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Abstract. Weed control in the cultivation of cotton is critical to the yield and quality of production. The influence of economically important weeds was studied.
Chemical control is the most effective method of weed control in cotton but much of the information on it relates to primary weed infestation. Problems with
primary weed infestation in cotton have been solved to a significant extent. The question of secondary weed infestation with annual and perennial
graminaceous weeds during the period of cotton vegetation is also determined largely by the use of antigraminaceous herbicides. The data related to
herbicides to effectively control secondary germinated broadleaf weeds in conventional technology for cotton growing are quite scarce, even globally. We are
still seeking effective herbicides for control of these weeds in cotton crops. Studies on their influence on the sowing characteristics of cotton seed and the quality
of cotton fiber are still insufficient. In the scientific literature there is not enough information on these questions. The combinations of herbicides, as well as their
tank mixtures with fertilizers or plant growth regulators are more efficient than autonomous application. Often during their combined application higher
synergistic effect on yield is produced. There is information about cotton cultivars resistant to glyphosate. These cultivars are GMO and they are banned within
the European Union, including Bulgaria.

Keywords: cotton, herbicides, weeds control, cotton yield, cotton quality

Introduction
Weeds cause huge damage to agriculture. Moreover, they
appear every year and everywhere, as opposed to diseases, pests,
hailstorms, drought and other harmful factors which usually do not
appear every year or if they appear they damage certain regions.
Cotton is a crop which is characterized by long growing season and
weak competitive abilities. Therefore, it is highly sensitive to weed
infestation since the earliest stages of its development.
Weeds in cotton
In the world, weeds include about 3,000 botanical species. Of
these, in cotton crops there are over 100 species. In cotton areas in
Bulgaria the most widespread are annual weeds – Echinochloa
crus-galli L., Setaria spp., Solanum nigrum L., Hibiscus trionum L.,
Amaranthus spp., Chenopodium album L., Polygonum convolvulus
L., Papaver rhoeas L. The most widespread from the perennial
weeds are Convolvulus arvensis L., Cirsium arvense Scop.,
Cynodon dactylon L. and rarely Sorghum halepense Pers.
(Saldzhiev et al., 2005; 2008).
In the mapping of the weed infestation in cotton crops in Turkey
in irrigated areas the most frequent weeds are Xanthium strumarium
L., Amaranthus retroflexus L., Cyperus rotundus L., Portulaca
oleracea L., Echinochloa colonum L. and Physalis ssp. (Pohl et al.,
1998). Xanthium strumarium L. is the most frequent weed - in 80% of
investigated areas. Solanum nigrum L., Sorghum halepense Pers.,
Portulaca oleracea L., Convolvulus arvensis L., Echinochloa
colonum L., Amaranthus retroflexus L., Hibiscus trionum L. and

Cyperus rotundus L. were registered in 25% of the mapped areas
and it was concluded that the methods used for weed control are not
sufficiently effective (Gozgu and Uludag, 2005).
In the mapping of weed infestation in cotton crops in central
Greece the most frequent weeds are Solanum nigrum L., Cyperus
rotundus L. and Xanthium strumarium L. (Economou and
Giannopolitis, 1998; Papamichail, 2002). According to Economou et
al. (2005) the species: Datura stramonium L., Solanum nigrum L.,
Amaranthus ssp., Abutilon theophrasti L., Portulaca oleracea L.,
Chenopodium album L. and Xanthium strumarium L. have the
highest density.
In Oklahoma, USA, in cotton grown without irrigation, 13 weed
species were reported. Of these, 4 are monocotyledonous and 9 are
dicotyledonous. The most widespread are the species Amaranthus
retroflexus L. and Sorghum halepense L. Under irrigated conditions
23 weed species are registered, of which 5 monocotyledonous and
18 dicotyledonous. The most widespread are Sorghum halepense
L., Amaranthus retroflexus L. and Amaranthus blitoides L. (Smith,
1990).
In North America Amaranthus ssp. occurs mainly in cotton,
maize, soybean and tobacco crops (Buhler et al., 1996; Jordan,
1999; Monks and Delaney, 1999; Hamill et al., 2000; Smith, 2000;
Jones et al., 2001; Manley et al., 2001; Niekamp and Johnson, 2001;
Young et al., 2001). In cotton areas of California, Arizona and New
Mexico, the most widespread weeds under irrigation conditions are
Amaranthus spp., Solanum nigrum L. and Echinochloa crus-gali L.
(Keeley and Thullen, 1993).
