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In this study, the effects of exogenous Tyrosine (Tyr: 2.5 mM) application on the variations 

of growth rate parameters, enzymatic and non-enzymatic constituents, oxidative stress, and 
mineral content under lithium-applied (Li1: 6.44 mM; Li2: 19.32 mM) seedlings of the Anlani 

F1 spinach cultivar were investigated. Results showed that a higher Li led to a significant 

reduction in the growth rate parameters including shoot, root, and leaf length, the fresh weight 
of shoot, root, and leaf, and leaf blade sizes, whereas a lower Li dose resulted in an increase 

in those parameters. In contrast, the Tyr supply to the Li-applied seedlings resulted in a rise 

in these measured parameters. Similarly, chlorophyll and polyphenol contents and PAL, APX, 
CAT, POD, and SOD activities were higher in all exogenous Tyr-treated groups, including 

lithium-treated groups. Whilst nitrate content was higher in the Li-applied seedlings, NR 

activity was lower. Also, MDA and H2O2 were found to be higher in the Li-applied group, but 
exogenous Tyr supplements reduced their levels in the seedlings. Li, Ca, Na, Cl, Mn, Fe, Ni, 

Cu, and Zn accumulation were induced by Li doses and Tyr applications together with Li, but 

Tyr applications alone reduced all of their levels. Also, exogenous Try supplementations to 
the Li-applied group caused an important decline in the Li accumulation. As a result, a higher 

Li dose exhibited a negative effect on the growth rate, chemical constituent, and antioxidant 
compounds of the Anlani F1 spinach cultivar, but exogenous Tyr supplement improved those 

examined traits in the Li-applied seedlings. 
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1. Introduction 
 

Spinach (Spinacia oleracea L.) is a popular leafy nutrient 

source, which is considered one of the healthiest vegetables in the 

daily diet of humans. The health effect of spinach is due to 

antioxidant molecules including pigments, phenols, vitamins, 

amino acids, enzymes, and minerals. In addition, having a low 

calorie and high water content increases its importance in health 

(Bostancı and Ulger 2022). As it is a cheap and readily available 

vegetable in almost all seasons, thisis an important advantage for 

the consumer as industrial and commercial properties are 

important for spinach producers. Having cultivars that can be 

grown in every season, spinach is a vegetable that is 

economically important for Türkiye. However, the nutritional 

quality and yield of spinach differ depending on the growing 

conditions, and the dosage and type of the fertilizer used (Turfan 

2023). In recent years, due to wrong irrigation, unconscious and 

excessive fertilization, and spraying for good-looking crops, the 

soil properties are slowly deteriorating and therefore there has 

been a high yield loss in spinach production as well as other crops 

(Bostancı and Ulger 2022; Saddıque et al. 2022). Spinach is 

moderately tolerant of alkalinity in winter conditions and 

moderately sensitive in spring and summer. Most of the studies 

in spinach agriculture in Türkiye have focused on NaCl and 

heavy metal toxicity and the effects of exogenous 

organic/inorganic fertilization. However, there are no studies on 

lithium-induced saline-alkaline stress in spinach. Li is an alkali 

metal used in almost 20 industries including ceramic, glass, 

aluminum, oil, battery, phones, tablets, computers, electric cars, 

and autonomous robots and it has gained more importance in 

recent years (Robinson et al. 2018). The excessive accumulation 

of lithium-containing wastes in the soil triggers saline-alkaline 

stress which limits plant growth by repressing root growth, water 

and mineral uptake from the roots (Mulkey 2005; Hawrylak-

Nowak et al. 2012). In addition, since it is a mobile element, it is 

readily transported to the leaves after being taken up by the roots, 

causing many problems such as chlorosis, disruption of 

photosynthesis metabolism and prevention of other biochemical 

reactions (Bakhat et al. 2020; Wang et al. 2021). In recent years, 

to diminish, alkalinity stress damage, exogenous aromatic amino 

acids applications have been widely used (Zhang et al. 2021). 

Tyrosine (Tyr), one of the aromatic amino acids, is a precursor 

for pigments, phenolic compounds, vitamins, and enzymes 

specialized secondary metabolites that are vital for plant 

adaptation to environmental change (Feduraev et al. 2020). Also, 

it is a fundamental component of the complex producing oxygen 

in photosystem II, as an electron carrier. Moreover, the 

degradation of Tyr by the Krebs cycle can provide nitrogen, 

carbon, and ATP that are required for plant growth, especially 

during periods of carbohydrate shortage (Hildebrandt et al. 

2015). The positive effects of exogenous L-tyrosine application 

on the plant growth rate, nutritional quality, and stress resistance 

were observed following the foliar application of it in beetroot 

(El-Sherbeny et al. 2012), arugula Al-Mohammad and Al-Taey 
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(2019), and Hibiscus sabdariffa (Helaly and Ibrahim 2019). 

Although Tyr is an important aromatic amino acid, little is known 

about its specific defining roles in plant growth and development, 

and how tyrosine levels are controlled in plant tissues. In 

addition, there are studies in the literature on the vegetative 

growth of tyrosine, accumulation of beneficial metals, and alkali 

metals in plants, whereas no study has been found on how 

exogenous tyrosine application affects the response of plants to 

lithium. Also, no such study carried out in Türkiye was found. 

Thus, the present study aimed to determine the effect of foliar 

tyrosine treatment on spinach cultivation treated with lithium. 

The effect of exogenous Tyr application on the growth rate and 

biochemical characteristics of the Anlani F1 spinach cultivar 

treated with Li was investigated by making use of morphological 

parameters, bioactive chemical constituents, and mineral status. 

 

2. Materials and Methods 
 

2.1. Experimental design 
 

Anlani F1 spinach cultivar was used as a study material in the 

present research, which is a species tolerant of low temperatures, 

fragility, and diseases as well as suitable for greenhouse growing 

and open-area growing (Turfan 2023). The present study was 

carried out between 12 Nov 2022 and 14 March 2023 under 

greenhouse conditions with 14/22±2°C, relative humidity of      

68±5%, and photoperiod of 16 h. First, balcony-type pots           

(80 x 23 x 24) were filled with 25 L turf and soil mixture (3:1) 

and spinach seeds were planted. The study was designed with a 

random parcel experimental design with 3 repeats. The six 

treatment patterns were as follows: 1) Control (0), 2) Tyr (2.5 

mM L-tyrosine), 3) Li1 (6.44 mM LiCl2), 4) Li2 (19.32 mM 

LiCl2), 5) Tyr-Li1 (6.44 mM LiCl2 + 2.5 mM L-tyrosine), and 6) 

Tyr-Li2 (19.32 mM LiCl2 +2.5 mM L-tyrosine). Four pots were 

used in each group and 6x3= 18 pots in total. They were irrigated 

with a nutrient solution twice a week until lithium (Li) and 

tyrosine (Tyr) applications were started. After the 15th day since 

germination, the number of plants in each pot were reduced to 

approximately 10 seedlings. Li applications (LiCl2: Merck 

Lithium chloride CA 7447-41-8. EC: 231-213-3) were performed 

in the soil by dissolving in a nutrient solution (Hoagland and 

Arnon 1950) when seedlings had 4-5 leaves. L-tyrosine      

(Sigma-Aldrich, CAS 35424-81-8) application was performed on 

leaves with a tyrosine solution dissolved in a nutrient solution, 

while control plants were sprayed with nutrients. The 

applications were repeated twice a week for 8 weeks. Plants were 

harvested in the 9th week and some of them were used in 

morphological measurements, some in chemical analyses, and 

nutrient assaying. The determination of the doses of the 

chemicals was carried out according to the preliminary study 

with the viol. The stimulant doses of lithium (Li1) and tyrosine 

were considered at the concentration that caused a considerable 

increase in shoot, root, and leaf lengths and fresh weight of 

seedlings. The toxic dose of lithium (Li2) was taken into account 

in the concentration that caused the greatest reduction in shoot, 

root, and leaf development and fresh weight of seedlings. The 

nutrient components were: available magnesium 24.65%, 

available potassium 14.80%, available calcium 9.66%, available 

sodium 7.92%, available phosphorus 6.53%, available sulphur 

2.4%, available lithium 114.74 mg kg-1, available manganese 

980.8 mg kg-1, available iron 44230 mg kg-1, available nickel 

140.8 mg kg-1, available zinc 144.8 mg kg-1, and available copper 

46.8 mg kg-1. The pH value of the soil was found to be 6.38, and 

also electrical conductivity (EC) of 6.53 dS m-1.  

 

2.2. Assay 
 

2.2.2. Morphological measurement 
 

After treatments, all spinach seedlings were harvested for 

shoot/root, leaf length, fresh weight of plant and leaf 

measurements. The parameters were examined in 10 plants for 

each application. Shoot, root, leaf and leaf blade length (cm) were 

measured by a ruler. Fresh weight (g) shoot and leaf were 

determined by weighing with a precision balance. All chemicals 

and mineral analyses were performed with three replications. 

Measurements for plant growth rate parameters were carried out 

with ten replications. 
 

2.2.3. Chemical analyzes 
 

The chlorophylls and lutein were homogenized using ethanol 

and the estimations were made using the methods described by 

Kukric et al. (2012). The amount of polyphenol was performed 

according to the method of Folin and Denis (1915). About 0.5 mL 

of an extract was introduced into test tubes followed by 2.5 mL 

of 10% Folin-Ciocalteu reagent and 2 mL of 7.5% Na2CO3. The 

mixture was allowed to stand for 30 minutes, and absorbance was 

recorded at 760 nm. The phenol content of the extract was 

determined using tannic acid standard curves. Phenylalanine 

ammonia-lyase (PAL) was assayed following the method of 

Dickerson et al. (1984). A 500 mg sample was homogenized with 

mortar and pestle in the extraction buffer (50 mM Tris-HCl 

buffer, pH 8.8, 5 mM EDTA, 5 mM ascorbic acid). The reaction 

mixture, containing 100 µl of crude enzyme extract, 500 µl of 50 

mM Tris HCl (pH 8.8), and 600 µl of 1 mM L-phenylalanine, 

was incubated for 60 min at room temperature, and then the 

reaction ceased by the addition of 500 µl of 6 N HCl. The 

absorbance was recorded at 290 nm. The nitrate content was 

carried out by the salicylic acid method (Cataldo et al. 1975). The 

total amount of nitrate was calculated with the equation obtained 

from the NO3 standard curve and the amount of nitrate in the 

samples was expressed as mg g-1. Nitrate reductase (NR) activity 

was performed by following the method of Klepper et al. (1971). 

