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ABSTRACT

A field experiment was conducted during rabi, 2006-07 and 2007-08 to study the effect of methods of sowing,
nitrogen levels and irrigation scheduling on production and quality of malt barley (Hordeum vulgare L.). The study
revealed that plant height, dry matter accumulation, effective tillers, grains/ear, 1,000-grains weight and grain and
straw yields were statistically at par with different method of sowing. Similar trend was also observed for grain
quality, malt quality, recovery and yield of malt. Grain, straw and malt yields increased significantly with an in-
crease in N level from 75 to 125% of recommended dose as a result of increase in plant height, dry matter accu-
mulation, effectives tillers, grains/ear and 1,000-grains weight. The highest grain (5.0 t/ha) and malt yield (3.98 t/
ha) were obtained with 125% of recommended N, which was statistically at par with 100% of recommended N and
significantly higher than 75% of recommended N. Irrigation at 1.00 IW/CPE ratio significantly increased plant
height, dry matter accumulation, effective tillers, grains/ear, 1,000-grains weight, grain yield (5.3 t/ha) and straw
yield (7.35 t/ha) as compared to 0.75 and 0.50 IW/CPE ratio. Similar trend was also observed for recovery and
yield of malt. N, P and K uptake was also not-significantly affected by methods of sowing, while increase in N lev-
els and IW/CPE ratio significantly increased NPK uptake by malt barley.

Key words : Irrigation schedule, Malt barley, Nitrogen levels, Protein, Sowing methods, Starch

Barley is a hardy crop, which is grown throughout the
temperate, tropical and sub tropical regions of the world.
It is usualy used as food for human beings and feed for
animals and poultry. It is also a valuable input for indus-
tries for extracting malt to be utilized for brewing, baby
foods, cocamalt drinks and ayurvedic medicines. Itis pre-
ferred over other cereals for malting purpose because of its
glumes and hulls are firmly cemented to the kernel and
remain attached to the grain after threshing. The hull pro-
tects the coleoptile from damage during processing, as it
grows and elongates under the hull. The hull also acts as
afilter for separation of soluble materials. Processing of
barley grain for malting largely depends upon several
quality parameter like protein and starch content in grain,
time taken for germination, uniformity in grain size, husk
content, 1,000 kernel weight and kernel plumpness. Agro-
nomic practices influence the yield, protein content and
other quality parameters of barley grain which have direct
bearing on the malt quality. The agronomic practices for
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malt grade barley are different from its grain crop. Meth-
ods of sowing, nitrogen levels and irrigation greatly affect
the yield and malt quality of barley. Tillage methods have
amagjor influence on aeration, moisture and temperature of
soil which in turn affect the yield and quality of crop. The
barley sown by different methods (flat, bed and FIRBS)
had no significance effect on grain yield of malt barley
(AICW&BIP 2004), but beneficial effects have been re-
ported in wheat (Singh et al 2009). Nitrogen is the most
important element for realising potential yield of crops,
but it increases protein content in grain which is undesir-
able for brewing (Vermaer al. 2003). Thus, optimum ap-
plication of nitrogen isapre-request for production of malt
barley. Soil moisture is another factor which influences the
yield and quality of barley. For example in astudy protein
content in barley decreased with increase in moisture level
(Grant et al., 1991). In another study malting quality of
barley was reduced due to water stress at grain filling stage
(Smith and Gyles 1988). Keeping in view the above facts,
a study on effect of methods of sowing, nitrogen levels
and irrigation scheduling on yield and quality of malt bar-
ley was conducted under Punjab conditions.
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MATERIALS AND METHODS

