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Abstract: Tribenuron-methyl is used extensively in Iranian cereal cropping systems under rainfed conditions.
However, there is little information on the soil persistence and carryover of this herbicide and its phytotoxicity
to subsequent crops in the rotation. This study was carried out with the aim of investigating the sensitivity of
different chickpea cultivars to tribenuron-methyl and also finding alternative crops. In field experiments, the
chickpea fields of Ravansar County, Kermanshah province, Iran were monitored during 2023-2022, and the
growth of chickpea in response to residues of tribenuron-methyl used in the previous wheat crop was
evaluated. Furthermore, in a greenhouse experiment, the effect of various concentrations of tribenuron-methyl
on the growth of chickpeas, lentil and common vetch was investigated. In all the investigated species in this
study, presence of tribenuron-methyl decreased plant growth. Ttotally, among examined crop species, lentil
had a higher tolerance to tribenuron-methyl followed by common vetch and chickpea varieties. Bivanij
chickpea variety was more sensitive to the residues of tribenuron-methyl in the soil (30% reduction in grain
yield) when compared to the other two varieties, namely Mansour and Adel. Based on the results of this study,
residues of tribenuron-methyl applied in wheat fields is the main responsible factor reducing the height of
chickpea in rai-fed cropping systems of western Iran. It is recommended to replace lentil and common vetch
with chickpeas in rotation with wheat in soils heavily contaminated with the residues of tribenuron-methyl.

Keywords: Bioassy; common vetch; herbicide residue; lentil.

1. Introduction

Weeds are a great problem in agriculture and were recently estimated to seriously reduce the
crop production in Iranian cropping systems [1]. Similar to other countries, the primary method for
weed control in most Iranian agricultural systems involves herbicide application [2]. Although
increased herbicide use is not a requirement for rainfed cropping systems, there is evidence for
greater reliance on herbicides for weed control under these circumstances [3].

Chemical weed control is considered an effective means to suppress weeds then to increase crops
yield; however, applying agrochemical mistakenly, high doses and incorrect time application can
negatively affect the environment, particularly their residual in soils. Study on the persistence of the
herbicides residues in the soil is crucially required for the environmental issues and preventive crops
damage. Herbicide residues are regarded a serious fact in crop production which can potentially
injure sensitive crops in rotation [4,5].

Generally, sulfonylureas are low-dose herbicides and assessing their persistence in soil and their
residual effect on the following crops may be a challenging issue. High efficacy on weeds at very low
rates does not preclude phytotoxic effect on susceptible crops such as sugar beet, oilseed rape, lentils,
peas and other sensitive crops in rotation [6,7].

Tribenuron-methyl, belong to the class of sulfonylurea herbicides, inhibits acetolactate synthase
(ALS) enzyme that catalyzes the first common reaction in the biosynthesis of branched amino acids
namely valine, leucine, and isoleucine [8].

is a systemic herbicide, which is absorbed via both the roots and foliage and then spreads
throughout the whole plant [8]. In Iran, Tribenuron-methyl is used for postemergence control of a
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wide range of broad-leaf weeds in cereal crops including wheat and barley. Recently, farmers who
grow chickpea following wheat crops treated with tribenuron-methyl have reported some cases of
significant reduction in chickpea yield [1].

Despite the many advantages of chemical weed control in agriculture, herbicide residues after
application can contaminate soil, and in crop rotations it can cause damage to sensitive crops [5].
Herbicide carryover may be because of higher doses of herbicides than recommended dose (e.g., due
to improper calibration of sprayer) or usage of recommended dose but under unsuitable conditions
(e.g., low soil moisture) [9].

Generally, the probability of carryover or build-up of a herbicide residue in soil is governed by
the percentage and rate of breakdown or dissipation of the active ingredient. Soil properties including
texture and organic carbon content affect both herbicides degradation and persistence.
Environmental and edaphic factors, particularly those that influence soil moisture content and
microbial activity, strongly regulate herbicide persistence in soil [10].

