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ABSTRACT

A field experiment was conducted during winter (rabi) 2012-13 and 2013-14 at research farm, Jobner,
Rajasthan, to evaluate the effect of weed-management practices and nitrogen fertilization on productivity, profit-
ability and N-use efficiency of barley (Hordeum vulgare L.). The results indicate that plots under twice hand-weed-
ing (HW) 25 and 50 days after sowing (DAS) had the highest growth and yield attributes followed by metsulfuron
methyl 4.0 g/ha applied at 30-35 days after sowing (DAS). Among weed-management practices, the highest grain
and straw yields (5.21 t/ha; 7.13 t/ha) were obtained with 2 HWs and metsulfuron methyl (4.76 t/ha; 6.40 t/ha)
treatments (pooled data 2 years). The highest net returns were also obtained with 2 HWs, and the increment to the
tune of 7.0, 12.2 and 15.5% over metsulfuron methyl, 1 HW and 2,4-D ester (0.5 kg/ha) respectively. Nitrogen 90
kg/ha significantly improved the yield attributes and yields over the control and 30 kg N/ha; however, it remained
statistically at par with 60 kg N/ha. Metsulfuron methyl along with 90 kg N/ha was found to be best for benefit: cost
ratio (4.37), followed by 2,4-D ester (E) (4.09) over the HWs treatments. Two HWs proved the best for agronomic
efficiency (AE) and apparent recovery (RE) of applied N (16.2 kg grain/kg N; 69.1%). Physiological-use efficiency
(PE) of applied N was the highest in plots under carfentrazone-ethyl 15 g/ha at 30—35 DAS and 30 kg N/ha.
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Barley is generally grown on margina and sub-mar-
gina lands with low-inputs where the conditions for wheat
and other cereals are not favourable. In Rajasthan, it is
mostly grown on light-textured soils which have low nitro-
gen and organic matter content with poor moisture-reten-
tive capacity. Thus, the easiest way of boosting the produc-
tivity and N-use-efficiency is through application of bal-
anced fertilization following proper weed-management
practices. Cultivation in poor fertility soils coupled with
inadequate nutrition, moisture stress, saline and akaline
conditions with poor quality of irrigation water and heavy
infestation with weeds are the mgjor constraints in barley
production. Barely crop is invaded with large number of
fast-growing weeds species and the losses caused by
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weeds have been estimated to be much higher than those
caused by insects, pests and diseases together (Fakkar and
Amin, 2012). Weeds germinate even before the crop ger-
mination and flourish more and taking the advantage of its
dow initia growth. Weed competition in the cropping sea
son reduces yield up to 10-38% depending on time and
intensity of infestation (Balyan and Malik, 1994). There-
fore, it is greatly needed to evolve appropriate weed-man-
agement strategy either through mechanical or herbicidal
control for both grassy and broad-leaf weedsto harness the
maximum yield even under unfavourable climatic condi-
tions.

The chemical control of weeds in general has been
realised to be more cost effective and easy compared to
manual weeding (Garcia-Martin et al., 2007). Yaduraju
and Das (2002) suggested that chemical herbicides play an
important role for weed control in close-spaced crops like
wheat, barley where manual or mechanical weeding is dif-
ficult. For controlling of broad-leaf weeds, 2,4-D isrecom-
mended after the first irrigation, but no herbicide is avail-
ablefor control of grassy weedsin this crop. Sulfonylurea
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herbicides are being considered as the substitute for exist-
ing herbicides because of their ability to control grassy as
well as broad-leaf weeds, high potency and low dose re-
quirement (Vicari et al., 1994). The newly emerged herbi-
cides of sulfonylurea group, i.e. metsulfuron-methyl and
sulfosulfuron are of great importance, as they provide ex-
cellent control of weeds in wheat by inhibiting acetolactate
synthase mechanism. Similarly, carfentrazone-ethyl isaso
a contact herbicide used to control broad-leaf and sedges
in cerealsand it is recommended for edible and non-edible
crops including barley.

Nitrogen isavitally important and is one of the univer-
sally deficient plant nutrients in most of the Indian soils
particularly in the loamy sands of semi-arid agro-ecologies
of Ragjasthan. There is an urgent need to give a fresh look
to nutrient requirement, especially of N for breaking the
barrier in higher productivity of this crop. In intensive
agriculture, adoption of exhaustive high-yielding varieties
led to accumulation of nutrients, especialy N but fertilizer
use remained below than its removal. Nitrogen-use-effi-
ciency can be improved by adopting the management
practices like effective weed control that will minimize the
N losses which leads to greater uptake of available N and
consequently higher N-use-efficiency. However, till date
no scientific studies and their documentation have been
made in barley in respect of weed control and N fertiliza-
tion. Thus, optimum quantity of nutrients and proper weed
management is of paramount importance to enhance the
productivity and use-efficiencies of N in barley.

