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Abstract 

   
Conventional crop production systems are employed in cotton fields in Turkey, and weeds have a significant 

importance in this system because they cause severe yield and quality losses. Because there is no new wide 

spectrum herbicide in cotton, the researcher has been compelled to find new application techniques to use 

available herbicides. Glyphosate is one of the most effective herbicides available due to its broad spectrum, 

ability to reduce the demand for soil herbicides, and potency in the production of genetically modified crops. The 

use of glyphosate to control broadleaf and grass weeds in non-genetically modified crops is only possible with a 

hooded field sprayer. This study was conducted across two sites in Aydın and İzmir, Turkey, in 2015 and 2016 to 

determine the efficacy and safety of the combined hooded field sprayer (CHFS) designed to simultaneously apply 

selective and total herbicides to different areas of cotton. Glyphosate was applied with clethodim at 1.44 + 0.145 

and 1.44 + 0.116 kg ai ha−1, respectively, or with tepraloxydim at 1.44 + 0.05 and 1.44 + 0.04 kg ai ha−1, 

respectively, over between-row areas + intra row areas simultaneously using the CHFS. Clethodim at 0.145 kg ai 

ha−1 and tepraloxydim at 0.05 kg ai ha−1 were also applied using the third boom of the CHFS, conventional 

system. All the weeds in the experimental fields were perfectly controlled by CHFS, except purple nutsedge, 

which was controlled with glyphosate (62.5% to 88.75%), but not with clethodim or tepraloxydim (≤35%). 

Shikimate levels in the cotton leaves showed that the seedlings were exposed to the glyphosate at various rates, 

but these exposures did not cause any significant injury in cotton. 
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Introduction 

The cotton industry generates income and creates 

both direct and indirect employment opportunities in 

rural Turkey. In addition to basic production, it also 

includes ‘added value’ manufacturing processes, such 

as cotton ginning, and sells cotton fibre to the textile 

industry, cotton seed to the oil and fodder industries, 

cotton linter to the paper industry, and crude cotton 

oil to the energy industry. Globally, Turkey is ranked 

an impressive seventh out of the 45 cotton-producing 

countries, with an annual production of 871 million 

tonnes, and it is the fourth biggest importer, with an 

annual domestic consumption of 1.459 million tonnes 

(Statista, 2019; USDA, 2019).  

 

Cotton growers operate in challenging environmental 

conditions that cause reduced yield and lower crop 

quality if not properly addressed. Weeds in the cotton 

fields not only adversely affect yield and lint quality, 

but they also hinder the cotton harvest (Doğan and 

Boz, 2004). In addition, the allelopathic effects of 

some weeds, such as bermudagrass [Cynodon 

dactylon (L.) Pers.] and johnsongrass [Sorghum 

halepense (L.) Pers.], on cotton plants negatively 

affect cotton seed germination and total fresh weight 

and inhibit root growth resulting in a reduced root 

length (Vasilakoglu et al., 2005). Some weed species 

affect cotton yield more than others. For example, 

redroot pigweed (Amaranthus retroflexus L.), when 

present at a density range of 0.20–0.33 weed plants 

m−1, reduces cotton seed yield to 50% of the 

maximum (Ma et al., 2015). Common cocklebur 

(Xanthium strumarium L.) and johnsongrass are 

considered to place the greatest competitive pressure 

on cotton plants, causing an almost 31% loss in yield 

when present at a density of one common cocklebur 

plant per 2.1 m and a 70% yield reduction at 32 

johnsongrass plants per 9.8 m (Bridges and Chandler, 

1987). Agronomic treatments and weed control 

practices, especially herbicide usage, should be closely 

coordinated so that weeds are removed as they are 

sprouting, which is when cotton plants are the most 

vulnerable to weed competition, to minimize yield 

loss (Buchanan and Burns, 1970). Further, cotton 

should be weed free not only during the critical early 

growth stage but also at harvest time if clean cotton 

fibres are to be obtained (Wilcut et al., 1970). 

Therefore, effective weed control using a broad-

spectrum herbicide, such as glyphosate or glufosinate, 

potentially gives a higher crop yield and quality.  

