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Abstract 

Kale is one of the most important leafy vegetables. Turnip mosaic virus (TuMV) is a Potyvirus of the family Potyviridae 

that causes diseases in kale plants. This study was carried out to determine effect of TuMV on morphological and 

physiological characteristics of kale plants. Relationships between TuMV infection and some 

morphological/physiological parameters of kale were determined. According to the results obtained, in TuMV-infected 

kale plants have reduced plant (6.0%) and leaf (13.9%) length, leaf width (25.9%), stalk length (8.6%), root length 

(55.5%), plant fresh (37.8%) and, dry (38.9%) weight, root fresh (43.8%), dry (41.1%) weight, leaf chlorophyll (12.4%) 

and water (0.57%) contents There were significant differences (p<0.05) between healthy and infected plants for the 

morphological and physiological parameters. 
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Öz 

Yaprak lahana en önemli yaprağı yenen sebze türlerinden biridir. Potyviridae familyası Potyvirus cinsi içerisinde yer 

alan Turnip mosaic virus (TuMV), yaprak lahana bitkilerinde hastalıklara neden olmaktadır. TuMV'nin yaprak lahana 

bitkilerinin morfolojik ve fizyolojik özelliklerine etkisini belirlemek amacıyla bu çalışma yürütülmüştür. TuMV 

enfeksiyonu ile yaprak lahana bitkisinin bazı morfolojik ve fizyolojik parametreleri arasındaki ilişkiler belirlenmiştir. 

Çalışmada elde edilen sonuçlara göre, TuMV enfeksiyonu yaprak lahanaların; bitki (%6.0) ve yaprak (%13.9) boyunda, 

yaprak (%25.9) genişliğinde, sap (%8.6) ve kök (%55.9) uzunluğunda, bitki yaş (%37.8) ve kuru (%38.9) ağırlığında, kök 

yaş (%43.8) ve kuru (%41.1) ağırlığında, yaprak klorofil (%12.4) ve su (%0.57) içeriğinde azalmalara neden olmuştur. 

TuMV'nin yaprak lahana bitkilerinin morfolojik ve fizyolojik parametrelere etkisi bakımından, sağlıklı ve enfekteli bitkiler 

arasında önemli farklılıklar (p<0.05) bulunmuştur. 

 

Anahtar kelimeler: Brassicaceae, Gelişim özellikleri, Yaprak lahana, Fizyolojik özellikler, Virüs 
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1. Introduction 

 

Turkey is suitable for cole crops production in 

terms of climatic conditions. The Brassicaceae 

family takes the lead in terms of production in cool 

climate vegetable species in Turkey (Turkstat, 

2018). Species of the Brassicaceae family provide 

important contributions to human nutrition which 

are grown on a wider area of the world. Eastern 

Mediterranean countries and Anatolia are 

considered to be the origin of this group (Fang et 

al., 2005).  

 

Kale (Brassica oleracea var. acephala) has an 

important role among the leafy green vegetables in 

Turkey. Kale cultivation and consumption in 

Turkey is usually produced intensively in the Black 

Sea region. Kale cultivation is one of the important 

agricultural activities in Samsun province as the 

first rank in terms of production (Turkstat, 2018). 

There are many factors that influence the quality 

and quantity of crops in kale production. Several 

viral pathogens cause disease in species of the 

Brassicaceae family (Raybould et al., 1999; 

Latham et al., 2003). 

 

Turnip mosaic virus (TuMV) is one of the most 

common viruses that can infect a large number of 

cultivated plant species, especially the 

Brassicaceae family (Wang et al., 2015). TuMV, 

Potyvirus genus, the Potyviridae family, has 

flexible rod-shaped particles with a length of 700-

750 nm. The virus can spread non-persistently 

with infested plant materials which was attacked 

by numerous aphid species (Nguyen et al., 2013). 

 

TuMV has been detected by previous studies as the 

most common virus in Brassica crops (Sevik, 

2016a; Sevik, 2019). TuMV was found to be the 

most common virus in surveyed kale fields in Ordu 

(Sevik, 2016b) and Samsun (Akcura and Sevik, 

2016) provinces in Black Sea Region of Turkey. 

TuMV may lead to significant yield and quality 

losses every year in plant species of the 

Brassicaceae family (Rusholme et al., 2007; Jiang 

et al., 2010). Yet no published findings were 

reported about the effect of viruses on kale plants 

which are grown intensively especially in the Black 

Sea Region of Turkey. 

 

In this study, we aimed to determine the impact of 

TuMV on morphological and physiological traits in 

kale plants. The experiments were conducted to 

investigate the effect of the virus on kale plants. 