According to Jiang et al. (2012) Solanum nigrum L. is the most
widespread weed in recent years in China.
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In order to trace the change in weed associations, weed
infestation cotton fields, Bukun (2005) compares the results
obtained from the mapping of cotton areas in Turkey in 1996
committed in 2004. A total of 36 weed species were reported in the
first studies belonging to 14 families. Of these, 24 species were
found in the second mapping (2004), but in much greater density are
Amaranthus retroflexus L., Amaranthus albus L., Convolvulus
arvensis L., Cynodon dactylon L., Echinochloa crus-gali L., Solanum
nigrum L., Solanum halepense L. and Xanthium strumarium L. The
author's opinion is that the increase in the density of weeds is due to
the increase in irrigated areas of cotton.
In Central South Bulgaria Convolvulus arvensis L. is a major
perennial weed. The density of Sorghum halepense Pers. is low 0.2%, and Cirsium arvense Scop. and Cardaria draba L. have a
density of 2.3% and 1.2%. From the annual weeds the largest share
occupy Xanthium strumarium L., Solanum nigrum L., Abutilon
theophrasti Medic., Setaria spp., Hibiscus trionum L., Chenopodium
album L., Amaranthus retroflexus L., Sinapis arvensis L. (Dimitrova,
2002). Weed species Amaranthus retroflexus L. and Solanum
nigrum L. regardless of their density, are proven to reduce the
moisture in soil layers 0-10 cm, 10-20 cm and 20-30 cm in stages
flowering and ripening of cotton (Dimitrova et al., 2006). The
negative effect of weeds on productivity of cotton was determined.
For 1995-1997 they reduced yield by 67% to 70% (Dimitrova, 1999).
The problem is secondary weed infestation in cotton. Largescale studies in this field were made in Turkey. A total of 23 weed
species were identified, of which 14 have been dicotyledonous, and
9 - monocotyledons. Cyperus rotundus L., Xanthium strumarium L.,
Amaranthus retroflexus L., Solanum nigrum L. have the highest
densities (Boz, 2000).
Bukun (2004) in his research determined the critical period of
weed infestation in cotton under the conditions of Turkey, which is 12 weeks after emergence of the crop to the 11th - 12th week of
development of the crop. The author accepts 5% statistically proven
reduction in yield at the beginning of this period.
In Iran according to Salimi et al. (2006) weed competition
reduces cotton plants height, number and length of the fruiting twigs,
the number of boxes per plant and the yield. Predominant weeds in
cotton agrocenosis are Amaranthus retroflexus L., Amaranthus
blitoides L., Portulaca oleracea L., Echinochloa crus-gali L.,
Cyperus rotundus L. and Sorghum halepense L. Byrd and Coble
(1991) found a reduction in cotton yield by weed infestation
throughout the growing period with weed species Xanthium
strumarium L., Amaranthus retroflexus L., Datura stramonium L.,
Digitaria sanguinalis L., Chenopodium album L., Anoda cristata L.,
Sida spinosa L. and Ambrosia artemisiifolia L. At a distance of weed
from the cotton plant up to 17 cm Amaranthus retroflexus L. reduces
the yield by 7 % and Xanthium strumarium L. up to 12%.
In recent years, areas with naturally colored cotton are
increased, due to the importance related to the textile industry
(Cardoso еt al., 2011). These authors investigated the critical period
of weed infestation in the fields of cotton cultivar BRS Verde, with
natural green color grown in Mishsao Velha, Brazil. The results
indicate that in the cultivation of cotton without removal of weed
control throughout the growing season yields are reduced by 82.9%.
The critical period of weed infestation in crop is from 31th to 74th day
after germination.
Weeds are the host of a number of diseases and pests. This
further reduces the quality of production and reduces yields.
Amaranthus retroflexus L., Sinapis arvensis L. and Henopodium
album L. are hosts of Afis gosipii and Trips tabaci, which cause
serious damage to crop. They contribute to earlier amplification and
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higher density of pests in weed infestation of cotton crops (Rashev et
al., 2011; 2012). Showler and Greenberg (2003) found that more
cotton aphids appear on weeds at the beginning of vegetation than
on cotton. At the end of vegetation amplification of Bemisia
argentifolii and Anthonomus grandis is reported when the biomass
of weeds is the biggest.
Xanthium strumarium L., Amaranthus retroflexus L., Solanum
nigrum L., Portulaca oleracea L., Datura stramonium L. and
Sonchus oleraceus L. are the most widely weeds carriers Verticillium
dahlia in Turkey (Yildiz et al., 2009).