 

Weed control programs in cotton offer several options 

that include soil-applied herbicides and post-

emergence herbicides in Turkey. Many selective pre- 

and post-herbicides are available to control grassy 

weeds in cotton; however, for broadleaf weeds, few 

pre-herbicides are available and there is only one 

post-herbicide, fluometuron SC (500 g L−1), which 

has been registered in cotton after finished the study, 

in Turkey (PPP, 2019). Pala and Mennan (Pala and 

Mennan, 2018) reported that pendimethalin, 

fluometuron, benfluralin, and metolachlor-S + 

benoxacor were commonly used pre-sowing 

herbicides to control broadleaf weeds in Diyarbakır, 

Turkey, while clethodim, haloxyfop methylester, 

quizalofop-P-ethyl, tepraloxydim, tepraloxydim, 

fluazifop-P-butyl, and propaquizafop were preferred 

by growers to control narrow weeds at post-

emergence, and cotton growers used pre-plant 

glyphosate was 41%. However, there is a need for 

wide spectrum post herbicides in cotton such as 

glyphosate, glufosinate and diquat, because 

broadleaves weeds controlled with fluometuron are 

far more limited than uncontrolled.   

 

Glyphosate has been used to control annual and 

perennial weeds- in orchard fields, vineyard, non-

agricultural fields for more than 40 years in USA and 

30 years in Turkey (Benbrook, 2016; PPP, 2019). It is 

registered in the cotton fields for only pre-sowing or 

pre-emergence application when the weeds were 2-4 

true leaf stage (PPP, 2019). The herbicide was 

launched in glyphosate-resistant cotton varieties in 

1996 in the USA and spread to the other countries 

(Benbrook, 2016). It provides an effective solution to 

control annual and perennial weeds in cotton when it 

is applied as post-emergence (Doğan et al., 2007), but 

glyphosate-resistant cotton varieties have not been 

registered in Turkey. Using glyphosate at post-

emergence in conventional cotton with a traditional 
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field sprayer, therefore, is not possible because these 

types of sprayers treat herbicide over the whole area 

(Hanks and Beck, 1998). To overcome this obstacle, 

hooded field sprayers are a good option when using 

glyphosate in conventional crop production (Dill et 

al., 2008).  

 

Band spraying is generally made with a sprayer 

contained a shield or hooded unit which has produced 

plastic or metal layers to protect sensitive crop from 

herbicide contact and limit herbicide spray in a 

specific area, generally between the rows. Limiting of 

the amount of field where has been applied with 

herbicide may alleviate not only adverse effects of 

herbicide on agricultural environmental (Hanks and 

Beck, 1998) but also increased public concerns about 

herbicide use (Ivany, 2002). This herbicide 

application technique has also reduced the amount of 

herbicide which has moved from the application site 

to undesired environments such as streams, rivers 

and canals (Oliver et al., 2014) and given to control 

opportunity for farmers to weeds with unregistered 

herbicides (Serim et al., 2017). Hooded sprayers have 

been used to protect the sensitive crop plant from the 

destructive effects of non-selective herbicide when it 

applied into the row middles (Dill et al., 2008; Doğan 

et al., 2007).  

 

Hooded sprayers have been successfully used in many 

row crops, such as sugarcane (Griffin et al., 2012), 

sugar beet (Carballido et al., 2013), sunflower (Serim 

et al., 2018), maize (Serim et al., 2017), and cotton 

(Peterson, 2003) to control weeds in these crops. 

Griffin et all (2012) has stated that bermudagrass 

control in sugarcane with glyphosate applied at 1.12, 

2.24 and 3.36 kg ai ha-1 using a hooded sprayer was 

68, 80 and 91% 42 DAT, and the suppressive effects 

of glyphosate on the weed continued even next year. 

Hooded field sprayers have also been reduced 

herbicide injury and drift risk applying herbicide to 

inter-row weeds (Foster et al., 2018; Osuch et al., 

2020). Although it is generally considered that 

banding herbicide application with a hooded sprayer 

is more convenient to non-selective post herbicides, 

the studies indicated that this application technique is 

also pertinent to selective pre herbicides and post 

organic herbicides (Main et al., 2013). Aside from its 

effectiveness as much broadcast herbicide application 

as (Main et al., 2013), this technique is cost effective 

in terms of herbicide price because total herbicides 

are cheaper than selective herbicides (Carballido et 

al., 2013).  

 

In this study, we aimed to determine the efficacy and 

safety of the combined type hooded field sprayer 

designed for total and selective herbicides used at the 

same time to kill the weed species were not controlled 

by registered selective herbicides in Turkey. 

