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Abstract: Field dodder is a parasitic weed that causes significant damage to agricultural crops. In this research, the susceptibility 

of three tomato varieties (Koy, F1 pembe, and Bursa) to field dodder infection was tested under field conditions. The infection rate 

was determined at different stages of tomato growth, also the fresh and dry weight of field dodder parasitized on the tested tomato 

varieties were calculated. The decrease in the average weight, length and width of fruits of different tomato varieties due to field 

dodder infection was also determined. The decrease in the number of tomato fruits and production for each tomato variety was also 

calculated. The results showed that the infection rate of tomato varieties ranged between 91.5% for the Bursa variety and 73.8% for 

the Koy variety. Field dodder was able to form a large biomass on different tomato varieties, ranging from 537.7 to 945.2 g/m2 of 

fresh weight. The infection led to a significant decrease in the fruit and production characteristics of tomato varieties. The highest 

loss in production was in the Bursa variety, at a rate of 76.3%, while the lowest loss was in the Koy variety, at a rate of 61.7%. In 

addition, the infestation of field dodder had a significant impact on the quality of production by reducing its nutrient content in 

different proportions. Despite the variation in the sensitivity of the varieties used in this experiment, the results showed that these 

varieties are sensitive to field dodder infection, so effective control must be carried out to limit the decline caused by this weed in 

tomato production. 
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1. Introduction 

Turkey is one of the most important countries in the world in tomato production and take third place with a production of 13.1 

million tons in 2022. (FAO, 2022). There are many tomato varieties spread in Türkiye, differing in appearance, quality and 

productivity (Guvenc, 2016). Tomato production is exposed to many biological factors, such as weeds, which lead to a decrease in 

production, both quantitatively and qualitatively. Field dodder (Cuscuta campestris Yunck.) is one of the most important challenges 

in tomato production and can lead to a significant decrease in production if not controlled. Field dodder is an obligate parasitic plant 

that does not contain chlorophyll or leaves. Its yellow-orange stems continue to grow endlessly until the end of summer, when white 

flowers appear. The field dodder depends on the host plant to meet its needs for water, minerals, and organic nutrients. As soon as 

the dodder comes into contact with the host plant, special structures called haustorium form the stems of the dodder, which penetrate 

the phloem and xylem of the host and transfer nutrients to the parasitic plant (Yuncker, 1932; Dawson et al., 1984; Tennakoon et 

al., 2016). It was reported that the damage rate caused by field dodder to some cultivated plants (such as tomatoes, eggplants, 

potatoes, and peppers) varies between 50-90% (Lanini and Kogan, 2005; Ustuner, 2020; Lian et al., 2006; Almhemed, 2023). Ashton 

and Santana (1976); Hutchinson and Ashton (1979); Nir et al. (1996) found that all commercial tomato varieties were sensitive to 

dodder. While field dodder reduces tomato vegetative growth and fruit number, it was reported to be ineffective on tomato fruit 

diameter and ripening time (Lanini, 1992). Tomato plants infected with dodder lost 50-75% of yield (Davis et al., 1998; Goldwasser 

et al., 2012). Under greenhouse conditions, tomato yield loss rate due to C. chinensis infection varied between 20 and 72% (Marambe 

et al., 2002). The damage caused by field dodder to pepper plants according to its stages of development was 100% at the seedling 

stage, 53% at the flower stage, and 28% at the fruit stage (Ustuner, 2020). The loss of sugar beet root yield was 31% due to 50% of 

plants being infected with field dodder (Ustuner and Ozturk, 2018). The loss rate in chickpeas due to infection with this weed varied 

between 86-88% (Dal, 2020). It was determined that field dodder caused 20-57% yield loss in forage crops (Aly et al., 2003) and 

38% yield loss in parsley (Ustuner, 2022). Field dodder reduced the nutrient content and total chlorophyll II of eggplant fruits at 

different rates between infected and uninfected eggplant plants. Total carbohydrate reduction rate was determined as 59.25%, 

nitrogen 60.42%, phosphorus 51.85%, potassium 38.37%, calcium 35.67%, boron 17.17%, protein 60.20%, vitamin C 65.53%, total 

soluble solids 29.76% and total chlorophyll II 67.25% (Al-Gburi, 2021). Almhemed (2023) reported that the field dodder infection 
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led to significant losses in eggplant plants. The eggplant variety (Adana) used was considered susceptible to weed damage. The 

infestation rate of dodder on eggplant branches was 93.8%. The dodder formed a large biomass amounting to 1774 g/m2 of fresh 

weight. The percentage of decrease in the number of fruits was 59%, while the percentage of decrease in production was 82.17%.  

