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 Efficacy of various herbicides for weed control in wheat (Triticum aestivum)
intercropped with autumn sugarcane (Saccharum officinarum) under sub-

mountaineous conditions of Punjab
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ABSTRACT

A field experiment was conducted during the winter (rabi) season of 2011–12 and 2012–13 at Gurdaspur,
Punjab, to assess the efficacy of various herbicides for weed control in wheat (Triticum aestivum L.) intercropped
in autumn planted sugarcane. The experiment comprising 8 treatments was laid out in a randomized block design
with 3 replications. Among herbicidal treatments, sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha was found to be
significantly superior to the application of clodinafop 15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha,
isoproturon 75 WP @ 0.94 kg/ha and metribuzin 70 WP @ 0.26 kg/ha in reducing the biomass of weeds, but at par
with sulfosulfuron 75 WG @ 0.02 kg/ha. Sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha resulted in 20.5, 17.5,
42.4 and 23.7% increase in wheat grain yield; 5.3, 4.7, 6.6 and 4.9% increase in cane yield; and 8.5, 7.0, 12.8 and
8.7% increase in cane-equivalent yield over clodinafop 15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/
ha, isoproturon 75 WP @ 0.94 kg/ha and metribuzin 70 WP @ 0.26 kg/ha respectively. Significantly higher effective
tillers/m2 and number of grains/ear were recorded with sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha over the
application of clodinafop 15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha, isoproturon 75 WP @ 0.94 kg/
ha and metribuzin 70 WP @ 0.26 kg/ha. The highest weed-control efficiency (87.8%) and benefit: cost ratio (1.59)
were found under sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha-treated plots, closely followed by sulfosulfuron
75 WG @ 0.02 kg/ha and mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha.
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Autumn sugarcane planted in wide rows and being a
long-duration crop poses ample chance for profuse weed
growth which causes heavy reduction in cane yield rang-
ing from 40 to 67% (Singh et al., 2011). Besides suppress-
ing weeds in the inter-row spaces, additional production
could be achieved by growing suitable intercrops between
the cane rows. Hence autumn sugarcane offers a unique
potential for intercropping because of its slow growth rate
during the winter and early spring owing to prevalence of
low temperature. This period can safely be utilized for
raising suitable winter (rabi) intercrops maturing up to the
end of April without doing much damage to the sole cane
crop. Intercropping if properly managed and looked after
can go a long way to solve the problems of low productiv-
ity per unit area and sustainability of the production sys-
tem (Aggarwal et al., 1992). It ensures economic utiliza-

tion of land, labour and capital resources (Moris and
Garrity, 1993).

Wheat, being the staple crop of Punjab, fits well as an
intercrop in autumn-planted sugarcane (Sharma et al.,
1997). This system of intercropping produces 35–40 quin-
tals of wheat per hectare and is more remunerative than
wheat and sugarcane sown separately in rotation. Famers
face a greater complexity of weed management in an inter-
cropping system. The losses caused by weeds in sole and
intercropped sugarcane range from 26–75% (Srivastava et
al., 2005). Infestation by wide range of grassy and non-
grassy weeds, in general and Phalaris minor in particular
in wheat is the one of the major problems faced by the
farmers. The control of weeds is the basic requirement and
major component of management in the production system
(Young et al., 1996). Weed management plays a vital role
in realizing potential yield of crops.  Among the weed-
control methods, the chemical method of weed control can
provide us abrupt and promising results. Various herbi-
cides have been recommended for the control of weeds in
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sole wheat, but their feasibility in controlling weeds when
intercropped in sugarcane is yet to be established. Keep-
ing in the view these facts, the current study was explored
to evaluate various herbicides for the weed control in
wheat intercropped with autumn planted sugarcane crop.

MATERIALS AND METHODS

The field experiment was conducted during the winter
(rabi) season of 2011–12 and 2012–13 in sub-
mountaineous region of Punjab (31o 56.4' 43.4" N, 75o

13.2' 39.5" E and 265.17 m from mean sea-level) of dis-
trict Gurdaspur. The experimental site was clay loam in
texture, medium in organic carbon (0.75%), high in avail-
able phosphorus (32.5 kg P2O5/ha) and low in potassium
(75 kg K

2
O/ha) at 0–15 cm soil depth. The soil was neu-

tral in reaction (7.3 pH) with normal electrical conductiv-
ity (0.62 dS/m). The experiment was laid out in random-
ized block design with 3 replications. Eight treatments
comprised sulfosulfuron 75 WG @ 0.02 kg/ha,
sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha,
mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha,
clodinafop 15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC

@ 0.1 kg/ha, isoproturon 75 WP @ 0.94 kg/ha, metribuzin
70 WP @ 0.26 kg/ha and weedy check (control) were
evaluated.