MATERIALS AND METHODS

The field experiment was conducted during the winter
(rabi) 2012-13 and 2013-14 at Jobner, Rajasthan
(27°05'N; 7528 E, of 427 above mean sea-level). The soil
was loamy-sand having low organic carbon (0.20%) and
available N (129.6 kg/ha), medium in available P (14.1 kg/
ha) and K (148.8 kg/ha) and slightly alkaline (pH 8.25).
The experiment was laid out in a split-plot design with 3
replications. The mainplot comprised 7 weed-control
treatments, viz. (weedy check; HW once at 25 DAS; HW
twice at 25 and 50 DAS; 2,4-D ester 0.5 kg/ha at 30-35
DAS; metsulfuron-methyl 4.0 g/ha at 30-35 DAS;
sulfosulfuron 25 g/ha at 30-35 DAS; carfentrazone-ethyl
15 g/ha at 30-35 DAS); and 3 N levels (0, 30, 60 and 90
kg/ha) were taken as subplots. Barley cultivar ‘RD 2052’
was grown following all standard package and practices.
Five irrigations were applied to the crop including irriga-
tion at critical growth stages. Rainfall received during the
crop period was 21.2 mm and 19.0 mm in 2012-13 and
2013-14 respectively. Post-emergence application of her-
bicides 2,4-D ester (Cut-out 38 EC), metsulfuron-methyl
(Metstar 20 WP), sulfosulfuron (Unik 75 WP) and
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carfentrazone-ethyl (Affinity 40 EC) was done at 30-35
DAS as per treatments. A knapsack hydraulic sprayer was
used for spraying the herbicides using a spray volume of
700 litres/ha. Sulfonylurea herbicides were applied with
their surfactants. In the plots ear marked for hand-weed-
ing, the operation was done at 25 and 50 DAS with the
help of khurpi as per treatment. Nitrogen was applied
through urea as per treatments in 2 equal — splits, i.e. half
as basal at the time of sowing and remaining as top-dress-
ing at the time of first irrigation. All the plant-protection
measures were adopted to ensure healthy crop. At matu-
rity, after leaving the 2 border rows on each side aswell as
50 cm along the width of each side, a net plot area of 3 m
x 1.35 m was harvested separately for recording the yield
attributes and yields. The harvested material of each plot
was tied up in bundles, tagged and kept on threshing floor
for sun drying. Barley grains were cleaned by winnower
and yield was recorded at 15% moisture content. Straw
yield was obtained by subtracting grain yield from the total
biomass yield. Yields were expressed in t/ha. The harvest
index was calculate by dividing the economic yield by bio-
logical yield and expressed in percentage. Net returns
were cal culated based on the grain and straw yield and the
prevailing market prices of barley during the respective
crop seasons. Benefit: cost ratio was calculated by divid-
ing the returns from cost of cultivation. Nitrogen concen-
tration in barley grain and straw samples were determined
by modified Kjeldahl method. The uptake/ accumulation
of nitrogen in barley grain and straw was calculated by
multiplying the dry matter yield with their concentrations.
Agronomic efficiency (AE), recovery efficiency (RE) and
physiological efficiency (PE) of applied N were computed
using the standard formula.

All the observations were analyzed statistically for their
test of significance of the individual years, and pooled
analysis was done over the years using the F -test (Gomez
and Gomez, 1984). The significance of difference between
treatment means were compared with critical differences
at 5% level of probability.

