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Abstract. This study aimed to evaluate the impact of surfactant on herbicide efficiency in Medicago 

sativa L. fields. To this end, a randomized complete block design with 10 treatments and 4 replications 

was used in three and four-year alfalfa fields, infested with different weeds. The treatments included the 

standard dose and a 20% reduced dose, a combined treatment and a control sample (weeding and no weed 

control). Combination of the treatments was applied along with cytogate, and included mixtures of 

imazethapyr and bentazon, bentazon and pyridate, and imazethapyr and pyridate, with 50% reduced dose 

of each herbicide. Generally, herbicides applied along with the cytogate surfactant were more efficient for 

weed control, as well as for an increase of the product yields, as imazethapyr herbicide along with 

cytogate surfactant managed to control weeds for a rate of 87.43% and increase the product yields to 

93.54%. Results showed that combination of herbicides can also be useful in controlling weeds in alfalfa 

fields and increasing product yields. Results also revealed that combination of bentazon and imazethapyr 

increased product yields to 94.47% and controlled weeds for a rate of 90.19%. In addition, this method 

can be proposed as a means to prevent or delay probable resistance to herbicides. 

Keywords: imazethapyr, bentazon, pyridate, reduced dose, surfactant 

Introduction 

Alfalfa as a forage crop constitutes the largest area of planting in the world (Lanini et 

al., 1991; 1999) as Iran (Raoofi and Giti, 2015), and it plays an important role in feeding 

livestock due to its high protein content (Khanjani and SoleimaniPari, 2005). More than 

25% of the dry weight of alfalfa consists of fiber (Meighan et al., 2011). 

Unfortunately, particular attention has not been paid to the production of this plant in 

Iran (Raoofi and Giti, 2015; Raoofi et al., 2013c). One of the challenges of alfalfa 

production is the presence of weeds (Meighani et al., 2011; Raoofi et al., 2013b). 

Alfalfa are particularly susceptible to weed competition because they are not vigorous 

competitors and weeds emerging shortly after seeding can reduce alfalfa success 

(Zimdahl, 2004). 

Weed interference can suppress alfalfa yield (Moyer, 1985; Wilson, 1981) and 

impact stand densities (Becker et al., 1998). Weeds also alter the composition of the 

forage, increasing drying time (Doll, 1984) and reducing palatability of the alfalfa 

(Marten et al., 1987). Generally, weeds will cause severe competition with the crop. In 

addition to competition with the alfalfa, weed cause a reduction in the quality and 

quantity of alfalfa and decrease the price by 33% to 60% (Khanjani and SoleimaniPari, 

2005; Khanjani, 2000). Similar reduction of alfalfa density due to weeds has been 

shown by Wilson and Burgener (2009) and Bradley et al. (2010) who reported a 20–
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30% reduced alfalfa density through weed interference. Temme et al. (1979) found that 

weeds primarily were responsible for decreasing the quality of alfalfa. Frequently, 

weeds are comparable to alfalfa in quality; however, nutritive quality rapidly declines in 

weeds as they mature (Doll, 1986). Alfalfa seedlings are particularly susceptible to 

weed competition because they are not vigorous competitors and weeds emerging 

shortly after seeding can reduce alfalfa success (Fischer et al., 1988; Zimdahl, 2004). As 

with any crop, weed competition can reduce yields. Higher alfalfa seeding rate often 

resulted in greater alfalfa and total forage yield, decreased weed biomass, and increased 

alfalfa density (Calvin et al., 2011). Weeds interfere with alfalfa during establishment, 

reducing dry matter yields and plant persistence by competing for light, water, and 

nutrients (Fischer et al., 1988; Wolfe and Southwood, 1980; Raoofi et al., 2013d). The 

most damage by weeds in an alfalfa field occurs in the first harvest (Zand et al., 2010; 

Giti et al., 2013b), however, weeds in many areas, including Hamadan, damage all 

harvests (Raoofi et al., 2014b). Weed control is often accomplished by using herbicides 

in alfalfa fields (Myhre et al., 1998). Six herbicides are recommended for using in 

alfalfa (Zand et al., 2007). Effective use of herbicides is related to several factors, such 

as time of application, dosage, environmental conditions, method of use, desired plant, 

frequency of use, etc. Among the techniques to improve the performance of herbicides, 

use of mixed herbicides, use of integrated methods, none continuous use of one or more 

herbicides with the same mode of action, use of herbicides with the standard dosage at 

the right time, and use of additives to improve the performance of herbicides could be 

named. 

Unfortunately, over the past few years, there have been no considerable researches 

on additives and the context of their use has not been provided practically by farmers. 

Consequently, only three additives have been recorded by the Pesticides Supervision 

Board in Iran. 

Several herbicides are commonly used in alfalfa. Broadleaf weeds, such as thistles 

and Brassicaceae, are controlled with 2,4-DB. Flumetsulam and chlorimuron have also 

been recommended for controlling burning nettle, swinecress, and common chickweed, 

which are not controlled by 2,4-DB (Lopez and Romera, 1993; Tonks et al., 1991). 

Imazethapyr is registered for use in alfalfa and non-grazed Conservation Reserve 

Program lands containing legumes and forage grasses (Anonymous, 2006b). 

Imazethapyr reduced growth of orchardgrass when applied at the seedling stage and at 

first cutting (Curran et al., 1999). Paraquat applied during crop dormancy controls many 

emerged winter annual weeds in alfalfa (Wilson, 1997). These herbicides are safe for 

alfalfa, but the literature lacks published information on their safety for Dactylis 

glomerata. In pure orchardgrass (Dactylis glomerata), selective herbicides including 2, 

4-D, clopyralid, and metsulfuron effectively control broadleaf weeds, but these 

herbicides cause unacceptable injury to alfalfa (Bradley et al., 2004). 