Antioxidant enzyme extraction was performed using a sodium 

phosphate buffer solution (50 mM, pH 7.6). 500 mg of fresh 

tissues were homogenized in a 5 Ml buffer containing 0.1 mM 

Na-EDTA (ethylenediamine tetraacetic acid disodium salt), then, 

were centrifuged for 15 min at 15000 rpm at 4°C. The resulting 

supernatant was used for the estimation of the activities of 

antioxidant enzymes such as ascorbate peroxidase (APX), 

catalase (CAT), peroxidase (POD), and superoxide dismutase 

(SOD) (Zhang et al. 2006). APX activity was determined by 

following the decrease in absorbance at 290 nm, as the ascorbate 

was oxidized. Enzyme activity was measured in a reaction 

mixture containing 0.5 mM ascorbate, 100 mM sodium 

phosphate buffer (pH 7.0), and enzyme extract. The reaction was 

started by adding 30 mM H2O2. APX activity was expressed 

as µmol H2O2 mg protein-1 min-1. The CAT activity of 

seedlings was determined using a mixture containing 100 mM 

sodium phosphate buffer (pH 7.0), 30 mM H2O2, and 100 µL of 

crude extract in a total volume of 3.0 mL. One unit (U) of CAT 

activity was expressed as the amount of enzyme that caused an 

absorbance change of 0.001 per minute under assay conditions. 

The activity of POD was calculated using 3 mL reaction mixtures 

containing 2 mL buffer (400 µl 8 mM guaiacol, 100 mM sodium 

phosphate pH 6.4), 1 mL of 24 mM H2O2 and 0.5 mL of enzyme 

extract. Absorbance values were recorded twice at 30-s intervals 

at 470 nm. POD activity was expressed as U µl-1 min-1. SOD 

activity was measured by inhibition of the photochemical 
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reduction of NBT (nitroblue tetrazolium). A 3 ml reaction 

mixture was prepared which comprised crude extract, phosphate 

buffer (pH 7.0), riboflavin, methionine, NBT, and EDTA. Test 

tubes were irradiated by a lamp having white fluorescence for 15 

min. The absorbance of solutions was recorded at 560 nm. One 

unit (U) of SOD activity was expressed as a U mg-1 protein. The 

Malondialdehyde (MDA) content of samples was measured 

according to the Lutts et al. (1996) method. 500 mg of fresh 

tissues were extracted in 10 mL of 0.25% thiobarbituric acid 

(TBA) in 10% trichloroacetic acid (TCA). The extracts were 

boiled at 95°C for 60 minutes and quickly cooled in an ice bath. 

After centrifuging at 5000 rpm for 10 minutes, the absorbance 

was read at 532 nm and 600 nm. The level of MDA was 

calculated as µmol g-1 of fresh weight using the extinction 

coefficient of 155 mM-1. Hydrogen peroxide (H2O2) was 

determined by the method of Velikova et al. (2000). Fresh tissues 

(500 mg) were homogenized with 0.1% (w/v) TCA. After 

centrifuging at 12.000 rpm for 15 minutes, 0.5 ml phosphate 

buffer (pH 7.0) and 1 ml potassium iodide were added to the 

supernatant. Its absorbance was noted at 355nm and H2O2 

concentration was estimated by using the H2O2 standard curve. 

All the chemical measurements were carried out directly with the 

fresh samples as triplicated. 

To determine elemental analysis (Li, Mg, P, S, K, Ca, Na, Cl, 

Al, Mn, Co, Fe, Ni, Zn, Cu, Cr, Cd, Pb, and I), some soil samples 

were taken before the planting experiments. Then soil and leaf 

samples were dried at 65 °C and powdered. These samples were 

used to determine the elemental analysis in Kastamonu 

University's Central Research Laboratory using the ICP-OES 

(SpectroBlue II) device. Each sample was analyzed in triplicate. 

The pH values of the soil samples were determined using a digital 

pH meter (Gülçur 1974).  
 

2.3. Statistical analysis 
 

All experimental data obtained from the effects of tyrosine 

application to the Acosta spinach variety under lithium stress on 

growth rate parameters, bioactive chemicals, and mineral status 

were subjected to multiple analyses of variance (MANOVA) 

using SPSS statistical software (SPSS for Windows, Version 16). 

Following the results of ANOVAs, Tukey’s honestly 

significance difference (HSD) test (α= 0.05) was also applied. 

 

3. Results and Discussion 
 

The effects of exogenous Tyr on the growth rate and leaf 

development of spinach seedlings treated with Li doses are 

presented in Table 1. All parameters significantly varied 

depending on the type and dose of application (P<0.0001).  

As seen in Table 1, a higher Li dose caused a sharp decline 

in the shoot, root, and leaf development, but a slight increase 

occurred at the lower dose. The exogenous Tyr application to the 

non-stressed seedlings enhanced the length of the shoot, root, and 

leaf as well as their fresh weight. On the other hand, exogenous 

tyrosine supplement improved shoot, root, and leaf properties at 

low Li dose, but did not show the expected effect on the growth 

rate, except leaf weight and leaf length at a higher dose. Results 

showed that the growth rate traits were reduced significantly by 

the Li2 compared to the control. Also, the highest values of 

growth rate were obtained from the Tyr application followed by 

the Tyr-Li1 (Table 1). In a study examining the effects of lithium 

on the growth rate, Hawrylak-Nowak et al. (2012) exposed 

sunflower and corn plants to lithium stress and observed that 

lower Li doses increased the shoot and root development, and 

leaf development, whereas higher Li doses caused a significant 

decrease in shoot fresh weight, leaf surface area in both species. 

In another study, Kalinowska et al. (2013) showed that high Li 

concentrations suppressed the root growth of lettuce with metal 

toxicity from Li. On the other hand, the positive effects of Tyr 

application on the plant growth rate and leaf development are 

similar to the results obtained by Helaly and Ibrahim (2019) for 

okra, Feduraev et al. (2020) for wheat, and Tarasevičienė et al. 

(2021) for mints. The stimulatory effect of tyrosine on growth 

parameters may be due to increased pigment deposition in leaves, 

promoting increased photosynthetic gain (Perchlik and Tegeder 

2018). Chlorophyll pigments, and lutein obtained from spinach 

seedlings are provided in Table 2, but secondary metabolism 

products are shown in Figures 1a, 1b. Compared to the control, 

the higher Li dose caused notable decrement in the chlorophyll a, 

chlorophyll b, and total chlorophyll content (Table 2). In contrast, 

there was a significant increase in the lower Li dose. Tyr alone 

enhanced all pigment content. Further, the Tyr supplement to the 

Li-applied group improved chlorophyll molecules, except 

chlorophyll a at the higher dose. Compared to the control, lutein 

content decreased in all applied groups, except the higher Li dose. 

Besides, there was an increase in the lutein in the Li-applied 

group upon the Tyr supply (Table 2). Similarly, while total 

phenolic content decreased in the Li-applied seedlings, it reached 

maximum levels by exogenous tyrosine supplementations to the 

Li-applied seedlings. In addition, the highest amount of TP was 

obtained from the tyrosine-applied group only (Figure 1a, 1b). Li 

applications caused a significant inhibition in the PAL activity, 

whereas its activity increased upon exogenous tyrosine 

supplement to Li-applied seedlings. The highest activity was 

recorded with the tyrosine only application followed by the      

Tyr-Li1, but the lowest activity was obtained from the Li2 group 

(Figure 1b). 

 
Table 1. Effect of exogenous Tyr on the growth rate parameters of spinach seedlings under Li stress 

Group 

Shoot height 

(cm) 

Root height  

(cm) 

Fresh weight of 

plant (g) 

Fresh weight of 

leaf (g) 

Leaf height 

(cm) 

Leaf blade width 

(cm) 

Lead blade 

height (cm) 

Leaf number 

per plan 

0 10.89±0.01b* 9.31±0.07b 17.46±0.002b 1.87±0.05ab 8.60±0.06c 2.86±0.01b 3.80±0.02b 11.0±0.41b 

Tyr 14.25±0.01c 12.90±0.14d 22.27±0.001d 3.48±0.10d 10.49±0.06d 4.40±0.06d 6.36±0.09d 12.5±0.29c 

Li1 11.29±0.07b 9.99±0.06b 18.05±0.076bc 2.79±0.10bc 9.34±0.09cd 3.30±0.06c 4.28±0.07c 10.3±0.25ab 

Li2 8.40±.06a 7.27±0.07a 13.95±0.002a 1.49±0.06a 5.84±0.01a 2.12±0.02a 2.71±0.06a 9.5±0.29a 

Tyr-Li1 13.88±0.01c 11.47±0.08c 19.99±0.119c 3.27±0.07c 10.07±0.03d 3.85±0.07cd 4.91±0.06cd 11.3±0.25b 

Tyr-Li2 11.87±0.10bc 9.81±0.09b 17.26±0.250b 2.51±0.06b 7.94±0.06b 2.77±0.01b 3.81±0.06b 10.5±0.29ab 

F 1644.84 486.3 573.8 
118.3 

903.8 353.3 412.9 11.54 

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

*: Means (±: n= 10) in the same column for each trait in each group with the same lower-case letter are not significantly different by ANOVA test at P≤0.05. 0: Control, Tyr: 

L-Tyrosine, Li1: 6.43 mM Lithium, Li2: 19.32 mM Lithium. 
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Table 2. Effect of exogenous Tyr on the chlorophyll pigments, carotenoids, and secondary metabolites in spinach seedlings under Li stress 

Group Chlorophyll a mg g-1 Chlorophyll b mg g-1 Total chlorophyll mg g-1 Lutein mg g-1 

0 0.840±0.001bc* 1.436±0.001d 2.276±0.001c 1.42±0.002b 

Tyr 0.978±0.001a 1.484±0.001c 2.462±0.001ab 0.73±0.002e 

Li-1 0.781±0.001c 1.350±0.001e 2.126±0.002d 0.79±0.001d 

Li-2 0.754±0.001d 1.241±0.001f 1.994±0.002e 1.52±0.002a 

Tyr-Li1 0.857±0.001b 1.630±0.001a 2.486±0.001a 0.76±0.002d 

Tyr-Li2 0.853±0.001b 1.509±0.001b 2.361±0.002b 0.87±0.001c 

F 12503.9 8986.2 23092.8 91.65 

P <0.001 <0.001 <0.001 <0.001 
*: Means (±: n= 3) in the same column for each trait in each group with the same lower-case letter are not significantly different by ANOVA test at P≤0.05. 0: Control, Tyr: 

L-Tyrosine, Li-1: 6.43 mM Lithium, Li-2: 19.32 mM Lithium. 