RESULTS AND DISCUSSION

Weed management

Growth parameters: Different weed-control treatments
significantly influenced plant height, effectivetillers, dry-
matter accumulation (DMA), spike length and grains/
spike of barley. Weed-control treatments, i.e. hand-
weedings and herbicides application significantly en-
hanced growth and yield characteristics at most of the
stages compared to the weedy check (Table 1). Two HWs
at 25 and 50 DAS recorded the maximum plant height at
all the stages with 28.4% taller plant than weedy check at
harvesting stage. The same treatment also showed signifi-
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cantly highest DMA at harvesting. Application of
metsulfuron methyl 4 g/ha, 1 HW at 25 DAS and 2,4-D
ester 0.5 kg/haregistered higher DMA by 41.8, 39.0 and
34.4% at 40 DAS; 46.5, 45.8 and 43.9% at 80 DAS; and
47.4, 46.4 and 44.5% at harvesting stage, respectively,
than the control. The corresponding increase was also
observed in effectivetillers and graing/spike. Theimprove-
ment in growth characters through weed control could
mainly be ascribed to the reduced density and dry weight
of weeds and thus, resulted in the least competition for
space, moisture, nutrients, light etc. The weed-free envi-
ronment reduced the crop—weed competition to the extent
of their efficacy which led to enhance plant height,
tillering and DMA. On contrary to this, uncontrolled weed
growth throughout the cropping season in weedy check
plots arrested the crop growth due to severe crop-weed
competition. Significantly the highest 1,000-seed weight
was also observed with 2 HWs and metsulfuron methyl
and 1 HW treatments. Meena and Singh (2011) reported
significant improvement in growth attributes by 2 HWs
and metsulfuron methyl in wheat. One HW and 2,4-D sig-
nificantly enhanced growth attributes of wheat (Pandey et
al., 2006; Chaudhary et al., 2013). Since hand-weeding
provided weed-free environment to crop, excellent growth
was observed under twice HW treatments in comparison
to herbicides alone. Nadeem er al. (2007) reported effec-
tive weed control in wheat with 2 HWs in comparison to
chemical treatments alone. Although carfentrazone ethyl
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15 g/ha also resulted in significantly higher values of
growth parameters of crop than weedy check, it proved
lesser effective than metsulfuron methyl and 2,4-D.
Carfentrazone and sulfosulfuron applications showed
some phytotoxic effects on crop plants during early
growth stages. At later stages, the crop recovered growth
up to satisfactorily level but could not as observed in HW
and other herbicidal treatments despite of excellent weed
control in these plots, which was also documented by
Singh and Punia (2007). Poor growth of crop obtained
with sulfosulfuron 15 g/hawas owing to insufficient con-
trol of weeds.

Productivity: All the weed-control treatments differed in
influencing grain and straw yields of barley. Two HW
done at 25 and 50 DAS resulted in the highest grain and
straw yields of barley and found to be significantly supe-
rior to al the treatments except metsulfuron methyl. Two
HW treatments provided the season-long weed-free condi-
tions and hence resulted in appreciably higher yields than
the other treatments. Post-emergence application of
metsulfuron methyl, 1 HW at 25 DAS and 2, 4-D ester
were the next superior treatments with respect to barley
yields, as they improved the grain and straw yields to the
tune of 49.1, 45.5, 40.5% and 42.3, 42.0, 35.3% over the
weedy check. Application of sulfosulfuron and
carfentrazone ethyl also gave 26.6 and 19.0% and 22.4
and 18.7% higher grain and straw yield over the weedy
check (Fig. 1). The higher yields under weed control could

Table 1. Effect of weed management and nitrogen fertilization on growth and yield parameters of barley at different stages (pooled data of 2

years)
Treatment Plant DMA Effective Spike  Graing  1,000-seed
height (g/m row tillers/plant length spike weight
(cm) at length) at at (cm) (9)
harvesting harvesting harvesting
Weed management
Weedy check 92.9 2275 5.38 6.61 345 38.0
One HW at 25 DAS 111.1 333.0 6.79 9.03 425 409
Two HW at 25 and 50 DAS 119.3 366.2 7.59 9.59 459 426
2,4-D ester 0.5 kg/ha (30-35 DAS) 110.8 328.7 6.73 8.73 42.2 39.8
Metsulfuron methyl 4.0 g/ha (30-35 DAYS) 111.6 3354 6.95 9.19 42.6 41.8
Sulfosulfuron 25 g/ha (30-35 DAS) 103.0 296.8 6.02 7.79 38.8 38.6
Carfentrazone ethyl 15 g/ha (30-35 DAYS) 101.4 288.3 5.95 7.56 38.6 38.3
SEmz+ 1.89 6.15 0.13 0.17 0.80 0.66
CD (P=0.05) 5.52 17.9 0.39 051 2.33 1.93
Nitrogen (kg/ha)
0 98.4 268.4 5.55 7.22 36.0 37.6
30 106.2 306.8 6.36 8.18 39.9 39.6
60 111.2 330.8 6.97 8.93 431 41.3
920 112.8 337.3 7.07 9.11 44.1 415
SEmz+ 134 452 0.10 0.12 0.57 0.49
CD (P=0.05) 3.76 12.6 0.29 0.35 1.59 1.36
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be explained with their effectiveness to reduce density of
weeds over weedy check. These treatments kept the crop
almost weed free up to 60 days that markedly reduced the
competition for nutrients and other resources by weeds
which ultimately reduce weed dry-matter production and
nutrient depletion. Reduction in weed-crop competition
under weed control treatments saved a considerable
amount of nutrients for crop growth which led to en-
hanced crop growth by utilizing greater moisture and nu-
trients from deeper soil layers. Under weed-infested con-
dition, although the vegetative growth reached at satisfac-
torily level, the sink was not sufficient enough to accumu-
late the meaningful photosynthates transl ocating towards
grain formation. Nadeem et al. (2007) and Surin et al.
(2013) also reported similar findings. The higher grain