The structure of tribenuron-methyl is characterized by a sulfonylurea bridge, an aryl group, and
a nitrogen-containing heterocyclic portion. Chemical hydrolysis and microbial degradation are the
two major pathways of sulfonylurea degradation in soil, whereas photolysis (and volatilization are
relatively minor processes [8,10]. Tribenuron-methyl binds to the soil matrix through a mixed
interaction mode. Herbicide-soil interactions depend on the chemical structure of the herbicide along
with the properties of the soil [10]. Hence, a primary threat to the efficacy of tribenuron-methyl in
rain-fed systems under arid conditions is the accumulation of herbicide residues in the soil,
particularly in the case of its repeated usage.

Managing herbicide carryover in soil is particularly important where next crops in the crop
rotation are sensitive to persistent herbicides used in the previous crop. In addition to carry over
effects of sulfonylurea herbicides, they have the potential to pollute soil and groundwater directly or
by their derivatives [11].

In rain-fed croplands of western Iran typically legumes (e.g. lentil or chickpea) follows a cereal
crop (e.g. wheat or barley). Presence of an extremely low concentration of tribenuron-methyl in soil
causes greater phytotoxicity of several crops such as sugar beet, maize, cotton, sunflower, soybean,
and rice [10,12].

While some studies have determined the potential risk of tribenuron-methyl to non-target crops
[12,13], residue risk assessments of this herbicide toxicity to chickpea growth under real conditions
of rain-fed cropping systems, to our knowledge, are absent. This knowledge gap limits our ability to
determine whether current tribenuron-methyl use patterns in wheat damage chickpea crop and
finding alternative crop species/cultivar to tribenuron-methyl residues in the soil.

The present study was therefore undertaken to assess the sensitivity of different chickpea
cultivars to the residues of tribenuron-methyl and to find a potential crop for replacing with chickpea
capable of tolerating the presence of this herbicide in the soil.

2. Materials and Methods
2.1. Field experiment

2.1.1. Design and method of the field experiment

To conduct this part of the study, three regions including, Meskinabad, Moradabad, and
Khorramabad were selected from Ravansar County (34° 43'N, 46° 40'E), Kermanshah province, Iran
during 2022-2023. Ravansar is one of the major areas of chickpea production in Kermanshah province
and western Iran, where chickpea cultivation is very popular due to its special climatic conditions.

The common crop rotation in Ravansar includes chickpea and wheat. Since the maximum period
of time that tribenuron-methyl residues have phytotoxic effects on sensitive crops is three years, three
groups of chickpea fields were selected in each region of Ravansar. The grouping was based on the
frequency of using tribenuron-methyl herbicide in the wheat field in the last two years. The first
group included fields that had no history of using tribenuron methyl herbicide in the last two years,
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the second group had a history of using the herbicide once, and the third group had a two-year
history of using the herbicide.

In each region and each field group, five fields with an approximate area of two hectares were
selected from each of the Bivanij, Adel and Mansour chickpea cultivars. A total of 30 farms in the
entire Ravansar were monitored during 2022 and 2023. From each of the monitored farms, soil
samples were prepared and tested to determine the physicochemical properties of the soil. At
flowering and physiological ripening growing stages of chickpeas, plant traits including, plant
height, number of lateral branches, number of leaflets and chickpea seed yield were measured.

To measure the chickpea traits, one square meter quadrat was randomly placed in 10 points of
each field and 5 chickpea plants were selected in each quadrat and plant height, number of leaflets,
and number of lateral branches were measured. In order to measure the chickpea seed yield, all the
plants in each quadrat were harvested and the chickpea seeds were separated from the straw and
weighed.

The field experiment was conducted as nested test design in which combinations of chickpea
cultivars and herbicide usage frequency were nested in each region (Meskinabad, Moradabad and
Khorramabad).

2.2. Greenhouse experiment

2.2.1. General procedures

This part of the study was aimed at investigating the effect of different concentrations of
Tribenuron-methyl on Bivanij, Adel and Mansour chickpea cultivars, as well as two possible
alternative legumes for cultivation in rain-fed systems, namely Lens culinaris and Vicia sativa. Since in
this study we did not measure the exact amount of tribenuron-methyl residues in the soil of
contaminated fields by using chemical analysis, we selected a soil sample from a heavily
contaminated field with severe symptoms of dwarfism in chickpeas. Along with applying different
concentrations of tribenuron-methyl, the effect of this contaminated soil sample on the growth of
above-mentioned plants was evaluated in the greenhouse. The purpose of including this soil sample
was to know if its possible damage corresponds to the applied concentrations of tribenuron-methyl.