Integrated weed management (IWM) is a combination of effective control methods, 

which reduces the weed interference to below the economic threshold (Thill et al., 

1991). IWM often requires a minimum amount of herbicides (Zand et al., 2009). 

Evaluation of the impacts of herbicides on the environment is a necessity due to their 

harmful effects (Campagna, 1995). Unfortunately, the scientific application of 

herbicides, along with surfactants and their safety has not been studied enough to reduce 

the use of herbicides. The role of surfactants application were investigated by various 

researchers (Asmus et al., 2016; Chen et al., 2015). The interaction between the 

hydrophilic and lipophilic segments of adjuvants for the purpose of increasing the 
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efficiency of herbicides has attracted the interest of the relevant researchers (Hall et al., 

1999) and remarkable successes have been achieved in application of adjuvants for 

controlling pests in numerous experiments since 2002 (Zand et al., 2012). This study 

investigated the use of herbicides with a reduced dosage, along with a cytogate 

surfactant, and a combination of two herbicides with a 50% reduction of dosage for 

each herbicide, in addition to the evaluation of weed control and forage production. 

Materials and Methods 

This experiment was conducted using a randomized complete block design in three 

and four-year alfalfa fields to investigate the application of chemical treatments with the 

standard and/or reduced doses (with and without the use of a cytogate surfactant) The 

study was conducted during two growing seasons of the spring and summer of 2012 and 

2013, respectively. Farm under investigation, located at Km 7 Hamadan-Tehran road at 

latitude of 34° 51' N and longitude 48° 32' E. 

Each plot consisted of ten rows with a distance of 25 cm and a length of 4 meters. 

The distance between the two plots was 60 cm and the distance between the two blocks 

was 130 cm. For proper evaluation, before performing treatments and concurrent with 

identifying plots and blocks, three fixed quadrants were installed, each with an area of 

one square meter per plot. 

The design included the treatments with standard and reduced doses (20%), 

combination treatments and a control plot (complete weeding and no weeding). The 

treatments were applied in two levels: the standard treatment and reduced doses with the 

use of a cytogate surfactant. The combination treatments consisted of a mixture of the 

herbicide treatment with a reduced dose of each herbicide (50%). 

The treatment included the use of Pursuit, Basagran and Lentagran herbicides as 

follows: Pursuit herbicide (0.4 l/hectare) along with cytogate surfactant (0.32 l/hectare), 

Basagran herbicide (3 l/hectare) along with cytogate surfactant (2.4 l/hectare) and 

Lentagran herbicide (3 l/hectare) along with cytogate surfactant (2.4 l/hectare). The 

combination treatments were prepared as a mixture of Pursuit and Basagran herbicides, 

Basagran and Lentagran herbicides, and Pursuit and Lentagran herbicides, in which a 

50% reduced dose of each herbicide was used. In both years of the study, after a 50% 

flowering in each harvest, sampling took place to determine the weight of the alfalfa, as 

well as density and dry weight of weeds in a 50 × 50 m quadrat. The dry weight of 

alfalfa and weeds was determined after placing the alfalfa and weed samples in the oven 

at 70°C for 48 hours. Statistical analysis software (SAS) v. 9.1 was used for analysis all 

data, and the obtained averages were compared by means of the LSD least significant 

difference test. 

Results 

In the study of two cuttings of established alfalfa, the following weeds were observed 

and identified, and their distribution levels and importance are as follows, 

corresponding with the findings of Khanjani and SoleimaniPari (2005) and Raoofi and 

Giti (2015) (Table 1). Environmental condition of the test site are expressed in Table 2, 

and chemical analysis of farm’s soil under investigation in the Table 3. 
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Table 1. Alfalfa weeds with their distribution levels and importance 

Scientific name Family English common name Importance value 

Carthamus spp. Astraceae Safflower * 

Centaurea spp. Astraceae Cornflower * 

Ceratocephalus falcatus Ranunculaceae _ * 

Convolvalus arvensis L. Convolvulaceae field bindweed * 

Cuscuta spp. cuscutacae Small seed dodder **** 

Cynodon doctylon Poaceae Bermuda grass ** 

Descarainia sophia L. Cruciferae Hedge mustard **** 

Euphorbia spp. Euphorbiaceae Sun spurge * 

Hordeum bulbosum L. Poaceae _ * 

Hordeum murinam L. Poaceae Mouse barley * 

Lactuca spp. Astraceae Prickleylettuce * 

Rumex crispus L. Rosaceae _ **** 

Salvia nemorosa Lamiaceae Violet sage ** 

Sismbrium irio L. Cruciferae London rocket **** 

Sorghum halepense L. Poaceae Johnson grass * 

Taraxacum officinale Astraceae dandelion ** 

Tragopogon spp. Astraceae goatsbeard ** 

Vaccaria pyramidata 

Medic. 

Caryophyllaceae vaccaria * 

 

 
Table 2. Environmental conditions of the test site 

Operative Measurement Appraisal 

Absolute maximum air temperature 36.8 °C 

Absolute minimum air temperature -29.6 °C 

Average air temperature 9.6 °C 

The hottest months of the year July and August 

Average air temperature of hottest months of the year 35°C 

The Coldest months of the year December and junuary 

Average air temperature of coldest months of the year -25.4 °C 

The annual amount of precipitation 300 ml. 