 

Materials and methods 

Study area 

The field experiments were carried out in İzmir and 

Aydın provinces, Turkey, in 2015 and 2016. The soil 

type at İzmir was clay loam, with 1.32% organic 

matter and pH 7.95, and at Aydın, it was clay, with 

1.39% organic matter and pH 8.11. Precipitation 

during the cotton-growing season in 2015 was 670 

mm (14% higher than average) and 945 mm (5% 

higher than average) in İzmir and Aydın, respectively, 

while in the next year, rainfall for the season was 88% 

of average (Figure 1). 

 

Experimental procedure and bio-efficacy evaluation  

The experiments were established in a complete 

randomized block design with four replicates. 

Experimental plots consisted of five rows of cotton 

and were 3 × 10 m. Inter-row, a 55 cm band of each 

row, was sprayed by glyphosate while intra-row, a 15 

cm band per row, was treated by clethodim or 

tepraloxydim. Alleys of 1 and 2 m were left between 

plots and blocks, respectively. Weed species and their 

densities at application time are presented in Table 1.  

 

Control of individual weed species in all treatments 

was visually evaluated at 28 days after treatment 

(DAT) and at the harvest, using a rating scale of 0% to 

100% (Anonymous, 2019), with 0% equal to no plant 

response and 100% equal to complete plant death. 

Herbicide application and evaluation times are 

presented in Table 2.  
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Analytical method 

The visible cotton injury was also rated by grading 

100 cotton plants in the middle rows of the plots in 

the experimental fields at 15 and 30 DAT. In addition, 

shikimic acid levels in cotton seedlings were 

measured 2 DAT to determine whether the crop 

plants were exposed to glyphosate, using the method 

of Henry et al. (2007) with some modifications. The 

leaf samples from the youngest leaves (approximately 

0.03–0.04 mg) were collected and transported to the 

laboratory in a cooler. One millilitre of 0.25 N HCl 

was added to the vials containing the samples, which 

were stored in the freezer at −20 °C. Shikimate level 

in the sample was calculated using a calibration curve 

based on 0.01–1 μg of shikimate in 1 mL of HCl. The 

effect of herbicide treatments on cotton yield was 

determined at harvest time, and to avoid side effects, 

a 3-m section was randomly selected for evaluation 

from the middle two rows of each plot (Keeling et al., 

2011).  

 

Sprayer design and herbicide application   

A crop hooded sprayer designed for row applications 

was used in the experiments (Figure 2). It contained 

three sprayer booms in the following order: the first 

for controlling inter-row weeds, the second for 

eliminating intra-row weeds, and the third for 

conventional spraying (Serim et al., 2018). The 

sprayer had two electrical sprayer pumps located 

under the tanks to deliver glyphosate and the 

selective herbicides tepraloxydim and clethodim. The 

hooded units (Figure 3) were mounted on the first 

boom parallel to each other, 700 mm apart to apply 

glyphosate (Figure 4).  The tepraloxydim and 

clethodim were applied from the second boom 

through a 150-mm space between the hooded units 

(Figure 4). The even flat nozzles were placed on the 

hooded unit on the first and second booms, while the 

flat fun nozzles were held on the third boom. Spray 

pressure was 200 kPa in all trials, and spray volumes 

were 296.2 L ha−1 in 2015 and 285.6 L ha−1 in 2016. 

Commercial products of glyphosate isopropylamine 

salt (480 g L–1), tepraloxadim (50 g L–1), and 

clethodim (116.2 g L–1) were used in the experiments 

at two- to four-leaf stages of cotton. Treatments 

consisted of glyphosate + tepraloxydim (1.44 kg ai ha–

1 + 0.05 kg ai ha–1), glyphosate + clethodim (1.44 kg ai 

ha–1 + 0.145 kg ai ha–1), glyphosate + tepraloxydim 

(2.88 kg ai ha–1 + 0.05 kg ai ha–1), glyphosate + 

clethodim (2.88 kg ai ha–1 + 0.145 kg ai ha–1), 

tepraloxydim (0.05 kg ai ha–1), and clethodim (0.145 

g ai ha–1). A weedy control was included in each year 

for comparisons of weed control efficacy. 

