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Summary
The majority of literature on weed con-
trol in wheat (Triticum aestivum) con-
cerns site-specific evaluation studies of
weeds and their control. Control meth-
ods range from a combination of cul-
tural and chemical practices to mostly
chemical methods. Continuous use of a
single control method leads to shifts in
weed flora and build up of tolerant spe-
cies, emphasising the importance of in-
tegrated weed control systems. Herbi-
cide mixtures give broad spectrum weed
control. There are scarcely more than a
dozen species of weeds of overall impor-
tance to wheat and grassy weeds pose
more of a problem than broad leaved
weeds. Weed competition studies quan-
tify factors in terms of critical threshold
or duration of competition. Different
wheat cultivars vary in response to her-
bicides. Most of the herbicides used in
wheat do not have residual properties
and in wheat based inter-cropping sys-
tems, pendimethalin and isoproturon
meet the basic requirements.

Introduction
Weeds pose serious problems to wheat in
terms of quality and quantity of produc-
tion. The weed infestation in wheat dif-
fers from region to region because of vari-
ation in agro-ecological conditions, crop-
ping systems, cultivation techniques, spe-
cies and varieties. With the introduction
of high yielding dwarf varieties of wheat,
which are highly responsive to intensive
irrigation and fertilizers, grassy weeds
such as Phalaris minor, Avena fatua, Poa
annua, Setaria viridis, Polypogon
monspeliensis and Lolium temulentum have
become dominant. Some morphological
similarities amongst these weeds, particu-
larly at the early stage, make mechanical
weeding very difficult. Availability of la-
bour for hand weeding is not always as-
sured due to rapid industrial growth in
India. Current labour rates have also in-
creased considerably. Application of se-
lective herbicides is now recognized as
essential to ensure maximum productiv-
ity in wheat. This article presents up-
to-date information on various aspects of
weed control in wheat.

Weeds in wheat
An enormous increase in the weed popu-
lation in wheat has occurred since the in-
troduction of dwarf, high yielding varie-
ties. A mixed population of grasses,
broad leaved and cyperaceous weeds
grow with wheat under different agro-
climatic conditions.

However, a worldwide survey of the
most important species of weeds in wheat
indicated that there are scarcely more
than a dozen species of overall impor-
tance to wheat (Holm et al. 1977).

Wild oat species (Avena fatua and A.
sterilis including A. sterilis ssp. ludoviciana
are specially important in their world-
wide distribution. A. fatua is a problem in
northern America and Australia (Sharma
and Vandeen Born 1978). In southern and
sometimes in south-west Europe and also
in northern Africa, A. fatua is partially or
wholly replaced by A. sterilis (Bachthaler
1975, Thurston and Phillipson 1976).
Among other annual grasses, Alopecurus
myosuroides and Apera spica-venti are
dominant in Europe, Phalaris spp. in Af-
rica and Asia and Lolium rigidum in Aus-
tralia (Wilson et al. 1989, Palmer and Read
1991, Rola 1975, Mustafee 1991, Mona-
ghan 1980, Gill and Diggle 1993).

Galium aparine, Stellaria media, Bromus
sterilis and Galeopsis spp. are important
weeds in the wheat growing regions of
northern Europe (Closkey et al. 1991,
Koch and Hess 1980). Chenopodium album
is widely distributed in India, Pakistan,
Canada, Mexico, Finland and Norway.
Agropyron repens is one of the most impor-
tant weeds found everywhere in wheat in
moderate and northern climates. Convol-
vulus arvensis and Cirsium arvense are
dominant weeds in America and Asia
(Koch and Hess 1980, Donald 1991).
Chenopodium album, Convolvulus arvensis,
Melilotus alba, Medicago denticulata,
Anagallis arvensis, Carthamus oxyacantha,
Poa annua, Phalaris minor and Avena fatua
constitute nearly 85% of the weed flora of
wheat in India (Mustafee 1984). Com-
pared to grass weeds, broad leaved weeds
occur more in the wheat fields of Paki-
stan, Bangladesh and Nepal than India
(Qureshi 1981, Gaffer 1981, Prasad 1981).