The aim of this research was to test the sensitivity of three important varieties (Koy, F1 pembe, and Bursa) of tomatoes to field 

dodder infection. This is done by determining the growth and development of field dodder on these varieties and reflecting the 

severity of the infection on the characteristics of the fruit and the production of tomatoes quantitatively and qualitatively. 

Materials and methods 

2.1. Materials 

The experiment was carried out in Agricultural Research Institute fields in Kahramanmaras Province in 2021, and laboratory work 

was also implemented at Kahramanmaras Sutcu Imam University (KSU), Faculty of Agriculture, Department of Plant Protection. 

Chemical analysis were cunducated in University Industry Public Cooperation Development, Application and Research Center 

(USKIM). Climatic data for the experiment area during growing seasons were obtained from the Kahramanmaras Meteorology 

Station (Table 1). 

Table 1. Climatic data of Kahramanmaras Province during the experiment months. 

Month Minimum 

temperature (°C) 

Maximum 

temperature 

(°C) 

Average 

temperature 

(°C) 

Average 

relative 

humidity (%) 

Total 

precipitation 

(mm) 

 2021 2021 2021 2021 2021 

April 0.4 30.9 15.5 66.1 33.0 

May 7.5 41.2 21.2 54.4 23.0 

June 11.4 41.0 25.2 50.2 0.0 

July 18.5 44.6 30.8 46.4 0.0 

August 15.9 45.0 29.7 40.9 0.0 

September 17.1 45.5 28.8 42.9 0.0 

Three tomato varieties were used: Bursa, F1 pembe, and Koy. These varieties differ in the characteristics of the shaped fruit. The 

Bursa variety has an oval shape, while F1 pembe and Koy varieties are characterized by a disc shape (Figure 1). In addition, these 

varieties differ in the speed of their growth, production, and fruit quality. The Bursa variety is characterized by high productivity, 

relatively smaller fruit size, and rapid growth compared to other varieties, but its fruits are of lower quality and low price in the 

markets compared to other varieties. The F1 pembe variety is characterized by high productivity and high-quality fruits with an 

attractive pinkish-red color and a delicious taste. Therefore, its prices are relatively high in the local and international markets, and 

it is one of the exportable varieties. The Koy variety is a desirable local variety in Turkey because of the large size of the fruit, its 

dark red color, and its richness in nutrients, but its production is less than the previous varieties (Figure 1). 

   

Figure 1. Fruits of tomato varieties used in the experiment. a: Koy, b: F1 pembe, and c: Bursa. 

Seeds of tomato varieties were obtained from Teta Tohumculuk -Seed Company and the seedlings were produced in the laboratories 

of the College of Agriculture, KSU. There was no need to conduct field dodder infection because the experimental area was infested 

with weeds. At the end of April, the land was prepared for cultivation through two perpendicular cultivators, and the soil was ready 

for planting seedlings with the addition of fertilizers. 

Seedlings of tomato varieties were planted at the beginning of May at a distance of 40 x 60 cm. After that, all irrigation, pest control 

and fertilization operations were carried out. The harvesting process was carried out 9 times during the season, which continued 

until the end of September. 

2.2. Methods 
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2.2.1. Experiment design 

The experiment was designed using a completely randomized block method. Each block contained 6 treatments, two treatments for 

each variety, one uninfected and the other infected with the field dodder. The distance between the experimental plots was 1 m and 

the distance between the blocks was 2 m and the number of blocks (replicates) was four. In the uninfected treatments, all weeds 

were removed, including the field dodder, while in the infected treatments, all weeds were removed except the field dodder.  