 

Statistical analysis 

Data for visual weed control, percent of control, were 

transformed by arcsine square root to normalize the 

variances within treatments before ANOVA. Data of 

weed control efficacy were pooled over location and 

year because there is no interaction between location, 

year and weed control efficacy whereas cotton lint 

yield and shikimic acid data were not combined over 

years and locations because of the significant 

interactions between them. However, non-

transformed means are presented in Tables 4 and 5 

for clarity. Means of individual treatments were 

separated with the use of Fisher’s Protected LSD test 

using SPSS statistical software (SPSS, 2004). 

 

Results and discussion 

Crop injury and yield 

Crop injury caused by tepraloxydim, clethodim, and 

glyphosate did not occur in 2015 or 2016. The 

shikimate levels of randomly selected seedling 

samples were determined as an indicator of 

glyphosate exposure (Table 3). Shikimate levels in the 

leaves showed that the cotton seedlings were exposed 

to the glyphosate at various rates (Tables 3 and 4), 

but they were not significantly injured.  

 

The response of cotton seedlings to sub-lethal rates of 

glyphosate was augmentative contrary to expected 

adverse effects. Miller et al. (2009) found similar 

results in cotton plants, which tolerate glyphosate 

within a variable range, In that study, plant dry 

weight and height were generally unaffected by 

glyphosate rates below 70 g ha−1. Further, seed cotton 

yield was not reduced when exposed to glyphosate at 

up to 140 g ha−1; it even increased to a limited extent. 

Ellis and Griffin (2002) and Thomas et al. (2005) 
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similarly found that glyphosate applied at a rate lower 

than 70 g ha−1 did not cause a detrimental effect on 

cotton seedling growth and yield and even slightly 

augmented the yield due to shikimate amount. This 

observation corroborates the results of Miller et al. 

(2009), who showed that glyphosate at rates below 

140 g ai ha−1 resulted in a higher amount of seed 

cotton yield. 

 

Table 1. Density and coverage area of weed species in the experimental fields. 

Location Weed Density (plant m-2) Coverage (%) 

İzmir 2015 Common cocklebur (Xanthium strumarium L.) 1.25 2 

Black nightshade (Solanum nigrum L.) 2 3 

Common purslane (Portulaca oleracea L.) 5 13 

Purple nutsedge (Cyperus rotundus L.) 5.5 1.5 

Redroot pigweed (Amaranthus retroflexus L.) 2 4 

Sorha (Sorghum halepense (L.) Pers.) 3 1.0 

Barnyardgrass (Echinochloa crus-galli (L.) P. Beauv.) 5 1.25 

European heliotrope (Heliotropium europaeum L.) 1.5 2 

Dwarf spurge (Euphorbia exigua L.) 1 3 

Fat hen (Chenopodium album L.) 4 10 

Aydın 2015 Purple nutsedge (Cyperus rotundus L.) 7 1.75 

Fat hen (Chenopodium album L.) 3 8 

Common purslane (Portulaca oleraceae L.) 6 11 

Purple nutsedge (Cynodon dactylon (L.) Pers) 3 0.8 

Sorha (Sorghum halepense (L.) Pers.) 3.5 1.2 

Barnyardgrass (Echinochloa crus-galli (L.) P. Beauv.) 4.5 1.0 

İzmir 2016 Black nightshade (Solanum nigrum L.) 7.5 13 

Common purslane (Portulaca oleracea L.) 3.5 7 

Purple nutsedge (Cyperus rotundus L.) 4 1.25 

Sorha (Sorghum halepense (L.) Pers.) 5 1.2 

Barnyardgrass (Echinochloa crus-galli (L.) P. Beauv.) 2 5 

Dwarf spurge (Euphorbia exiqua L.) 0.5 0.2 

Fat hen (Chenopodium album L.) 2.5 4.5 

 

Table 2. Herbicide treatment and harvest dates at experimental fields. 

Site Application Date 

İzmir-2015 Herbicide treatment 16.06.2015 

Harvest 03.10.2015 

Aydın-2015 Herbicide treatment 18.06.2015 

Harvest 04.10.2015 

İzmir-2016 Herbicide treatment 21.05.2016 

Harvest 22.10.2016 

 

Yield loss caused by weeds was 48.87%–59.84% and 

43.81%–50.76% depending upon the herbicides in 

2015 and 2016 at İzmir, respectively (Table 3), and 

43.88%-62.63% at Aydın.  