On the basis of the surface area of the pots and the weight soil they contained, the appropriate
amount for each herbicide dose was calculated. Tribenuron-methyl were incorporated into the
potting soil. Desired doses of herbicide were prepared by adding a relevant amount for each dose to
1L of deionized water, mixing with the potting soil in a mixer with a backpack sprayer, then mixing
for 10 min.

The herbicide-treated potting soil was used to fill the pots. It is noticeable that 1 mg kg
concentration is equal to 0.046 kg ha' broadcast to the soil surface. Herbicides were applied as
described above at rate of 0, 1.37, 3.75, 7.50, 13.00, 26.00, 52.00 g ai ha"!, where 26.00 g is the
recommended dose of tribenuron-methyl in Iranian wheat fields [1].

Three seeds of above-mentioned crop variety/species were planted in each of the 4.0 L plastic
pots. The herbicide-treated potting soil was loam, comprised of 43% sand, 32% silt, and 25% clay with
0.74% of total organic matter and a pH of 7.2. This soil sample was the provided from a non-treated
site neighboring to a heavily-contaminated field from which soil sample from more evaluation was
taken (Table 1). This was helpful for comparison between the phytotoxic effects of applied doses of
tribenuron-methyl and herbicide residues on examined plants. The plant height, number of leaflets
per plant, and plant stem diameter were recorded 4 weeks after treatments and was expressed as a
proportion of the untreated control for each crop species/variety.

The greenhouse experiment was conducted as completely randomized design with four
replications.

Table 1. Physical and chemical properties of soil (0-30 cm depth) in the experimental sites.

Region o.C N P K Soil texture PH EC
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(%) (%) (ppm)  (ppm) (ds/m)
Khoramabad 0.59 0.08 7.4 280 Silty clay loam 7.8 0.84
Meskinabad 0.63 0.06 8 250 Clay Loamy 7.3 0.55
Moradabad 0.75 0.05 7.3 260 Silty clay loam 7.6 0.81
Heavily tribenuron-
Silty Clay
methyl-infested Soil 0.70 0.07 8.1 285 7.4 0.60
Loam

Sample

2.3. Statistical analysis:

Data for field survey were pooled over year because lack of year by treatment interaction. Data
for field and greenhouse experiments were subjected to ANOVA using SAS software (v. 9.1, SAS
Institute, Cary, NC) and Fisher’s Protected LSD test (P<0.05) was used for means separation.

To describe plant height, number of leaflet per plant, and plant stem diameter in response to
different doses of tribenuron-methyl, a nonlinear curve model (sigmoidal logistic, three parameters)
using SigmaPlot software was fitted to data [14]:

Y =a/(1 + exp(—(x — x0)/b))

Where, Y is plant response (plant height, number of leaflets per plant, and plant stem diameter)
reduction (percentage of untreated control), a =the upper limit of Y; x is the herbicide dose, X0: GRso
is the herbicide doses required to inhibit plant response by 50% and b describes the slope of the curve
in GRso.

3. Results and Discussions
3.1. Field survey

3.1.1. Plant height and lateral branch number at chickpea flowering stage

The results of the field experiment showed that in all surveyed regions, the highest height of
chickpea cultivars was related to the fields where there was no history of using tribenuron-methyl
during the last two years .In general, the average height of the plant in the Meskinabad region was
lower than all regions (28 cm), but in the two regions of Khorramabad and Moradabad, where the
plant height was almost equal, the plant height was higher than Meskinabad (Table 2).

In Khorramabad, in farms with a history of using herbicide once or twice, the height of the
Bivanij variety decreased by 5% compared to farms without a history of using tribenuron-methyl
while this number was 19% in Moradabad. In Meskinabad, the height of the Bivanij variety in fields
treat with herbicide once and two times decreased by 6% and 25.71%, respectively. In general, the
negative impact of herbicide residues in Meskinabad was higher on the height of Bivanij when
compared with other regions (Table 2).