2.2.1. Infection rate of field dodder 

The rate of dodder infection on tomato varieties was calculated in three stages: the flowering stage, the fruit ripening stage (first 

harvest), and the last harvest stage. The number of total tomato branches and infected branches was calculated for 8 plants in each 

infected experimental plot, and then the infection rate was calculated using formula (1). 

Infection rate % = number of infected branches/total number of branches x 100         (1) 

To determine the susceptibility of the varieties to dodder infection, samples were taken from the stems of the various infected tomato 

varieties during the flowering stage, and slices were prepared in the area of infection and observed through a microscope (15 times 

agnification). 

2.2.2. Fresh and dry weight of field dodder 

After the last harvest of the tomato varieties, the infected tomato plants were collected from 1 m2 of each treatment, the dodder was 

separated from the plants in the laboratory, and the fresh weight was determined using a sensitive balance (error rate of 1 g). After 

that, the dodder samples were dried in room conditions at a temperature of 28 ±3. °C for a month and the dry weight was determined. 

2.2.3. The effect of field dodder infestation on tomato fruit characteristics 

The effect of dodder infection on tomato fruit characteristics was determined by calculating the percentage reduction in fruit weight, 

fruit length, and fruit width. 

The weight of 10 uninfected and 10 infected fruits was calculated individually for each tomato variety in each harvest. The general 

average fruit weight was calculated, after which the percentage of fruit weight reduction was calculated through formula (2). 

Reduction rate of the studied trait = [1- (value of the studied trait for infected plants/value of the studied trait for uninfected plants)] 

x 100          (2) 

The width of the fruit was considered to be the diameter between the point of contact of the fruit with the mother plant and the floral 

tip. The length of the fruit is the diameter perpendicular to the width of the fruit. An electronic ruler was used to calculate the length 

and width of 10 fruits of uninfected and infected plants for each variety after each harvest, and the arithmetic average of the length 

and width of the fruit was calculated. Using the formula (2), the percentage of reduction in length and width of fruits of the studied 

tomato varieties due to dodder infection was calculated. 

2.2.4. The effect of field dodder infestation on tomato production 

The number of fruits obtained from 1 m2 was counted using plastic string and four wooden posts in each experimental plot to 

determine the number of fruits from the same place in each harvesting process. After that, the rate of reduction in the number of 

tomato fruits for each variety was calculated using the formula (2). 

The production of different tomato varieties in the uninfected and infected treatments was calculated by summing the production of 

all harvesting operations, and then the production reduction rate was calculated using the formula (2). 

2.2.5. The effect of field dodder infestation on the nutritional content of tomato fruits 

In the middle of the season (fifth harvest), 2 kg of tomato fruits from non-infected and infected plants were collected and sent to 

Iskim to analyze their content of glucose, fructose, protein, fat, and moisture (% of dry matter). In addition to the content of 

potassium, calcium, magnesium, phosphorus, and iron (g/kg of dry matter). The color depth was also determined using scales L 

(brightness; 100 white, 0 black), a (+ red; – green), and b (+ yellow; – blue). 

2.2.6. Data analysis  

Differences between means were tested by MNOVA and LSD test using Excel and SPSS (version 26) programs. P values ≥ 0.05 

were considered significantly different. 

3. Results and Discussion 

3.1. Infection rate of field dodder 
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The severity of field dodder infection varied according to tomato varieties and growth stage. The severity of the infection increased 

from the beginning of the growing season to its end. The infection rate at the last harvest stage ranged between 73.8 and 91.5% 

according to the variety (Figure 2). There were significant differences between the percentage of dodder infection between the 

varieties on the one hand and the growth stages on the other hand (with the exception of the flowering stage, there was no significant 

difference between the F1 pembe and Bursa variety). The Bursa variety was more susceptible to field dodder infection, and the 

infection rate ranged between 53.1% in the flowering stage and 91.5% in the last harvest stage. While the Koy variety was the least 

susceptible, the infection rate ranged between 36.8% in the flowering stage and 73.8% in the final harvest stage (Figure 2). The 

results of this research are consistent with many studies that have shown that widespread commercial varieties of tomatoes are 

sensitive to field dodder infection (Ashton and Santana, 1976; Hutchinson and Ashton, 1979; Nir et al.,1996). 