The planting of autumn sugarcane variety ‘CoJ 85’ was
done on 17 and 19 October during 2011–12 and 2012–13
respectively. The sowing of wheat variety ‘HD 2967’ was
done by using seed rate of 75 kg/ha on November 3 and 2
during 2011–12 and 2012–13 respectively. Two rows of
wheat in between two rows of sugarcane 67.5 cm apart
were sown. The sugarcane was fertilized with recom-
mended doses of fertilizers, viz. 225 kg N/ha and 60 kg
K2O/ha through urea and muriate of potash respectively.
The whole quantity of potassium and one-third dose of
nitrogen were applied at the time of planting, one-third N
at the end of March and remaining one-third of N was
given by end of April. In addition, 62.5 kg/ha was given to
wheat intercrop. Overall 21 irrigations were applied to
sugarcane–wheat intercropping system.

Herbicidal treatments (sulfosulfuron 75 WG @ 0.02 kg/
ha, sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha,
mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha,
clodinafop 15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC

@ 0.1 kg/ha, isoproturon 75 WP @ 0.94 kg/ha and
metribuzin 70 WP @ 0.26 kg/ha) were applied as post-
emergence 35 days after wheat sowing at their respective
doses as per treatments. Herbicides were applied with
manually operated knapsack sprayer fitted with flat-fan
nozzle using 500 litres water/ha. The data on weed density
(plants/m2) and dry matter of weeds (g/m2) were recorded
using a quadrate measuring 1 m × 1 m in wheat at harvest-

ing. From each plot 500 g representative fresh sample was
taken to estimate the dry matter of weeds. The weed-con-
trol efficiency (WCE) was calculated by using the follow-
ing formula (Singh et al., 2000).

The data regarding yield attributes of wheat were re-
corded randomly from 10 plants of each plot before har-
vesting and finally averaged into a single value. The wheat
crop was manually harvested on 25 and 23 April during
2011–12 and 2012–13, respectively, when the straw be-
came dry and brittle and grains turned hard. The sugarcane
was harvested on 14 and 8 November during 2011–12 and
2012–13 respectively.

Cane-equivalent yield was calculated as per Singh et al.
(2009) and production efficiency ( /ha/day) was calcu-
lated as per Chopra et al. (2013)

Economics was computed using the prevailing market
price of inputs and outputs such as wheat grains @

11,700/t in 2011–12 and 13,350/t in 2012–13, while
sugarcane @ 2,500/t in 2011–12 and 2,900/t in 2012–
13 respectively. All data were analyzed statistically. Statis-
tical analysis and interpretation of results were done by
calculating values of critical difference (CD) at 5% level
of probability through analysis of variance techniques as
described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Weed flora and weed-control efficiency
The prominent weed species observed in the experi-