In Meskinabad, fields having one or two times of herbicide usage history, the height of Adel
variety decreased by 8% compared to fields without the history of herbicide use. In Moradabad, the
height of Adel variety in fields treated once and two times with herbicide decreased by 11 and 18%,
respectively (Table 2).

The height of Mansour cultivar in Khorramabad in fields with one year history of herbicide use
was not different from fields without herbicide application, while in fields with two years history of
herbicide use, the height of this variety decreased by 22.12% compared to the control. The same trend
was observed in two other two regions, Meskinabad and Moradabad, with the difference that the
extend of height reduction in farms with two years of herbicide use was 7% and 10.94%, respectively
(Table 2).

The number of lateral branches at the flowering stage in Bivanij and Mansour cultivars in all
three regions and herbicide treatments was not significantly different from each other (Table 2). For
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Adel cultivar growing in fields treated one and two years by tribenuron-methyl in Khorramabad, the
number of lateral branches decreased by 10 and 30, respectively (Table 2).

Table 2. Measured plant height and lateral branch of various chickpea cultivars grown in three
regions of Ravansar County as affected by tribenuron-methyl residues applied in preceding
rotational wheat.

Region Herbicide wusage Chickpea cultivar Plant height (cm) Plant branch (per plant)
frequency
Khoramabad None Adel 30.67 ef 3.33 a-c
Bivanij 22.33 h-j 3.67 ab
Mansour 40.67 a 2.33 bc
Two times Adel 33.33 de 2.33 bc
Bivanij 21.00 hi 4.00 a
Mansour 31.67 d-f 2.33 bc
once Adel 34.00 c-e 3.00 a-c
Bivanij 21.00 hi 4.00 a
Mansour 41.00 a 2.00 be
Meskinabad None Adel 32.00 d-f 2.67 bc
Bivanij 2333 ¢g 3.33 a-c
Mansour 34.67 c-e 2.33 bc
Two times Adel 30.00 ef 2.67 a-c
Bivanij 17.33 1 3.00 a-c
Mansour 32.00 d-f 3.33 a-c
Once Adel 29.33 ef 2.00 be
Bivanij 22.00 h-j 3.67 ab
Mansour 34.33 c-e 2.33 bc
Moradabad None Adel 37.00 a-d 3.33 a-c
Bivanij 27.00 g 3.00 a-c
Mansour 39.67 ab 2.67 a-c
Two times Adel 30.33 ef 2.67 a-c
Bivanij 21.67 hi 3.07 ab
Mansour 35.33 c-e 3.33 a-c
Once Adel 32.67 d-f 2.67 a-c
Bivanij 21.67 hi 3.00 ab
Mansour 40.67 a 3.00 a-c

Means with the same letter are not significantly different based on Duncan's Multiple Range Test

3.1.2. Final chickpea hright and grain yield

The results showed that the height of all cultivars in Khorramabad region was on average lower
than the other two regions, Meskinabad and Moradabad (Table 2).

In general, in all the three studied regions, the highest plant height belonged to the fields without
a history of tribenuron-methyl treatment, the exception was in Meskinabad, where one year of
herbicide usage did not differ from non-treated fields (Table 3)

In Khorramabad, one and two year of using the herbicide decreased the final height of Adel
cultivar by 10.11% and 12.35%, respectively, compared to the control or fields with no history of
herbicide usage. These values were insignificant in Meskinabad (about 2%) and in Moradabad, these
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numbers were 4% and 7%, respectively. These results indicate the higher sensitivity of Adel cultivar
in Meskinabad to tribenuron-methyl residues (Table 3) .Bivanij cultivar lost about 8% of its final
height in fields treated once or three times with herbicide use compared to fields without history of
herbicide use in both Khorramabad and Meskinabad regions. This value was 14.6% in Moradabad
(Table 3).

In all three regions, Mansour variety in all the three regions studied in fields with a history of
herbicide application twice did not differ from fields without herbicide contamination, but in fields
with herbicide application history of two years in the two mentioned regions, the final plant height
decreased by 7% (Table 3).

The seed yield of Adel variety in Khorramabad in fields received once and two times of herbicide
in comparison with fields without any history of herbicide application decreased by 3% and 6%,
respectively. In Meskinabad and Moradabad one year of herbicide usage did not cause a decrease in
yield, but three times of herbicide use in the two mentioned areas caused a 7% and 3% reduction in
seed yield, respectively (Table 3).