Figure 2. Infection 

rate of tomato branches with field dodder according to growth stages. 

Despite the difference in varieties, the haustorium of the field dodder was able to penetrate the tissues of the tomato plant easily. 

Figure (3) shows the penetration of haustorium into the stems of different tomato varieties during the flowering stage. Also shows 

the success of the parasitic plant in establishing a close bond with the host plant such that it reaches the xylem tissue. Dodder species 

differ in their ability to penetrate the host plant. Goldwasser et al., 2001 showed that C. pentagona successfully wrapped around 

tomato stems and attached to them, but in most cases failed to penetrate the stem. Dodder penetration was 70% lower in tolerant 

cultivars compared to susceptible cultivars. 

   
Figure 3. Haustorium penetration into tissues of tomato varieties. a: Koy, b: F1 pembe, C: Bursa. 

The density of the field dodder was large at the end of the season, and the dodder was able, through its unlimited growth, to cover 

a large area of the infected experimental plots, as shown in the Figure (4). 
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Figure 4. Infection of tomato varieties with field dodder during the last harvest stage. a: Koy, b: F1 pembe, and c: Bursa. 

2.2.2. Fresh and dry weight of field dodder 

The results show that dodder growth on tomato varieties was different. The dodder established a greater biomass on the Bursa 

variety (945.2 fresh weight and 236.3 g/m2 dry weight) compared to the Koy variety, on which dodder growth was weaker (537.7 

g/m2 fresh weight and 127.6 g/m2 dry weight). The dry and fresh weight of the dodder growing on the three tomato varieties differed 

significantly (Figure 5). 

 

 
Figure 5. Fresh and dry weight of field dodder growing on tomato varieties. 

2.2.3. The effect of field dodder infestation on tomato fruit characteristics 

The fruit weight of tomato varieties decreased due to dodder infection at a rate of 36.7 and 47.1%, and the fruits of the Bursa variety 

were more affected, while the effect of dodder on the fruits of Koy and F1 pembe was similar in terms of statistical (Table 2).  

Due to the nature of fruit growth for both the Koy and F1 pembe varieties, which grow transversely, fruit length was not significantly 

affected (reduction rate of 10.2 and 12.9%, respectively) compared to the Bursa variety, whose fruits grow longitudinally (reduction 

rate of fruit length is 40.8%) (Table 2). 

In contrast to fruit length, the effect of dodder infection on the fruit width of the Koy and F1 pembe varieties was greater than that 

of the Bursa variety, as shown in the Table (2).  

Table 2. Tomato varieties fruit characteristics 

Tomato 

variety 

Weight of fruit (g) Fruit length (mm) Width of fruit (mm) 

Inf. Uninf. RP(%) Inf. Uninf. RP(%) Inf. Uninf. RP(%) 

Koy 182.9 288.8 36.7a 48.0 53.4 10.2a 61.0 88.7 31.2b 

F1 pembe 131.0 212.9 38.5a 39.6 45.4 12.9a 44.7 70.1 36.2b 

Bursa 42.9 81.2 47.1b 46.3 78.2 40.8b 29.7 39.3 24.3a 
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LSD   4.8   8.7   6.3 

Inf.: Infected tomato plant, Uninf.: Uninfectef tomato plant, and RP: Reduction percentage 

2.2.4. The effect of field dodder infestation on tomato production 

A significant decrease in the number of tomato fruits due to the infection was observed, reaching 52.8% in the Bursa variety, while 

the lowest decrease in the number of fruits was in the Koy variety, which was 37.2% (Table 3). Lanini (1992) reported similar 

results, where it was found that field dodder reduces the number of tomato fruits but it didn't affect the diameter of tomato fruits. 

Because the infection reduced the weight and number of fruits, the rate of reduction in the final production of tomato varieties was 

much greater. The percentage of reduction or loss in tomato yield for the Bursa variety was 76.3%, the F1 pembe variety was 67.4%, 

and the Koy variety was 61.7% (Table 3). One study showed that tomato plants infected with field dodder lost 50-75% of yield 

(Goldwasser et al., 2012). 