 

 

 

Figure 1. Variation of total phenolic (TP:1a), phenylalanine ammonia-lyase (PAL: 1b), nitrate (1c), and nitrate reductase (NR: 1d) levels in the 
seedlings. 0: Control, Tyr: 2.5 mM L-Tyrosine, Li1: 6.43 mM Lithium, Li2: 19.32 mM Lithium. Means (±: n= 3) in the same column for each 

trait in each group with the same lower-case letter are not significantly different by ANOVA test at P≤0.05. 

 

The destructive influences of alkaline stress on leaf 

pigmentation, carotenoid, and secondary metabolite 

accumulation, in contrast, the ameliorative effect of amino acid 

supplements on stressed plants have been well-documented in 

many studies. Shams et al. (2016) in lettuce, Makus et al. (2006), 

and Bakhat et al. (2020) in spinach reported the pigment contents 

decreased at high lithium doses but increased at a lower dose. 

They suggested that a decline in pigment content may be 

connected with the degradation of chlorophyll caused by the 

replacement of Mg in chlorophyll molecules by Li. A high 

chlorophyll content in the spinach seedlings may be related to 

low NT content (Table 2, Figure 1c). It was reported that 

exogenous amino acids supply increases chlorophyll, carotenoid, 

and secondary compounds by adjusting nitrogen utilization (Al-

Mohammad and Al-Taey 2019; Xu et al. 2019). The low level of 

lutein content of Li-applied seedling spinach was associated with 

low light intensity.  

Similarly, Makus et al. (2006), and Verhoeven et al. (2018) 

recorded that low light intensity stimulates the carotenoid 

mechanism of plants, especially in greenhouse conditions. The 

decrease in polyphenol content in the Li-applied seedlings may 

be related to the inhibition of PAL activity by high Li doses. 

Likewise, Shams et al. (2016), Feduraev et al. (2020), and 

Tarasevičienė et al. (2021) observed that polyphenol 

accumulation decreased under alkaline stress conditions by the 

inhibition of PAL and PPO activities, which are responsible for 

the synthesis of secondary compounds. However, the same 

researchers reported that exogenous amino acid supplements to 

plants under stress mitigate stress damage by stimulating 
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secondary metabolism. Nitrate (NO3), is one of the principal 

nitrogen (N) sources for all plants. The utilization of it by plants 

is closely related to nitrate reductase enzyme (Citak and Sonmez 

2010). NT content and NR activity of seedlings were influenced 

negatively by a higher Li level (Figure 1c, 1d). While the highest 

NT was observed in the Li2 group, the lowest level was recorded 

with the Tyr-Li1, followed by seedlings treated with justtyrosine. 

On the contrary, NR activity was at the lowest level at Li2, 

followed by the control seedlings. Also, the exogenous Tyr 

supplement to the Li-applied seedling exhibited a positive effect 

(Figure 1d). Similar results were achieved by Citak and Sonmez 

(2010), and Perchlik and Tegeder (2018), who observed that the 

higher NR activity lowered NT content in plants, especially in 

cold seasons. They also reported that exogenous amino acid 

application suppressed NT accumulation in leaves by replacing 

nitrate, resulting in NT decreasing. Saline-alkaline stress may 

provoke the production of oxidative stress agents such as MDA, 

H2O2, and other molecules, which have a destructive effect on the 

cell membrane and components (Shams et al. 2016).  

The increase in MDA and H2O2 content, especially at high 

lithium doses, in seedlings applied with Li depicted oxidative 

stress induced by lithium (Figure 2a, 2b). Also, exogenous Tyr 

supplement to the stressed seedling led to a considerable 

decrement in those molecules (Figure 2a, 2b). This increase in 

MDA and H2O2 has been observed in sunflower (Hawrylak-

Nowak et al. 2012), spinach (Bakhat et al. 2020), lettuce (Shams 

et al. 2016), and arugula (Kusvuran et al. 2019) under salt-

alkaline stress. Likewise, the improvement effect of foliar amino 

acid applications under stress conditions was demonstrated by 

Al-Mohammad and Al-Taey (2019), Helaly and Ibrahim (2019), 

and Saddıque et al. (2022). The decline in MDA and H2O2 in the 

Tyr-Li group may have resulted from antioxidant enzyme 

activations induced by Tyr.  

Upregulation of APX, CAT, POD, and SOD enzymes during 

stressful conditions strengthens stress resistance by scavenging 

toxic compounds, therefore, they help to improve increasing 

yield and quality (Kusvuran et al. 2019; Saddique et al. 2022). In 

the spinach seedlings APX, CAT, POD, and SOD activity were 

importantly inhibited by a higher lithium application (Figure 3a, 

3d). Whereas exogenous tyrosine supplement to stressed 

seedlings enhanced APX, CAT, and SOD activity under both Li 

applications, it reduced POD activity at higher Li levels (Figure 

3a, 3d). Among the applications, the highest APX, POD, and 

SOD were recorded with an application of only Tyr, but the 

highest CAT activity was observed in the Tyr-Li1 applied group 

(Figure 3b). Inhibition of antioxidants, under severe saline-

alkaline stress, has been recorded in lettuce (Kalinowska et al. 

2013), muskmelon (Xu et al. 2019), and spinach (Bakhat et al. 

2020). Further, the upregulation of antioxidants was recorded 

under stress conditions by a foliar amino acid supplement in 

lettuce (Shams et al. 2016), spinach (Bakhat et al. 2020), mints 

(Tarasevičienė et al. 2021), and Brassica (Zhang et al. 2019). 

Results displayed that tyrosine ameliorated the negative effects 

of lithium by regulating the antioxidant defense of the seedlings. 

Variations of Li, Mg, P, S, K, and Ca concentrations in the 

seedlings are presented in Table 3 

The variation of mineral status of seedlings is presented in 

Table 3 and Table 4. The Li content of seedlings was found to be 

lowest in the control, and it was the highest at Li2. Contrary, Mg 

and K contents were lower in all applications. Also, there was a 

rise in the P and S contents in the Li doses and the Tyr-Li1 group. 

While the Ca in the seedlings decreased only in the Tyr 

application compared to the control, it reached its highest level at 

Li2 (Table 3). While Na content was lower in the control group, 

Cl content was lower in the group which was provided just with 

Tyr. On the other hand, Mg, P, S, K, Ca, and Cl accumulation 

was reduced by the application of just Tyr, but the Li and Na were 

enhanced. Variations of the trace elements of the seedlings are 

shown in Table 4. 

Applications of just Tyr caused a remarkable reduction in the 

Mn, Fe, Ni, Cu, and Zn content in comparison to the control and 

other groups, but a lower Li led to the greatest rise in Ni, Cu, and 

Zn. Mn and Fe content increased with Li doses, but just 

exogenous Tyr applications caused a decline in both elements in 

a higher Li dose, compared to Li-applied groups (Table 4). A 

decrease in the Mg and K under applications was associated with 

Li-induced limitations and interactions of tyrosine with cations 

(Ruan and Rodgers 2004; Bakhat et al. 2020). It was thought that 

the synergistic effect of this element with lithium might be 

effective in increasing the Na content (Siu et al. 2004; Franzaring 

et al. 2016). The high Cl content in the seedlings may be due to 

the chlorine elements in the applied lithium salt. Differences in 

the interactions of foliar aromatic amino acid applications with 

cations and anions have been already reported by Bakhat et al. 

(2020). In addition, the antagonistic/synergistic interactions 

between the elements, the mobility of the elements, and their 

functions in the plants may have influenced the amounts of these 

elements in the spinach leaf tissue (Hawrylak-Nowak et al. 2012; 

Al-Mohammad and Al-Taey 2019). 

 

 

Figure 2. Variation of MDA (2a) and H2O2 (2b) levels in the spinach seedlings. 0: Control, Tyr: 2.5 mM L-Tyrosine, Li1: 6.43 mM Lithium, Li2: 19.32 
mM Lithium. Means (±: n= 3) in the same column for each trait in each group with the same lower-case letter are not significantly different 

by ANOVA test at P≤0.05. 
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Figure 3. Variation of APX (3a), CAT (3b), POD (3c), and SOD (3d) activities in the spinach seedlings. 0: Control, Tyr: 2.5 mM L-Tyrosine, Li1: 6.43 

mM Lithium, Li2: 19.32 mM Lithium. Means (±: n= 3) in the same column for each trait in each group with the same lower-case letter are 
not significantly different by ANOVA test at P≤0.05. 