In Meskinabad and Moradabad regions, one year of use of herbicide in fields devoted to Bivanij
cultivar had no effect on its seed yield compared to no fields without herbicide residues. However,
seed yield of fields with history of two times of tribenuron-methyl decreased by 7% and 31.81%,
respectively. The seed yield of Bivanij variety in fields treated once and two times with herbicide
decreased by 7% and 33.40%, respectively.

In the all three regions, the application of herbicide twice had a negligible effect on the seed yield
of Mansour cultivar, but in the fields treat with herbicide two times yield reduction about 7% was

doi:10.20944/preprints202401.2115.v1

observed (Table 3).

Table 3. Measured final plant height and grain yield of various chickpea cultivars grown in three

regions of Ravansar County as affected by tribenuron-methyl residues applied in preceding

rotational wheat.

Region Herbicide usage frequency Chickpea Final Plant height (cm) Grain yield (g m)
cultivar
Khoramabad None Adel 59.33 de 178.86 cd
Bivanij 41.00 hi 371.21 ab
Mansour 68.67 a 278.33 a-d
Two times Adel 52.00 g 167.29 d
Bivanij 37.67 i-k 247.27 b-d
Mansour 62.33 cd 259.50 a-d
Once Adel 53.33 gf 172.50 cd
Bivanij 37.67 i-k 345.42 ab
Mansour 64.00 ¢ 267.84 a-d
Meskinabad None Adel 56.00 ef 183.85cd a
Bivanij 41.00 hi 363.32 ab
Mansour 68.67 a 285.01 a-c
Two times Adel 54.33 fg 170.28 cd
Bivanij 37.33i-k 334.50 ab
Mansour 64.00 c 264.15 a-d
Once Adel 55.33 fg 182.77 cd
Bivanij 39.00 i-j 361.96 ab
Mansour 69.33 a 284.17 a-c
Moradabad None Adel 5% 178.94 cd
Bivanij 41.33 hi 352.55 ab
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Mansour 69.00 a 277.50 a-d
Two times Adel 54.67 fg 172.88 cd
Bivanij 3533k 340.72 ab
Mansour 65.00 bc 268.08 a-d
Once Adel 56.33 ef 178.33 cd
Bivanij 35.33 k 351.64 ab
Mansour 69.33 a 275.95 a-d

Means with the same letter are not significantly different based on Duncan's Multiple Range Test

3.1.3. Correlation between seed yield, number of lateral branch and height of chickpea varieties

The results of correlation analysis between seed yield, plant height and the number of lateral
branches of all chickpea cultivars grown in fields with zero, two and three years of applying
tribenuron-methyl in the three regions are shown in Table 3. The results showed that there is a
positive and significant relationship between the height of the plant and the seed yield of chickpea
cultivars. With the increase in plant height, seed yield increased. On the other hand, there was a
negative and significant relationship between the number of lateral branches and seed yield. In other
words, the yield decreased with the increase in the number of lateral branches. The relationship
between plant height and the number of lateral branches was also negative and significant. The
increase in the number of lateral branches resulted in a decrease in the plant height (Table 4).

Table 4. Pearson’s correlation coefficients among studied traits in different chickpea cultivar grown
in fields treated with tribenuron-methyl at 0, 2 and three times located in Moradabad, Meskinabd,
and Khoramabadad regions of Ravansar County.

Seed yield Plant height Number of Plant branch
Seed yield 1.00 0.23 -0.25°
Plant height 0.23" 1.00 -0.44"
Number of plant branch -0.25° -0.44~ 1.00

*, ** indicates that correlation is significant at the 0.05 and 0.01 probability level, respectively.

In total, the results of the field experiment showed that Bivanij variety was more sensitive to the
residues of tribenuron-methyl in the soil compared to the other two varieties, namely Mansour and
Adel. For instance, in some areas there was more than 30% decrease in grain yield of Bivanij in fields
heavily contaminated with herbicide residues. Mansoor and Adel cultivars were almost the same in
terms of sensitivity to tribenuron-methyl residues.