Critical period of crop-weed
competition
One of the principles of crop-weed com-
petition is that plants try to smother other
species germinating at later stages. Stud-
ies conducted under the All India Co-
ordinated Research Programme on Weed
Control (AICRP-WC) reveal that an initial
weed-free period of 30–45 days is essen-
tial to maintain the wheat yield.

A weed-free period in wheat up to
42–45 days after sowing gives increased
grain and straw yields (Dwivedi and Pal
1979, Barevadia et al. 1993). Gill and
Mehra (1981) studied the effect of differ-
ent wheat genotypes on weed growth and
found that tall genotypes suppress the
growth and development of weeds more
than dwarf genotypes. In northern India,
sowing wheat during the middle of Octo-
ber when Phalaris minor is dormant may
provide better growth conditions, with
minimum competition from Phalaris mi-
nor.

Shifts of weed flora
The weed flora in wheat is not static, but
has shown marked changes over the years
because of repeated use of the same her-
bicide, resource availability and changes
in cropping systems. Carthamus oxyacantha
was the main weed of wheat, but resource
availability and deep tillage have almost
eliminated it (Malik and Singh 1993). The
introduction of Mexican dwarf wheat is
believed to have generated serious new
weed problems in the form of Phalaris
spp. and Avena spp. Hooda and Malik
(1980) stated that neither of these two
weed species was a problem in tall wheat.
The high fertilizer and water requirement
of dwarf wheats compared with that of
tall indigenous wheat varieties gave a
competitive advantage to P. minor and
Avena spp. The high crop plant density
decreased light intensity to low-statured
dicots much more than to grass weeds
with their ear-heads higher up from the
ground. It has contributed to the weed
flora shift towards grass weeds, when the
latter grow taller than the dense, but
short, wheat crop. The development of a
rice-wheat cropping system is the main
reason behind the occurrence of P. minor
as a major species in the wheat weed
flora. Late sowing of wheat crops under
the rice-wheat system provides ideal tem-
perature conditions for weed emergence
and the competition offered by the crop is
poor. According to Kundra (1983) P. mi-
nor is a predominant weed of heavy soils,
whereas Avena spp. favour light textured
soils. Introduction of herbicides is an im-
portant example of a change in agro-
nomic practices that may cause serious
changes in weed flora. Successful control
of P. minor with isoproturon in wheat in
northern India means that weeds like
Medicago denticulata, Convolvulus arvensis,
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Rumex maritimus and Cirsium arvense are
now becoming problems. To avoid the
creation of such weed shifts, balanced
weed control practices are required.

Losses due to weeds
Weeds compete with wheat plant for
light, moisture, nutrients and space when
these are limiting. Direct yield losses due
to weeds have been estimated to range
from 10–82% depending upon wheat
cultivar, weed species and density, crop-
ping season, plant spacing, fertility and
moisture status of the soil and climatic
and environmental conditions (Pandey
1956, Mukhopadhyay et al. 1962, Pal 1966,
Gill and Brar 1972, Singh 1980, Mustafee
1981, Kundra 1983, Sahoo and Saraswat
1988, Phogat et al. 1991, Johri et al. 1992,
Balyan and Malik 1992, Tiwari et al. 1993,
Tiwari et al. 1995 ). Phalaris minor alone
affects the yield by 40 % (Gill and Brar
1975, Pandey et al. 1980). Similarly wild
oat (Avena ludoviciana) at 320 plants m-2

has reduced the wheat grain yield to 2119
kg ha-1 (Dahiya et al. 1992). Montazeri
(1993) demonstrated that Avena sterilis
and Phalaris minor with 12–39 plants per
m-2 decrease the grain yield of wheat by
18–35% and 4.6–18%, respectively, in
North Iran.

Haque (1970) and Jalis and Brohi (1978)
estimated grain losses in wheat at
between 11.3 and 60% in Pakistan.
Zimadahl and El-Brahli (1992) reported
30% reduction in yield due to weeds in
Morocco. Sometimes a wheat crop is dis-
carded and used as a fodder because of
excessive growth of grassy weeds.