 
Table 3. Variation of Li, Mg, P, S, K, Ca, and Na concentrations (mg kg-1) 

Group Li Mg P S K Ca Na 

0 21±2.5f* 12786±120a 5545±30.6c 6545±60.6c 86556±88a 15479±52c 5067±45d 

Tyr 80.6±7.6e 10548±104d 4234±28.8e 5067±44.7d 66789±66e 12345±122d 12071±120b 

Li1 845±70.6c 12456±120ab 5878±35.6b 7234±60.2b 83481±82b 18770±170b 8145±75c 

Li2 1268±120ab 12430±120ab 6244±408a 7685±60.8a 81345±80bc 20356±202a 12456±125b 
Tyr-Li1 612±60.8d 12054±120b 5566±33.2c 7066±55.6bc 82345±80b 17123±160bc 14223±140a 

Tyr-Li2 1014±102 11884±115c 5346±304d 6495±40.4c 75669±76d 19245±190a 12355±122b 

F 18232054 495646 689575 6059 30079386 7814416 13184637 

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

*: Means  (±: n= 3) in the same column for each trait in each group with the same lower-case letter are not significantly different by ANOVA test at 

P≤0.05. 0: Control, Tyr: L-Tyrosine, Li-1: 6.43 mM Lithium, Li-2: 19.32 mM Lithium. 

 
Table 4. Variation of Cl, Mn, Fe, Ni, Cu, and Zn concentrations (mg kg-1) 

Group Cl Mn Fe Ni Cu Zn 

0 5678±45c* 96.7±5.6f 2545±20.6e 34.56±2.4c 13.57±0.8c 115.48±10.8b 
Tyr 2880±23d 90.8±4.8g 2044±18.8f 30.35±2.2d 10.24±0.6d 80.68±2.4d 

Li1 10566±104bc 175.5±12.6b 4456±36.6b 48.77±6.4a 18.80±1.2a 126.56±11.7a 

Li2 13466±133a 150.4±10.5cd 3423±28.8c 40.56±5.4b 15.48±0.9b 107.46±9.8c 
Tyr-Li1 11456±112b 125.5±8.8e 3054±25.7d 33.46±3.6c 12.99±0.6c 114.57±10.3b 

Tyr-Li2 10567±104bc 180.3±13.6a 5026±38.8a 40.67±3.8b 15.47±0.8b 124.55±11.7a 

F 21249159 8915 3093776 1103408 136044 7252572 

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
*: Means  (±: n= 3) in the same column for each trait in each group with the same lower-case letter are not significantly different by ANOVA test at P≤0.05. 0: Control, Tyr: 

L-Tyrosine, Li-1: 6.43 mM Lithium, Li-2: 19.32 mM Lithium. 

 

4. Conclusion 
 

In this study, it was concluded that higher lithium levels 

negatively affect spinach growth rate, accumulation of pigments, 

secondary metabolites, and activity of enzymes. The exogenous 

supplement of tyrosine had a positive effect in improving all 

these attributes in the seedlings, even in lithium-treated groups. 

Incremental values of growth parameters, including shoot, root, 

and leaves by Tyr supplements were parallel with the enhanced 

synthesis of chlorophylls. The amounts of chlorophyll, lutein, 

secondary constituents, and the activity of antioxidant enzymes 

were decreased by the higher lithium level, but MDA, H2O2, and 

nitrate content increased. However, an external supplement of 

tyrosine reduced these examined constituents by increasing the 

activity of enzymes, and secondary compounds. A Tyrosine 

supplement to seedlings inhibited nitrate accumulation by 

stimulating nitrogenous compounds but increased NR activity.  

The Mg, K, P, S, and Ca contents were lower in the               

Tyr-applied group, but the Cl, Mn, Fe, Co, Ni, Cu, Zn, Cr, Si, Al, 
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Ag, Cd, I, and P concentrations were reduced by the Tyr and the 

Li1-Tyr groups. On the other hand, while Li doses increased the 

Li contents in seedlings, exogenous Tyr supplements caused a 

notable decrement in Li accumulations. It seems that with the 

application of exogenous tyrosine to the plant, the synthesis of 

tyrosine-derived compounds that increase yield and quality, 

increase resistance to stress, and are also beneficial for human 

health, can be stimulated. In conclusion, it can be said that 

exogenous Tyr supplements showed a positive effect on the 

growth rate of the Anlani F1 spinach cultivar, therefore, 

exogenous Tyr applications in barren, calcareous, and alkaline 

soils can be an alternative in spinach cultivation.  
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Sesame moth and tobacco whitefly cause significant damage to sesame plants, especially in 

the second-period sesame cultivation areas, if early intervention is not implemented. This 

greatly reduces efficiency. Chemical control is generally preferred for these pests in Türkiye. 
Today, the use of chemical control creates many harmful results. Therefore, in our study, 

the aim is to use biological control agents and preparations as an alternative to chemical 

control. In this study, applications of Nostalgist Bl biological insecticide containing 1.5% 
Beauveria bassiana strain Bb-1 1x108 CFU mil-1 spores, Nimbecidine biological insecticide 

containing 0.3 g L-1 Azadirachtin active ingredient, and Trichogramma evanescens 

Westwood (Hymenoptera: Trichogrammatidae) an egg parasitoid and activities were 
determined. The application area (2 da) was divided into 3 blocks; each block was named 

with the letters A, B, and C. Each block was divided into four parcels. The above applicatios 

and biological insecticides were applied separately in each parcel, including the control 
parcels in each block. In the counts made according to the application results, there was a 

significant decrease in whitefly eggs and nymphs on the leaf surface. A very significant 

decrease was observed in the populations per plant in the sesame moth larvae counts. The 
highest efficiency was obtained with Nimbecidine and Nostalgist applications. The yield 

was moderate in the plots with parasitoid application. 
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1. Introduction 
 

Sesame is an important oil plant with high nutritional and 

economic value, and so it is used as a raw material in many 

sectors. Sesame [Sesamum indicum (Lamiales: Pedaliaceae)] is 

native to Africa and a secondary crop in Türkiye. It is grown in 

hot regions both around the world and in Türkiye. Sesame 

capsules contain a large number of seeds, which are used as a 

spice and as ingredients in products such as bagels, bread, cakes, 

buns, and pies. It is the raw material for the production of tahini, 

and helva. According to Atakisi (1991), after oil extraction from 

sesame, the pulp remains. Sesame meal is used as an important 

animal feed as it is also mixed with bread. 

Sesame is cultivated as a second crop after cereal harvests in 

coastal areas of Türkiye (Tan 2015). Second sowing is done in 

June, July, and August. 

In Türkiye, sesame was cultivated on an area of 254862 da in 

2021, while this number was 53910 da in 2020, and 56598 da in 

2021 just in Antalya. The yield of 84 kg da-1 was obtained in both 

years (TUIK 2022). 

In Manavgat, 2400 tons of sesame are harvested on a 

production area of 41000 da. Approximately 20% of the sesame 

produced in Türkiye is produced in Antalya and approximately 

80 % of the sesame produced in Antalya is produced in Manavgat 

district. Approximately 17% of the sesame grown in Türkiye is 

in Manavgat; in other words, three-quarters of the sesame 

cultivated in Antalya is grown in Manavgat. Manavgat sesame is 

known as Golden sesame and has a 60% oil content (MATSO 

2020). 

Since sesame is a plant that is used in many areas, it is 

necessary to increase the yield per unit area. The most important 

pests in sesame plants are whitefly and sesame moth. If they are 

not controlled, they cause high yield losses. 

Bodenheimer (1958) stated in a study that the larvae of 

Antigastra catalaunalis Dup. (Lepidoptera: Pyralidae), which 

colonize sesame plants, cause significant damage during the 

seedling and flower phases. In a study carried out in the province 

of Antalya, it was reported that a 74.7 kg da-1 sesame yield was 

obtained in 1938, but then it decreased to 34.4 kg da-1 in 1939. 

Larval damage usually occurs by twisting sesame leaves 

transversely, spinning webs, and feeding on leaves. In addition, 

at flower formation time, they weave the flower buds with nets 

and then eat them before the plant’s entire flowering. For this 

reason, the sesame plant cannot develop and form capsules at all. 

At the time when sesame capsules emerge, the larvae can eat both 

the seeds by making holes in the capsules and the capsules as well 

by chewing them. 

The whitefly, Bemisia tabaci Genn. (Homoptera: 

Aleyrodidae), another sesame pest causes damage by sucking and 

producing fumagine, especially during the flowering period. In 

addition, it facilitates fungal and viral diseases by vectoring them. 

Ashley (1993) mentioned that Phyllody virus and Nicotiana virus 

can be transmitted by whitefly in sesame. 

In 1983-1984, 26 pest species were detected on sesame plants 

in the second growth of sesame in Aydın, İzmir, and Manisa 
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provinces, and the most abundant species in terms of total 

number of individuals in all samples was B. tabaci (Genn.) 

(Hemiptera: Aleyrodidae) (Zümreoğlu and Akbulut 1988). 

In this study, the aim was the control of pest populations by 

using biological control agents and bioinsecticides (Beauveria 

bassiana, Trichogramma evanescens and Azadiractin) without 

using chemical insecticides in the control of tobacco whitefly and 

sesame moth pests, which cause significant damage to sesame 

plants. 

 

2. Materials and Method 
 

2.1. The trial site 
 

The trial was established in a field with an area of 2000 m2 in 

the Çavuşköy zone of the Manavgat district in Antalya province. 

The heirloom seeds known as Manavgat sesame were sown in the 

field. The field was divided into three blocks as replications. The 

blocks were named A, B, and C. Each block was equally divided 

into four plots and were marked with numbers. The 4th plots of 

each block were used as a control plots. In the 3rd plot blocks, 

Trichogramma evanescens, the subject parasitoid wasp was 

released one by one. The 3rd plot were isolated with 75% net 

curtains. Biological insecticides were used sequentially in the 

remaining blocks. 
 

2.2. The origin of applied parasitoids and biological insecticides 
 

Trichogramma evanescens as 20000 pieces were provided 

from Trimail Biological Agriculture of Ankara University’s 

Teknokent. Nostalgist Bl biological insecticide containing 1.5% 

B. bassiana strain Bb-1 1×108 CFU mil-1 min spores and 

Nimbecidine biological insecticide containing 0.3 g L-1 

Azadirachtin active ingredient were procured from Agrobest 

Agriculture Group. Yellow, blue, and black sticky traps were 

provided and then randomly hung in the plots according to the 

plant size in order to identify the adult individual’s emergence of 

the subject pests and other pest types. 
 