The field experiments were carried out at Student’s
farm, Department of Agronomy, Punjab Agricultural Uni-
versity, Ludhiana during rabi season of 2006-07 and 2007-
08. Ludhianais situated at 30°56' N latitude, 75°52' E lon-
gitude and altitude of 247 m above mean sealevel (amdl).
The soil of experiment field was loamy sand in texture
with normal soil reaction and electrical conductivity, low
in organic carbon and available nitrogen, medium in avail-
able phosphorus and potassium. Treatments comprised of
three sowing methods [furrow irrigation raised bed
(FIRB), flat bed zero tillage (FBZT) and flat bed conven-
tional tillage (FBCT)], three nitrogen levels (75, 100, and
125% of recommendation)and three irrigation schedules
(0.50, 0.75 and 1.00 IW/CPE). The recommended dose of
nitrogen is 62.5 kg/ha. Experiment was laid out in split-
plot design with three replications. A uniform basal dose
of 30 kg P,O/hain the form of super phosphate and 15 kg
K,O/hain the form of murate of potash were applied be-
fore sowing. Nitrogen was applied at the time of sowing as
per treatment in the form of urea. The field was ploughed
twice with a tractor drawn disc harrow and twice with a
cultivator followed by planking except in zero till plots. In
zero and conventiona tillage plots sowing were done with
single row cotton drill at arow spacing of 22.5cm. Barley
was sown on 23 October in 2006-07 and 25" October in
2007-08. In bed planting method sowing were done with
tractor operated wheat bed planter which enables sowing
of two barley rows 22.5 cm apart on each bed. Irrigations
were given as per treatment of |W/CPE schedules. Growth
parameters (plant height and dry matter) were recorded at
the interval of 30 days. Average plant height of 10 tagged
plantsin the plot was recorded in cm. Dry matter accumu-
lation in the above ground parts was recorded from one
meter row length and then converted into g/m?.Crop was
harvested on 24 and 28 March respectively during 2006-
07 and 2007-08 and threshed with the help of athresher.
The grain and straw yield of net plot was converted into
tonnes/ha. The yield attributes (effective tillers per mz,
graingear and 1,000-grains weight) were recorded at har-
vest. The harvest index was calculated on the basis of eco-
nomic and biological yield. Plumpness of barley kernels
was determined by the method suggested by ASBC
(1992). One kg of grains was taken and sieved through 1.9
x 0.24 mm sieve. The grains retained on the sieve were
weighed and expressed as per cent plumpness (w/w). The
grains hardness was measured using the hardness tester
supplied by Kiya Seisakusho Ltd., Japan. Ten grains at
random from the lot were crushed individually on the in-
strument and the average force required to crack the grains
was recorded in kgs. The test weight was measured using
the test weight apparatus designed by Directorate of
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Wheat Research, Karnal. The instrument uses 100 ml vol-
ume of the grain. Weighing of measured quantity of grains
gives the value in kilogram/ hectoliter (kg/hl) (DWR
1998). Protein and starch content were analyzed using
automatic whole grain analyzer (Infratech-1241) manufac-
ture by FOSS analytical AB, Sweden. The instrument
measures the light transmitted through the grain in the
range of 850-1050 nm. The instrument used five sub
samples of whole grains. The value of the constituent was
displayed directly as per the software provided in the
equipment. Malt quality parameters such as diastatic
power and o-amylase activity were analyzed as per the
procedure suggested by AOAC (1990) and Perten (1966),
respectively. Malting of barley grains were carried out as
per the method suggested by Singh and Sosulski (1985).
N, P and K (kg/ha) uptake by grain and straw of barley
were estimated at harvest stage. The husk content (%) was
determined by using following formulae:

Dry weight of husked barley - Dry weight of

dehusked barley
Husk content (%) -
Dry weight of husked barley
RESULTS AND DISCUSSION