Mukhopadhyay and Verma (1965) re-
ported that weeds remove as much as
21.7, 2.9, and 28.2 kg of NPK, respectively
from one hectare of wheat land. Weeds
not only compete for nutrient with-
drawal, but also suppress nutrient ab-
sorption (Mukhopadhyay 1974, Mani
1975). When weeds are allowed to grow
in wheat fields until harvest, depletion of
NPK occurs to the extent of 91.2, 19.4 and
77.5 kg ha-1 (Pandey and Singh 1984,
Alagh 1988, Yadav et al. 1985, Johri et al.
1992, Prasad and Singh 1995, Malik et al.
1995). Walia and Gill (1985) estimated
that Phalaris minor has the potential to re-
move 40–50 kg N ha-1.

Weed control measures
Various weed control practices are being
followed in wheat to reduce the weed
population and to grow the crop success-
fully. Most of these are site specific evalu-
ations of mostly chemical and cultural
methods and their combinations, under
specific cropping and environmental con-
ditions.

Cultural methods
Two major cultural methods of weed con-
trol are used. Direct methods include

weeding by hand with the use of small
implements like the hoe or mechanical
weeding with a rotary weeder. Indirect
methods are practices associated with
crop culture such as selection of variety,
seed rate, plant spacing, fertilizer and wa-
ter management, method of sowing, crop
rotation and similar practices designed to
suppress weed growth as well as enhanc-
ing wheat growth and its competitive
ability against weeds.

Tillage. The type and intensity of tillage
produce decisive changes in the weed
flora. Variable tillage has no significant
effect on tillering, plant height, weed den-
sity and grain yield (Verma and Kumar
1985). Minimum tillage favours weed
seed build-up in upper soil layers. Re-
duced tillage favours growth of species
such as Agropyron repens, Cirsium arvense
and Convolvulus arvensis (Koch and Hess
1980, Catizone et al. 1990). Under long
term cultivation, minimum tillage gives
an increase of P, K and organic matter
content in the top soil. Cultivation treat-
ments have little effect on wheat grain
production (Diez et al. 1988). Singh and
Ghosh (1984) recorded increased yields of
wheat with paraquat in a stale seed-bed
followed by tillage operation. Minimum
tillage with hand weeding or herbicide
application appears to be the best combi-
nation for wheat crops (Mustafee 1991).
Campbell et al. (1989) reported that a
zero-tilled continuous wheat system in-
creased total organic matter, microbial
biomass, amino compounds, C and N
mineralization and phosphate activity in
the top 7.5 cm of soil. Sharma and
Kharwara (1990) evaluated the effects of
the tillage and weed control in wheat, and
obtained the same wheat grain yield with
minimum and conventional tillage, but
significantly higher than zero tillage.

Crop rotation. Some weed species benefit
from a high percentage of cereals in the
rotation of crops. A high percentage of
winter cereals favours Alopecurus
myosuroides and Apera spica-venti and a
high percentage of summer cereal favours
Avena fatua (Koch and Hurle 1978). Long
term studies to determine the effect of dif-
ferent cropping sequences on the popula-
tion dynamics of winter wild oats shows
that continuous winter cereal cropping
(with or without herbicides) increased the
wild oats seed bank in the soil from 26 to
80% per year. This was markedly reduced
if the cropping programme was other
than continuous winter cereals
(Fernandez-Quintanilla et al. 1984).

Rotation of wheat with sorghum has
been found the most effective means of
reducing the wild oat seed reservoir in the
soil (Martin and Felton 1990). In India se-
rious Phalaris infestation has been ob-
served in medium-heavy to heavy soil

where rice-wheat rotation is followed
(Mustafee 1991). Gill and Brar (1975) re-
ported major problems from A. fatua in
light, well drained soils where rice is not
grown in the rotation. Rice-wheat rota-
tion suppresses the establishment and
growth of A. fatua in wheat and encour-
ages P. minor. Maize-wheat rotation al-
lows a gradual build up of A. fatua.