2.3. Identification of pest populations 
 

The fight against the sesame moth, Antigastra catalaunalis 

Dup. (Lepidoptera: Pyralidae), was started with 50 sesame plants, 

which were randomly selected from each block based on the 

information stated on the page of the Ministry of Agriculture and 

Forestry that the application was started when the plant 

infestation rate was 20%. After an estimation of the infestation 

rate, the application was initiated. 

For the tobacco whitefly population (Anonymous 2008), 

based on information data from the Ministry of Agriculture and 

Forestry stating that the control should be initiated when 60 

leaves are counted, 1 each from the lower, common and upper 

parts of at least 20 randomly selected plants and when an average 

of 5 larvae or pupae per leaf are counted, the population densities 

were determined in the field as follows: 50 plants were randomly 

selected and tobacco whitefly eggs and nymphs were counted on 

the lower, middle, and upper leaves. Sesame moth larvae were 

counted in 50 randomly selected sesame plants, and infected 

plants were identified. In order to asses its effectiveness, the trial 

field scouting was carried out on 4 different dates (July 30, 

August 10, August 22, and August 31, 2021). taking into account 

the economic damage threshold.  
 
 

 

2.4. Determination of trial plots and application 
 

The 2000 m2 trial field was divided into 3 blocks equally, and 

the blocks were lettered A, B, and C. Each block was equally 

divided into 4 plots marked with numbers. In each block plots, 

biological insecticide applications and parasitoid release were 

conducted in the 3 replications as shown in Figure 1. The 4th plot 

was left as a control plot. 

 
A1 

Nimbecidine 

B1 

Nostalgist 

C1 

Nimbecidine 

A2 

Nostalgist 

B2 

Nimbecidine 

C2 

Nostalgist 

A3 

Trichogramma 

evanescens 

B3 

Trichogramma 

evanescens 

C3 

Trichogramma 

evanescens 

A4 

Control 

B4 

Control 

C4 

Control 

Figure 1. Schematic of applications in the study plots. 

 

Biological insecticides were applied by spraying on the 

plants with the help of a 16-liter knapsack sprayer, so the upper 

and underneath of the leaves were all well covered. Each plot was 

165 m2. Nimbecidine at a dosage of 40 mL and Nostalgist at a 

dosage of 42 mL (250 ml ha-1) were applied to the plots except 

the 3rd and 4th plots of the blocks, which were treated with 8 L of 

water. The first application was conducted on September 1, 2021, 

and the second application was conducted on September 9, 2021. 

On August 31, 2021, a total of 20000 Trichogramma 

evanescens parasitoids, 2000 in each box, were released 

separately within equal boxes in the 3rd blocks by hanging the 

boxes on the plants. 
 

2.5. Post-application counts 
 

Similarly, for the counts carried out to determine population 

density, on September 1, 2021 (a week after the first application) 

50 plants were randomly selected from each plot and counted for 

infested tobacco whitefly larvae and nymphs on the lower, 

middle and upper leaves. For sesame moth larvae, 50 plants that 

were randomly selected from each plot were observed and along 

with the previous. For sesame moth larvae, 50 plants that were 

randomly selected from each plot were observed, counted and 

then monitored by comparing with the previous situation. In a 

similar way, on September 9, 2021 (a week after the second 

application) counting was carried out again, and the effectivity 

graphs of all the pesticide types were drawn. 
 

2.6. Evaluation of trials and statistical analysis 
 

The effect of the treatments on yield as assigned in different 

plots was calculated after weighing the product obtained in the 

plots at harvest time. For this purpose, the plants in each 

treatment were harvested separately, and their biomass was 

weighed. Afterwards, the results were subjected to statistical 

analysis. 
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A one-way analysis of variance (One-Way ANOVA) was 

applied to the trial field that was designed as a completely 

randomized block. Then Tukey's multiple comparison test 

(Tukey 1949) was employed to determine the source of 

differences. Statistical analyses were carried out using IBM 

SPSS® Statistics (IBM SPSS 2008). 

 

3. Results and Discussion 
 

As a result of the experiment the number of insects caught in 

the traps before the treatment is shown in Table 1. 

As can be seen in the table, varied numbers of insects were 

caught in differently colored traps in the two pre-treatment 

counts. The number of insects caught in the second count was 

higher than in the first count. Before application, thrips were not 

caught in the yellow sticky traps, and whitefly was not caught in 

the blue sticky traps and Empoasca sp. was caught in all three 

colored traps. Macrolophus pygmaeus Rambur (Hemiptera: 

Miridae), a polyphagous predatory species that feeds on pests 

such as whiteflies, mites, aphids, and gallery flies, was caught 

only in the black-colored sticky traps. As seen in Table 2, 

Empoasca sp. was caught equally in the yellow and black-colored 

traps, while it was caught less in blue traps. The sesame moth was 

not caught in any of the traps. 

The number of insects caught in the traps after parceling and 

treatments is shown in Table 2. 

As shown in Table 2, it was found that although there were 

numerical differences between the insects caught in traps, but for 

the post-treatment application, there was no statistical difference. 

Although there was no difference between the treatments, 

there was a difference between the traps depending on the 

treatments. Whitefly individuals were not caught in the blue 

sticky traps but they were caught in the yellow traps in quite 

varied amounts as compared to the black traps. Thrips were 

caught only in the blue traps while Empoasca species were 

caught in all three colors of traps with the highest number caught 

in the yellow traps, followed by the black traps and the lowest 

number found in the blue traps. The predatory insect M. 

phymaeus was caught only in the black traps, although in small 

numbers. 

A comparison between Table 1 and Table 2 leads to the 

conclusion that the yellow sticky traps can be used in sesame-

growing areas for catching whiteflies, the blue sticky traps for 

thrips and the yellow and black sticky traps for Empoasca 

species. 

The graphs showing the results of the direct counts conducted 

on 50 plants in the field but outside the traps are presented in 

Figures 2-6. 

As can be seen in Figure 2, Nimbecidine was applied to the 

study plots on September 1 and 9, 2021, and it was determined 

that it was highly effective against whitefly in the subsequent 

monitoring. In a similar way to Nimbecidin, the applied 

Nostalgist was found to be highly effective against whitefly eggs 

and nymphs (Figure 3). 

As presented in the Figures 4 and 5, Nimbecidine and 

Nostalgist were applied to the study plots on September 1 and 9, 

2021. On the next counting dates, it was found highly effective 

against sesame and similarly for the whitefly. 

Figure 6 shows the graph of sesame moth population change 

after the monitoring of sesame moth and the field releases of the 

parasitoid Trichogramma evanescens in the study plots. As can 

be seen in Figure 6, there was a significant decrease in the number 

of moths immediately after the release. 

In this case, all figures are evaluated together, very 

significant effects of the biological insecticides on both whitefly 

and sesame moth were found. 

It was also found that the parasiticide used was also effective 

in terms of reducing the population of Sesame moth. 

The yield results obtained in the study plots in their 

treatments during the harvest period are presented in Table 3. 

The presentation in Table 3 shows that the yield was also 

different in the plots with different treatments and the differences 

were statistically significant. However, all treatments were found 

statistically different from the control treatment. The highest 

yield was obtained in Nimbecidine and Nostalgist treatments and 

both treatments were statistically in the same group. The yield in 

plots treated with Trichogramma evanescens was in the moderate 

group and statistically different from the other groups. 

Coşkuntuncel (1995), on the egg of Ostrinia nubilalis Hübner 

(Lepidoptera: Pyralidae), the maize worm, in the secondcrop corn 

production areas of Çukurova University, Faculty of Agriculture 

Research and Application Farm, on a 5 decare are a twice            

(40 thousand + 40 thousand) twice a week (40 thousand + 440 

thousand) produced a mass release activity by releasing one 

thousand egg parasitoids Trichogramma evanescens Westwood 

(Hymenoptera: Trichogrammatidae). Success rates were 81.25% 

and 56.66% in 1993 and 1994, respectively. 

Ferizli (1997) applied Azadirachtin to Spodoptera littoralis 

Boisd (Lepidoptera: Noctuidae) and stated that depending on the 

applied doses, it reduced the weight of the larvae, prolonged the 

larval period and caused larval death. 

Çeribaşı (2001) investigated the effectiveness of azadirachtin 

at different concentrations on Bemisia tabaci and stated that 

azadirachtin was effective in the adult and pre-adult periods. 

Kılıç (2006) applied the entomopathogenic fungus Beauveria 

bassiana to tobacco whiteflies. On the sixth day, 36% nymphal 

death and 48% adult death were observed. 

 
Table 1. Number of insects caught in differently colored traps (number of insects/trap) 

Date of 

Counting 

Yellow sticky 
trap  

Blue sticky 
trap  

Black 
sticky trap 

 
 

Whitefly Cicadellid Thrips Cicadellid Whitefly Cicadellid Macrolophus pygmaeus 

25.7.2021 108.33 93.89 100.00 43.33 10.33 88.33 10.56 

7.8.2021 213.89 201.11 193.89 51.67 5.00 173.89 10.89 
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Table 2. Number of insects caught in differently colored traps (number of insects/trap) 

Insects Whitefly  Thrips Empoasca   
Macrolophus 

pygmaeus 

Trap Yellow Black Blue Yellow Blue Black Black 

Nimbecidine 134.0±24.58 16.6±1.66 131.6±10.92 180.00±21.24 19.00±3.78 116.67±41.76 9.33±3.84 

Nostalgist 125.33±12.45 15.33±4.25 173.00±28.00 226.67±3.47 13.33±1.66 172.33±126.38 9.67±3.71 

Trichogramma 
evanescens 

110.67±9.82 27.33±2.84 260.67±57.52 153.33±23.95 4.33±4.33 95.00±22.81 6.00±0.57 

Control 123.67±18.22 18.33±4.37 158.33±14.52 124.00±31.60 19.33±6.22 99.67±6.11 16.67±6.88 

 

 

Figure 2. Whitefly numbers/plant. 