mental field included Phalaris minor Retz. and broad-leaf
weed species comprised Chenopodium album L., Anagalis
arvensis L., Medicago denticulata Willd, Trigonella
polycerata L., Melilotus albusa Medik. during both the
years. The pooled data of 2 years indicated that weed in-
festation as referred in terms of total weed density and bio-
mass was maximum under weedy check plots, where
weeds were allowed to grow with wheat crop and it was
significantly reduced due to all weed-control treatments
(Table 1). The post-emergence application of sul-
fosulfuron + metsulfuron 75 WG @ 0.03 kg/ha being at par
with sulfosulfuron 75 WG @ 0.02 kg/ha curtailed the den-
sity and dry weight of weeds effectively which was signifi-
cantly superior to the application of clodinafop 15 WP @
0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha,
isoproturon 75 WP @ 0.94 kg/ha and metribuzin 70 WP @
0.26 kg/ha. The better performance of this treatment could
be attributed to the reduced weed competition. Similar
results were also reported by Yadav and Dixit (2014).
Moreover, clodinafop 15 WP @ 0.06 kg/ha and
fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha were slightly infe-
rior to sulfosulfuron+metsulfuron 75 WG @ 0.03 kg/ha,
sulfosulfuron 75 WG @ 0.02 kg/ha and mesosulfuron +
iodosulfuron 3.6 WDG @ 0.01 kg/ha but clearly had an
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edge over metribuzin 70 WP @ 0.26 kg/ha and isoproturon
75 WP @ 0.94 kg/ha. Metribuzin 70 WP @ 0.26 kg/ha when
applied, showed phytotoxicity to wheat crop but with the
passage of time, plants recovered. The weed control effi-
ciency of different weed-control measures ranged from
51.6 to 87.8%. Higher weed-control efficiency was
achieved with sulfosulfuron + metsulfuron 75 WG @ 0.03
kg/ha (87.8%), closely followed by sulfosulfuron 75 WG @
0.02 kg/ha (86.4%). However, the lowest weed-control
efficiency (51.6%) was recorded for the treatment involv-
ing isoproturon 75 WP @ 0.94 kg/ha. Kaur et al.  (2015)
also reported better weed-control efficiency with the appli-
cation of herbicides in sugarcane + vegetable intercrop-
ping system.

Crop growth and yield
The yield-attributing traits, viz. effective tillers/m2,

spike length, grains/spike and 1,000-grain weight, and
grain yield were affected significantly due to weed-control
treatments (Table 2). These attributes attained the poorest

values under weedy check plots. Maximum yield attributes
and grain yield of wheat were recorded with the applica-
tion of sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha
and it was statistically at par with the application of either
sulfosulfuron 75 WG @ 0.02 kg/ha or mesosulfuron +
iodosulfuron 3.6 WDG @ 0.01 g/ha. Fenoxaprop-p-ethyl 10
EC @ 0.1 kg/ha and clodinafop 15 WP @ 0.06 kg/ha were
the next best treatments, as these registered the higher
values for above parameters than metribuzin 70 WP @ 0.26
kg/ha and isoproturon 75 WP @ 0.94 kg/ha. This might be
owing to effective control of weeds which in turn signifi-
cantly increased the number of tillers/m2, ear length,
grains/spike and 1,000-grain weight and consequently
improved the grain yield (Khan et al., 2006).
Sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha showed
20.5, 17.5, 42.4 and 23.7% increase in wheat grain yield
(pooled mean) over clodinafop 15 WP @ 0.06 kg/ha,
fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha, isoproturon 75 WP

@ 0.94 kg/ha and metribuzin 70 WP @ 0.26 kg/ha respec-
tively.

Table 1. Effect of weedicidal treatments on weed density, dry weight and weed-control efficiency in wheat intercropped with sugarcane
(pooled data of 2 years)

Treatment Weed density Dry weight of Weed-control
(plants/m2) weeds(g/m2) efficiency (%)

Sulfosulfuron 75 WG @ 0.02 kg/ha 1.96 (2.9)* 4.66 (20.8) 86.4
Sulfosulfuron+metsulfuron 75 WG @ 0.03 kg/ha 1.77 (2.1) 4.46 (18.9) 87.8
Mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha 2.04 (3.1) 4.71 (21.2) 85.5
Clodinafop 15 WP @ 0.06 kg/ha 2.54 (5.5) 5.49 (29.1) 81.3
Fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha 2.47 (5.1) 5.24 (26.5) 82.9
Isoproturon 75 WP @ 0.94 kg/ha 5.42 (28.4) 8.73 (75.2) 51.6
Metribuzin 70 WP @ 0.26 kg/ha 3.10 (8.6) 5.98 (34.8) 77.7
Weedy check 7.67 (57.8) 12.51 (155.5) –

SEm± 0.08 0.09 –
CD (P=0.05) 0.23 0.27 –

*Figures in parentheses indicate original values

Table 2. Effect of weedicidal treatments on different parameters of wheat and sugarcane intercropping system (pooled data of 2 years)

Treatment Plant Effective Ear Grains/ 1,000- Grain Number Cane Cane-
height tillers/m2 length spike grain yield of millable yield equivalent
(cm)  (cm)  weight (g) (t/ha)   canes (t/ha) yield

(×103 /ha) (t/ha)

