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ABSTRACT

A field experiment was conducted during 2014–15 and 2015–16 at Hisar, Haryana, to study bioefficacy of
metribuzin-based herbicide mixture on weeds and producitivty of wheat (Triticum aestivum L.). The experiment
was conducted in a split-plot design comprising 5 wheat varieties ‘WH 1105’, ‘HD 2967’, ‘DPW 621-50’, ‘WH 1124’
and ‘DBW 17’ in main plots and 6 weed-management practices, viz. metribuzin (210 g/ha), metribuzin +
fenoxaprop (150 + 100 g/ha), metribuzin + pinoxaden (150 + 40 g/ha) metribuzin + clodinafop (150 + 45 g/ha),
weed-free and weedy check, in subplots, each replicated thrice. The wheat varieties did not affect the weed den-
sity and weed dry-matter accumulation. Wheat variety ‘WH 1105’ resulted in the maximum grain, straw and biologi-
cal yields, being statistically at par with ‘HD 2967’ and ‘DPW 621-50’, but significantly better over ‘DBW 17’ and
‘WH 1124’. Among the herbicides, the density of grassy and total weeds and their dry-matter accumulation at all
stages were observed minimum with metribuzin + fenoxaprop which remained at par with other 2 combinations of
metribuzin, whereas density and dry matter of broad-leaf weeds were found minimum with metribuzin alone (210
g/ha). Alone application of metribuzin resulted in the lowest grain yield of wheat as compared to all the other herbi-
cidal treatments.
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Wheat is one of the most important cereal crops and
staple food in India after rice. Its assured production and
supply are necessary for food security in the country. The
annual wheat production has been estimated at 107.59
million tonnes and registering an all-time highest produc-
tivity of 3.51 t/ha (ICAR-IIWBR, 2020). In Haryana, wheat
is grown over an area of about 2.55 million ha with pro-
duction of 12.57 million tonnes and productivity of 4.92 t/
ha (DESA, Haryana, 2020). The productivity of wheat in
most of the northern states, i.e. Punjab, Haryana, Uttar
Pradesh has almost stagnated. There are many factors re-
sponsible for the stagnation of wheat productivity, and con-
tribution of weeds is a major factor among them. If agro-
nomic practices are fine-tuned and weeds are managed
properly, the wheat productivity can be enhanced further,
so as to tap the potential productivity of the modern vari-
eties.

Weeds are a major impediment to crop production and
are accountable for maximum losses caused by all the
pests. They compete with crop plants for moisture, nutri-
ents, light and space, thereby depriving the crop of vital
inputs. Wheat is generally infested with both grassy and
broad-leaf weeds, depending on environmental conditions
like humidity, temperature and moisture availability, type
of soil, cultural practices and crop rotation adopted. Among
the weed-control measures, herbicidal control plays an
important role in close row crops, where manual or me-
chanical weeding is not feasible. The large-scale failure of
isoproturon, danger of development of rapid resistance and
cross-resistance against alternate herbicides due to their
continuous use, non-adoption of herbicides like
pendimethalin by farmers because of its high cost and re-
quirement for high moisture at the time of spray, phytotox-
icity due to high doses of metribuzin and proportionate
changes in weed flora in cereal crops necessitates use of
herbicide mixtures (Jain et al., 2020).

Different varieties of a crop differ in their competitive
ability against different weeds. Crop cultivars possessing
traits such as fast germination, quick growth, high biomass
and large leaf area have a competitive advantage over
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weeds. Careful selections of a competitive crop/ genotype
can potentially suppress weed growth without sacrificing
crop yield (Ramesh et al., 2017).  Cultivars of several crops
including winter wheat differ considerably in their toler-
ance to metribuzin, and it is desirable to determine varietal
sensitivity to metribuzin and herbicide mixtures of
metribuzin before use in field conditions (Yadav et al.,
2016). Keeping these points in view, present study was
planned with wheat varieties and metribuzin-based herbi-
cide mixtures.