The number of frost days 143 Days 

Wind direction multifarious 

 

 
Table 3. Chemical analysis of farm’s soil 

Soil 

contexture 
Sand 

(%) 
Silt 

(%) 
Clay 

(%) 

Potassium 

absorbable 

(ppm) 

Phosphor 

absorbable 

(ppm) 

Organic 

carbon 

(%) 

Epicene 

material 

(%) 

PH 
EC 

(ds/m) 

Depth of 

sampling 

(cm) 

Silty loamy 33 40 27 332.9 26.4 0.58 9.5 7.6 0.298 30 

 

 

In this two-year field study, the following weeds were identified in high-density 

fractions: normal flixweed (Descarainia sophia L.), sorrel (Rumex crispus L.), bitter 

flixweed (Sisimbrium irio L.), dandelion (Taraxacum officinalis) and salsify 

(Tragopogon spp.). These weeds function as the main weeds in alfalfa fields. The effect 

of the treatments on weed density in all the four of the alfalfa harvests was significant at 



Raoofi – Alebrahim: Efficiency of herbicides dose in mixture with cytogate for weed control in alfalfa (Medicago sativa L.) 

- 253 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):249-265. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1504_249265 

 2017, ALÖKI Kft., Budapest, Hungary 

a level of 1% (Table 4). The comparison of the average of the treatments with the 

density of five identified weeds in the first harvest (Table 5) showed that the reduced 

treatment with cytogate and also, the integrated Pursuit and Basagran treatment had the 

best weed control on bitter flixweed. These results were also consistent with the results 

of Raoofi and Giti (2015). Normal flixweed was significantly controlled by the use of 

Pursuit treatments in standard doses, reduced dose of Pursuit along with cytogate, 

reduced dose of Basagran along with cytogate and combination of Basagran and Pursuit 

with a 50% reduced dose. It was found that the cytogate consumption as a good 

surfactant could increase the efficiency of herbicides and decrease their consumption 

down to 20%. The use of two herbicides, in combination with cytogate, delays the 

resistance to herbicides in weeds, and therefore, it is highly recommended, since one 

most important issue regarding herbicide use is cross and multiple resistance (Zand and 

Baghestani, 2002). 

In the investigation of sorrel control in the first harvest, the Pursuit treatments with 

the standard and reduced doses along with cytogate and also, Pursuit combined with 

Basagran were analyzed and included in the group with the lowest density of sorrel. 

Also, in the first harvest, salsify was affected by the Pursuit treatment with the standard 

dose and had the lowest density. The first harvest of dandelion had the greatest impact 

from the treatment with a reduced dose of Pursuit along with cytogate and treatment 

with a combination of Pursuit and Basagran. Raoofi et al. (2013a) also stated that 

Pursuit along with cytogate is one of the best treatments for broadleaf weed control and 

can significantly reduce dandelion density. Moreover, Raoofi et al. (2014a) stated that 

surfactant consumption can significantly reduce the amount of pesticides. Researchers 

including Ozkan et al. (1993) have evaluated the effects of adjuvants on the 

performance of pesticide sprays. Some studies have shown that a number of polymers 

enjoy the ability of breaking down after leaving the sprayer pump in the same way that 

this process takes place in the return action through the lateral route or hydraulic mixers 

in ordinary sprayers (Zhu et al., 1997). Comparison of the treatment results in the 

second harvest (Table 5) showed that the best option to control bitter flixweed was the 

same as the option in the first harvest. The only difference was that the reduced dose of 

Basagran and accompanying cytogate, the Pursuit and accompanying cytogate treatment 

and a reduced dose of the combined Pursuit-Basagran were all placed in the same 

statistical group. These results point to the possibility of reducing the dose of herbicide. 

Gressel and Segel (1990a, 1990b) also emphasized reducing the use of this herbicide to 

0.1 in the standard dose along with the cytogate surfactant. The results of the second 

harvest and control of normal flixweed were fully compatible with the first harvest. 

Sorrel, in the second harvest, had the largest decline using the Pursuit treatment with 

standard and reduced doses along with cytogate, and also the reduced dose of Basagran 

with cytogate and the Pursuit and Basagran combination. Investigation of the salsify 

weed density in the second harvest revealed that both the reduced doses of Pursuit and 

Basagran with cytogate surfactant along with the Pursuit-Basagran combination 

treatment were placed in the same group. The results of the second harvest for 

dandelion were fully in accordance with the first harvest results. It was found that the 

weed density in the second harvest had an exponential decline compared to the first 

harvest, but the presence of weeds was still evident in the second harvest. It should be 

noted that the decline of normal and bitter flixweed in the second harvest could have 

been related to the first harvest due to the cutting of their roots. 
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Table 4. Analysis of variance of the density and dry weight of weeds in each forth harvests. ns,* and ** are insignificant and significant at 

confidence level of 1% and 5%, respectively 

Mean of squares 

The source 

of changes 

Degrees 

of 

freedom 

Harvest 

density 

(first) 

Harvest 

density(second) 

Harvest 

density(third) 

Harvest 

density(forth) 

Dry 

weight 

(first 

harvest) 

Dry weight 

(second 

harvest) 

Dry 

weight 

(third 

harvest) 

Dry weight 

(forth 

harvest) 

Block 3 1.66
 ns

 1.93
 ns

 1.39
 ns

 1.66
 ns

 0.88
 ns

 1.68
 ns

 1.11
 ns

 0.87
ns 

Treatment 9 109.210** 111.210** 118.210** 108.210** 476.6** 745.7** 848.4** 518.3** 