 

 

Figure 3. Whitefly numbers/plant. 
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Figure 4. Sesame moths’ number/plant. 

 

 

Figure 5. Sesame moths’ number/plant. 
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Figure 6. Sesame moths’ number/plant. 

 
Table 3. Effect of different treatments on yield (kg/treatment) 

Treatments Yield 

Nimbecidine 15.88±0.44 a 

Nostalgist 15.33±0.88 a 

Trichogramma evanescens 12.50±0.28 b 

Control 2.58±0.30 c 

 

Ulusoy (2016) in his study, applied the entomopathogenic 

fungus containing Beauveria bassiana 1x107 spores to 

Leptinotarsa decemlineta larvae by the spraying method and 

observed 86.6% larval death on the 7th day. 

Cırbın et al. (2017) applied B. bassiana isolates to 

Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae) and 

found it quite effective. The LT50 values for BMAUM-E2003, 

BMAUM-E6001, and BMAUM-M6001 were calculated as 2.76, 

3.97, and 4.23 days, respectively. He stated that BMAUM-

E2003, and BMAUM-E6001 isolates have the potential to be 

used in future studies. 

Akdaş et al. (2020) observed the activity of 12 subcultures of 

Beauveria bassiana BMAUM-E2003, and BMAUM-E6001 

isolates, isolated from the soils of Isparta province and its 

districts in 2014 on mycelium development and Spodoptera 

littoralis larvae, which cause significant economic losses in 

agricultural products. It was determined that it caused 100% 

death on the 5th day. 

 

4. Conclusion 
 

So far, the biological pest control method has become very 

important. Based on the literature, it was found that there are very 

few biological control studies on the sesame plant. In fact, the 

results obtained from this study proved that biological control of 

the main pests in the sesame crop can be achieved effectively. 

 

Parasitoid Trichogramma evanescens applied against sesame 

moth eggs in the study was effective and significantly reduced 

larval emergence. 

An application of a bioinsecticide with an AZA active 

ingredient against sesame moth larvae resulted in a high efficacy. 

The bioinsecticides AZA, and B. bassiana, that were applied 

to B. tabaci, decreased the population densities through out the 

successive post-treatment 7- days counts and it was later 

observed that those bioinsecticides were highly effective. 

This study’s data evaluation revealed that biological 

insecticides are effective on both whitefly and sesame moth and 

this effect is very important. Another remarkable result is that the 

parasiticide used was also effective in reducing the population of 

the sesame moth. 

Moreover, when the results are evaluated in terms of the 

reflection of treatments on yield, it was found that higher yields 

were obtained from the two entomopathogens: Nimbecidine and 

Nostalgist. As a conclusion, the use of these agents for subject 

pests’ control in sesame production is recommended. 
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This study was conducted to identify thrips (Insecta: Thysanoptera) species in the Balcalı area 

of Adana Province, Türkiye, known as a polyculture area having diverse topographic features. 
Thrips were extensively collected by the tapping method from awide range of agricultural crop 

plants during 2019-2020. A total of 1150 adult thrips individuals were collected, representing 

24 identified species. Among them, the most prevalent and abundant species were the cotton 
thrips, Thrips tabaci Lindeman and the western flower thrips, Frankliniella occidentalis 

(Pergande) (Thysanoptera: Thripidae). These two species showed varying population dynamics 

based on the flowering patterns of the plants sampled. Thankfully, no thrips damage was 
observed on the sampled plants. Although invasive pest thrips species such asThrips hawaiiensis 

(Morgan) and Scirtothrips dorsalis (Hood) (Thysanoptera: Thripidae) were found in low 

numbers, and both of them were collected mostly from flowers of sesame and green pepper 
plants. A low number of predatory thrips belonging to geniuses, Aeolothrips (Aeolothripidae) 

and Scolothrips (Thripidae) were detected on beans, potatoes and cotton after March. 
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1. Introduction 
 

Thrips belonging to the order Thysanoptera are small and 

soft-bodied insects with a body size of 0.5-0.15 mm. Some of 

them are opportunistic and invasive pest species. There are 

approximately 6000 species defined in this order, and their 

feeding habits vary. Some species are phytophagous (plant-

feeding), mycophagus (fungal-feeding) and predators (Morse and 

Hoodle 2006; Atakan et al. 2015). Thysanoptera species in 

Türkiye have mostly been studied in the Mediterranean, Aegean 

and some parts of Central Anatolia, and Türkiye Thysanoptera 

fauna has been published (Tunç and Hastenpflug-Vesmanıs 

2016). Thysanoptera species have been detected in some 

temperate climate fruits (Atakan 2008), summer and winter 

vegetable species (Atakan 2007a, b) on stone and pome fruit trees 

in the Eastern Mediterranean Region, as well as ornamental 

plants grown both in greenhouses and outdoors(Atakan 2011). 

However, in recent years, due to climatic changes such as 

temperature increases, some tropical Thysanoptera species have 

spread over geographical areas due to global warming 

worldwide, and invasive pest insects including thrips have been 

causing serious damage to crop plants. For example, Thrips 

hawaiiensis, (Morgan) (Thysanoptera: Thripidae) known as 

Hawaiian flower thrips introduced to Spain (Goldaranzena 2011) 

and Türkiye (Atakan et al. 2021), seriously damaged, in 

particular,young lemon fruits. On the other hand, Chilli thrips, 

Scirtothrips dorsalis (Hood) (Thysanoptera: Thripidae) 

introduced into Türkiye in 2020, has caused serious damage on 

blueberries in Adana Province, Türkiye (Atakan and Pehlivan 

2021).  

Changes in crop plants diversity and climatic factors may 

affect the presence of Thysanoptera species and their distribution 

in species composition on arable crops (Lewis 1997). For 

example, the western flower thrips, Frankliniella occidentalis 

(Pergande) (Thysanoptera: Thripidae), which causes economic 

damage in many crops in our country, was reported for the first 

time in Türkiye in 1994, but it was revealed in the last published 

study that this species actually existed in the province of Antalya 

in 1993 (Tunç and Hastenpflug-Vesmanis 2016). For this 

purpose, Thysanoptera species were investigated according to 

arable crop plants in Balcalı (Adana, Türkiye) in a certain agro-

ecosystem with different crop patterns. This article can provide 

information about the composition of thrips species, their 

abundance in certain crop plants or trees, and thus, it can provide 

useful some data in controlling efforts for the pest thrips.  

 

2. Material and Methods 
 

2.1. Description of sampling sites 
 

Thrips (Thysanoptera) species, their seasonal densities and 

distributions on some crop plants were investigated in the 

research area of Balcalı, University of Çukurova in Adana 

Province, Türkiye in 2019-2020. In this polyculture area, 

different plant species such as field crops (cotton, soybean, 

sesame and peanut), citrus, temperate climate fruits (apple, 

nectarine and loquat), cereals, and winter and summer vegetables 

are grown for both production and research activities. This 

ecological area has a typical Mediterranean climate.  
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2.2. Sampling of thrips 
 

In the sampling units, 20 plants or trees were selected 

randomly from annual herbaceous cultivars (vegetables and field 

crops) and perennial woody cultivars (fruit trees). For the 

sampling, the flowering periods of the plants were considered, 

and the sampling was started with the beginning of the flowering 

period of the plants in different plant groups, as thrips are mostly 

found on flowers (Funderburk et al. 2000, 2018). Flowering or 

flowering shoots 20-30 cm long in four different directions of the 

trees were randomly selected for sampling. In herbaceous plants, 

the upper halves of the plants were considered in the sample. In 

the surveyed areas, plants representing each plant group or 

flowering shoots were shaken for 5-10 seconds onto the white 

container with 34 × 23 × 7 cm, and then thrips individuals (adults 

and larvae) were collected with the help of a suction tube and/or 

a fine brush, and were transferred to the Eppendorf plastic tubes 

(50 cc) filled with 60% ethyl alcohol. In addition, label 

information such as the place of sampling, date and plant species 

were recorded. For this purpose, 47 surveys were conducted at 

regular 15-day intervals and a total of 28 cultivated plants, 

including 4 field crops, 8 fruit trees and 16 vegetables, were 

sampled for this purpose. In total, 197, 156, 147 and 74 samples 

were taken from winter, summer vegetables, fruit trees and field 

crops, respectively. Samplings were carried out on the same day 

between 08:00 and 12:00 am. 

 

2.3. Thrips diagnosis 
 

Microscopic preparations were made for the identification of 

the collected Thysanoptera species. The samples, which were 

kept in tubes containing ethyl alcohol (60%), were put into the 

AGA solution including 9-parts ethyl alcohol 1-part glacial acetic 

acid and 1-part glycerin, for 2 days in order to soften the body 

tissues and partially empty the body contents. In temporary 

preparations, samples that are not very dark were kept in 10% 

sodium hydroxide (NAOH) medium on the hot plate at 60oC for 

about 30 minutes, and dark samples for about one hour until 

slight color changes occurred. The body contents of the samples 

were completely discharged by rubbing their bodies from the 

ventral or dorsal side in 96% alcohol. Individuals were placed in 

Hoyer medium and microscopic slides were made. The 

identification of the thrips specimens was done with the help of 

key identification guides referencing Priesner 1951, Yakhontov 

1964 and zur Strassen 2003. 
 

2.4. Evaluation of data 
 

The total number of identified Thysanoptera species and their 

distribution on crop plant species is shown in the Tables 1 and 2. 

The seasonal averages of the main pest thrips species, according 

to the crop groups, were not statistically compared because the 

cultivated plants sampled from different plant groups were grown 

in different ecological areas and also due to the differences in 

their growing periods. The total number of individuals according 

to the plant species of the identified species whose numbers vary 

from 1 to 9 are not shown in Table 2. Population densities (20 

plants or trees) of the two common thrips species by plant groups 

for the period October 2019 to October 2020, are shown as 

relevant. 