MATERIALS AND METHODS

A field experiment was conducted during 2014–15 and
2015–16 at Agronomy Research Farm of the Chaudhary
Charan Singh Haryana Agricultural University, Hisar
(29°16’N’, 75°7’E’ 215.2 m above the mean sea-level) in
north-west part of India. The climate of Hisar is semi-arid,
characterized by dryness, extremes of temperature with the
average annual rainfall of 429 mm (16.9 in). The maximum
daytime temperature during the summer varies between 40
and 46°C, while during the winter it ranges between 1.5
and 4°C. Relative humidity varies from 5 to 100%. The soil
of the experimental field was sandy loam with low organic
carbon and nitrogen, medium available phosphorus, high
potassium and slightly alkaline (pH 8.3). Sowing of wheat
was done on 27 November 2014 during first year and 5
December 2015 during second year by seed-cum-fertilizer
drill, with a spacing of 20 cm from line to line at 5–6 cm
depth using 120 kg seed/ha. The crop was harvested on 4
April 2015 during the first year and 19 April, 2016 during
the second year. The experiment was laid in a split-plot de-
sign comprising 5 wheat varieties ‘WH 1105’, ‘HD 2967’,
‘DPW 621-50’, ‘WH 1124’ and ‘DBW 17’ in main plots
and 6 weed management practices, viz. metribuzin (210 g/
ha), metribuzin + fenoxaprop (150 + 100 g/ha), metribuzin
+ pinoxaden (150 + 40 g/ha), metribuzin + clodinafop (150
+ 45 g/ha), weed-free and weedy check in subplots, each
replicated thrice and were applied 35 days after sowing of
the crop. Observations for total weed density were re-
corded by randomly placing quadrate (0.25 m2) in each plot
at different intervals. Major weed flora in experiment in-
cluded Phalaris minor, Avena ludoviciana, Rumex
dentatus, Chenopodium album, Melilotus indicus, Convol-
vulus arvensis, Anagallis arvensis, Coronopus didymus,
Cirsium arvense, Vicia sativa and Lathyrus aphaca during
both the years. Phalaris minor was the major weed ob-
served among grassy weeds and plants of Avena
ludoviciana were also observed at some places. All other
weeds were collectively classified as broad-leaf weeds. For
calculating dry-matter accumulation of weeds, the weeds
taken with a quadrate were oven-dried at 65 ± 5°C, till they
attained constant weight. The dried samples were weighed

and expressed as (g/m2). Weed-control efficiency (WCE)
was calculated with the help of formula:

WCE (%) = 

where, W
2
, Dry weight of weeds in weedy check plot

and W
1
, Dry weight of weeds in treatment plot.

Number of tillers were counted at 60, 90 and 120 days
after sowing (DAS) from 1 m row length at 3 places/plot
and converted into per meter square. Leaves were sepa-
rated from 5 randomly harvested plants to measure leaf
area (cm2/plant) with the help of LI 3000 area meter
(LICOR Ltd., Nabraska, USA) at  60, 90 and 120 DAS.
The leaf-area index (LAI) was worked out with the help of
following formula:

LAI = 

After harvesting the net area of individual plots, the
bundles were sun-dried for 4-5 days and weighed before
threshing, which was recorded separately as biological
yield after converting into kg/ha. The biomass obtained for
individual net plot after sun-drying (biological yield ) was
threshed and weighed for grain yield (kg/ha). The grain
yield so obtained was deducted from the biomass of the
harvested crop to compute the straw yield. Harvest index,
a ratio between grain yield and biological yield was worked
out by following expression.

Harvest index (%) = 

The experimental data were statistically analyzed using
standard methods of analysis of variance (ANOVA).

RESULTS AND DISCUSSION

Weed density, their dry weight and weed control
efficiency:

The results revealed that, the density of grassy and
broad-leaf weeds and their dry weight were affected by
various wheat varieties up to some extent, but the differ-
ences were not significant at any growth stage of wheat
(Tables 1 and 2). Varieties ‘WH 1105’ and ‘HD 2967’ re-
corded less number of weeds than dwarf variety DBW 17,
but difference was found to be non-significant. Similarly
dry-matter accumulation of grassy and broad-leaf weeds
varied among varieties, the differences were not significant
and hence none of the varieties contributed towards reduc-
tion in dry matter of weeds. However, Ramesh et al. (2017)
have reported the effect of different varieties affecting the
density of weeds.