8.0 = Grainyield (t/ha) EEEED Straw yield (t/ha) ——THarvestindex (%) - 42.8
6

Yield (t/ha)
Harvestindex (%)

55
Weedﬁ‘;ﬂna gement

Fig. 1. Yield and harvest index of barley as influenced by weed-
control treatments. The vertical barsindicate CD at P = 0.05
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yield under twice HW and metsulfuron methyl plots was
due to cumulative effect of lowest crop weed competition
and more yield determining characteristics. While in
sulfosulfuron-applied plots, it might be attributed to poor
crop-growth due to insufficient weed control that could
have not reduced the crop-weed competition to the tune as
under 2 superior treatments (hand-weeding and
metsulfuron methyl). Furthermore, the most severe com-
petition throughout the cropping season due to unre-
stricted weed growth in weedy check plotsled to enhanced
nutrient removal and moisture by weeds; thereby, ad-
versaly affecting the crop growth. Our results support the
findings of Singh and Singh (2005), Pisal and Sagarka
(2013) in wheat.

Profitability and N use-efficiency: All the weed control
treatments fetched significantly higher net returns and
benefit: cost ratio over weedy check which might be due
to higher grain yield registered under these treatments
(Table 2). Two HWsfetched the maximum net returns and
benefit: cost ratio, thus increasing the net returns over the
weedy check. Application of metsulfuron methyl proved
as next superior treatment for net returns and benefit: cost
ratio. However, it remained at par with 1 HW at 25 DAS.
Sulfosulfuron and carfentrazone ethyl treatments had net
returns 33.7 and 26% higher over the weedy check respec-
tively. The highest benefit: cost ratio was exhibited by
metsulfuron methyl than hand-weeding treatments. It
might be due to labour intensive hand-weeding operation
which led to higher cultivation cost and lowering the ben-

Table 2. Profitability and nitrogen-use-efficiencies as influenced by weed management and nitrogen fertilization (pooled data of 2 years)

Treatment Net returns Benefit: Agronomic Recovery Physiological
(x10° F/ha) cost ratio efficiency efficiency efficiency
(kg grainkg N) (%) (kg grain/kg
N uptake)
Weed management
Weedy check 41.2 3.09 9.96 35.6 26.7
One HW at 25 DAS 65.7 3.96 145 60.9 28.0
Two HW at 25 and 50 DAS 73.7 3.99 16.2 69.1 26.6
2,4-D ester 0.5 kg/ha (30-35 DAS) 63.8 4.09 14.0 58.2 27.1
Metsulfuron methyl 4.0 g/ha (30-35 DAS) 68.8 4.37 14.8 62.5 29.0
Sulfosulfuron 25 g/ha (30-35 DAS) 55.1 3.62 12.6 48.8 27.0
Carfentrazone ethyl 15 g/ha (30-35 DAYS) 51.9 3.54 11.8 457 448
SEmz+ 1.15 0.08 0.37 1.63 0.49
CD (P=0.05) 3.34 0.23 1.07 4.75 144
Nitrogen (kg/ha)
0 50.4 3.43 - - -
30 59.4 3.81 18.0 66.4 32.3
60 64.4 3.99 131 55.1 29.2
90 65.8 4.01 9.08 41.7 28.1
SEmz+ 0.89 0.05 0.30 1.32 041
CD (P=0.05) 2.52 0.14 0.85 3.70 1.16