 
Table 1. Thysanoptera species and their total numbers during 2019-2020 

Thysanoptera species 2019 2020 Total (2019+2020) 

Aeolothripidae    

Aeolothrips collaris Priesner 0 16 16 

Aeolothrips ericae Bagnall 0 4 4 

Aeolothrips gloriosus Bagnall 0 5 5 

Aeolothrips fasciatus (Lin.) 0 1 1 

Aeolothrips intermedius Bagnall 0 11 11 

Thripidae    

Anophothrips sudanensis Trybom 0 2 2 

Chirothrips aculeatus Bagnall 0 2 2 

Frankliniella intonsa (Trybom) 0 5 5 

Frankliniella occidentalis (Pergande) 73 152 225 

Limothrips denticornis (Haliday) 0 1 1 

Mycterothrips tschirkunae (Yakhontov) 7 1 8 

Rubiothrips vitis Priesner 0 1 1 

Thrips hawaiiensis (Morgan) 5 61 66 

Thrips major Uzel 4 25 29 

Thrips meridionalis (Priesner) 0 1 1 

Thrips minutissimus 0 9 9 

Thrips tabaci Lindeman 278 407 685 

Scirtothrips dorsalis Hood 36 8 44 

Scolothrips longicornis Priesner 0 1 1 

Phlaeothripidae    

Haplothrips aculeatus (Fabricious) 2 18 20 

Haplothrips distinguendus (Uzel) 0 2 2 

Haplothrips ganglbaueri Schmutz 2 2 4 

Haplothrips kurdjumovi Karny 2 1 3 

Haplothips reuteri (Karny) 0 8 8 

Total 406 744 1150 
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3. Results 
 

3.1. Thrips composition 
 

A total of 1150 adult thrips individuals were recorded in this 

study, with very few thrips larvae collected. In total, 24 

Thysanoptera species were recorded, including 5 from the family 

Aeolothripidae, 14 from the family Thripidae, and 5 from the 

family Phlaeothripidae. Species from the family Aeolothripidae 

were found only in 2020. Depending on the number of samples, 

thrips individuals were mainly collected in 2020. The most 

common and abundant species were Thrips tabaci Lindeman, 

Frankliniella occidentalis (Pergande), and Thrips hawaiiensis 

(Morgan), respectively. Scirtothrips dorsalis (Hood), which was 

detected for the first time in Türkiye in 2021 was actually found 

to exist in the Adana Province in 2019. 

 

3.2. List of plant species with some thrips species 
 

The list of plant species that host some thrips species and the 

number of thrips individuals are shown in Table 2. Predatory 

thrips have been recorded in very small numbers (1-6 

individuals). Aeolothrips collaris Priesner have been found in 

potatoes, Aeolothrips intermedius Bagnall in beans (4 

individuals), cotton (3 individuals), and sesame (4 individuals), 

where they were relatively more abundant. Species from the 

family Aeolothripidae were recorded in very low numbers in both 

seasonal vegetables and field crops. The main thrips species, T. 

tabaci, was widely sampled and found in large numbers on  

winter vegetables such as cauliflower (113 individuals), cabbage 

(106 individuals), and summer vegetable beans (103 individuals). 

This harmful species is also abundant in potato plants cultivated 

as early crops in the Çukurova region. It is prevalent in soft-

fleshed  fruit  trees   as  well.  The  individuals  of  F. occidentalis,

 
Table 2. A list of crop plant species with numbers of commonly found thrips species during 2019-2020  

Plant species/English name (scientific name) A.co A.in H.ac F.oc T.ha T. ma T.ta S.do Total 

Amaranthaceae          

Spanich (Spinacia oleracea) 0 0 0 2 0 0 0 0 2 

Asteraceae          

Lettuce (Lactuca sativa) 0 0 0 5 0 0 3 0 8 

Brassicaceae          

Cauliflower (Brassica oleraceavar. Botrytis) 0 0 0 1 0 0 113 0 114 

Red cabbage (Brassica oleraceavar. capitata f. Rubra) 0 0 0 0 1 0 106 0 107 

Cabbage (Brassica oleracea) 0 0 0 0 0 0 42 0 42 

Rocket (Eruca vesicaria) 0 0 0 0 0 0 1 0 1 

Peppergrass (Lepidium sativum) 0 0 0 0 0 0 0 0 0 

Radish (Raphanus sativus) 0 0 0 3 0 0 5 0 8 

Cucurbitaceae          

Cucumber (Cucumis sativus) 0 0 0 0 0 0 6 0 6 

Pumpkin (Cucurbita moschata) 0 0 0 1 0 0 4 0 5 

Fabaceae          

Broad bean (Vicia faba) 0 0 0 4 7 3 6 3 23 

Bean (Phaseolus vulgaris) 2 4 2 35 3  103 0 149 

Soybean (Glycine max) 2 0 2 31 1 0 14 4 54 

Groundnut (Arachis hypogaea) 2 0 3 9 0 2 0 0 16 

Lythraceae          

Pomegranade (Punica granatum) 0 0 0 0 2 0 1 0 3 

Malvaceae 0 0        

Cotton (Gossypium hirsitum) 0 3 0 41 6 0 0 0 50 

Pedeliaceae 0         

Sesame (Sesamum indicum) 0 4 3 25 27 1 1 3 64 

Rutaceae          

Citrus (Citrus spp.) 1 0 0 15 0 12 31 0 59 

Rosaceae          

Pear (Pyrus communis) 0 0 0 0 0 0 1 0 1 

Almond (Prunus dulcis) 0 0 0 1 0 0 2 0 3 

Apple (Malus domestica) 1 0 9 1 1 7 23 0 42 

Plum (Prunus Domestica) 0 0 0 0 0 0 4 0 4 

Apricot (Prunus persica) 0 0 0 1 0  1 0 2 

Loquat (Eriobotrya japonica) 0 0 0 0 1 4 29 0 34 

Solanaceae          

Pepper (Capsicum annuum)  1 0 1 14 7 0 12 33 68 

Tomato (Solanum lycopersicum) 1 0 0 9 5 0 3 0 18 

Potato (Solanum tuberosum) 6 0 0 8 0 0 152 0 166 

Eggplant (Solanum melongena) 0 0 0 16 5 0 22 1 44 

A.co: Aeolothrips collaris, A.in: Aeolothrips intermedius, F. oc: Frankliniella occidentalis, T.ha: Thrips hawaiiensis, T.ma: Thrips major, T.ta: Thrips tabaci, S.do: 

Scirtothrips dorsalis, H. ac: Haplothrips aculeatus. 
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also known as western flower thrips, were mostly collected in 

higher numbers from field crops such as cotton (41 individuals), 

soybean (31 individuals), and beans (35 individuals) (Table 2). 

Thrips hawaiiensis, which was observed in Türkiye for the first 

time on lemon trees grown in the Erdemli district of Mersin 

Province, Türkiye, caused significant damage to flowers and 

fruits. The highest number of this species (27 individuals) was 

collected from sesame plants, while individual counts on other 

cultivated plants ranged between 1 and 7. Scirtothrips dorsalis 

was predominantly collected from pepper plants (33 individuals). 

Thrips major Uzel was mainly recorded on citrus trees (total of 

12 individuals). 
 

3.3. Population fluctuations of two common thrips species 
 

The population fluctuations of two common thrips species, 

F. occidentalis and T. tabaci, were observed over a specific 

period. Figure 1 displays the population counts based on 

sampling dates for 20 plants. As depicted in Figure 1, T. tabaci 

showed varying abundance in different cultivated plants, 

excluding field crops. In winter vegetables, the population 

density of T. tabaci remained relatively steady throughout the 

sampling dates, ranging between 6 and 8 individuals per 20 

plants. Conversely, F. occidentalis was rarely found in the group 

of winter vegetables, with the highest count being 1 individual 

per 20 plants. Within the summer vegetable group, adult T. tabaci 

individuals were more prevalent from March to June, reaching 

the peak on May 7th with 31 individuals per 20 plants. After June, 

harmful T. tabaci individuals were not found on the plants. On 

the other hand, the highest population density of F. occidentalis 

in summer vegetables was observed on May 27th, with 4.5 

individuals per 20 plants, coinciding with a significant decrease 

in the T. tabaci population. Regarding fruit trees (both soft and 

hard-tissue fruits), the highest number of T. tabaci individuals 

was recorded on February 5th, at the beginning of the flowering 

period. For F. occidentalis, they were rarely found on fruit trees 

in several sampling dates, with the highest count being 0.44 

individuals per 20 plants on April 29th. In contrast to other 

cultivated plants, F. occidentalis individuals were more 

prominent in field crops such as cotton, soybean, and sesame. 

They were mainly collected from cotton flowers, with its highest 

population density being 6.5 individuals per 20 plants on August 

24th. This information highlights the population fluctuations of 

the two thrips species over the specified period, providing 

valuable insights for further study and management strategies. 

 

4. Discussion 
 

Thrips tabaci and F. occidentalis species were the most 

commonly recorded in this study (Tables 1 and 2). It is evident 

that these two species were also common in previous studies 

conducted in Adana Province (Atakan 2007a, b). In other words, 

it was concluded that the introductions of 2 new invasive thrips 

species (T. hawaiiensis and S. dorsalis) into Adana Province did 

not cause any change in thrips composition in the sampling area, 

known as the polyculture area. Individuals of T. tabaci in winter 

vegetables and F. occidentalis individuals in summer vegetables 

appeared at relatively higher densities (Figure 1). This may be 

related to the bio-ecological demands of the species, their 

preferences for specific plant species (such as plant morphology 

and anatomy, and chemical content). Thrips were mainly 

recorded  in  the  flowers  of  the  sampled  plants,  and population  

 

 
Figure 1. Population density patterns of two common Thysanoptera species on diverse crop plants during 2019-2020; winter vegetables (a), fruit trees 

(b), summer vegetables (c), field crops (d). 
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patterns in different plant groups changed according to the 

flowering status of the plants. In other words, their population 

densities depended on flower formations and flower densities in 

plants. Nectars, protein and carbohydrate nutrition in the flowers 

of plant species may have attracted thrips more in terms of their 

development and reproduction (Yudin 1986; Lewis 1997). The 

fact that T. tabaci was not found in many sampling dates after 

June may be related to its lower tolerance to summer 

temperatures compared to F. occidentalis (Lewis 1997). 

