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Abstract 

Weeds are among the most important factors that decrease crop yields in addition to climate and a variety used. 
Herbicide resistant varieties of different crops have made weed management easier in the recent era; therefore 
deteriming natural resistance in the available germplasm is of significant importance. This study was aimed at 
determining natural resistance of different lentil varieties, i.e., ‘Fırat 87’, ‘Çağıl’, and ‘Altıntoprak’ to imazamox herbicide. 
Six different imazamox doses, i.e., no application and ¼, ½, 1, 2, and 4-fold of the recommended dose were used in the 
experiment. The herbicide was applied at 4-6 leaves of plants. Plant samples were collected 28 days after herbicide 
application by harvesting the above-ground parts. The fresh and dry weight of the collected samples were recorded. 
The collected data were analyzed with SAS statistical software. Analysis of variance was used to infer the differences 
among tested varieties and log-logistic regression was used to determine the dose affecting half of the population (I50) 
and creating dose-response curve. The results revealed that ‘Fırat 87’ variety was the most tolerant to imazamox, 
whereas ‘Çağıl’ was the most sensitive. The I50 values for ‘Çağıl’, ‘Altıntoprak’ ‘Fırat 87’ were 14.05, 23.00 and 38.47 
ml/ha, respectively. If it is considered the recommended dose of imazamox 100ml/da, much lower dose of imazamox is 
quite affective on these lentil varieties. 
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1. Introduction

Lentil (Lens culinaris Medik.) is an important legume crop extensively cultivated in India, Canada, Turkey, Nepal, Iran, 
Australia, Bangladesh, Syria, USA, Morocco, and Ethiopia. The lentil production in Turkey was 447.400 tonnes in 2010, 
360,000 tonnes in 2015, and 370.815 tonnes in 2020 (1). 

According to the 2022 data from the Food and Agriculture Organization (FAO), 6.5 million tons lentils were produced 
on an area of 5.0 million hectares globally. The highest lentil production areas were recorded during 2017, while a 
decrease was observed in the production area in 2018 and 2019. According to FAO, Canada, India, and Tukey have beem 
the leading lentil producers between 2010 and 2020 with Turkey ranked at 3rd position (1). 

Lentil cultivation suffers from considerable annual variations in yield, and a clear decline has emerged over the last five 
years in Turkey due to management problems, and susceptibility to various biotic and abiotic stresses (Figure 1). The 
yield of the available lentil cultivars ranges between 1450 and 1950 kg/ha in Turkey, and the yield can be considerably 
decreased due to poor weed management (2).  

Yield losses due to weed competition considerably vary depending on the level of weed infestation and prevalent weed 
species. Yield losses in lentils are estimated between 20-80% due to weed infestation (3,4,5,6) and the critical period of 
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weed infestation ranges between 30 and 60 days after sowing (7). Therefore, weed management at the early stage is 
crucial to harvest higher yield and better quality. 

 

Figure 1 Lentil (Lens culinaris Medik.) cultivated area and production in Türkiye 

Imidazolinone (IMI) herbicides inhibit the enzymes called acetohydroxyacid synthase (AHAS) or acetolactate synthase 
(ALS) in weeds and provide control over them (8). These enzymes play an important role in the synthesis of branched 
amino acids in plants. These herbicides can be used at very low doses to control many narrow and broad-leaved weed 
species and have very low toxicity to the environment, mammals, aquatic organisms, and fish (Stidham & Singh, 2017). 

The IMI herbicides are effective for controlling a broad spectrum of weeds in several food legumes (9). The IMI 
herbicides are registered for the control of broadleaf weeds in food legumes in Turkey (10) . Because of these properties, 
IMI herbicides are highly preferred from an environmental perspective. These environmentally safe herbicides can be 
successfully used in many crops. The use of IMI herbicide will gain significant importance in establishing successful 
weed control program to avoid evolution of herbicide resistance in weeds. 

Red lentil is widely grown in Şanlıurfa, Diyarbakır, Mardin, Gaziantep, Adıyaman and Şırnak provinces in southeastern 
Anatolia region of Turkey. Besides climate and a variety of factors that limit lentil production, weeds are among the 
most important ones reducing yield (4). It is emphasized that weeds generally cause ~60% yield loss which could reach 
100% under high weed infestation. Since lentil plants grow slowly, weeds can suppress them quickly in the first 
developmental period and limit their development. Since lentils are short statured, they are poor competitors with 
weeds and suffer from high yield losses due to the competition. Weed control is the biggest problem in lentils due their 
low tolerance to herbicides, and very few herbicides licensed. (11). 

Weeds are among the most important factors negatively affecting crop yield; therefore, weed control is necessary for 
profitable production. However, weed control is difficult in some crops such as red lentils as there are no licensed 
herbicides against broad-leaved weeds, which cause high yield losses in lentils. There is a need to discover new 
herbicides; however, it has become almost impossible to find new selective molecule in the chemical industry (12). 
Difficulty of discovering a new herbicide, and evolution of herbicide resistance in weeds warrants that growing crops 
resistant to existing herbicides could play significant role in weed management. 

The resistance is genetic phenomenon and occurs naturally. The genetically modified plants could be used to induce 
herbicide resistance. However, several countries containing genetically modified organisms. Therefore, inducing 
resistance through classical breeding will make significant contributions to weed control in such countries. Turkey is 
among the countries where genetically modified organisms or their products are not preferred; therefore, resistance 
induction relies on classical breeding. 

The present study evaluated genetic variation of 3 different lentil varieties for their tolerance to imazomox post-
emergence herbicide and determined their degree of tolerance for potential use in the development of herbicide-
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tolerant varieties. The variety with high degree of tolerance could be utilized in future mutation breeding studies to 
induce tolerance to imazamox based on the current study. 