Fertilization. The most decisive changes
in the weed flora of arable land have re-
sulted, in recent years and in many re-
gions, from intensive fertilization, espe-
cially with nitrogen. Use of NPK in wheat
helps weeds to grow vigorously, thus in-
creasing the removal of plant nutrients
(Mukhopadhyay 1974, Pandey and Singh
1983, Yadav et al. 1986, Prasad and Lal
1995). Application of phosphatic fertilizer
without nitrogen stimulates the growth of
broad leaf weeds and, to the contrary, ni-
trogen fertilizers stimulate the growth of
grassy weeds (Malik and Singh 1993).
Therefore, an appropriate combination of
nutrients and herbicides may change
crop-weed competition in favour of crop.
Wright and Wilson (1992) found that
Avena fatua and Galium aparine respond
more than wheat to N fertilizers with re-
gard to N uptake and vegetative growth.
Anderson (1991) reported that applica-
tion of nitrogen during winter wheat's
growing season increases downy brome
(Bromus tectorum) growth and decreases
wheat yield.

Proper weed management reduces nu-
trient loss and increases the efficiency of
added fertilizers to the crop. Agrawal and
Singh (1985) showed that nitrogen re-
quirements can be reduced by 67% to pro-
duce the same yield of wheat, if weeds are
controlled by methabenzthiazuron at 1.4
kg ha-1 as a pre-emergence spray.
Bhagwati et al. (1990) found 44, 29 and
15% more weed density in unfertilized
plots than those fertilized with 120, 80 and
40 kg N ha-1 respectively.

Sowing method and seed rate. Early
canopy cover, optimum plant population
and geometry of plants will determine the
effectiveness of wheat and/or weeds as
an effective competitor for various inputs.
Bi-directional sowing (cross sowing),
closer row spacing and higher seed rate
produce an appreciable smothering effect
on weeds and increase the grain yield of
wheat (Skorda and Efthimiadis 1989,
Marwat et al. 1989, Koscelny et al. 1991,
Kurchania et al. 1992, Angiras and
Sharma 1992, Teich et al. 1993, Gautam
1995, Sharma and Angiras 1995). Johri et
al. (1992) observed that cross sowing (22.5
× 22.5 cm), closer row spacing (15 cm)
and higher seed rate (150 kg ha-1) reduced
the nutrient uptake by weeds and this led
to an increase in uptake of nutrients by
the crop.



116   Plant Protection Quarterly Vol.11(3)  1996

Variety selection and planting time. Se-
lection of variety plays a pivotal role in
managing the weed problem. Factors
such as plant height during early growth
stage, early canopy cover and dry matter
accumulation seem to play a significant
role in regulating the competitiveness of
wheat varieties to weeds. Tall wheat
genotypes have a greater suppressing ef-
fect on the growth and development of
weeds than do dwarf genotypes (Gill and
Mehra 1981, AICRP-WC 1978–84). In
Australia, Lemerle and Cousens (1992)
found that wheat cv. Owlvet reduced the
dry matter of wild oats by 48% compared
with 73% with cv. Olympic. In India,
since wheat is sown over a period of two
months (November–December), the
emergence and growth of weeds in rela-
tion to planting time may influence the
competition of weeds and efficacy of her-
bicides.

In early sown wheat, the problem of
dicot weeds and wild oats are greater,
while in timely and late sown wheat,
grassy weeds, particularly Phalaris minor,
are dominant. Sandhu et al. (1993) re-
ported that, in northern India, a major
portion of wild oat seeds emerged by No-
vember 30 and thus, by delaying the
wheat sowing until the end of November,
reduced the wild oat problem. The seed
bank of the weed is completely exhausted
by the end of December. Delay in the
sowing of wheat, in general, reduces the
density and amount of dry matter of
weeds, but also reduces the grain yield of
wheat (AICRP-WC 1978–84, Panwar et al.
1989).