All herbicidal treatments effectively controlled popula-
tion of weeds (Table 1) as compared to weedy check plots
at all the crop growth stages during both the years.
Metribuzin resulted in effective control of grassy as well as
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the weedy check, but the dry-matter under this treatment
was significantly higher than that obtained in plots treated
with other herbicide combinations. Our results confirm the
findings of Yadav et al. (2016). The herbicidal treatment of
metribuzin when applied alone resulted in significant de-
crease in dry-matter accumulated by broad-leaf weeds in
comparison to all other treatments where metribuzin was
applied in combination during both the years. Herbicide
combinations metribuzin + fenoxaprop (150 + 100 g/ha),
metribuzin + pinoxaden (150 + 40 g/ha) and metribuzin +
clodinafop (150 + 45 g/ha) being at par with each other,
reduced the dry-matter accumulation of broad leaf weeds
compared to weedy check, but they were inferior to appli-
cation of metribuzin alone.

On average basis, the highest weed-control efficiency
(WCE) for grassy weeds was observed in ‘DBW 17’ vari-
ety and for broad-leaf weeds in ‘DPW 621-50’ (Table 2).
Season -long weed-free plots exhibited the highest WCE in
all grassy and broad-leaf weeds during both the years.
Among the herbicidal treatments, combination of
metribuzin and fenoxaprop proved the best and resulted in
the highest WCE in grassy weeds (96.2%) and application
of metribuzin 210 g/ha resulted in the lowest WCE in
grassy weeds. Application of metribuzin alone was found
to be superior to all other herbicidal treatments with high-
est WCE (97.4%) in broad-leaf weeds. Yadav et al. (2016)
also observed the similar trend in WCE in their experiment.

Crop growth
Among the wheat varieties, ‘WH 1105’ showed the

broad-leaf weeds when applied alone or in mixture forms
as compared to weedy check at all the stages of wheat crop
during both the years, confirming the findings of Kumar et
al. (2017). Metribuzin + fenoxaprop (150 + 100 g/ha) was
found to be at par with metribuzin + pinoxaden (150 + 40
g/ha) and metribuzin + clodinafop (150 + 45 g/ha) in con-
trolling number of grassy weeds (Table 1). Alone applica-
tion of metribuzin was found better than weedy check in
controlling number of grassy weeds but was inferior to
mixture of metribuzin with rest of the herbicides. Density
of broad-leaf weeds was significantly lower in plots with
application of metribuzin at all the stages of crop (Table 1).
Application of metribuzin at 210 g/ha alone was proved to
be best among all the herbicidal treatments in controlling
the broad-leaf weeds and it differed significantly from all
the herbicidal treatments as well as weedy check. Combi-
nations of metribuzin + fenoxaprop (150 + 100 g/ha),
metribuzin + pinoxaden (150 + 40 g/ha) and metribuzin +
clodinafop (150 + 45 g/ha) resulted in statistically at par
population of broad-leaf weeds.The results are in confor-
mity with the findings of Kumari et al. (2013).

All the herbicidal treatments significantly reduced the
dry-matter of grassy and broad-leaf weeds (Table 2).
Among the herbicidal treatments, combination of
metribuzin with fenoxaprop resulted in the highest reduc-
tion in dry-matter accumulation by grassy weeds at all the
crop growth stages and it differed significantly with weedy
check, but was at par with metribuzin in combination with
pinoxaden and clodinafop. Metribuzin alone significantly
reduced the dry matter accumulation by grassy weeds than

Table 1. Effect of varieties and weed-management practices on weed density in wheat (pooled data of 2 years)

Treatment                                                Grassy weed density (Number/m2)                                 Broad-leaf weed density (Number/m2)