On the average, there was no difference between not using the herbicide and applying herbicide
for one year and the history of using the herbicide. However, all chickpea cultivars showed a decrease
in growth and grain yield in fields treated with herbicide twice; so that the yield of chickpea in such
farms showed four times more decrease in grain yield compared to the fields without herbicide
history and those treated once.

In general, biodegradation (degradation by microorganisms), chemical degradation (hydrolysis
and oxidation), photodegradation (degradation due to the effect of sunlight), uptake by susceptible
plants, adsorption to soil particles and leaching are main factors driving herbicide degradation and
its subsequent persistence in the soil [15].

A wide range of edaphic factors such as pH, texture, organic matter content, moisture, and
microorganisms affect the degradation and persistence of herbicides in soils [16,17]. It is well known
that the most important pathways for sulfonylurea herbicides degradation in soil are microbial
breakdown and chemical hydrolysis [10]. So, it can be expected that greater degradation of such
herbicides would be achieved in soils of higher water content than for dry soils. Most sulfonylureas
are anion in soil with pH above 5-6 and therefore mobile in such soils [18] while the acidity of soils
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of region of the study site is typically higher than 7 [19]. Furthermore, degradation of herbicides in
soils containing high organic matter content is accelerated because the population of soil
microorganisms consuming herbicides as food is high [20].

Despite the difference in some traits of different chickpea cultivars grown in all three studied
regions, chickpea seed yield in different regions did not differ significantly. The physicochemical
characteristics of the soil of all three regions are given in the Table 1. Although regions had different
soil characteristics, the effect of this difference on the carry over effect of tribenuron-methyl residues
was not significant. This result is contrary to the results of other studies on the effect of soil
physicochemical properties on herbicide residues.

Natural hydrolysis as the main pathways of tribenuron-methyl degradation. On the contrary,
more and more researches have reported the microbial degradation of sulfonylurea herbicides
[17,21,22]. Since both pathways of decomposition of tribenuron-methyl residues are dependent on
soil moisture, the conditions in the rainfed areas of western Iran are not suitable for the degradation
of the residues of this herbicide. Although we did not determine the type of decomposition of
tribenuron-methyl herbicide in this study

Mehdizadeh, Alebrahim and Roushani [12] reported that 26% of applied tribenuron-methyl
remained 10 days after application in the soil; however, they did not measure long time herbicide
residual in soil. In a study conducted Chen [23] usage of tribenuron-methyl on wheat resulted in
substantial reduction of growth of corn the rotation

The greater degradation rate of tribenuron methyl in comparison with sulfosulfuron has been
reported [12]. No phytotoxic effect of another member of sulfonylurea chemical family herbicides,
sulfosulfuron, on bottle gourd at nearly four months after application was observed [6]. Likewise,
lentil (a predominant legume in the region of our study) was tolerant to tribenuron methyl residues
8 months after herbicide application [24]. Similar to our results, Serim and Maden [25] reported the
carry over effects of sulfosulfuron residues on sunflower one year after application.

Nine months after application the carry over effect of sulfosulfuron, another sulfonylurea, on
barley and common vetch was not observed while sulfosulfuron residues did not affect the shoot and
root length and root dry weight of sunflower [26]. Tribenuron-methyl has an acceptable controlling
level on broad leaf weeds, which means it has a potential to damage broad leaf crops, such as
chickpea, lentil, sugar beet and oilseed rape [27].

The results of field trials indicated that trace residue concentrations below our detection limit
may have remained in the soil even in a long period of times after application of these herbicides and
accumulated in the soil environment and affected sensitive crops as well as soil microorganisms.

3.2. Greenhous experiments

3.2.1. Plant height

In all the investigated species in this study, the use of the herbicide tribenuron-methyl decreased
the height of the plant. The results showed that the application of tribenuron-methyl at the rate of 52
g ai ha' decreased the height of the treated plants drastically, with the exception of V. sativa, which
had a height of 16 cm (Figure 1). At the herbicide dose of 52 g ai ha", the chickpea cultivars Bivanij,
Adel, Mansour, lentil and common vetch were able to kept 5.92, 25.71, 14.89, 15.18, 28.57% of their
final height compared to control, respectively.