 

The reduced rate of clethodim and tepraloxydim 

(80% of the recommended rates) with glyphosate 

provided a statistically similar amounts of yield 

compared to the recommended rates of them with 

glyphosate. Although glyphosate + clethodim and 

glyphosate + tepraloxydim treatments resulted in 

similar cotton yields in both years in İzmir, the yield 

loss in the first year was higher than in the second for 

the experimental fields in the first year, when weed 

coverage was higher. Another reason for the 

difference in yield losses between the 2 years was 
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precipitation, with İzmir having more rainfall in the 

first year than in the second, especially at June. The 

cotton yield loss in Aydın, similar to İzmir in 2015, 

was noteworthy. Excessive rainfalls may trigger 

germination of annual weed seeds and increase yield 

losses. Cotton yield was lower in tepraloxydim and 

clethodim treatments that did not provide broadleaf 

weed and purple nutsedge control.  

 

Table 3. The effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on cotton at 

Aydın and İzmir in 2015 and 2016. 

Treatment Aydın-2015 İzmir-2015 İzmir-2016 

SC Yield SC Yield SC Yield 

Glyphosate+Clethodim 

(1.44 + 0.145 kg ai ha–1) 

0.239 2765.3 

A* 

0.215 3106.3 

A 

0 2911.8 

A 

Glyphosate+Clethodim 

(1.44 + 0.116 kg ai ha–1) 

0.225 2692.8 

A 

0.084 2992.8 

A 

0.245 2970.3 

A 

Glyphosate + Tepraloxydim 

(1.44 + 0.05 kg ai ha–1) 

0.371 2662.0 

A 

0 2954.3 

A 

0.271 3071.8 

A 

Glyphosate + Tepraloxydim 

(1.44 + 0.04 kg ai ha–1) 

0.315 2556.5 

A 

0 2964.0 

A 

0.179 2984.3 

A 

Tepraloxydim 

(0.05 kg ai ha–1) 

0.493 1841.8 

C 

0.121 2440.0 

C 

0 2691.8 

B 

Clethodim 

(0.145 kg ai ha–1) 

0.110 2181.8 

B 

0 2626.0 

B 

0 2766.0 

B 

Control 0.239 1033.5 

D 

0.215 1247.5 

D 

0 1512.5 

C 

* Means followed by the same letter within a column are not significantly different according to Fisher’s Protected 

LSD (P ≤ 0.05). 

Broadleaves weed control 

Predominant weeds in İzmir were common purslane 

and black nightshade in 2015 and 2016, respectively. 

Common purslane is a creeping weed and competes 

with cotton seedlings at early stages, while black 

nightshade is more competitive and its presence in 

the cotton fields has adverse effects not only on cotton 

yield but also lint quality.  

 

Table 4. The effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on 

broadleaves weeds at Aydın and İzmir in 2015 and 2016 (%) a. 

Treatment CHEAL POROL SOLNI EPHEX 

IR InR IR InR IR InR IR InR 

Glyphosate+Clethodim 

(1.44 + 0.145 kg ai ha–1) 

95* 

A 

- 100 

A 

- 97.50 

A 

- 96.38 

A 

- 

Glyphosate+Clethodim 

(1.44 + 0.116 kg ai ha–1) 

96.25 

A 

- 100 

A 

- 98.75 

A 

- 95.00 

A 

- 

Glyphosate + Tepraloxydim 

(1.44 + 0.05 kg ai ha–1) 

95 

A 

- 100 

A 

- 96.25 

A 

- 93.13 

A 

- 

Glyphosate + Tepraloxydim 

(1.44 + 0.04 kg ai ha–1) 

100 

A 

- 100 

A 

- 100.00 

A 

- 96.88 

A 

- 

Tepraloxydim 

(0.05 kg ai ha–1) 

- - - - - - - - 

Clethodim 

(0.145 kg ai ha–1) 

- - - - - - - - 

a Data pooled across locations and years; -, no efficacy; IR, inter row; InR, intra row; CHEAL, Chenopodium 

album; POROL, Portulaca oleracea; SOLNI, Solanum nigrum; EPHEX, Euphorbia exiqua.  

*Means followed by the same letter within a column are not significantly different according to Fisher’s Protected 

LSD (P ≤ 0.05). 
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The recommended rate of glyphosate applied within 

rows could efficiently control not only these weeds 

but also others, especially dwarf spurge and fat hen. 