2. Material and methods 

2.1. Plant material and experimental details 

Three different red lentil cultivars, i.e., ‘Fırat-87’, ‘Çağıl’, and ‘Altıntop’, were used in the experiment. Seeds of these 
cultivars were planted in plastic trays (15×20 cm) and grown under controlled greenhouse conditions (Figure 2). The 
seeds were surface sterilized with 1% of NaOCl (v/v) solution prior to sowing in trays. The trays were irrigated daily 
until seed germinating. The greenhouse temperature was set to 8 – 13 ℃. 

 

Figure 2 Sowing of lentil seeds in plastic trays 

The experiment was established in the greenhouse of Plant Protection Department, Faculty of Agriculture, Harran 
University, Şanlıurfa Turkey. The experiment was laid according to the randomized plot design with 3 replications and 
repeated 2 times. The amount of seed sown was optimized according to the field conditions (14-15 kg/ha). A total of 15 
plants were harvested from each tray to record the fresh and dry weight after the application of herbicide doses. 

2.2. Herbicide application 

 

Figure 3 Full automated cabinet sprayer used to apply imazamox to lentil cultivars included in the study 

Imazamox (2-(4,5-Dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl)-5-(methoxymethyl)-3 pyridinecarboxylic 
acid) herbicide was used in the bioassay (Figure 3). The herbicide has been registered for use in pea, soybean, and beans 
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with recommended dose of 100 ml/da in Turkey. The imazamox herbicide was applied using a fully automated cabinet 
sprayer (Figure 3) with a water volume of 50 L ha−1 using a flat fan nozzle at 300 kPa pressure.  

When the plants were at the 6-8 node stage, herbicide was applied at control, recommended dose, and ¼, ½, 1, 2, and 
4-fold of recommended dose. 

2.3. Measurements  

2.3.1.  Visual scoring 

 

Figure 4 Visual comparison of different imazamox doses applied to ‘Altıntoprak’ lentil variety  

 

Figure 5 Visual comparison of different imazamox doses applied to ‘Çağıl’ lentil variety 

 

Figure 6 Visual comparison of different imazamox doses applied to ‘Fırat 87’ lentil variety  

The varities were scored at 14 days after herbicide application on a 1-5 scale for herbicide tolerance as proposed by 
Gaur et al. (13 ) where, 1 indicate highly tolerant (excellent plant appearance, no chlorosis / narrowing / burning of 
leaves), 2 tolerant (good plant appearance with minor chlorosis / narrowing / burning of leaves), 3 moderate tolerant 
(fair plant appearance with moderate chlorosis / narrowing / burning of leaves), 4 sensitive (poor plant appearance 
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with severe chlorosis / narrowing / burning of leaves) and 5 highly sensitive (complete burning of leaves leading to 
mortality of most of the plants), (Figure 4, 5, 6). 

2.3.2. Fresh and dry weight  

The above-ground parts of 15 plants from each tray were harvested 28 days after herbicide application and their fresh 
and dry weights were measured. 

2.4. Statistical analyses 

Analysis of variance (ANOVA) ws used to infer the differences among cultivars in SAS statistical analysis program. Dose-
response curve was obtained by finding I50 value affecting half of the population in the applications using log-logistic 
regression formula.  

𝑦 = 𝐶 +
𝐷 − 𝐶

1 + 𝑒𝑥𝑝⦃𝑏. 〔log(𝑧) − log(𝐸𝐷50)〕⦄
 

Where; 
Y = Dependent variable (biomass) 
z = Independent variable (dose of herbicide) 
D = Upper limit of y 
C = Lower limit of y 
ED50 = Dose giving biomass halfway between D and C 
B = relative slope of curve around ED50 

3. Results and discussion 

The damage response of lentil genotypes against imazamox herbicide based on visual observation revealed that ‘Fırat 
87’ was more tolerant than rest of the varietes, i.e., ‘Çağıl’ and ‘Atıntop’ (Table 1). 

Table 1 Visual scoring of varietes after 14 days of herbicide application 

 1-5 Scale (14 Days After Herbicide Treatment) 

Fırat 87 T 

Altıntop MT 

Çağıl S 

The ANOVA indicated that ‘Fırat 87’ was the most tolerant to imazamox from tested lentil cultivars. The variety ‘Çağıl’, 
on the other hand, was the most sensitive. 

‘Fırat 87’ showed better development and higher fresh weight, compared to other varietes. The lowest fresh weight (7.6 
g) was noted for ‘Çağıl’ variety, whereas ‘Fırat 87’ produced the highest (10.5 g) fresh weight (Figure 7). Similalry, the 
lowest (1.7g) and the highest (3.5 g) dry weight was recorded for ‘Çağıl’ and ‘Fırat 87’ varieties, respectively (Figure 8). 
The results warrant that ‘Fırat 87’ red lentil cultivar could be selected for the development of imazamox-tolerant since 
it is more tolerant to imazamox than other cultivars. 

The I50 values of ‘Çağıl’, ‘Altıntoprak’ and ‘Fırat 87’ were 14.05, 23.00 and 38.47 ml/ha, respectively. Considering that 
the recommended dose of imazamox herbicide is 100 ml/ha, the herbicide at doses far below the recommended dose 
affects these lentil varieties. 
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Figure 7 Fresh weight of above ground parts produced by different lentil varieties included in the study 

 

 

Figure 8 Dry weight of above ground parts produced by different lentil varieties included in the study 

 

Figure 9 Dose-response curve and I50 values of lentil varieties treated with different doses of imazamox  
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4. Conclusion 

Lentil genotypes responded differently to imazamox in greenhouse experiments. Results revealed that ‘Fırat 87’ was 
found to be the most resistant and could be use dan experimental material for the development of IMI-tolerant lentil 
varieties. 
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