Mechanical weed control. Weeds in
wheat can be controlled by mechanical
methods such as hand hoeing or manual
weeding. Weeding twice at 20 and 40
days after sowing produces less weed dry
matter and higher grain yield of wheat
(Bajpai et al. 1992, Satao et al. 1993). Har-
rowing has proved most effective against
Galium aparine in Germany (Gerowitt
1992). Non-availability of manpower,
prolonged wetting of fields due to rains
and vigorous growth of grassy weeds are
some of the limitations in this method. In
wheat fields infested with grassy weeds
like Phalaris minor, Avena fatua and Poa
annua, hand weeding is not effective. Due
to the increase in the cost of labour, hand
weeding has become uneconomical. To
overcome these problems application of
herbicides has been suggested.

Chemical weed control
Effective weed control in wheat depends
on optimal timing of the herbicide treat-
ment and on subsequent climatic condi-
tions, the latter affecting both the devel-
opment of the crop and the emergence
and growth of weeds.

Control of grassy weeds. Although
wheat can be invaded by both broad
leaved and grassy weeds, chemical con-
trol is directed mainly against the latter.
Selectivity problems encountered result
from the fact that weed control seeks to
eliminate grassy species (the weeds)
which are growing with and competing
with another grass (the crop). As both the
physiology and the reaction to herbicides
exhibited by the crop and the weeds are
usually very similar, the selectivity
achieved is much narrower than can be
expected in the case of broad leaved weed
control (Detroux 1980).

Isoproturon 0.75–1.25 kg ha-1 applied
post-emergence gives excellent control of
many weeds in wheat including
Alopecurus myosuroides, Apera spica-venti,
Phalaris minor and Avena fatua (Detroux
1980, Gill et al. 1979, Mukhopadhyay and
Bera 1980, Ghosh 1981, Gill and Brar 1982,
Pandey and Singh 1984, Mustafee et al.
1984, Yadav et al. 1986, Sharma et al. 1987,
Bajpai et al. 1992, Sharma and Dhillon
1992, Brar and Walia 1992). Although its
anti-dicot spectrum is not very broad, the
activity against Stellaria media, Cheno-
podium album and Fumaria parviflora is
good (Detroux 1980, Mustafee 1991).

Pre-emergence application of pendi-
methalin at 0.75–2.0 kg ha-1 gives very
good weed control in wheat including
Phalaris minor, Poa annua, Chenopodium al-
bum and Anagallis arvensis (Bhan et al.
1979, Gill et al. 1979, Gill and Brar 1982,
Mustafee et al. 1984, Yadav et al. 1986,
Tank et al. 1992). However, it is ineffec-
tive against Avena fatua (Mustafee 1991,
Sharma and Dhillon 1992).

Chlorotoluron at 1.6 kg ha-1, terbutryn
1.0–2.5 kg ha-1, methabenzthiazuron at
0.70–2.1 kg ha-1 and metoxuron 1.2–2.6 kg
ha-1 applied post-emergence are found to
control the majority of weeds in wheat
(Detroux 1980, Trivedi and Bajpai 1981,
Shaktawat 1987, Bajpai et al. 1989, Rath et
al. 1990, Angiras and Modgal 1981, Gill
and Mehra 1981). These herbicides give
persistent control of Alopecurus myo-
suroides, Apera spica-venti, Phalaris minor
and numerous broad leaved weeds.
However, Avena fatua and Lolium spp. are
weakly controlled by methabenz-
thiazuron (Detroux 1980, Mustafee 1991).

Tralkoxydim at 50–300 g ha-1 gives
good control of grassy weeds such as
Phalaris minor and Avena fatua (Rola 1987,
Malik et al. 1990, Medd et al. 1992, Punia
et al. 1992, Yaduraju et al. 1992, Kumar
and Singh 1995). Better control of A. fatua
and Setaria viridis has been obtained when
tralk-oxydim was applied at 2–3 leaf stage
than 4–5 leaf stage of the weed (Harker
and Blackshaw 1991).