Growth characters

Plant height and dry matter accumulation is an impor-
tant index for assessment of crop performance. The in-
crease in plant height and dry matter accumulation was
slow up to 60 days after sowing (DAS) and thereafter it
increased tremendously from 60 to 120 DAS and thereaf-
ter there was negligible accretion in these growth param-
eters until harvest. The methods of sowing did not influ-
ence the plant height and dry matter accumulation of bar-
ley at harvest stage (Table 1). Legere et al. (1997) reported
statistically similar plant height and dry matter accumula
tion of spring barley under different tillage methods. Plant
height and dry matter accumulation of barley increased
with each increment of nitrogen level from 75 to 125% of
recommendation. At harvest maximum plant height and
dry matter accumulation were recorded with 125% of rec-
ommended N as compared to 75 and 100% of recom-
mended N. Moreno et al. (2003) reported maximum plant
height and dry matter accumulation of barley with 120 kg
N/ha as compared to lower doses. Irrigation schedulesin-
fluenced the plant height and dry matter accumulation of
barley. At harvest, irrigation scheduling with 1.00 IW/CPE
ratio produced significantly taller plants and more dry
matter accumulation than other irrigation schedules. In-
crease in plant height and dry mater accumulation at 1.00
IW/CPE ratio was mainly due to frequent irrigations and
more availability of water throughout the crop season and
thus no water stress occurred. EImobarak et al. (2007) re-
ported that application of irrigation every 10 days gave
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significantly higher plant height and dry matter accumula
tion than irrigation applied every 20 days.

Yield attributes and yield

Methods of sowing did not significant affect effective
tillers, grains per ear and 1000 grains weight in malt bar-
ley (Table 1). The nitrogen levelsin barley manifested sig-
nificant impact on number of effective tillers, number of
graingear and 1,000-grains weight. Highest number of ear
bearing tillers and grains/ear were obtained with applica-
tion of 125% of recommended N, which were significantly
higher than 100 and 75% of recommended N. Highest
1,000-grains weight was obtained with application of
125% of recommended N, which was statistically at par
with 100% of recommended N and significantly higher
than 75% of recommended N. Singh and Singh (2005) at
Varanasi also reported a significant increase in effective
tillers, 1,000-grains weight and graing/ear with an increase
in doses of nitrogen from 20 to 80 kg /ha. Irrigation sched-
ules showed significant impact on number of effective
tillers, number of grains/ear and 1,000-grains weight. The
highest number of effective tillers and number of graing/
ear were recorded with 1.00 IW/CPE ratio, which was sig-
nificantly higher than 0.75 and 0.50 IW/CPE ratio. High-
est 1,000-grains weight was obtained with 1.00 IW/CPE
ratio, which was statistically at par with 0.75 IW/CPE ra-
tio and significantly higher than 0.50 IW/CPE ratio. At
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1.00 IW/CPE ratio more plant height and dry mater accu-
mulation was observed which ultimately increased effec-
tivetillers, number of graing/ear and 1,000-grains weight.

Methods of sowing failed to show any significant affect
on the grain yield of barley. The highest grain yield was
recorded with FBZT followed by FBCT and FIRB planted
crop (Table 1). The maximum lodging was found in FIRB
planted crop followed FBCT and lowest in FBZT crop.
Due to which maximum effective tillers, grainsg/ear and
1,000-grains weight was found in FBZT crop, which ulti-
mately result in higher yield than FIRB and conventional
tillage FBCT crop. The grain yield increased with each
increment of nitrogen dose. The highest grain yield was
obtained with 125% of recommended N which was statis-
tically at par with 100% of recommended N and signifi-
cantly higher than 75% of recommended N. The increased
grain yield with 125% of recommended N was mainly due
to more dry matter accumulation, effective tillers, graing/
ear and 1,000-grains weight of malt barley. These results
are in conformity with those of Moreno et al (2003) and
Liben er al (2011). Irrigation schedules significantly af-
fected the grain yield of malt barley. Highest grain yield
was obtained with 1.00 IW/CPE ratio, which was signifi-
cantly higher than 0.75 and 0.50 IW/CPE. This might be
due to better growth and development of barley crop un-
der 1.00 IW/CPE ratio. Sowing methods failed to affect
the straw yield significantly. The highest straw yield was

Table 1. Effect of methods of sowing, nitrogen levels and irrigation scheduling on growth parameters, yield attributing characters, harvest
index, grain and straw yield of malt barley (data pooled over 2 years)