60 DAS 120 DAS 60 DAS 120 DAS

Varieties
WH 1105 3.5 (17.9) 3 (13) 4.8 (39.5) 4.2 (30.4)
HD 2967 3.5 (17.5) 3 (13.4) 4.8 (38.8) 4.2 (29.5)
DPW 621-50 3.5 (18.1) 3.1 (13.7) 4.8 (40.7) 4.3 (31.8)
WH 1124 3.5 (18.1) 3.1 (13.9) 4.8 (40.2) 4.2 (31.1)
DBW 17 3.6 (18.5) 3.1 (14.3) 4.9 (42.1) 4.4 (32.5)
SEm± 0.1 0.1 0.1 0.1
CD (P=0.05) NS NS NS NS
Weed management
MBZ 210 g/ha 4.6 (19.9) 4 (14.8) 2.5 (5.6) 2.1 (3.5)
MBZ + CDF (150 + 45) g/ha 2.4 (4.8) 2 (3) 3.7 (13) 3.5 (11)
MBZ  + PDN  (150 + 40) g/ha 2.2 (4.1) 2 (2.9) 3.9 (14) 3.5 (11.3)
MBZ + FNP (150 + 100) g/ha 2.2 (3.8) 1.8 (2.3) 3.7 (13) 3.4 (10.3)
Weed-free 1 (0) 1 (0) 1 (0) 1 (0)
Weedy-check 8.7 (75.6) 7.7 (59.1) 14 (196) 12.3 (150.2)
SEm± 0.3 0.2 0.3 0.2
CD (P=0.05) 0.8 0.6 0.8 0.4

MBZ, Metribuzin 70 WP; CDF, clodinafop propargyl 15 WP; PDN, pinoxaden 5.1 EC; FNP, fenoxaprop ethyl 10 EC; DAS, days after sowing

Original data are given in parentheses were subjected to square root  transformation before analysis
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maximum number of tillers, being statistically at par with
‘HD 2967’, but markedly higher than ‘WH 1124’ and
‘DBW 17’ (Table 3). Minimum number of tillers were re-
corded in ‘WH 1124’, which was statistically at par with
‘DBW 17’ and ‘DPW 621-50’ at 60, 90 and 120 DAS and
with ‘HD 2967’ at 120 DAS. Singh et al. (2015) also re-
ported similar findings for number of tillers of wheat. Leaf-
area index (LAI), that determines the capacity of the crop
to trap solar energy for photosynthesis, was found maxi-
mum in ‘WH 1105’ variety at 60 DAS and in ‘HD 2967’
variety at 90 DAS and 120 DAS; however, they were sta-
tistically at par with each other (Table 3). Wheat variety
‘WH 1124’ revealed the lowest LAI and it was statistically
at par with ‘DBW 17’. Kaur and Gill (2015) also observed
differences in LAI among the varieties.

The maximum number of tillers and LAI of wheat were
observed in the weed-free plots which were significantly
superior to weedy check and metribuzin (210 g/ha). Com-
bination of metribuzin with fenoxaprop proved the best
treatment and it was statistically at par with weed-free plots
as well as treatments having combination of metribuzin
with other herbicides except for LAI at 60 DAS with
metribuzin and clodinafop. The combination differed sig-
nificantly with metribuzin applied alone and weedy check.
Alone application of metribuzin was found inferior to its
combinations and significantly lower number of tillers and
LAI of wheat were recorded. Season-long weed-infested

plot (weedy check) resulted in significantly less number of
tillers and LAI of wheat as compared to all the herbicidal
treatments during both years. Our results confirm those of
Kamboj et al. (2017).

Wheat yield
Of the wheat varieties, ‘WH 1105’ proved the best, as

this variety gave the highest grain (5.63 t/ha), straw (8.83
t/ha) and biological yield (14.46 t/ha), which remained at
par with ‘HD 2967’ and was significantly better than ‘WH
1124’ and ‘DBW 17’ (Table 4). This may be owing to bet-
ter growth of plants of these varieties in terms of number of
tillers. Similar findings of differences in yield of wheat
were reported by Mauriya et al. (2015) and Khatik et al.
(2021). All the weed-management practices significantly
affected grain, straw and biological yields during both the
years. Maximum and minimum values for grain, straw and
biological yield were recorded under season-long weed-
free plots and weedy check plots respectively (Table 4).
Among the herbicidal treatments, mixture of metribuzin
with fenoxaprop remained statistically superior to the
weedy check plots as well as metribuzin alone. Tomar and
Tomar (2014) reported similar trend of increase in yield of
wheat. The interaction effect between varieties and weed-
control treatments on grain yield was found to be non-sig-
nificant during both the years (Figs. 1 and 2). The highest
value for harvest index was observed in variety ‘DPW 621-