Errors 27 18.8 19.12 12.42 11.44 22.32 21.24 24.02 22.22 

CV  4.11 3.97 4.94 3.88 5.96 5.12 4.52 4.77 

 

 
Table 5. The average of weeds density in the first and second harvest during two years. In each column, the average that at least one common letter 

are not significantly different 

Treatment 

Bitter flixweed 

(plants/m
2
) 

Normal flixweed 

(plants/m
2
) 

Sorrel 

(plants/m
2
) 

Salsify 

(stem/m
2
) 

Dandelion 

(stem/m
2
) 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Pursuit 0.4 1/hectare 2.5
e
 2.8

d
 3.4

e
 2.9

e
 2.4

e
 2.2

e
 1.4

f
 3.5

e
 3.2

f
 2.8

f
 

Basagran 3 1/hectare 3.6
d
 2.9

d
 5.1

d
 4.4

d
 3.7

d
 3.2

d
 5.9

d
 5.3

d
 4.1

e
 3.6

e
 

Lentagran 3 1/hectare 10.5
b
 9.5

b
 13.5

b
 13.1

b
 11.8

b
 10.6

b
 12.6

b
 11.5

b
 9.9

c
 8.9

c
 

Pursuit 0.32 1/hectare 1.4
f
 1.1

e
 3.1

ef
 2.8

e
 1.9

e
 1.8

e
 3.1

e
 2.7

f
 1.9

g
 1.6

g
 

Basagran 2.4 1/hectare 2.3
e
 1.9

e
 3.1

ef
 2.6

e
 3.4

d
 1.9

e
 3.4

e
 2.9

f
 3.2

f
 2.8

f
 

Lentagran 2.4 1/hectare 7.8
c
 7.2

c
 11.8

c
 10.6

c
 10.1

c
 8.6

c
 9.7

c
 9.1

c
 8.8

d
 7.9

d
 

Pursuit 0.2 1/hectare +Basagran 1.5 

1/hectare 
1.4

f
 1.1

e
 3.2

ef
 2.8

e
 2.2

e
 1.6

e
 2.9

e
 2.8

f
 2.1

g
 1.7

g
 

Pursuit 0.2 1/hectare +Lentagran 1.5 

1/hectare 
11.1

b
 10.8

b
 14.2

b
 13.3

b
 12.1

b
 10.7

b
 13.9

a
 13.2

a
 11.3

b
 10.1

b
 

Basagran 1.5 1/hectare +Lentagran 1.5 

1/hectare 
11

b
 9.6

b
 14.2

b
 12.9

b
 12.1

b
 10.1

b
 14.2

a
 11.5

b
 10.5

c
 9.4

c
 

Weedy 14.5
a
 14.1

a
 17.3

a
 15.7

a
 14.8

a
 13.1

a
 14.4

a
 13.5

a
 13.8

a
 12.4

a
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One of the non-chemical methods of weed control mentioned by Khanjani and 

SoleimaniPari (2005) is root cutting in the alfalfa field. According to the literature, 

there is no e investigation on sensitivity, tolerance or resistance of weeds to root 

cutting, except for grass at different growth stages (McCarthy et al., 2001). Thus, 

this study should be replicated on other weeds. The harvesting of alfalfa causes 

root cutting of the flixweed and thus, can be very effective in reducing flixweed 

density. 

Alternation and repetition of eradication techniques, along with actions such as 

application of herbicides can increase the effectiveness of weed control. 

Accordingly, Ghorbani et al. (2009) stated that harvesting and eradicating 

accompanied with chemical pesticides improve the ability to control weeds. The 

two weed types, bitter and normal flixweed, were obviously reduced in the third 

harvest compared to the first and second harvest; however, some weeds still 

remained on the farm. 

The results obtained from the third harvest conformed to the two previous 

harvests and revealed the favorable effect of the Pursuit and accompanying 

cytogate treatment. In fact, the controlling effect of the Pursuit and accompanying 

cytogate treatment was observed even after the study period. Comparison of the 

means of the experimental treatments on normal flixweed in the third harvest 

showed that the three Lentagran treatments with standard dose, Pursuit and 

Basagran with reduced dose and accompanying cytogate were placed in the same 

statistical group. Pursuit treatments with standard dose, Pursuit with reduced dose 

and accompanying cytogate and Basagran with reduced dose and accompanying 

cytogate, were the best and most successful treatments for sorrel weed control in 

the third harvest. The best treatments for salsify weed control in the third harvest 

were treatments with reduced herbicide dose, so that both Pursuit and Basagran 

treatments with reduced dose and accompanying cytogate had the greatest impact 

and were located in the same statistical group. Also, the reduced dose of Pursuit 

and accompanying cytogate consumption had a highly positive effect on 

controlling the dandelion weed in the third harvest (Table 6). This treatment also 

acted favorably in controlling dandelion in the first and second harvests. The study 

results were also in conformity with Beckie and Morrison’s (1993) results and 

revealed that the reduced doses can be used in weed management if another agent 

compensates for such dose reduction. Application of Cytogate as an adjuvant in the 

chemical control of weeds on Alfalfa (Medicago sativa L.) has been evaluated 

before, and its synergistic effects have been confirmed (Raoofi and Giti, 2015; Giti 

et al., 2013b). 