Treatment Plant height Dry matter  Effective  Graindear 1,000-grains Grain Straw Harvest
(cm) (g/m?) tillers weight (g) yield yield index
Atharvest At harvest (No/m?) (t/ha) (t/ha) (%)
Sowing methods
FIRB 88.9 867.5 453.7 27.1 452 43 5.8 42.3
FBZT 91.2 919.1 487.4 28.2 47.3 4.6 6.1 431
FBCT 95.1 954.6 468.3 274 46.2 4.4 6.4 40.8
SEmz+ 14 125 6.15 0.4 05 0.05 0.16 0.55
CD (P=0.05) NS NS NS NS NS NS NS NS
Nitrogen levels (% of RDF*)
75 86.2 855.4 411.0 24.3 44.6 38 5.2 425
100 91.6 918.1 4755 28.2 46.6 45 6.2 42.1
125 97.4 967.6 519.0 30.3 47.6 5.0 6.9 42.8
SEmz+ 2.0 141 7.8 0.45 0.9 0.09 0.23 0.35
CD (P=0.05) 5.1 420 253 1.25 22 0.3 0.6 NS
Irrigation scheduling (IW/CPE ratio)
0.50 85.1 833.1 371.2 21.8 45.0 3.6 4.6 431
0.75 92.0 929.0 467.8 27.9 46.2 4.4 6.2 41.3
1.00 98.2 979.1 566.4 331 47.6 53 74 420
SEmz+ 1.0 12.8 6.9 0.35 0.85 0.06 0.20 0.65
CD (P=0.05) 34 35.8 18.75 1.13 1.95 0.2 0.45 NS

RDF-Recommended dose of fertilizer; *62.5 kg/ha; FIRB-furrow irrigated raised bed; FBZT- flat bed zero tillage; FBCT- flat bed conven-

tiond tillage
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obtained from FBCT, which was significantly higher than
FBZT and FIRB planted crop. The highest straw yield in
FBCT sown crop was due to more plant height and dry
matter accumulation. The straw yield increased with each
increment of nitrogen dose during both the years. The
highest straw yield was obtained with 125% of recom-
mended N, which was significantly higher than 100 and
75% of recommended N. The highest straw yield with
125% of recommended N was due to more plant height
and dry matter accumulation. These findings were in con-
formity with those of Singh and Singh (2005). Irrigation
schedules significantly affected the straw yield. The high-
est straw yield was obtained with 1.00 IW/CPE ratio
which was significantly higher than 0.75 and 0.50 IW/
CPE ratio. The highest harvest index was observed in
FBZT followed by FIRB and FBCT crop. The highest har-
vest index with FBZT plot followed by FIRB and FBCT
was due to more grain yield. The variable nitrogen levels
and irrigation schedules did not significantly influence
harvest index of malt barley.

Grain quality characters

Methods of sowing failed to influence significantly the
test weight, kernel plumpness, grain hardness, protein and
husk content of malt barley grain. Neverthel ess the high-
est test weight and kernel plumpness were obtained with
FBZT sowing (Table 2). Thiswas mainly dueto lesslodg-
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ing in FBZT sown crop as compared to other methods of
sowing. The hardness, protein and husk content of grain
were the highest in FIRB planted crop followed by FBCT
and FBCT sowing. Methods of sowing significantly influ-
enced the starch content in barley. The highest starch con-
tent was observed in FBZT followed by FBCT and FIRB
planted crop. Abiatic stress due to more lodging increased
protein content while it decreased starch content
(Wallwork er al 1998). The grain hardness, husk content,
protein content and test weight increased with each incre-
ment of nitrogen dose. The highest grain hardness and
husk content were observed with 125% of recommended
N; statistically at par with 100% of recommended N and
significantly higher than 75% of recommended N. The
highest protein content and test weight were obtained with
125% of recommended N; significantly higher than 100
and 75% of recommended N. The increased grain hard-
ness with higher levels of nitrogen has been reported by
Weston er al. 1993. Nitrogen levels did not show signifi-
cant impact on kernel plumpness and starch content. Al-
though highest kernel plumpness and starch was found
with 75% of recommended N followed by 100 and 125%
of recommended N. These findings are in conformity with
those of Weston et al (1993). Irrigation scheduling signifi-
cantly influenced the grain hardness and husk and protein
content. The highest grain hardness and husk and protein
content were observed with 0.50 IW/CPE ratio, which was