Table 2. Effect of varieties and weed-management practices on dry-matter (DM) accumulation by weeds and weed-control efficiency in wheat
(pooled data of 2 years)

Treatment                           Dry-matter accumulation by              Dry-matter accumulation by              Weed-control efficiency
                        grassy weeds (g/m2)                        broadleaf weeds (g/m2)                            (%)

60 DAS 120 DAS 60 DAS 120 DAS Grassy Broad leaf
weeds  weeds

Varieties
WH 1105 3 (11.5) 5 (36.8) 3.2 (14) 4.4 (30.1) 75.9 78.8
HD 2967 2.8 (10.1) 4.9 (37.1) 3 (12.9) 4.3 (30.6) 75.8 79.3
DPW 621-50 2.8 (10.1) 4.3 (33.9) 3 (12.6) 3.8 (27.5) 76.7 79.9
WH 1124 2.7 (9.6) 5 (38.1) 2.9 (12.3) 4.4 (30.7) 76.3 79.3
DBW 17 2.8 (10.2) 4.8 (36.9) 3.1 (12.9) 4.2 (30.8) 77.5 79.7
SEm± 0.1 0.1 0.1 0.1 - -
CD (P=0.05) NS NS NS NS - -
Weed management
MBZ 210 g/ha 3.5 (11.4) 6.6 (42.6) 1.9 (2.7) 2.2 (4.1) 73.4 97.4
MBZ + CDF (150 + 45) g/ha 2.1 (3.3) 3.1 (8.7) 2.6 (5.7) 3.4 (10.6) 94.3 92.8
MBZ  + PDN  (150 + 40) g/ha 2 (3) 3.1 (8.6) 2.6 (6) 3.4 (10.9) 94.8 92.8
MBZ + FNP (150 + 100) g/ha 1.9 (2.7) 2.6 (6) 2.5 (5.5) 3.3 (9.9) 96.2 93.4
Weed-free 1 (0) 1 (0) 1 (0) 1 (0) 100.0 100.0
Weedy-check 6.5 (41.6) 12.4 (153.5) 7.6 (57.7) 12 (144) 0.0 0.0
SEm± 0.1 0.2 0.2 0.1 - -
CD (P=0.05) 0.4 0.6 0.5 0.4 - -

MBZ, Metribuzin 70 WP; CDF, clodinafop propargyl 15 WP; PDN, pinoxaden 5.1 EC; FNP, fenoxaprop ethyl 10 EC; DAS, days after sowing

Original data are given in parentheses were subjected to square root  transformation before analysis
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50’ and weed-free plots (among weed-management prac-
tices) but neither varieties nor weed-management practices
showed significant difference for this (Table 4). The high-
est benefit: cost (B:C) ratio was observed in variety ‘WH
1105’ and combination of metribuzin with fenoxaprop
among weed management practices. Any of the herbicide
treatments did not exhibit serious phytotoxicity to wheat
crop (data not given, Rani et al., 2018) as well as residual
toxicity to succeeding fodder maize (data not given, Rani
et al., 2017).

From this study it may be concluded that the wheat va-
rieties did not affect the weed density and weed dry matter
accumulation and variety ‘WH 1105’ being at par with
‘WH 2967’ proved the best by giving the highest grain,

straw and biological yields. Among the herbicides, mini-
mum density of grassy and total weeds and dry-matter ac-
cumulation by them at all stages was observed with com-
bination of metribuzin (150 g/ha) with fenoxaprop (100 g/
ha), being statistically at par with its combinations with
pinoxaden (40 g/ha) and clodinafop (45 g/ha), whereas
density and dry-matter of broad leaf weeds were minimum
with metribuzin alone (210 g/ha). Alone application of
metribuzin resulted in the lowest grain yield of wheat as
compared to all the other herbicidal treatments.
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