The results obtained from comparison of the means of the treatments in the 

fourth harvest (Table 6) showed that the best options for bitter flixweed control 

were Pursuit and Basagran treatments, both with a reduced dose and accompanying 

cytogate. Also, Lentagran treatment with the standard dose, as well as Pursuit and 

Basagran both with a reduced dose and accompanying cytogate were the best 

options for normal flixweed control. It should be noted that the problem of bitter 

and normal flixweed in the fourth harvest was almost insignificant and negligible. 

Existence of so little density of bitter and normal flixweed in the fourth harvest has 

been proven by Raoofi and Giti (2012), Khanjani and SoleimaniPari (2005) and 

Giti et al. (2013a). In a study on the density of these two weeds from the first 

harvest to the fourth, it was observed that, in the fourth harvest, the weed problem 
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was nearly resolved and thus, there was little density of the two weeds in the 

control (no weeding). The density reduction in the two weeds can be related to 

eradication of these two weeds resulted from each harvest and passage of the 

growing season for the weeds, as well as the application of the experimental 

treatments. The Pursuit treatment accompanied with cytogate in the fourth harvest 

was introduced as the best option to control sorrel and dandelion weeds. Also, 

consumption of Basagran with a reduced dose and accompanying cytogate 

surfactant could transcend the other treatments to control the salsify weed in the 

fourth harvest. 

The results obtained from variance analysis related to the dry weight of weeds 

showed that all the applied experimental treatments were statistically significant at 

the level of 1% in all the four harvests (Table 4). The results of the comparison of 

the means of dry weight in the first harvest, considering separated species, Table 7 

showed that the best choice for reducing the dry weight of bitter flixweed was the 

Pursuit treatment with reduced dose along with cytogate, as well  asthe combination 

treatment of Pursuit and Basagran. Also, Pursuit with reduced dose along with 

cytogate caused the lowest dry weight of normal flixweed in the first harvest. 

Investigating the dry weight of sorrel in the first harvest, Pursuit and Basagran 

treatments, both with reduced dose along with cytogate, and also the combination 

treatment of Pursuit and Basagran were all in the same statistical group, and were 

the best treatments for reducing the dry weight of this weed. Pursuit treatment with 

reduced dose along with cytogate and the combination treatment of Pursuit and 

Basagran in the fourth harvest were in the same statistical group containing the 

lowest dry weight of salsify. The Pursuit treatment with reduced dose accompanied 

with cytogate consumption was the best option to reduce the dry weight of 

dandelion in the first harvest. Raoofi and Giti (2015) have also recommended these 

treatments for reducing the weed dry weight. 

The results obtained from comparison of the means of the dry weight 

characteristic in the second harvest, considering separated species, (Table 7) 

showed that the best options for reducing the dry weight of bitter flixweed were 

the Pursuit and Basagran treatments, both with reduced dose and accompanying 

cytogate. The combined treatment of Pursuit and Basagran was placed in the same 

statistical group. The obtained results showed that no antagonistic effects were 

observed as a result of the combination of the two above-mentioned herbicides. 

The Pursuit treatment with standard dose and reduced dose accompanied with 

cytogate along with the Basagran treatment with reduced dose accompanied with 

cytogate caused the lowest dry weight of normal flixweed (Table 7). Investigating 

the dry weight of sorrel in the second harvest, Pursuit and Basagran treatments 

with standard dose and Pursuit and Basagran treatments with reduced dose and 

associated cytogate were in the same statistical group with the minimum weight of 

dry sorrel. The Pursuit and Basagran treatments with standard dose and Pursuit and 

Basagran treatments with reduced dose and associated cytogate, as well as the 

combined treatment of Pursuit and Basagran all led to a minimum dry weight of 

salsify in the second harvest. The Pursuit treatment with reduced dose and 

associated cytogate, and also the combined Pursuit and Basagran treatment were 

the best choices for reducing the dry weight of dandelion in the second harvest. 

Existence of bitter and normal flixweed dry matter in the third harvest was almost 

insignificant and negligible; however, among the experimental treatments, the 
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treatments of Pursuit and Basagran, both with reduced doses and associated 

cytogate and weed control treatment contained the lowest dry weight of bitter 

flixweed and thus, were placed in the same statistical group. Lentagran treatment 

with the standard dose along with the Pursuit and Basagran treatments, both with 

decreased doses and accompanying cytogate consumption, caused the lowest dry 

weight of normal flixweed in the second harvest. In the study of sorrel dry weight 

in the third harvest, the Pursuit and Basagran treatments with the standard dose, as 

well as the Pursuit and Basagran, both with reduced dose and associated cytogate,  

were revealed as the best treatments to reduce sorrel. Effective treatments to 

control salsify in the third harvest were consistent with the effective treatments to 

control sorrel, with the difference that the incorporated Pursuit and Basagran 

treatment associated with the above-mentioned treatments was placed in the same 

statistical group. Basagran, with both standard and reduced dose as well as 

associated cytogate, along with Pursuit with standard and decreased dose, as well 

as accompanying cytogate were the best treatments for reducing the dandelion dry 

weight in the third harvest. 

Mamnooie and Shimi (2012) and Meighani et al. (2011) have also shown that 

the application of the Pursuit herbicide in alfalfa fields caused significant 

reduction in weed dry weight. Results of a comparison of the weed dry weight 

characteristic, considering separated species, in the fourth harvest (Table 8) 

revealed a significant decrease in most of the weeds. A further reduction was 

observed in both the bitter and normal flixweed, and there was almost no 

interference problem related to the bitter and normal flixweed in the fourth harvest. 