Table 2. Effect of methods of sowing, nitrogen levels and irrigation scheduling on quality characters of grain, malt quality parameters,
recovery and malt yield of malt barley(data pooled over 2 years)

Treatment Grain Test Husk Kernel Protein Starch  a-amylase Diastatic Malt Malt
hardness  weight content plumpness (%) (%) activity power  recovery yield
(kgs) (kg/hl) (%) (%) (SN) (mg maltose/10 g) (%) (t/ha)
Sowing methods
FIRB 12.7 60.5 10.9 83.9 10.5 60.7 345 4194 80.6 3.48
FBZT 125 61.2 10.7 85.2 10.1 61.2 33.7 409.2 82.6 3.78
FBCT 125 60.6 10.7 84.1 104 61.0 34.0 417.6 81.8 3.62
SEmz+ 0.06 0.25 0.07 0.2 0.05 0.02 0.19 4.0 0.4 0.12
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS
Nitrogen levels (% RDF*)
75 12.3 59.4 10.6 85.3 9.9 62.0 33.2 403.1 83.4 3.24
100 12.6 61.1 10.8 84.4 10.3 61.1 34.2 4134 81.3 3.68
125 13.0 61.6 11.0 83.5 10.8 59.8 35.2 429.8 80.1 3.98
SEmz+ 0.03 0.08 0.08 0.02 0.05 0.06 0.2 38 1.0 0.10
CD (P=0.05) NS 0.1 0.2 NS 0.3 NS 15 11.6 NS 0.20
Irrigation scheduling (IW/CPE ratio)
0.50 135 59.1 11.5 83.4 1.2 59.3 28.4 348.1 78.6 2.76
0.75 125 60.5 10.7 84.4 10.2 61.3 35.3 426.4 82.4 3.67
1.00 11.8 62.6 10.1 85.4 9.6 62.3 38.4 471.7 83.9 4.44
SEmz+ 0.2 0.4 0.06 0.05 0.05 0.4 0.6 5.2 0.2 0.03
CD (P=0.05) 05 19 0.3 0.4 0.2 17 17 154 1.0 0.16

RDF- Recommended dose of fertilizer; *62.5 kg/ha; FIRB-furrow irrigated raised bed; FBZT- flat bed zero tillage; FBCT- flat bed conven-

tiond tillage; SN-Stirring number
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significantly higher than 0.75 and 1.00 IW/CPE ratio. The
highest protein content and grain hardness with 0.50 W/
CPE ratio might be due to moisture stress at grain filling
stage. Irrigation schedules in barley significantly influ-
enced the test weight, kernel plumpness and starch content
in malt barley grains. The highest test weight and kernel
plumpness were obtained with 1.00 IW/CPE ratio, which
were significantly higher than 0.75 and 0.50 IW/CPE ra-
tio. Irrigation schedules significantly influenced the starch
content in malt barley grain. The highest kernel plumpness
and starch content were obtained with 1.00 |W/CPE ratio,
which was statistically at par with 0.75 IW/CPE ratio and
significantly higher than 0.50 IW/CPE ratio. Verma et al
(2003) also documented the improvements in grain qual-
ity with more irrigation.