Table 3. Tomato varieties number of fruits and production 

Tomato variety Number of tomato fruits (No/m2) Production of tomato (g/m2)  

Inf. Uninf. RP(%) Inf. Uninf. RP(%) 

Koy 11.5 18.3 37.2a 1996 5214 61.7a 

F1 pembe 16.8 30.5 44.9b 2103 6446 67.4b 

Bursa 50.7 107.3 52.8c 2085 8813 76.3c 

LSD   6.7   5.3 

Inf.: Infected tomato plant, Uninf.: Uninfectef tomato plant, and RP: Reduction percentage 

2.2.5. The effect of field dodder infestation on the nutritional content of tomato fruits 

The infestation of field dodder led to an important decrease in the nutritional content of the fruits of tomato varieties, with the 

exception of fat. The nutritional content of the tomato fruits decreased from all the studied nutrients. The color characteristics of the 

fruits were also affected, such that the red color index (a) decreased and the white (L) and yellow (b) color index increased (Table 

4), which indicates a delay in the ripening of the fruits. Al-Gburi (2021) reported that field dodder reduced the nutrient content of 

eggplant fruits at different rates between infected and uninfected eggplant plants. Total carbohydrate reduction rate was determined 

as 59.25%, nitrogen 60.42%, phosphorus 51.85%, potassium 38.37%, calcium 35.67%, boron 17.17%, and protein 60.20%. 

Table 4. Nutritional content of tomato varieties fruits 

Tomato variety 
Koy F1 pembe Bursa 

Inf. Uninf. RP(%) Inf. Uninf. RP(%) Inf. Uninf. RP(%) 

Glucose (%) 3.77 2.24 40.58 3.28 1.72 47.56 2.17 1.25 42.40 

Fructose (%) 3.45 2.08 39.71 2.12 0.8 62.26 2.25 0.87 61.33 

Protein (%) 15.63 10.95 29.94 15.96 14.61 8.46 11.46 10.35 9.69 

Fat (%) 0.71 0.76 -7.04 0.82 0.87 -6.10 0.68 0.79 -16.18 

K (g/kg) 33.84 17.84 47.28 29.76 24.12 18.95 28.72 20.21 29.63 

Ca (g/kg) 2.84 0.884 68.87 1.084 0.718 33.76 1.006 0.89 11.53 

Mg (g/kg) 2.17 1.56 28.11 2.214 1.734 21.68 1.14 1.08 5.26 

P (g/kg) 3.95 1.74 55.95 4.887 2.378 51.34 2.74 2.12 22.63 

Fe (g/kg) 0.087 0.064 26.44 0.084 0.047 44.05 0.069 0.053 23.19 

Moisture (%) 94.54 94.68 -0.15 94.6 94.63 -0.03 95.05 95.12 -0.07 

Color depth 

(%) 

L* 35.81 37.19 -3.85 37.21 40.85 -9.78 36.55 36.85 -0.82 

a* 32.6 30.9 5.21 33.8 33.5 0.89 32.84 31.44 4.26 

b* 30.17 31.86 -5.60 27.92 28.75 -2.97 29.06 31.83 -9.53 

*=D65 was made with daylight and 10 degrees’ perspective. The fruits’ color was L (brightness; 100 white, 0 black), a (+ red; – 

green) and b (+ yellow; – blue) was measured on the cheek area (Kaymak et al., 2010). 

Inf.: Infected tomato plant, Uninf.: Uninfectef tomato plant, and RP: Reduction percentage 

 

4. Conclusion 

The results of this experiment showed that the tomato varieties used showed different sensitivity to field dodder infection. Bursa 

variety was the most sensitive, followed by the F1pembe variety and then the Koy variety. Despite the difference in the rate of field 

dodder infection between varieties, the weed caused significant losses in the quantity and quality of production of the three varieties. 
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According to these results, there must be effective management of lands infested with field dodder planted with these varieties, or 

the use of varieties resistant to the infestation. 
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