However, some weeds were still observed in the fourth harvest. Sorrel, salsify, and 

dandelion weeds continued to exist until the fourth harvest, because their growth 

season still caused damage until the late summer. The Pursuit and Basagran 

treatments, both with standard dose, reduced dose and associated cytogate 

consumption, caused the lowest sorrel dry weight in the fourth harvest. Also, 

salsify, as the result of the Basagran treatment with reduced dose and 

accompanying cytogate consumption had the lowest dry weight in the fourth 

harvest. Effective treatments on dandelion dry weight reduction in the fourth 

harvest included the Pursuit and Basagran treatments with standard dose, reduced 

dose and associated cytogate, which were in the same statistical group. The results 

of density analysis and alfalfa dry weight in all the four harvests showed that, at 

the level of 1%, application of the treatment had a significant effect on this 

characteristic (Table 9). The comparison of the means of the experimental 

treatments showed that the treatments exertion were significantly different from 

each other, so that from the first harvest until the third harvest, after blank 

treatment (hand weeding), the Pursuit treatment with reduced dose and associated 

cytogate consumption accounted for the highest density of alfalfa and was 

considered the best treatment. 
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Table 6. The average of weeds density in the third and fourth harvest during two years. In each column, the average that at least one common letter 

are not significantly different 

Treatment 

Bitter flixweed 

(plants/m
2
) 

Normal flixweed 

(plants/m
2
) 

Sorrel 

(plants/m
2
) 

Salsify 

(stem/m
2
) 

Dandelion 

(stem/m
2
) 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Pursuit 0.4 1/hectare 0.1
c
 0.06

b
 0.05

e
 0.01

b
 1.61

e
 1.18

d
 2.25

e
 1.79

f
 2.11

e
 1.46

d
 

Basagran 3 1/hectare 0.26
b
 0.03

c
 0.02

c
 0.01

b
 2.33

d
 1.62

d
 3.38

d
 2.41

e
 2.71

e
 1.79

d
 

Lentagran 3 1/hectare 0.33
d
 0.01

e
 0

f
 0

d
 2.71

d
 5.19

b
 8.09

b
 5.5

c
 6.61

c
 4.36

b
 

Pursuit 0.32 1/hectare 0
e
 0

f
 0

f
 0

d
 1.21

e
 0.77

e
 1.87

f
 1.47

f
 1.14

t
 0.78

e
 

Basagran 2.4 1/hectare 0.02
d
 0

f
 0

f
 0

d
 1.91

e
 1.09

d
 1.36

f
 0.99

g
 2.17

e
 1.44

d
 

Lentagran 2.4 1/hectare 0.1
c
 0.03

c
 0.1

d
 0.01

b
 6.62

c
 4.57

c
 6.21

c
 4.33

d
 5.69

d
 3.66

c
 

Pursuit 0.2 1/hectare +Basagran 1.5 1/hectare 0.26
b
 0.01

e
 0.1

d
 0.01

b
 7.71

b
 5.4

b
 8.79

b
 6.09

b
 7.1

b
 4.21

b
 

Pursuit 0.2 1/hectare +Lentagran 1.5 1/hectare 0.29
b
 0.03

d
 0.6

b
 0.01

b
 7.92

b
 5.51

b
 8.39

b
 5.52

c
 6.63

c
 4.33

b
 

Basagran 1.5 1/hectare +Lentagran 1.5 1/hectare 0.29
b
 0.02

d
 0.1

d
 0.06

a
 7.76

b
 5.49

b
 8.23

b
 5.47

c
 5.4

d
 4.19

b
 

Weedy 1.4
a
 0.08

a
 1.8

a
 0.06

a
 11.59

a
 10.81

a
 10.97

a
 11.61

a
 12.66 11.961

a
 

 

 
Table 7. The average of dry weight of weeds in the first and second harvest during two years. In each column, the average that at least one common 

letter are not significantly different (LSD α=5%) 

Bitter flixweed Normal flixweed Sorrel Salsify Dandelion  

(plants/m
2
) (plants/m

2
) (plants/m

2
) (stem/m

2
) (stem/m

2
)  

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Harvest 

2 

Harvest 

1 

Treatment 

 

0/45
e
 0/64

c
 0/53

e
 0/52

de
 0/78

c
 0/39

d
 0/78

c
 0/63

d
 0/48

d
 0/55

cd
 Pursuit 0.4 1/hectare 

0/63
d
 0/66

c
 0/86

d
 0/87

d
 0/55

d
 0/84

cd
 0/87

c
 0/99

cd
 0/59

c
 0/56

cd
 Basagran 3 1/hectare 

1/92
b
 1/81

b
 2/33

b
 2/14

b
 1/88

b
 1/87

b
 1/96

b
 2/15

a
 1/73

b
 1/7

b
 Lentagran 3 1/hectare 

0/17
f
 0/13

d
 0/36

f
 0/49

de
 0/32

e
 0/4

d
 0/41

d
 0/49

d
 0/24

e
 0/29

e
 Pursuit 0.32 1/hectare 
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0/43
e
 0/18