Heydari et al. (2007) examines the role of weeds for wintering of
agent of verticilium Verticillium dahliae and frequency of infestation
of cotton in Iran. The highest values of verticilium in cotton roots and
the soil around them were recorded in weed infestation with ordinary
Amaranthus retroflexus L., Solanum nigrum L., Xanthium spinosum
L. and Portulaca oleracea L.
Weed control in cotton
The correct weed control is a guarantee for optimal yields and
quality. Therefore, a comprehensive approach is necessary. The
combination of chemical methods with cultivation techniques is one
of the most effective approaches to the control of weeds in cotton
growing. Weed control in field crops, including cotton, has recently
had a huge success. Many of the methods and means which until
recently were considered rational, are now abandoned and replaced
by new, more efficient and more economically viable ones. A
decisive role in this regard plays the chemical method of controlling
weeds. It emerged as an important and fundamental point in this
control (Delchev, 2015). Weed control by herbicides in cotton can be
performed at different times of development of the crop - before
sowing, against emerged annual and perennial weeds, after sowing
before emergence and during vegetation (Saldzhiev et al., 2008).
Herbicide Roundup applied in the presowing period of cotton, in
a dose of 150 ml/da and working solution 20 l/da, is effective against
annual weeds. At concentration of 1% and 2% Roundup does not
affect negatively the cotton seeds germination and the development
of cotton crop (Dimitrova, 1997a; 1997b). In testing herbicides
applied after sowing before emergence of cotton for control of
annual weeds, the highest efficiency have herbicides Stomp and
Guardian (Dimitrova, 1999). Herbicides Harnes, Riley, Guardian
and Stomp applied after sowing before emergence of cotton have
excellent selectivity to the crop.
At high density of annual weeds, the best effect (95 – 98%) have
acetochlor (Acenit gold 84 EC), S-metolachlor + isoxaflutole (Dual
Gold 960 EC + Merlin 750 WG), S-metolachlor + oxyfluorfen (Dual
Gold 960 EC + Goal 2 E), S-metolachlor + oxidiargil (Dual Gold 960
EC + Raft 400 SC) and S-metolachlor + prometrin (Dual Gold 960
EC + Gezagard 500 SC) (Stoychev and Dimitrova, 2007).
In India oxiflurofen applied as soil herbicide at doses of 1.0 and
1.2 l/ha provides poor control of weeds. Prometryn applied before
sowing by incorporation at a dose of 2.0 l/ha, trifluralin applied before
sowing by incorporation at a dose of 1.25 l/ha and pendimethalin
applied in soil at a dose of 4.5 l/ha showed better efficacy (Ashok et
al., 2006).
A problem in the cultivation of cotton is secondary weed
infestation. Therefore researches are conducted on foliar use of
some herbicides. Umarov et al. (2001) found in Uzbekistan that
carfentrazone-ethyl (Rivit) has a positive effect on the dehiscence of
cotton. Furthermore, it has herbicidal effect on Amaranthus
retroflexus L., Solanum nigrum L. and Chenopodium album L.
Chachalis and Galanis (2007) investigated the effectiveness

and selectivity of acetochlor after sowing, before emergence of
cotton and ability to control annual weeds. The herbicide was
applied alone and in combination with fluometuron. The results show
that very good control (up to 87%) has the combination acetochlor +
fluometuron. Five weeks after application of herbicides the control of
Amaranthus retroflexus L. and Solanum nigrum L. is from 87% to
95%, and the efficacy on Xanthium strumarium L. is up to 58%.
Gao et al. (2005) studied various herbicidal mixtures which are
applied after sowing before emergence: dimethachlor + prometryn,
alachlor + prometryn, izopropalahlor + prometryn, dimethachlor +
prometryn, alachlor + prometryn and izopropalahlor + prometryn.
Predominant weed species in experimental plots are Xanthium
strumarium L., Amaranthus retroflexus L., Solanum nigrum L. и
Chenopodium album L., Portulaca oleracea L., Echinochloa crusgalli L., Digitaria sangunalis L., Humulus scandens L. Control
against weeds 40 days after spraying is from 98.1% to 99.7%.
Jiang et al. (2012) in China compared the efficacy of 8
herbicides applied as foliar for combating annual weeds in cotton.
The results show that bentazone, prometrin and glyphosate have
very good control of Solanum nigrum L., the efficacy of bentazone
reaches 52% on the first day after treatment. It was found that on the
5th day the efficiency of bentazone and prometryn reached 100%,
while glyphosate and fluroxypyr achieved the same efficiency on the
9th day.