 

 

 

2. Material and method 

 

2.1. TuMV isolate 

 

TuMV-BA isolate was isolated from cabbage 

plants in Samsun province. The virus was 

inoculated to kale seedlings in a climatic chamber 

(16 hours light at 24 °C and 8 hours dark at 18 °C) 

in virology laboratory, Department of Plant 

Protection, Faculty of Agriculture, Ondokuz Mayıs 

University. TuMV inoculated fresh kale leaves 

were used as virus inoculum in the experiments. 

The fresh leaves of infected kale were used as 

source of virus inoculum in the experiments. 

 

2.2. Plant materials 

 

Kale seed samples constitute the research that was 

obtained from commercial companies in the 

region. Kale seeds were germinated in viols 

containing sterile commercial peat. The seedlings 

were then transferred to large pots in the 

experiments. 

 

2.3. Mechanical inoculation 

 

Phosphate buffer solution (PBS) (pH: 7.0) 0.01 M 

was freshly prepared and used for mechanical 

inoculation (Nguyen et al., 2013). TuMV-infected 

fresh leaves were homogenized in a chilled sterile 

mortar containing phosphate buffer solution (1 g/5 

ml), carborundum was added and applied to kale 

plants at its four-leaf stage. The experiment was set 

up as five replications with twenty plants per 

repetition. The inoculated plants were kept in the 

greenhouse and observed for eight weeks (Guo et 

al., 2005).  

 

2.4. ELISA test 

 

The double-antibody sandwich Enzyme-linked 

immunosorbent assay (DAS-ELISA) was 

performed to detect the presence of TuMV in 

inoculated kale plants.  DAS-ELISA was 

performed in line with the procedure reported by 

the company (Bioreba) where the kit was 

supplied.  The absorbance (A405) in each well of the 

ELISA plates was read at 405 nm using an ELISA 

microplate reader (Tecan Spectra II, 

Austria).  Samples with a value three times higher 

than the absorbance values of the negative controls 

were evaluated as positive. 

 

 

 

 



Şevik and Cansız / GUFBED 11(3) (2021) 919-924 

921 

2.5. Morphological and physiological 

measurements 

 

In the current study, plant length (cm), root length 

(cm), leaf length (cm), leaf width (cm), stalk length 

(cm), plant fresh weight (g), plant dry weight (g), 

root fresh weight (g), root dry weight (g), leaf 

chlorophyll and water content (%) were measured 

in kale plants. The chlorophyll contents of the 

plants were determined with a Konica Minolta 

SPAD-502 Plus one day prior to harvest. The 

average chlorophyll content was recorded at three 

different points on the top three leaves of each plant 

(Xie et al., 2016). In a total, fifteen measurements 

were made for each sample and the mean value was 

calculated. 

 

The plants were washed with the tap water after 

harvest and it was measured from the root crown to 

the tip of the leaf with a millimetric ruler. The plant 

root length was assessed with the same ruler. For 

leaf width measurement, six young leaves ripening 

outwards from the middle were sampled and the 

distance between the edge points was measured 

with a ruler. Similarly, the leaf length was 

measured until the leaf stalk with a ruler. The 

length of the stalk, from the leaf blade up to the 

point where it was connected to the stem, was also 

measured with a ruler.  

 

The weight of biomass and roots of the plants 

(washed with tap water and excess water removed) 

were individually measured on a 0.001 g precision 

digital balance (Kern, EW 220). For dry weight 

measurement, the biomass and roots were dried for 

72 hours at 70 °C in a drying oven and weighed 

again with a precision balance (Aksu et al., 2017). 

Leaf water content was calculated via biomass and 

dry mass values after drying of the leaf sample in 

the drying oven (Wang et al., 2011). 

 

2.6. Statistical analysis 

 

Statistical analyses were performed using an 

SPSS software package (Version 21.0, IBM 

Corp., NY). The plant-root length, leaf length-

width, stalk length, plant fresh-dry weight, root 

fresh-dry weight and chlorophyll content values 

were subjected to variance analysis with SPSS 

statistical package program.  

 

 

 

 

3. Results and discussion 

 

In this study, we evaluated the findings of the 

effects of TuMV, which is common in kale 

production areas, on the morphological and 

physiological characteristics of kale crops. Virus 

symptoms (light mosaic, mosaic, and local lesions) 

were observed in kale plants after fifteen days of 

TuMV inoculation. The symptoms in infected 

plants were consistent with the findings as 

observed in kale in previous studies. Symptoms 

were observed on leaves from all inoculated kale 

plants and TuMV was detected in inoculated plants 

by DAS-ELISA.  