d
 0/51

e
 0/33

e
 0/32

e
 0/43

d
 0/79

c
 0/5

d
 0/57

c
 0/51

b
 Basagran 2.4 1/hectare 

1/46
bc

 1/42
b
 1/88

c
 1/77

c
 1/81

b
 1/77

b
 1/89

b
 1/71

b
 1/83

b
 1/66

b
 Lentagran 2.4 1/hectare 

0/20
f
 0/15

d
 0/56

e
 0/59

d
 0/33

e
 0/29

e
 0/42

d
 0/49

d
 0/54

c
 0/3

e
 

Pursuit 0.2 1/hectare +Basagran 1.5 

1/hectare 

1/90
b
 1/87

b
 2/42

b
 2/6

b
 1/83

b
 1/88

b
 2/49

a
 2/2

a
 1/76

b
 1/67

b
 

Pursuit 0.2 1/hectare +Lentagran 1.5 

1/hectare 

1/83
b
 1/83

b
 2/36

b
 2/35

b
 1/85

b
 1/89

b
 1/99

b
 2/19

a
 1/72

b
 1/68

b
 

Basagran 1.5 1/hectare +Lentagran 1.5 

1/hectare 

2/87
a
 2/52

a
 2/85

a
 3/88

a
 2/46

a
 2/33

a
 2/51

a
 2/17

a
 2/17

a
 2/11

a
 Weedy 

 
 

Table 8. The average of dry weight of weeds in the third and fourth harvest during two years. In each column, the average that at least one common 

letter are not significantly different (LSD α=5%) 

Bitter flixweed Normal flixweed Sorrel Salsify Dandelion  

(plants/m
2
) (plants/m

2
) (plants/m

2
) (stem/m

2
) (stem/m

2
) Treatment 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

3 

Harvest 

4 

Harvest 

3 

Harvest 

4 

Harvest 

3 
 

0/01
b
 0

b
 0/01

c
 0

b
 0/32

cd
 0/21

d
 0/51

cd
 0/33

d
 0/41

c
 0/28

c
 Pursuit 0.4 1/hectare 

0/01
b
 0

b
 0/02

c
 0

b
 0/55

c
 0/22

d
 0/66

c
 0/39

d
 0/44

c
 0/29

c
 Basagran 3 1/hectare 

0/02
b
 0

b
 0

d
 0

b
 1/51

b
 1/13

b
 1/61

b
 1/17

b
 1/26

b
 0/97

b
 Lentagran 3 1/hectare 

0
c
 0

b
 0

d
 0

b
 0/32

cd
 0/18

d
 0/35

d
 0/32

d
 0/41

c
 0/28

c
 Pursuit 0.32 1/hectare 

0
c
 0

b
 0

d
 0

b
 0/33

cd
 0/17

d
 0/31

d
 0/17

de
 0/44

c
 0/29

c
 Basagran 2.4 1/hectare 

0/01
b
 0

b
 0/01

c
 0

b
 1/5

b
 0/98

c
 1/5

b
 0/19

c
 1/21

b
 0/88

b
 Lentagran 2.4 1/hectare 

0/03
b
 0

b
 0/01

c
 0

b
 1/52

b
 0/99

c
 0/31

d
 1/18

b
 1/22

b
 0/87

b
 

Pursuit 0.2 1/hectare + Basagran       

1.5 1/hectare 

0/02
b
 0

b
 0/1

ab
 0

b
 1/5

b
 0/98

c
 1/62

b
 1/16

b
 1/24

b
 0/8

b
 

Pursuit 0.2 1/hectare +Lentagran     

1.5 1/hectare 

0/03
b
 0

b
 0/01

c
 0/01

a
 1/51

b
 0/98

b
 1/56

b
 1/17

b
 1/11

b
 0/81

b
 

Basagran 1.5 1/hectare +Lentagran 

1.5 1/hectare 

0/2
a
 0/01

a
 0/2

a
 0/01

a
 2/3

a
 1/9

a
 2/01

a
 2/34

a
 2/66

a
 2/44

a
 Weedy 
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Table 9. Analysis of variance of the density and dry weight of alfalfa in each forth harvests. Ns,* and ** are insignificant and significant at 

confidence level of 1% and 5%, respectively 

    Mean-squares     

Harvest density 

(first) 

Harvest 

density 

(second 

Harvest density 

(third) 

Harvest 

density 

(forth) 

Dry 

weight 

(first) 

Dry weight 

(second) 

Dry weight 

(third) 

Dry weight 

(forth harvest) 
Df CV 

0.48
 n.s

 0.59
 n.s

 0.42
 n.s

 0.44
 n.s

 144.42
 n.s

 139.51
 n.s

 145.45
 n.s

 144.5
 n.s

 3 Block 

757.26** 736.33** 761.51** 751.28** 4206.33** 4211.36** 4251.22** 4221.39** 10 Treatment 

18.9 16.6 19.4 17.8 307.68 306.64 305.9 307.12 30 Errors 

7.31 6.72 5.82 6.14 7.37 6.32 7.22 5.82  CV 
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The Pursuit herbicide is a chemical treatment of the ALS family, which can be 

effective in broadleaf weed control. Cytogate can also increase the controlling power of 

this treatment, as seen in most of the harvests; this treatment could be preferred over 

other treatments as it appropriately controls weeds. A reduction in the density of weeds 

provides space for growing of alfalfa and allows it to benefit from the existing resources 

and conditions. In the fourth harvest, this treatment accompanied with the reduced dose 

Basagran treatment with associated cytogate consumption was placed in the same 

statistical group (Table 10). In all the four harvests, the Pursuit treatment with reduced 

dose and associated cytogate was determined to be the desirable treatment for increasing 

the alfalfa dry weight (Table 11). However, a combined treatment of Pursuit and 

Basagran in the second and third harvests, the Basagran treatment with reduced dose 

and associated cytogate consumption in the fourth harvest, and the Pursuit treatment 

with decreased dose and associated cytogate consumption in each harvest were found in 

the same statistical group and recognized to be among the best treatments for increasing 

the alfalfa dry weight. The results obtained from the increased pattern of the alfalfa dry 

weight from the first harvest to the fourth show conformity to the results from the 

decreased pattern of weeds, so that in the fourth harvest, the density of weed dry weight 

was observed to be almost the lowest, and the highest alfalfa dry weight was witnessed. 