568 PUNIYA ET AL. [Vol. 60, No. 4

efits occurred in these plots. Similar findings were also N
reported by Pandey ez al. (2006), Mishra (2006) and S 5 s 2 <8
Verma et al. (2008). The highest AE and RE efficiencies B < |2 5 o § p
were reported with 2 HW plots, followed by metsulfuron B+ + & o+ é
methyl. The AE of applied N varied from 9.96 to 18 kg/kg Solg B b g R
of N and RE values for N were about 35.6-69.1% being Gle ¥ 9 v R
quite closer to the values reported by Pooniya and Shivay 8 N IS NN
(2010) in cereals. The main reason of low N use-efficiency 3
is N loss mechanism, especialy leaching in loamy sand = § —
soils. The AE and RE declined with the increase in N ap- 4 S =
plication rate increased from 30 to 90 kg N/ha. On other g T g xooxoxx o x
hand, PE of N in barley was ranged of 26.6-44.8 kg grain/ g g = § g § % g
kg of N uptakein both weed control and N-fertilized plots. o O8|c o o o o
Thus, 30 kg N/haregistered significantly highest values of 5
PENn compared to 60 or 90 kg N/ha application. '%
5 oo X e X
Nitrogen fertilization 21 |8 ; 5 = g &
Growth parameters: The results revealed that barley '% g |2 X 4 3
crop responded well to N fertilization in terms of growth ° 8|+ + L o+ &
and yield attributes (Table 1). Significant response in these HEEE g 8 3 5 B
parameters was obtained up to 60 kg N/ha at all the stages E’ | N @ S QB
except plant height at 40 DAS, wherein it was noted up to RPN NN NN
30 kg N/haonly. It can be ascribed to the better nutritional > E
rhizospheric environment for growth and development of 3 § <
crop. Our findings confirm the results of Kumawat and Jat > 5 g
(2005) in barley and Jat et al. (2014) in wheat. A strong g g S|k & é x :g
positive correlation was observed between grain yield and 7 8% § § & 'g &
growth and yield-attributing characters of barley crop %
(Table 3). s
Productivity and profitability: The barley yield also in- -E S S,
creased significantly with every increment of N up to 60 £ 5 XX 03X 5
kg/ha, being highest yield at 90 kg/ha (Fig. 2). As grain T g S &8 93§
yield is primarily afunction of cumulative effect of yield- 2 57T Y 1 %
attributing characters, the higher values of these attributes 5 Sa8 8 8 £ i
can be assigned as the most probable reason for signifi- @ Ela o 3§ 3
cantly higher grainyield. It iswell evinced from the posi- '% gujpmw o wonmonn
. i X S|loe>|> > > > >
tive correlation between crop DMA and nutrient uptake by g E
the crop. Sharma and Verma (2010) also reported signifi- IS §
7 =
8.0 C—IGrainyield (tha)  [EIDStawyield (ha) —a—Harvestindex (%)  45.0 é :é . . . . .
7.0 4 - ko) o * * * *
BB IEEREE R
. = Oo|oc o o o o
5507 bt @
;%’ 4.0 42.0 i% %
z £ = <
730 10 g E % .
“7 40.0 % \6; ‘% ?
10 ! B S = T 5
0.0 - 39.0 g g g ) % g
S| = 8= £ % -
Nitrogen levels e é o g g' & g g
Fig. 2. Effect of nitrogen levels (kg/ha) on yield and harvest index % 5 <21: 3 ;= g § A
of barley. The vertical barsindicate CD at P=0.05 S| = a0 6 & I
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cant positive influence of nitrogen application on yield
attributes and yield of barley crop. Straw yield was also
recoded higher with increasing rates of N application. It
might be due to improved biomass per plant at successive
growth stages and increase in various morphologica pa-
rameters like plant height, number of tillers etc. Increase
in N level from 0 to 90 kg/hain barley aso fetched addi-
tional returns with a higher benefit: cost ratio over the
control (Table 2), primarily owing to higher grain yield
with comparatively lesser additional cost of N. Significant
improvement in yield attributes and yield owing to N ap-
plication was a so reported by Katiyar and Uttam (2007) in
barley.

Thus, 2 hand-weedings at 25 and 50 DAS and applica
tion of 90 kg N/ha increased the yield attributes, produc-
tivity and N-use-efficiency of barley as compared to rest of
the treatments. From economic point of view, application
of metsulfuron methyl @ 4 g/hain conjunction with 90 or
60 kg N/ha proved best treatment combination in achiev-
ing higher profitability in barley under hot semi-arid cli-
mate of Rajasthan.
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