For control of Avena fatua in wheat,
difenzoquat at 0.75–1.0 kg ha-1, diclofop-
methyl at 0.75–1.5 kg ha-1 and triallate at
1.25–1.5 kg ha-1 are recommended (Gill

and Brar 1975, Gill et al. 1979, Ghosh 1981,
Gill and Mehra 1981, Pandey and Singh
1984, Yadav et al. 1986, Sharma et al. 1987,
Balyan et al. 1990, Mustafee 1991, Gorfu et
al. 1992, Punia et al. 1992). Delachlor and
fenoxaprop-ethyl have been found very
effective against Alopecurus myosuroides
and Avena spp. (Anderson and Howat
1990, Palmer and Read 1991, Li et al.
1992).

Control of broad leaved weeds. Annual
broad leaved weeds are usually found in
association with grasses in wheat. How-
ever, most of the anti-graminaceous com-
pounds which also exhibit some activity
against broad leaved weeds are ineffec-
tive against some of them (e.g. Veronica
spp., Galium aparine, Stellaria media or
Matricaria chamomilla). In such cases, and
also in regions where only broad leaved
weeds occur, it is necessary to choose a
specific anti-dicot herbicide, which, in ad-
dition, is more selective.

The control of broad leaved weeds in
wheat using 2,4-D is well known and
adopted all over the world. Post-emer-
gence application of 2,4-D at 0.5–0.8 kg
ha-1 renders excellent control of broad
leaved weeds (Gill and Brar 1975, Bhan
et al. 1976, Mani et al. 1979, Gautam and
Singh 1981, Gaffer 1981, Qureshi 1981,
Jain et al. 1985, Mantri et al. 1990,
Mustafee 1991). Sharma et al. (1987) re-
ported that application of 2,4-D to control
broad leaved weeds in wheat is now re-
ducing because it causes large scale devel-
opmental deformities in newly developed
wheat varieties.

Clopyralid at 0.25–0.375 kg ha-1 and
chlorsulfuron at 30 g ha-1 gives excellent
control of Cirsium arvense (Sarpe et al.
1990, Donald 1991, Malik et al. 1993).
Clopyralid at 0.10–0.15 kg ha-1 and
fluroxypyr at 0.1–0.3 kg ha-1 applied at
four weeks after sowing gave good con-
trol of broad leaved weeds in wheat
(Malik et al. 1990, Panwar et al. 1992,
Kurchania et al. 1993, Malik et al. 1993,
Tiwari et al. 1993, Singh et al. 1993).

Arends and Pegg (1990) from Australia
reported that both thifensulfuron methyl
at 27.3 g ha-1 and metsulfuron methyl at
2.7 g ha-1 give very good control of broad
leaved weeds, such as Fallopia convolvu-
lus, Polygonum aviculare and Rapistrum
rugosum.

Herbicide mixtures. Wheat is generally
infested with mixed stands of grassy and
broad leaved weeds, with grasses pre-
dominating. Use of a single herbicide con-
tinuously for several years in a specific
location may not give efficient control of
a variety of weed species. Minor and un-
known weed species may turn into major
ones if the existing herbicides are not able
to kill them properly. For cost effective
broad spectrum weed control, herbicide
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mixtures are recommended (Datta and
Barbora 1972, Mustafee and Ray 1976,
Rao et al. 1981, Rao 1993). In northern In-
dia, where most isoproturon is used,
some weed species like Convolvulus
arvensis, Rumex dentata, Lathyrus aphaca,
Vicia sativa, Cirsium arvensis and Melilotus
spp. are not properly controlled
(Mustafee 1991). Use of herbicide mix-
tures such as isoproturon + 2,4-D,
metoxuron + 2,4-D and pendimethalin +
oxyfluorfen give excellent kill rates for all
different weed species (Malik et al. 1984,
Bhan et al. 1984, Malik et al. 1993,
Sangwan et al. 1993). Tank mixtures of
isoproturon 0.75 kg + clopyralid 0.10 kg
ha-1, isoproturon 0.75 + fluroxypyr 0.15 kg
ha-1, isoproturon 1.0 + 2,4-D 0.5 kg ha-1,
chlorotoluron + MCPA and tralkoxydim
+ 2,4-D, greatly improve the spectrum of
weed control in wheat (Singh et al. 1989,
Malik et al. 1990, Ahmad et al. 1991,
Kurchania et al. 1993, Malik et al. 1993,
Sangwan et al. 1993, Tiwari et al. 1993,
Singh et al. 1993, Rao 1993, Jena and
Mishra 1995.)