The fitted model (3-parameter Sigomidal model) to the data obtained from the effect of different
concentrations of tribenuron-methyl on plant height showed that the dose required to reduce the
plant height by 50% in lentil, common vetch, Mansoor, Adel and Bivanij cultivars were 12.20, 9.99,
4.33,3.27 and 3.18 g ai ha' herbicide, respectively (Table 5).

These results clearly showed the high resistance of lentil to the presence of tribenuron-methyl in
the soil. Among chickpea cultivars, Mansour had the highest herbicide tolerance.

In the greenhouse experiment, the effect of herbicide was measured only on the initial growth
of tested plants, so the number of lateral branches did not have the opportunity to be produced and
this trait was not measured.
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Figure 1. Plant height of Vicia sativa, Lens culinaris and three varieties of Cicer arietinum following
applicationof various doses of tribenuron-methyl. Data are fitted to a 3-parameter Sigomidal model.
Table 5. Parameter estimates of the three-parameter sigmoid model fitted to the plant height of Vicia
sativa, Lens culinaris and three varieties of Cicer arietinum following applicationof various doses of
tribenuron-methyl applied in the soil. Data in paranthesis are + sandard error of each means.
Plant species/variety a b X0 R?
Cicer arietinum Var. Bivanij 42.81 (0.17) 1.26 (0.75) 3.27 (0.46) 0.98
Cicer arietinum Var. Adel 35.00 (0.037) 0.42 (0.08) 3.18 (0.52) 0.99
Lens culinaris 27.11 (0.12) 1.28 (0.78) 12.20 (1.03) 0.99
Cicer arietinum Var. Mansour 39.02 (0.05) 0.56 (0.48) 4.33 (0.74) 0.99
Vicia sativa 57.34 (0.16) 0.72 (0.34) 9.99 (3.1) 0.94

3.2.2. Number leaflets per plant

Application of the highest dose of tribenuron-methyl (52 g ai ha"') decreased the number of
leaflets in all species, so that the chickpea cultivars Bivanij, Adel Mansour, as well as Lentil and
common vetch lost their leaflets by 3, 20, 12, 41 and 13% compared to the unsprayed control,
respectively (Figure 2).

Table 6 shows that the three-parameter sigmoid model is well fitted to the data obtained from
the effect of the herbicide doses on the number of leaflets of the examined plants. Based on this table,
the herbicide dosage required to reduce the number of lentil leaves by 50% was the highest, which
indicates the high tolerance of tribnuron-methyl by this crop. Among chickpea cultivars, Adel was
more tolerant than the other two cultivars, and Mansour cultivar was the most sensitive (Table 6). In
general, common vetch and different chickpea cultivars were highly sensitive to the presence of the
herbicide in the soil in terms of leaf production.
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Figure 2. Leaflet number of Vicia sativa, Lens culinaris and three varieties of Cicer arietinum following
applicationof various doses of tribenuron-methyl. Data are fitted to a 3-parameter Sigomidal model.
Table 6. Parameter estimates of the three-parameter sigmoid model fitted to the leaflet number of
Vicia sativa, Lens culinaris and three varieties of Cicer arietinum following applicationof various
doses of tribenuron-methyl applied in the soil. Data in paranthesis are + sandard error of each
means.
Plant species/variety a b Xs0 R2
Cicer arietinum Var. Bivanij 52.21 (0.13) 0.54 (0.35) 0.72 (0.39) 0.97
Cicer arietinum Var. Adel 63.94 (0.02) 0.36 (0.06) 1.89 (0.31) 0.99
Lens culinaris 27.13 (0.13) 0.59 (0.04) 21.78 (3.03) 0.99
Cicer arietinum Var. Mansour 69.30 (0.05) 0.37 (0.21) 0.51 (0.23) 0.99
Vicia sativa 25.32 (0.16) 0.62 (0.02) 2.7 (0.12) 0.99

3.2.3. Plant stem diameter

The three chickpea cultivars had a higher stem diameter compared to lentil and common vetch
(Figure 3). The presence of 52 g ai ha of tribenuron-methyl reduced the stem diameter of Bivanij,
Adel, Mansour, lentils, and common vetch by 51, 47, 54, 50, and 24%, respectively. Among chickpea
cultivars, Mansour cultivar was more tolerant to herbicide, followed by Bayonij and Adel (Figure 3).
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Figure 3. Stem diameter of Vicia sativa, Lens culinaris and three varieties of Cicer arietinum following
applicationof various doses of tribenuron-methyl. Data are fitted to a 3-parameter Sigomidal model.