Studies with herbicide Cobra 2 EC (lactofen) for control of
weeds in cotton held in the southern states of the USA, show that
weeds difficult to control such as Xanthium strumarium L., Sida
spinosa L. and Euphorbia maculate L. must be treated at height 1520 cm of cotton (Womble et al., 1990).
Raut (2006) investigated the efficacy of paraquat, fluchloralin
and trifioxysulfuron against weeds in cotton areas of India. The
results show that all of the applied herbicides reduced the dry matter
of weeds.
Hakoomat et al. (2005) investigated the efficacy of weed control
in cotton in Pakistan. When applying Stomp 33 EC at a dose of 2.5
l/ha, 78.2% control of dicotyledonous weed species and 87.4% of
monocotyledonous weeds is achieved. With the application of
Roundup (directly) at a dose of 4.7 l/ha, combined with cultivating
and manual hoeing 85.3 % control of dicotyledonous and 93.7%
control of monocotyledonous weeds is achieved. The increase in
yield relative to the control was 51.8% with use of Stomp to 77.9%
with use of Roundup.
Montazeri (2009) studied the effectiveness of diuron, prometrin
and alachlor for weed control in cotton in Iran. The results show that
the herbicides diuron and prometrin have better control of 11 %
compared to alachlor on Amaranthus retroflexus L., Solanum
nigrum L., Chenopodium album L. and Abuthilon theofrasti Medic.
Soil-applied herbicide trifluralin controlled Amaranthus
retroflexus L. more than 90% (Kahramanoglu and Uygur, 2010).
Vargas and Wright (1994) investigated the possibility of control
of Solanum nigrum L. and Solanum sarrachoides L. in cotton crops
in California by application of herbicide Staple (pyrithiobac-sodium).
This herbicide has excellent control of Solanum nigrum L., reaching
90-100% on the 50th - 60th day after treatment. Cotton plants show
signs of damage after application of the herbicide, but they recover
after 30 - 40 days.
In Greece the effect of different doses of pyrithiobac-sodium on
weeds and cotton was studied (Kaloumenos, 2005). Ryrithiobacsodium was applied at different periods: before sowing by
incorporation, after sowing before emergence, and during the
growing season of cotton. When the herbicide is applied before
sowing by incorporation and after sowing before emergence 96%

control of Solanum nigrum L., Portulaca oleracea L., and
Amaranthus retroflexus L. is achieved. Ryrithiobac-sodium applied
after sowing before emergence of the crop was more effective in
controlling Solanum nigrum L. and Amaranthus retroflexus L. than
when applied before sowing by incorporation. The efficacy of the
herbicidal mixtures trifluralin + fluometuron applied by incorporation
and alachlor + fluometuron applied after sowing before emergence
of the cotton is lower than that achieved by treatment with
pyrithiobac-sodium. Fluometuron and pyrithiobac-sodium, applied
during vegetation have better control on Xanthium strumarium L.
These data were confirmed by studies carried out in countries with
intensive cotton production by a number of authors (Beaty et al.,
1994; Pitts, 1996; Webster et al., 2000; Light et al., 2001; Paulsgrove
and Wilcut, 2001; Lamm et al., 2002; Corbet et al., 2002; Grichar et
al., 2003; Burke and Wilcut, 2004; Murdock et al., 2004; Paulsgrove
et al., 2005; Costello et al., 2005; Smith, 2005; Richardson et al.,
2006; Richardson et al., 2007 and Norsworthy et al., 2007).
Alternative methods of weed control in cotton have also been
investigated in recent years. Plant residues of precursors (onion,
barley, radish, rapeseed, rye and vetch) in the cotton crop rotation
have been studied as inhibitors of germination of the weeds in
Turkey (Kayandan et al., 2002). Plant residues of any of the cultures
have had an inhibitory effect on the seeds of Xanthium strumarium L.
When using radish as green manure the occurrence of Sorghum
halepense Pers. is suppressed. The highest yield is obtained by
predecessor onion 2009 kg/ha and the lowest yield - after canola
1657 kg/ha.
Aqueous extracts from radish significantly reduce the
germination of seeds of the weed species Xanthium strumarium L.,
Amaranthus retroflexus L. and Portulaca oleraceae L. and inhibit the
development of root weeds Cynodon dactylon L. and Sorghum
halepense Pers. The extracts did not affect the germination of the
seeds of cotton, maize and wheat (Dogan and Uygur, 2006).