Sulfosulfuron 75 WG @ 0.02 kg/ha 102.5 328.4 10.61 49.1 42.8 4.6 88.4 82.2 103.5
Sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha 102.5 330.6 10.75 50.8 43.4 4.7 88.9 82.8 104.8
Mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha 102.7 328.1 10.64 48.2 42.1 4.5 88.2 81.9 102.9
Clodinafop 15 WP @ 0.06 kg/ha 103.6 313.3 10.26 43.9 42.0 3.9 85.1 78.6 96.6
Fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha 103.0 317.2 10.30 45.2 42.1 4.0 85.0 79.1 97.9
Isoproturon 75 WP @ 0.94 kg/ha 103.2 302.3 10.21 41.4 41.3 3.3 82.2 77.7 92.9
Metribuzin 70 WP @ 0.26 kg/ha 103.3 312.5 10.22 43.3 41.7 3.8 85.0 78.9 96.4
Weedy check 101.8 261.6 9.84 38.5 37.6 2.4 60.3 57.7 68.7

SEm± 0.52 3.06 0.59 0.87 0.74 0.09 1.66 0.6 0.9
CD (P= 0.05) NS 9.4 NS 2.7 2.3 0.3 5.09 1.8 2.6
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Cane yield and cane-equivalent yield
Application of all the herbicides resulted in signifi-

cantly higher number of millable canes than weedy check
plots (Table 2). These findings are in agreement with those
of Rana et al. (2004). The highest number of millable
canes was recorded in plots receiving sulfosulfuron +
metsulfuron 75 WG @ 0.03 kg/ha followed by
sulfosulfuron 75 WG @ 0.02 kg/ha, mesosulfuron +
iodosulfuron 3.6 WDG @ 0.01 g/ha, clodinafop 15 WP @
0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha and
metribuzin 70 WP @ 0.26 kg/ha, which were at par with
each other. On the contrary, isoproturon 75 WP @ 0.94 kg/
ha produced the lowest number of millable canes among
the herbicidal treatments. The treatments, viz. clodinafop
15 WP @ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/
ha, metribuzin 70 WP @ 0.26 kg/ha and isoproturon 75 WP

@ 0.94 kg/ha recorded at par with each other for the pro-
duction of millable canes. These observations are in con-
firmation to the findings of Singh et al. (2011).

Among the weed-control treatments, the maximum
cane yield was obtained with application of sulfosulfuron
+ metsulfuron 75 WG @ 0.03 kg/ha, which was closely
followed by sulfosulfuron 75 WG @ 0.02 kg/ha (82.2 t/ha)
and mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 kg/ha
(81.9 t/ha). These above treatments resulted in signifi-
cantly higher cane yield than clodinafop 15 WP @ 0.06 kg/
ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha, metribuzin 70
WP @ 0.26 kg/ha and isoproturon 75 WP @ 0.94 kg/ha. The
results corroborate the findings of Khan et al. (2006).
Sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha gave 5.3,
4.7, 6.6 and 4.9% higher cane yield and 8.5, 7.0, 12.8 and
8.7% higher cane-equivalent yield than clodinafop 15 WP

@ 0.06 kg/ha, fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha,
isoproturon 75 WP @ 0.94 kg/ha and metribuzin 70 WP @
0.26 kg/ha respectively.

Economics
Owing to higher crop yield and timely management of

weeds with sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/

Table 3. Economics and production efficiency of various treatments in autumn sugarcane–wheat intercropping system (pooled data of 2 years)

Treatment Gross returns Cost of Net returns Benefit: cost Production
(× 103 /ha) cultivation (× 103 /ha) ratio efficiency

(× 103 /ha) ( /ha/day)

Sulfosulfuron 75 WG @ 0.02 kg/ha 291.0 114.0 177.0 1.55 464.9
Sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/ha 294.9 114.1 180.9 1.59 475.1
Mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 g/ha 289.3 114.2 175.1 1.53 459.8
Clodinafop 15 WP @ 0.06 kg/ha 270.7 114.0 156.7 1.37 411.4
Fenoxaprop-p-ethyl 10 EC @ 0.1 kg/ha 274.4 114.1 160.3 1.41 421.0
Isoproturon 75 WP @ 0.94 kg/ha 258.9 113.8 145.1 1.27 381.0
Metribuzin 70 WP @ 0.26 kg/ha 269.6 113.6 156.0 1.37 409.7
Weedy check 191.5 113.1 78.4 0.69 206.0