Similar to plant height and number of leaflets, a three-parameter logistic equation described well
the relationship between the dose of tribenuron-methyl in the soil and the diameter of plant stem
(Table 7). The dose of herbicide needed to reduce the stem diameter by 50% in common vetch was
lower than all other species, followed by lentil. All three chickpea cultivars had higher tolerance to
herbicide compared to lentils and common vetch (Table 7).

Totally, among three measured plant traits viz. plant height, number of leaves and stem
diameter, lentil plants had a higher tolerance to the presence of the herbicide in the soil when
compared to other species. Plant height, which showed great effectiveness of the herbicide, had a
higher tolerance in this plant, and on average, 3 to 4 times more concentration of herbicide was
needed to reduce its height than the three varieties of chickpea. Despite having trace differences, the
three chickpea cultivars showed a similar response to tribenuron-methyl.

In all the species grown in pots containing soil samples collected from a field heavily
contaminated with tribenuron-methyl residues, the reduction in plant height, number of leaves and
stem diameter was consistent with the pot treated with approximately 13 g ai ha" of tribenuron-
methyl.

Typically, symptoms of sulfonylurea herbicides residues on susceptible found that sulfosulfuron
residues resulted in symptoms including stunting of the plant stem [26]. These results are in
agreement with other studies reporting that a very small amount of sulfonylurea herbicides can have
a significant damage to the subsequent susceptible crop in the rotation [28,29]. Bioassays is a direct
measurement of bioavailable of herbicide residues in the soil is called bioassay in the soil which is
agronomically more meaningful than the chemical analysis [13].

Based on previous studies, some crops are highly sensitive to a wide range of herbicides -so
called test plant- are usually used to investigate and trace herbicide residues’ toxicity in the soil. Test
or indicator plants (e.g., sugar beet, oilseed rape, soybean, tomato, chickpea, and cotton) affect by
even a very small amount of certain herbicides The results of bioassay using test plants typically is
reliable and accurate the same as chemical techniques (e.g., gas chromatography) [15]. Plant traits,
including plant height and biomass are used in evaluating the phytotoxic effect of herbicide residues
on crops [15].
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Table 7. Parameter estimates of the three-parameter sigmoid model fitted to the stem diameter of
Vicia sativa, Lens culinaris and three varieties of Cicer arietinum following applicationof various
doses of tribenuron-methyl applied in the soil. Data in paranthesis are + sandard error of each
means.

Plant species/variety a b Xs0 R
Cicer arietinum Var. Bivanij 1.75 (0.05) 0.53 (0.3) 58 (7.9) 0.99
Cicer arietinum Var. Adel 1.7 (0.08) 0.65 (0.04) 49.27 (0.31) 0.98
Lens culinaris 0.85 (0.18) 0.64 (0.05) 35.89 (12.03) 0.91
Cicer arietinum Var. Mansour 1.8 (0.05) 0.78 (0.02) 50.08 (3.42) 0.99
Vicia sativa 0.73 (0.08) 0.81 (0.02) 12.96 (1.66) 0.98

4. Conclusions

In conclusion, chickpea cultivars were highly susceptible to tribenuron-methyl while lentil and
common vetch were tolerant to this herbicide. Based on the results of this study, residues of
tribenuron-methyl applied in wheat fields is the responsible factor reducing the height of chickpea in
rai-fed cropping systems. Due to the lack of moisture in the drylands of the region, as well as the
calcareousness and high acidity of the soil, as well as the high sensitivity of chickpea to tribenuron-
methyl residues, care should be taken in amount and frequency of herbicide usage. In some cases,
when the farmer is to grow wheat, it is recommended to grow legume substitutes for chickpea, such
as common and lentil, which have a higher tolerance to the residues of tribenuron-methyl.

The main suggestion for further research on this issue includes the cultivation of leguminous
crops instead of chickpea in rotation with wheat in fields with a history of tribenuron-methyl
contamination. With this method, it is very likely that this problem can be solved to some extent and
more damage to farmers can be prevented.
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