90(90 kg N ha™) 1.31 0.35 49.66 21.70 71.36
SE (d) 0.003 0.003 0.35 0.22 0.42
CD at 5% 0.007 0.007 0.73 0.47 0.88

Results make it clear that different treatments of irrigation
brought significant increase in nitrogen content in grain.
Maximum nitrogen content in grain (1.31%) was recorded
under I, treatment of irrigation followed by I, I, and I,
treatments of irrigation. The data presented in Table 3
indicated that the increasing levels of nitrogen significantly
increased the nitrogen content in grain from 1.14 per cent
under Njto 1.19, 1.25 and 1.31 per cent under N,, N, and N,,
treatments of nitrogen, respectively.

The data revealed that irrigation and nitrogen treatments
significantly affected the nitrogen content in straw content
of barley. It is evident from the Table 3, that different
treatments of irrigation significantly increased the
nitrogen content in straw. Maximum nitrogen content in
straw (0.36%) was recorded under I, treatment of irrigation
followed by I, I, and I, treatments of irrigation. Increasing
levels of nitrogen significantly increased the nitrogen
content in straw from 0.31 per cent under N, to 0.33, 0.34 and
0.35 per cent under N,, Ny and N,, treatments of nitrogen,
respectively.

Application of two irrigations increased the nitrogen content
by 18.02, 0.77 and 11.01 per cent in grain and 16.12, 2.85 and
9.09 per cent in straw over no irrigation, one irrigation at
tillering and one irrigation at flag leaf stage, respectively. This
might be due to more absorption of nitrogen by the crop with
increasing number of irrigations.

Both irrigation and nitrogen treatments significantly affected
the nitrogen uptake by grain of barley. The data reveals that N
uptake by grain was significantly affected by various
irrigation treatments. The maximum N uptake by grain (48.74
kg ha') was significantly higher under I, followed by I,, I,and I,
treatments of irrigation. The N uptake by grain significantly
increased from 37.09 kg ha” under N, to 41.50, 46.70 and 49.66

kg ha' under N,, N, and N, treatments of nitrogen,
respectively.

Both irrigation and nitrogen treatments significantly affected
the nitrogen uptake by straw of barley. The data presented in
Table 3 makes it clear that N uptake by straw was significantly
affected by various irrigation treatments. The maximum N
uptake by straw (21.78 kg ha") was significantly higher under
I; followed by I,, I, and I, treatments of irrigation. Increasing
levels of N also increased N uptake by straw significantly
from 15.97 kg ha" under N to 18.67, 20.26 and 21.70 kg ha’
under N,, N, and N, treatments of nitrogen, respectively.

The nitrogen uptake increased significantly with the
application of higher number of irrigations. The nitrogen
uptake by grain increased from 37.68 kg ha' under no
irrigation (I,) to 41.80, 46.73 and 48.74 kg ha” with I, I, and I,
treatments of irrigation, respectively. Likewise the nitrogen
uptake by straw increased from 16.00 kg ha" under I, to 18.52,
20.30 and 21.70 kg ha” under I, I, and I, treatments of
irrigation, respectively. The higher production of total
biomass (grain + straw) as a result of high frequency of
irrigation might have increased the nitrogen uptake by grain
and straw of barley. Similar results have also been reported by
Hingoniaet al. (2016).

The data pertaining to total N uptake is presented in Table 3.
The results indicated that total N uptake by barley was
significantly affected by both irrigation and nitrogen levels. It
is evident from Table 3 that total N uptake increased from
53.68 kg ha' under I, t0 60.32, 67.03 and 70.53 kg ha" under I, 1,
and I, treatments of irrigation, respectively. The increasing
levels of nitrogen increased total N uptake from 53.06 kg ha’
under N, to 60.17, 66.96 and 71.36 kg ha' under N,, N,and N,
levels of nitrogen, respectively. Similar findings were also
reported by Pankajef al. (2016).
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Both irrigation and nitrogen treatments significantly affected
the protein content in grain of barley. Perusal of data given in
Table 3 make it clear that application of two irrigations first at
tillering and second at flag leaf stage (L) significantly
increased the protein content in grain (8.28%) as compared to
1,(6.93%),1,(8.19%) and I,(7.41%) treatments of irrigation. This
might be attributed to increase in nitrogen content in grain
with the increasing number of irrigations. Similar results were
also reported by Tabarzad et al. (2016). The increasing levels
of nitrogen increased the protein content in grain significantly
from7.15 per centunder N,to 7.47, 8.00 and 8.18 per centunder
N, Ng and N, treatments of nitrogen, respectively. These
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