In recent years, there is discussion worldwide about crops
resistant to pesticides, including cotton. In the USA and other
countries, control of weeds is mainly through the creation of cotton
genotypes tolerant to glufosinate (Liberty Link) and glyphosate
(Roundup Ready), which are genetically modified (Gaylon et al.,
2015). This is the so-called GMO cotton. In Europe and in our
country its growing is forbidden.
Influence of herbicides on cotton productivity
Herbicides acetochlor (Harnes), S-metolachlor (Dual gold),
isoxaflutole (Merlin) oxidiargil (Raft), prometryn (Gezagard) and
herbicidal mixtures pendimethalin + prometryn and metalohlor +
prometryn applied after sowing before emergence, are selective for
cotton and have no negative influence on seed germination, cotton
yield and length of the cotton fiber. Only in isoxaflutol there is
retention of germination by 2-4 days (Laleva and Dimitrova, 2002).
Stoytchev and Dimitrova (2007) investigated herbicide
combinations S-metolachlor + isoxaflutole (Dual gold 960 EC +
Merlin 750 WG), S-metolachlor + oxyfluorfen (Dual gold 960 EC +
Goal 2E), S-metolachlor + oxidiargil (Dual gold 960 EC + Raft 400
SC) and S-metolachlor + prometryn (Dual gold 960 EC + Gezagard
500 SC). These herbicide combinations are selective for the cotton
cultivar Avangard 264. According to Stoychev et al. (2010) the
application of the herbicide pendimethalin (Stomp 33 EC new),
oxyfluorfen (Goal 2 E) oxidiargil (Raft 400 SC) and isoxaflutole
(Merlin 750 WG) for the control of annual weeds during the period of
cotton vegetation (stage budding) cause phytotoxic effect on the
crop. Foliar application of these herbicides increases the precocity of
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the cotton cultivar Avangard. Decrease in this indicator was
registered in Goal 2 E only.
Mathematically proven increase of the cotton fiber yield was
reported in herbicides Acenit gold 84 EC and Stomp 33 EK, as well
as herbicidal mixtures Harnes + Goal 2 E, Dual gold 960 EC + Goal 2
E, Stomp 33 EK + Goal 2 E and Dual gold 960 EC + Gezagard 500
SC (Stoychev and Delchev, 2008).
In the application of foliar herbicides with limited selectivity on
the crop, the degree of phytotoxicity is highly dependent on agrometeorological conditions (temperature, rainfall, humidity, diurnal
variations in temperature) in the days before and after treatment.
Adding leaf fertilizers Lactofol to herbicidal compositions and
mixtures can lead to synergistic activities and enhancing the
herbicidal effect against weeds and reduce the phytotoxic
manifestations on the crop (Delchev, 2015).
Herbicide Roundup applied in the presowing period of cotton at
a dose of 150 ml/da does not negatively affect the germination of
cotton seed and the development of the crop (Dimitrova, 1997a;
1997b).
It was found in Bulgaria that herbicides pendimethalin (Stomp
33 EC), oxyfluorfen (Goal 2 E) and isoxaflutole (Merlin 750 WG),
applied during the budding stage of cotton did not affect the
laboratory germination of cotton seeds. Decrease in the length of the
germ and the primary root is reported in Stomp 33 EC and increase
in Merlin 750 WG (Stoychev et al., 2010).
Ashok et al. (2006) in India established that oxiflurofen applied
as soil herbicide has a phytotoxic effect on cotton expressed in
yellowing of leaves until 15 days after application. Later the crop
recovers.

Conclusion
Weed control in the cultivation of cotton is critical to the yield and
quality of production. The influence of economically important
weeds was studied. Chemical control is the most effective method of
weed control in cotton, but much of the information on it relates to
primary weed infestation. Problems with primary weed infestation in
cotton have been solved to a significant extent. The question of
secondary weed infestation with annual and perennial
graminaceous weeds during the period of cotton vegetation is also
determined largely by the use of antigraminaceous herbicides. The
data related to herbicides for effective control of secondary
germinated broadleaf weeds in conventional technology of cotton
growing are quite scarce, even globally. Still effective herbicides for
control of these weeds in the cotton crop are sought. Studies on their
influence on the sowing characteristics of the cotton seed and the
quality of the cotton fiber are still insufficient. In scientific literature
there is not enough information on these questions. The
combinations of herbicides, as well as their tank mixtures with
fertilizers or plant growth regulators are more efficient than
autonomous application. Often during their combined application
higher synergistic effect on yield is produced. There is information
about cotton cultivars resistant to glyphosate. These cultivars are
GMO and are banned within the European Union including Bulgaria.
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