Varietal response to herbicides. All
wheat varieties are not tolerant to herbi-
cides. In India, Pandey and Mani (1979)
studied the effect of methbenzthiazuron,
terbutryn and 2,4-D on wheat varieties
Sonalika and Arjun. Ear deformities
caused by 2,4-D were observed only on
Arjun variety. Yaduraju and Ahuja (1992)
found that the percentage ear deformity
due to 2,4-D is lower at low concentra-
tions (0.6 kg ha-1) and when applied at six
rather than four or five weeks after sow-
ing. The most and least tolerant cultivars
are HD 2329 and HD 2009 respectively.
DWL-5023 is sensitive to isoproturon,
metoxuron and methabenzthiazuron as
HD-2009 is to 2,4-D (Gill and Brar 1982).
Bhan et al. (1984) reported that HD 2204,
WH-157, K-227, WH-147, C-306, WA-304
and WH-310 are susceptible to oxy-
fluorfen even at 0.15 kg ha-1. Singh et al.
(1990) recorded that wheat varieties UP-
262, HP-1102 and HP-1209 are tolerant
to pendimethalin and isoproturon, but
HUW-206 is susceptible to 2,4-D.

Gill and Bowran (1990) from Australia
reported that out of nine wheat cultivars
cv. Blade is the most tolerant to
metribuzin while cv. Spear and cv. Dag-
ger are susceptible. The wheat cultivar
Kulin is most sensitive to chlorsulfuron at
15 g ha-1 and triasulfuron 25 g ha-1

(Bowran 1990). Chlorsulfuron at 30–90 g
ha-1 reduces the growth of wheat cv.
Rongotea and Lancer in New Zealand
(Dastgheib and Field 1990). Nowicka
(1991) from Poland found that
chlorotoluron reduces the yield of
wheat cultivars Alcedo, Alba and
Weneda when applied at pre-emergence,
while chlorsulfuron reduces the yield of
cv. Veneda.

Herbicide resistance. With the continu-
ous use of herbicides in a monoculture
system, herbicide resistance has evolved
(Gressel 1993). Resistance of black grass
(Alopecurus myosuroides) to chlorotoluron
has been recorded in Germany (Niemann
and Pestemer 1984) and in England (Moss
and Cussans 1985). Lolium rigidum has
evolved resistance to diclofop-methyl in
Australia (Powles 1993). In The Nether-
lands, resistance to chlorotoluron in a
population of black grass has been re-
ported from areas where winter wheat is
grown continuously (Smant 1991). In Is-
rael, rye grass has developed resistance to
triazine herbicides and diclofop-methyl
(Yaacoby et al. 1986), and in United States
many populations of Lolium multiflorum
have developed resistance to diclofop-
methyl (Stanger and Appleby 1989). In
India recently, resistance of Phalaris minor
to isoproturon has been reported (Malik
and Singh 1993).

Integrated weed management. Consider-
ing the diversity of weed problems, no
single method of weed control, whether
manual, mechanical or chemical, could
reach the desired level of efficiency under
all situations. Recently, the most promis-
ing single approach to weed control in
crop land combines manual, cultural and
mechanical methods with herbicides.
Herbicides are being used as a supple-
ment at as low a rate as possible. On envi-
ronmental grounds emphasis has been
given to judicious combination of cultural
and chemical methods of weed control
(Moore 1986).