 

Values and statistical analyzes of some physio-

morphological parameters (plant root length, leaf 

length width, stalk length, plant root fresh weight, 

plant root dry weight, chlorophyll water content) of 

kale crops were obtained at the end of the 

experiment as presented in Table 1 and 

summarized in Figure 1-3. 

 

It has been determined that TuMV showed 

negative effect on morphological and physiological 

parameters in kale plants. When compared with 

healthy plants, TuMV infected plants reduced plant 

(6.0 %) and leaf (13.9%) length, leaf (25.9%) 

width, leaf stalk (8.6%), root (55.5%) length; plant 

fresh (37.8%) and dry (38.9%) weight, root fresh 

(43.8%) and dry (41.1%) weight and chlorophyll 

(12.4%) content. There were significant 

differences (p<0.05) found between the averages. 

It was observed that healthy and infected plants 

have a small difference (0.57%) in leaf water 

content (Figure 1). 

 

In the present study, it was determined that TuMV 

marked a negative effect on many morphological 

parameters in kale plants. Similar results have been 

obtained in studies on species of the Brassica genus 

(Liu et al., 1990). According to findings, TuMV 

usually leads to yield losses of around 30% and 

reduces plant growth by up to 100% (Liu et al., 

1996). According to a study conducted Kenya, the 

TuMV decreased kale plant and leaf length 

(Shattuck, 1992). Also, TuMV was found to show 

a significant decrease in leaf and root weight and 

marketable leaf counts in kale plants (Spence et al., 

2007). Likewise, when compared to control plants 

at the end of the trial, it was determined that virus-

infected plants caused decreases in fresh and dry 

mass. This result was consistent with the findings 

of the study with TuMV by Guo et al. (2005). 
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Table 1. Variables used to determine the effect of TuMV on kale plants. 

 

Parameters Infected Control Significance 

Plant length (cm) 28.2 ±3.97 30.0±2.1 * 

Leaf length (cm) 10.1 ±0.95 11.8±0.17 * 

Leaf width (cm) 6.8 ±0.49 9.1±0.84 ** 

Stalk length (cm) 8.2 ±2.70 9.0±1.16 * 

Root length (cm) 2.0 ±0.97 4.5±1.0 ** 

Plant fresh weight (g) 19.1 ±0.82 30.7±0.78 ** 

Plant dry weight (g) 2.5 ±0.33 4.1±0.78 ** 

Root fresh weight (g) 0.3 ±0.08 0.6±0.39 ** 

Root dry weight (g) 0.1 ±0.03 0.17±0.23 ** 

Chlorophyll (%) 38.9 ±4.44 44.4±3.6 * 

Leaf water content (%) 86.6 ±0.01 87.1±0.01 - 
*Significant at 5%, 

**Significant at 1%. Average values in the row imply a statistically significant difference according to the Tukey test (P < 0.01). The average values in 
each case are followed by the value of the standard deviation. 

 

 
 

Figure 1. Length of plant, leaf, stalk, and root, leaf width at eight weeks in infected and 

control plants after TuMV infection. 

 

 
 

Figure 2. Fresh and dry weight of plants and roots at eight weeks after TuMV inoculation in infected and 

control plants. 
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Figure 3. Leaf chlorophyll and water content in TuMV-infected and control plants at 

eight weeks after inoculation. 

 

TuMV has been reported to cause 40% yield loss 

in Brassicas (Gorecka and Lehmann, 2001). 

Similarly, it has been reported by various 

researchers that the virus has lost yields as follows; 

37-90% (Kolte, 2018) in China, 46% (Jones et al., 

2007) in Australia and 1.7-8.3% (Tabarestani et al., 

2010) in Iran.  

 

Leaf chlorophyll content may be directly related to 

stress physiology and low chlorophyll content can 

directly affect photosynthesis in plants (Hooks et 

al., 2008). In this study, we found that the kale leaf 

chlorophyll content was decreased by 12.4%. 

Similarly, leaf chlorophyll content of TuMV-

infected mustard plants was found to be lower than 

the control plants (Guo et al., 2005). 

 

4. Conclusion 

 

In conclusion, TuMV is one of the most important 

viral pathogens that are common and can lead to 

serious loss of yields in Brassica crop. The effect 

of the TuMV infection on kale plant was examined 

in the current study. From this experiment, it was 

determined that the virus had a negative effect on 

yield and physio-morphological characteristics 

(plant root length, leaf length width, stalk length, 

plant root biomass, plant root dry mass, chlorophyll 

content) of kale plants. Statistical analyzes have 

shown a negative correlation between virus 

infection and some physio-morphological 

parameters. There were significant differences 

found between in infected and control plants. 
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