Injury of black nightshade from glyphosate at 1.44 kg 

ai ha–1 ranged from 96.25 to 100% whereas common 

purslane control with the same rate of glyphosate was 

100%. Glyphosate at 1.44 kg ai ha–1 controlled dwarf 

spurge and fat hen at least 93.13% and 95%, 

respectively. Fennimore and Umeda (2003) and 

Umeda and Hicks (2001) applied glyphosate at 1.12 

and 1.2 kg ai ha−1, respectively, to control common 

purslane at post-emergence and found that it 

provided nearly complete control. Many researchers 

have investigated the response of black nightshade to 

glyphosate and reported high rates. Even at half of the 

recommended rates (e.g., 450 g ai ha–1), glyphosate 

controlled the weed as effectively as at the 

recommended rate (34). These results on the efficacy 

of glyphosate against black nightshade within cotton 

rows accord with our results (Table 4).  

 

Table 5. The effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on narrow-

leaf weeds at Aydın and İzmir in 2015 and 2016 (%) a.  

Treatment CYPRO ECHCG SORHA 

IR InR IR InR IR InR 

Glyphosate+Clethodim 

(1.44 + 0.145 kg ai ha–1) 

78.25 A* 26.50 94.58 A 95.00 A 95.00 A 95.17 A 

Glyphosate+Clethodim 

(1.44 + 0.116 kg ai ha–1) 

77.50 A 21.92 93.75 A 94.17 A 97.00 A 93.75 A 

Glyphosate +Tepraloxydim (1.44 + 

0.05 kg ai ha–1) 

78.33 A 25.67 94.58 A 95.00 A 94.92 A 95.83 A 

Glyphosate + Tepraloxydim (1.44 + 

0.04 kg ai ha–1) 

80.83 A 27.25 94.38 A 98.13 A 95.42 A 97.25 A 

Clethodim (0.145 kg ai ha–1) 25.00 B 23.67 96.88 A 87.50 B 96.00 A 93.92 A 

Tepraloxydim (0.05 kg ai ha–1) 28.58 B 27.50 96.88 A 96.33 A 88.92 B 90.75 A 

a Data pooled across locations and years; -, no efficacy; LSD, least significant difference (P < 0.05); IR, inter row; 

InR, intra row; CYPRO, Cyperus rotundus L.; ECHCG, Echinochloa crus-galli (L.) P. Beauv.; SORHA, Sorghum 

halepense (L.) Pers..  

*Means followed by the same letter within a column are not significantly different according to Fisher’s Protected 

LSD (P ≤ 0.05). 

Fat hen was another glyphosate-sensitive weed in the 

current study, and previous reports indicated that it 

could be controlled by glyphosate at various rates, 

such as 1440 g ai ha−1, 840 g ai ha−1 at the four-leaf 

stage, and 280.25 g ai ha−1 in various environments 

(Serim et al., 2018; Umeda et al., 2001; Hoss et al., 

2003). The response of fat hen to glyphosate is closely 

related to the herbicide rate, application volume, and 

application time (Hoss et al., 2003; Krausz et al., 

1996). Fat hen was at the two- to four leaf stage when 

the herbicides were applied in the fields. The results 

were parallel to the findings of Krausz et al. (1996) 

and Schuster et al. (2007). Similar to other weeds, 

dwarf spurge was also susceptible to post-emergence 

glyphosate applied intra-row with the HBS (Table 4).  

Grass weed control 

In both 2015 and 2016, barnyardgrass and 

johnsongrass were perfectly controlled by glyphosate 

+ clethodim and glyphosate + tepraloxydim even at 

lower rates of clethodim and tepraloxydim with 

glyphosate (Table 5).  

 

There was no difference between inter-row 

barnyardgrass control with glyphosate 1.44 kg ai ha–1 

(≥ 93.75%) and with clethodim 0.145 kg ai ha–1 (≥ 

96.88%) or tepraloxydim at 0.05 kg ai ha–1 (≥ 

96.88%). Good intra-row barnyardgrass control (≥ 

87.50%) was obtained with reduced tepraloxydim and 

clethodim rates, 80% of labelled rate. Clethodim at 

0.116 and 0.145 kg ai ha–1, and tepraloxydim at 0.04 
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and 0.05 kg ai ha–1 controlled intra-row johnsongrass 

93.75 and 95.17, and 97.25 and 95.83%, respectively. 