Malt quality parameters

Method of sowing had no significant affect on o-amy-
lase activity and diastatic power of barley malt. Neverthe-
less highest o-amylase activity and diastatic power were
obtained with FIRB planted crop followed by FBCT and
FBZT crop (Table 2). Methods of sowing had no signifi-
cant influence on recovery and yield of malt. Nevertheless
the highest malt recovery and yield was obtained with
FBZT crop followed by FBCT and FIRB planted crop.
Nitrogen doses significantly influenced the ai-amylase ac-
tivity and diastatic power of barley malt. The highest o-
amylase activity was obtained with 125% of recom-
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mended N, which was statistically at par with 100% of
recommended N and significantly higher than 75% of rec-
ommended N. The highest diastatic power was obtained
with 125% of recommended N which was significantly
higher than 100 and 75% of recommended N. The malt
recovery decreased with each increment of nitrogen dose.
The highest malt recovery was obtained with 75% of rec-
ommended N which was significantly higher than with
100 and 125% of recommended N. The higher nitrogen
levels produced higher protein content in grain which is
undesirable for malt recovery as malt extract isinversely
related to grain protein content (Verma et al 2003). How-
ever, the malt yield increased with each increment of nitro-
gen dose. The highest malt yield was obtained with 125%
of recommended N which was significantly higher than
with 100 and 75% of recommended N. This was mainly
due to higher grain yield which compensated the lower
malt recovery with 125% of recommended N. Irrigation
schedules in barley significantly influenced the a-amylase
activity, diastatic power, recovery and yield of malt. The
highest o.-amylase activity, diastatic power, recovery and
yield of malt were obtained with 1.00 IW/CPE ratio,
which were significantly higher than 0.75 and 0.50 IW/
CPE ratio. The lower malt recovery in 0.50 IW/CPE ratio
resulted from higher protein content due to water stress.
Verma et al (2003) reported improvements in malting
quality and production with irrigation.

Table 3. Effect of methods of sowing, nitrogen levels and irrigation scheduling on nutrients uptake (kg/ha) by grain and straw of malt barley

(data pooled over 2 years)

Treatment Nitrogen Phosphorus Potassium
Grain Straw Grain Straw Grain Straw
Sowing methods
FIRB 71.8 19.8 7.8 11.8 22.6 87.3
FBZT 73.0 20.0 7.9 12.4 234 90.0
FBCT 731 21.6 8.0 13.7 222 95.7
SEmz+ 0.8 0.5 0.01 04 0.35 3.0
CD (P=0.05) NS NS NS NS NS NS
Nitrogen levels (% RDF*)

75 60.6 16.5 6.3 10.8 19.2 74.4
100 73.2 20.8 8.3 13.1 231 92.2
125 84.1 236 9.3 13.7 26.0 106.1

SEmz+ 21 0.7 0.3 0.3 0.3 3.6
CD (P=0.05) 6.2 22 1.0 1.0 14 10.3
Irrigation scheduling(IW/CPE ratio)
0.50 63.1 16.6 6.6 9.5 19.6 75.3
0.75 729 21.3 7.7 12.8 225 92.0
1.00 81.9 236 9.2 155 26.3 105.7
SEmz+ 13 0.5 0.3 0.3 0.5 3.2
CD (P=0.05) 3.8 16 1.0 0.7 14 8.0

RDF-Recommended dose of fertilizer; *62.5 kg/ha; FIRB-furrow irrigated raised bed; FBZT- flat bed zero tillage; FBCT- flat bed conven-

tiond tillage
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Nutrients uptake

Nutrients uptake (N, P and K) by malt barley (grain and
straw) was not significantly affected by different methods
of sowing (Table 3). Nitrogen and potassium uptake by
grain and straw of malt barley were significantly increased
with increase in nitrogen levels. The highest nitrogen and
potassium uptake by grain and straw of malt barley were
observed with 125% of recommended N; were signifi-
cantly higher than that obtained with 100 and 75% of rec-
ommended N. Phosphorus and potasium uptake by grain
and straw was increased significantly with increase in ni-
trogen levels. Nitrogen, phosphorus and potassium uptake
by grain and straw of malt barley were significantly influ-
enced by irrigation schedules. The highest uptake of nitro-
gen, phosphorus and potassium by grain and straw of malt
barley was observed with 1.00 IW/CPE ratio, which was
significantly higher than 0.75 and 0.50 IW/CPE ratio irri-
gation schedules.

Thusit is concluded that methods of sowing did not
influence yield and quality, while increased nitrogen lev-
elsand irrigation ratio improved productivity and quality
of malt barley.
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