ha resulted in attaining the maximum net returns and ben-
efit: cost ratio followed by sulfosulfuron 75 WG @ 0.02 kg/
ha and mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 kg/
ha. The minimum net return and benefit: cost ratio were
associated with weedy check. The lower crop yields in
weedy check are the reasons for lower net return in this
treatment. The maximum production efficiency was ob-
tained with sulfosulfuron + metsulfuron 75 WG @ 0.03 kg/
ha, followed by sulfosulfuron 75 WG @ 0.02 kg/ha and
mesosulfuron + iodosulfuron 3.6 WDG @ 0.01 kg/ha. The
minimum production efficiency of 206.04 /ha/day was
found in weedy check.

Based on 2 years data, it may be concluded that post-
emergence application of sulfosulfuron + metsulfuron 75
WG @ 0.03 kg/ha appeared to be the most effective method
of chemical weed control and profitable in wheat inter-
cropped with autumn-planted sugarcane.

REFERENCES

Aggarwal, P.K., Garrity, D.P., Liboon, S.P. and Morris, R.A. 1992.
Resource use and plant interaction in a rice–mungbean inter-
crop. Agronomy Journal 84(1): 71–78.

Bajwa, A.N., Nazir, M.S. and Mohsan, S. 1992. Agro-economic
studies on some wheat-based intercropping systems. Paki-
stan Journal of Agricultural Sciences 29(4): 439–443.

Chopra, S. 2013. Enhancing in productivity and profitability of
wheat menthe intercropping system under different methods
of crop establishment. Ph.D. Dissertation, Guru Nanak Dev
University, Amritsar, Punjab, p. 46.

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures for
Agricultural Research, p.25. Wiley & Sons, New York.

Kaur, N., Bhullar, M.S. and Gill, 2015. Weed management options
for sugarcane-vegetable intercropping systems in North-
western India. Crop Protection 74: 18–23.

Khan, B.M., Hassan, Z., Gul, B. and Saeed, M. 2006. Chemical
weed management in wheat intercropped with sugarcane.
Pakistan Journal of Weed Science 12(3): 145–150.

Moris, R.A. and Garrity, D.P. 1993. Resource capture and utilization
in intercropping: Water. Field Crops Research 34(3 and 4):
303–317.

Rana, N.S., Kimar, S. and Saini, S.K. 2004. Weed management in
spring-sugarcane-based intercropping systems. Indian Jour-



442 CHOPRA AND SAINI [Vol. 62, No. 4

nal of Weed Science 36(1 and 2): 93–95.
Sharma, R.K., Nema, G.K. and Verma, H.D. 1997. Intercropping of

different crops in autumn-planted sugarcane (Saccharum
officinarum). Indian Journal of Agronomy 42(3): 422–424.

Singh A.K., Lal, M., Singh, P., Singh, I. and Yadav, D.V. 2009. Sys-
tem productivity and profitability of sugarcane (Saccharum
spp. hybrid complex) + grain amaranth (Amaranthus
hypochondriacus) intercropping system. Indian Journal of
Agronomy 54(3): 296–300.

Singh, R., Shyam, R., Bhatnagar, A., Singh V.K. and Kumar, J.
2011. Bioefficacy of herbicides applied at the 2- to 4-leaf
stage of weeds in sugarcane after second interculture. Indian

Journal of Weed Science 43(3 and 4): 145–148.
Singh, T., Brar, L.S. and Walia, U.S. 2000. Comparative efficiency

of herbicides for weed control in chickpea (Cicer arietinum
L.). Crop Research 19(1): 1–5.

Srivastva, T.K., Chauhan, R.S. and Lal, H. 2005.Weed dynamics and
their management in different preceding and tillage systems.
Indian Journal of Agricultural Sciences 75(5): 256–260.

Yadav, N.S. and Dixit, A. 2014. Bio-efficacy of some herbicides and
their mixtures against complex weed flora in wheat. Indian
Journal of Weed Science 46(2): 180–183.

Young, F.L., Ogg, A.G. (Jr), Young, D.L. and Papendick, R.I. 1996.
Weed management for crop production in the northwest
wheat (Triticum aestivum) region. Weed Science 44(2): 429–
436.