Efficacy of tepraloxydim at 0.05 kg ai ha–1 to inter-

row johnsongrass and clethodim at 0.145 kg ai ha–1 to 

intra-row barnyardgrass in Aydın in 2015 were lower 

than the other locations and years.  

 

Fig. 1. Meteorological data of experimental fields in 2015 and 2016. 

 

Fig. 2. Prototype of CHFS to simultaneously apply selective and total herbicides to different areas of cotton (a) to 

spray glyphosate inter-row weeds (b) to spray clethodim/tepraloxydim intra-row weeds. 

This unexpected result may have been caused by the 

location of the parcels, with the nearby field border 

being fairly covered by grass weeds. Glyphosate at 

1.44 kg ai ha–1 resulted in 94.92% or greater inter-row 

johnsongrass control. Johnsongrass control with post 

herbicides may strictly depend on application time 

and the specific herbicides. Johnson and Norsworthy 

(2014) observed that glyphosate at 0.84 kg ai ha-1 
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controlled Johnsongrass more than 87% when it was 

applied at four different growth stages from 15 cm to 

60 cm, while clethodim was more effective than 

others when it was applied at 30 cm. Furthermore, 

clethodim at half the recommended rate provided 

johnsongrass control that was equal to that of the full 

rate. These findings on clethodim efficiency when it is 

applied at a reduced rate coincide with those of 

Rosales-Robles et al. (1999). The results in 2015 and 

2016 johnsongrass control intra-row with clethodim 

parallel reports by Johnson and Norsworthy (2014) 

and Rosales-Robles et al. (1999). Koger et al. (2005) 

reported that an early application of glyphosate was 

more effective than a late application for shoot 

reduction of barnyardgrass 3 weeks after treatment. 

Barnyardgrass was 10–15 cm in Aydın and İzmir 

when glyphosate was applied, and it was controlled by 

glyphosate as reported by Koger et al. (2005).  

 

Fig. 3. Hooded unit of CHFS Prototype.  

 

Fig. 4. Design of spraying locations in the experimental fields.   
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Purple nutsedge was moderately controlled (77.50 to 

80.83%) by glyphosate applied inter-row; however, it 

was not suppressed by clethodim and tepraloxydim 

applied intra-row at the same period. Purple nutsedge 

control was less than 35% at 30 DAT when clethodim 

and tepraloxydim were applied, regardless of the 

rates. Many of herbicides, including glyphosate, have 

not been sufficient in purple nutsedge control because 

it is a perennial weed with numerous underground 

rhizomes and tubers.  

 

The growth stage of the purple nutsedge at the 

application time has a notable effect on the ability of 

glyphosate to control the weed (Bariuan et al., 1999), 

and this effect was clear in the results obtained in 

Aydın. Purple nutsedge control in intra-rows fell from 

80.6% in 2015 to 71.44% in 2016 because the growing 

season in 2016 was drier than the previous one. Other 

reports have indicated that environmental factors 

such as high moisture stress and low humidity may 

reduce the efficacy of glyphosate on purple nutsedge 

(Thomas et al, 2005). 

 

Conclusions 

Overall, this study confirmed that a hooded field 

sprayer can increase the weed control spectrum 

through the use of a total herbicide, such as 

glyphosate, in row crops, such as cotton. The hooded 

field sprayer allowed control of important broad- and 

narrow-leaf weeds without any injury to the crop at 

the early stages. Additionally, glyphosate application 

gives the possibility of suppressing troublesome 

weeds like purple nutsedge infestation in a certain 

extent in the next season (Etheredge et al., 2010). 

Choosing HFS may provide extra advantages to 

farmers, such as a delay in herbicide resistance due to 

the herbicides having different modes of action, using 

various plant protection products at the same time if 

they inhibit the effect of the others, and application 

can be repeated as necessary. Another advantage of 

CHFS is the ability to reduce herbicide spray drift. 

Herbicide drift during application is closely 

associated with the nozzle height (Nordby and 

Skuterud, 1975), and having the nozzle level closer to 

the ground may decrease potential herbicide risks. 

CHFS has two sprayer units; the first boom has a 

hooded unit that covers the spray area and prevents 

drift, and the second boom consists of even flat 

nozzles at 15- to 20-cm height.  
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