In perennial alfalfa farms, in which deep-seated broadleaf weeds exist, Pursuit treatment 

can be effective in controlling the weeds. In addition, while the decreased dose of the 

herbicide can be used, such a dose reduction must be compensated for by using a 

cytogate surfactant so that the amount of poison drift decreases and the control percent 

increases. 

 
Table 10. The average of harvest density of alfalfa during two years. In each column, the 

average that at least one common letter are not significantly different 

Harvest 

density(first) 

Harvest 

density(second) 

Harvest 

density(third) 

Harvest 

density(forth) 
Treatment 

(stem/m
2
)  

131/6
e
 144/4

e
 145/1

c
 147/3

c
 Pursuit 0.4 1/hectare 

118/96
f
 130/1

f
 129/7

d
 133/3

d
 Basagran 3 1/hectare 

89/90
j
 98/2

 j
 98/9

g
 97/8

g
 Lentagran 3 1/hectare 

145/15
b
 159/4

b
 158/8

b
 178/5

a
 Pursuit 0.32 1/hectare 

135/39
d
 148/3

d
 157/9

b
 178/8

a
 Basagran 2.4 1/hectare 

99/39
i
 107/9

i
 110/3

f
 109/9

f
 Lentagran 2.4 1/hectare 

163/77
a
 178/8

a
 179/1

a
 178/9

a
 Weed free 

142/9
c
 157/1

c
 157/7

b
 158/2

b
 

Pursuit 0.2 1/hectare 

+Basagran 1.5 1/hectare 

111/19
g
 122/3

g
 120/0

e
 121/7

e
 

Pursuit 0.2 1/hectare 

+Lentagran 1.5 1/hectare 

109/66
h
 119/7

h
 120/7

e
 121

e
 

Basagran 1.5 1/hectare 

+Lentagran 1.5 1/hectare 

80/07
k
 98/7 

j
 99

g
 96/6

h
 Weedy 
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Table 11. The average of dry weight of alfalfa during two years. In each column, the average 

that at least one common letter are not significantly different 

Dry weight 

(first) 

Dry weight 

(second) 

Dry weight 

(third) 

Dry weight 

(forth 

harvest) 

Treatment 

(g/m
2
)  

117/61
c
 132/7

c
 132/3

d
 138/76

d
 Pursuit 0.4 1/hectare 

105/71
d
 117/26

d
 118/65

e
 120/92

e
 Basagran 3 1/hectare 

80/72
f
 88/99

f
 89/75

h
 89/75

h
 Lentagran 3 1/hectare 

133/33
ab

 145/62
b
 146/35

b
 159/72

ab
 Pursuit 0.32 1/hectare 

117/97
c
 133/11

c
 143/24

bc
 162/88

a
 Basagran 2.4 1/hectare 

91/75
e
 89/65

fg
 99/97

fg
 99/75

g
 Lentagran 2.4 1/hectare 

137/66
a
 160/73

a
 161/77

a
 165/23

a
 Weed free 

125/52
b
 145/77

b
 142/95

bc
 149/62

bc
 

Pursuit  0.2 1/hectare +Basagran 1.5 

1/hectare 

104/77
d
 114/2

de
 108/96

ef
 110/19

f
 

Pursuit 0.2 1/hectare +Lentagran 1.5 

1/hectare 

92/57
e
 113/87

de
 108/12

ef
 109/92

f
 

Basagran 1.5 1/hectare +Lentagran 1.5 

1/hectare 

71/88
g
 89/55

fg
 88/95

h
 88/21

h
 Weedy 

Discussion 

In general, adjuvants greatly vary with respect to chemical structure and 

performance, but most of them have a hydrophilic and a lipophilic segment. Herbicides 

applied along with the cytogate surfactant were more efficient for weed control, as well 

as for an increase of the product yields, as imazethapyr herbicide along with cytogate 

surfactant managed to control weeds for a rate of 87.43% and increase the product 

yields to 93.54%. Results showed that combination of herbicides can also be useful in 

controlling weeds in alfalfa fields and increasing product yields. Results also revealed 

that combination of bentazon and imazethapyr increased product yields to 94.47% and 

controlled weeds for a rate of 90.19%. The equilibrium between the hydrophilicity and 

lipophilicity of adjuvants is a criterion of the relative distribution of the hydrophilic and 

hydrophobic components of adjuvants. This important feature has a clear influence on 

herbicide performance, which was clearly demonstrated in the present research. 

Certainly, adjuvants are extremely efficient in weed control because they facilitate the 

spreading of spray particles and absorption of active ingredients and improve herbicide 

efficiency through reducing surface tension (which was clearly demonstrated in the 

present study). Since the positive effect of Cytogate in increasing the efficiency of the 

mentioned herbicides was evaluated and effective results were obtained, it is 

recommended that this adjuvant should be employed in fields where the spectrum of the 

mentioned herbicides is used. Although the positive effect of applying Cytogate in 

improving weed control in fields has been proved, yet it is suggested that other 

adjuvants be evaluated together with other types of herbicides by researchers so that the 

synergistic and antagonistic effects of these adjuvants on these herbicides can be 

determined. 
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