Pre-emergence application of
isoproturon, methabenzthiazuron or
terbutryn with one hand weeding proves
superior to these herbicides alone (Bisen
et al. 1984). Closer row spacing (15 cm)
and reduced dose of isoproturon (0.25–
0.50 kg ha-1) have been found to reduce
the weeds and increase the grain yield of
wheat (Prakash et al. 1986, Sharma et al.
1989). Inducing germination of weeds by
pre-sowing irrigation and destroying
weeds either by cultivation or use of
paraquat gave higher grain yield of wheat
and lower weed biomass over unweeded
crops. Highest grain yield of wheat has
been recorded with pendimethalin at 0.75
kg ha-1 followed by one hand weeding
(Mukhopadhyay 1990). In another experi-
ment Mukhopadhyay observed that cross
sowing (20 cm × 20 cm) followed by one
hand weeding gave a grain yield equal to
weed-free treatment. Ahuja and Yaduraju
(1989) stated that cross sowing of wheat
and placement of fertilizer below the seed
gave more effective control of weeds and
increased wheat grain yield more than
uni-directional sowing and broadcast fer-
tilizer application.

Herbicides in inter-cropping systems.
Inter-cropping suppresses weeds better
than sole cropping and thus provides an
opportunity to utilize crops to manage
weeds. Ghosh and Mitra (1988) reported
that wheat inter-cropped with lentils
(Lens culinaris) suppresses weed growth
and reduces weed dry matter compared
to an unweeded pure crop. Weed control
is a greater problem in inter-cropping
than in sole cropping of the component
crops. Most of the herbicides are specific,
therefore it becomes difficult to determine
which chemicals will control a broad
spectrum of weeds without causing dam-
age to the component crops.

There are areas where chickpeas (Cicer
arietinum), mustard (Brassica spp.), lentils
(Lens culinaris) and linseed (Linum
usitatissimum) are grown in wheat as in-
ter-crops; use of isoproturon at 0.75-1.0 kg
ha-1 in a wheat + mustard inter-cropping
system has been found effective (Gill and
Brar 1982, Panwar et al. 1985, Sidhu and
Narang 1988, Kurchania et al. 1995). Tosh
and Jena (1983) found effective control of
weeds by methabenzthiazuron and
nitrofen in wheat + mustard and wheat +
linseed inter-croppings. Pendimethalin at
1.0 kg ha-1 has the highest grain yield in
wheat + mustard inter-cropping (Gautam
1984).

Herbicides in wheat based cropping se-
quences. Continuous presence of crop
cover, residual toxicity of herbicides ap-
plied to the previous crops and changing
weed flora with the season all need a dif-
ferent weed management approach. Se-
lective herbicides are available for sole
crops, but the residual effect of these her-
bicides has to be evaluated carefully be-
fore using them in crop sequence. Results
of the long term experiments conducted
in northern India at Ludhiana reveal that
weed problems are greater in paddy-
wheat rotations than in a cotton-wheat
rotations. The problem of Phalaris minor
and different broad leaved weeds are
greater in paddy wheat than that of Avena
spp. in maize-wheat rotation. There are
reports that herbicides used for weed con-
trol in wheat do not have residual effects
on succeeding crops in the rotation (Gill
and Sandhu 1975, Balyan et al. 1981). In
wheat-cotton sequences, 2,4-D, isopro-
turon, metoxuron, methabenzthiazuron,
diclofop methyl and oxyfluorfen applied
to wheat do not show any residual effect
on seed cotton yield indicating that these
herbicides are degraded before the cotton
is sown (Dhindwal et al. 1989, AICRP-WC
1991). Kulshreshtha and Yaduraju (1987)
observed that pendimethalin applied pre-
emergence in wheat crop at 1.0 and 1.5 kg
ha-1 remains active during the first 60 days
and then dissipates to a very low level of
activity. Singh and Vaishya (1990) found
that 2,4-D sodium salt at 0.5 kg,
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isoproturon at 1.0 kg and methabenz-
thiazuron at 1.4 kg ha-1 in wheat applied
post-emergence do not show residual ef-
fects on rice crops.
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