When evaluating the numbers of thrips individuals from 

different plants, it is evident that the number of individuals, 

including common species, is low (Table 2). This situation, along 

with the diversity of plant and insect species, may indicate that 

maintaining a natural balance in agricultural ecosystems is 

possible with good habitat planning, allowing beneficial insects 

to easily suppress harmful species (Barbosa and Wratten 1998; 

Landis et al. 2000; Gurr et al. 2017). In this study, particularly, 

the predator Orius species (Hemiptera: Anthocoridae) were 

frequently collected alongside thrips, which may account for the 

absence of thrips larvae (Tatlıcıoğlu et al. 2022). The low 

mobility and soft body of thrips larvae make them vulnerable to 

such predatory insects (Funderburk et al. 2000; Osekre et al. 

2008). Predatory thrips species were observed in the sampled 

crop plants after March, but only a low number of them were 

recorded, indicating their inactivity during the winter vegetation. 

The low individual numbers might be influenced by their habitat 

preferences, plant choices, and predation by larger general 

predators of the order Hemiptera (e.g., Geocoris, Orius, Piocoris 

and Nabis species) (Asghar et al. 2008). However, predatory 

Aeolothripidae species were recorded in large numbers on the 

flowers of the weeds in the same sampling area in previous works 

(Atakan and Uygur 2004, 2005). This may be related to the 

habitat and plant preferences of the predatory thrips of the genus 

Aeolothrips. 

In conclusion, thrips were found to be more abundant on 

annual herbaceous plants compared to perennial arboreal plants. 

It was observed that thrips densities are closely linked to the 

flowering phenology of plants sampled. The richness of plant 

species diversity in a specific agro-ecosystem can promote 

healthier and more dynamic relationships between plants, 

harmful insects, and beneficial organisms i.e. predators and 

parasitoids (trophic relations). Moreover, investigating harmful 

or beneficial insect species in different targeted ecosystems, as 

demonstrated in this study, allows for early detection of invasive 

harmful species entering the ecosystem. This early detection of 

pest thrips on crop plants may contribute to planning of control 

tactics in preventing their spread over large agricultural areas. 

Scirtothrips dorsalis, which is often considered an important pest 

of pepper plants in the literature, was mostly collected from 

pepper flowers in the present study. Although F. occidentalis is 

known as a common pest insect in pepper production areas in 

Türkiye, it is thought to be beneficial to investigate this recently 

introduced thrips species in crop plants particularly in green 

peppers across a large region. 

 

References 
 

Asghar S, Askari FA, Sedghi M (2008) Interaction of Aeolothrips 
intermedius and Orius niger in controlling Thrips tabaci on potato. 

International Journal of Agriculture and Biology 10(5): 521-525. 

Atakan E, Uygur S (2004) Seasonal abundance of the some thrips species 

and their predators on weeds. Türkiye Entomoloji Dergisi 28(2): 
123-132.  

Atakan E, Uygur S (2005) Winter and spring abundance of Frankliniella 

spp and Thrips tabaci Lindeman (Thysan, Thripidae) on weed host 

plants in Türkiye. Journal of Applied Entomology 129: 17-26.  

Atakan E (2007a) Thrips (Thysanoptera) species occurring on fruit 
orchards in Çukurova Region of Türkiye. Book of Abstracts of 

Second Symposium on Palaearctic Thysanoptera, Strunjan, 

Slovenia, pp. 7. 

Atakan E (2007b) Thrips (Thysanoptera) species occurring on winter 
vegetables crops in Çukurova Region of Türkiye. Book of Abstracts 

of Second Symposium on Palaeartic Thysanoptera, Strunjan, 

Slovenia, pp. 24. 

Atakan E (2008) Adana ilinde bazı ılıman iklim meyvelerinde iki thrips 
(Thysanoptera) türünün populasyon değişimleri ve zararı üzerinde 

araştırmalar. Türkiye Entomoloji Dergisi 32(4): 255-271. 

Atakan E (2011) Adana İlinde merkez parklarında bazı süs bitkilerinde 

bulunan Thysanoptera (Thrips) türleri. Türkiye IV Bitki Koruma 
Kongresi Bildirileri, Kahramanmaraş, s.183. 

Atakan E, Ölçülü M, Pehlivan S, Satar S (2015) Türkiye’de yeni zararlı 

bir thrips türü: Thrips hawaiiensis (Morgan, 1913) (Thysanoptera: 

Thripidae). Türkiye Entomoloji Bülteni 5(2): 77-84.  

Atakan E, Pehlivan S (2021) A new harmful thrips species in orange in 
Antalya Province: Scirtothrips dorsalis Hood (Thysanoptera: 

Thripidae). Mediterranean Agricultural Sciences 34(3): 273-277.  

Atakan E, Pehlivan S, Achiri TD (2021) Pest status of the Hawaiian 

flower thrips, Thrips hawaiiensis (Morgan) (Thysanoptera: 
Thripidae) in lemons in the Mediterranean region of Türkiye. 

Phytoparasitica 49(3): 1-13. 

Barbosa P, Wratten SD (1998) Influence of plants on invertebrate 

predators: implications to conservation biological control. In 
Barbosa P (ed.), Conservation biological control. Academic Press, 

San Diego, CA, pp. 83-100. 

Funderburk JE, Stavisky J, Olson S (2000) Predation of Frankliniella 

occidentalis (Thysanoptera: Thripidae) in field peppers by Orius 
insidiosus (Hemiptera: Anthocoridae). Environmental Entomology 

29: 376-382.  

Funderburk J, Reitz S, Stansly P, Freeman J, Miller C, Mcavoy G, 

Whidden A, Demirozer O, Nuessly G, Leppla N (2018) Managing 
Thrips in Pepper and Eggplant. IFAS Extension, University of 

Florida, pp. 1-10.  

Goldaranzena A (2011) First record of Thrips hawaiiensis (Morgan, 
1913) (Thysanoptera: Thripidae), an Asian pest thrips in Spain. 

Bulletin OEPP/EPPO 41(2): 170-173.  

Gurr GM, Wratten SD, Landis DA, You M (2017) Habitat management 

to suppress pest populations: progress and prospects. Annual Review 
of Entomology 62: 91-109.  

Landis DA, Wratten SD, Gurr GM (2000) Habitat management to 

conserve natural enemies of arthropod pests in agriculture. Annual 

Review of Entomology 45(1): 175-201.  

Lewis T (1997) Thrips: Their Biology, Ecology and Economic 
Importance. London, UK: Academic press. 

Morse JG, Hoddle MS (2006) Invasion Biology of thrips. Annual Review 

of Entomology 51: 67-89.  

Osekre EA, Wright DL, Marios JJ, Mailhot DJ (2008) Predator-prey 

interactions between Orius insidiosus (Hetereoptera: Anthocoridae) 
and Frankliniella tritici (Thysanoptera: Thripidae) in cotton blooms. 

Journal of Cotton Science 12: 195-201.  

Priesner H (1951) Zwei neue Thysanopteren aus der Türkei. Zeitschrift 

fur Pflanzenkrankheiten und Pflanzenschutz 58: 255-258 (in 
Germany). 

Tatlıcıoğlu Ş, Atakan E, Pehlivan S (2022) Investigation of predatory 

Orius species (Hemiptera: Anthocoridae) in Balcalı District of 

Adana Province, Türkiye. Türkiye Biyolojik Mücadele Dergisi 
13(1): 25-36. doi: 10.31019/tbmd.1056178. 



Atakan/Mediterr Agric Sci (2023) 36(3): 117-122 

© Akdeniz University Faculty of Agriculture 

122 

Tunç İ, Hastenpflug-Vesmanıs A (2016) Records and checklist of 

Thysanoptera in Türkiye. Turkish Journal of Zoology 40: 769-778 

doi: 10.3906/zoo-1512-37. 

Yakhontov VV (1964) Order Thysanoptera (Physopoda) In: Bei-Bienko 
GY (Ed), Keys to the Insects of the European USSR, 1. pp. 1119-

1160. 

Yudin LS, Tabashnik BE, Cho JJ, Mitchell WC (1986) Host range of 

western flower thrips Frankliniella occidentalis (Thysanoptera: 

Thripidae), with special reference to Leucaena glauca. 

Environmental Entomology 15: 1292-1295.  

zur Strassen R (2003) Die Terebranten Thysanopteren Europas und des 

Mittel Gebietes. Die tierwelt deutschlauds, Beggründet 1925 von 
Friedrich Dahl, 74. Teil. Goecke und Evers, Keltern, Deutschland, p. 

277. (in Germany). 

 

 



 

MEDITERRANEAN 

AGRICULTURAL SCIENCES 

(2023) 36(3): 123-127 

DOI: 10.29136/mediterranean.1344488 

                                                         www.dergipark.org.tr/en/pub/mediterranean 

© Akdeniz University Faculty of Agriculture 

 

 

Exploration of ITS region as DNA barcode for Kakothrips priesneri Pelikan 

phylogeny 
 
Inci SAHIN NEGIS  
 

Selcuk University, Agricultural Faculty, Department of Plant Protection, 42030, Konya, Türkiye 
 

Corresponding author: I. Sahin Negis, e-mail: incisahin@selcuk.edu.tr 

 

ARTICLE INFO 
  

 
ABSTRACT 

 

 

Received: August 16, 2023 

Received in revised form: November 7, 2023 
Accepted: November 7, 2023 
 

 
 

The Thripidae family is a diverse group of insects with global distribution and significant 

economic importance as pests of agricultural crops. Accurate identification and classification of 
Thripidae species are critical for their effective management and control. To aid in this effort, 

DNA barcoding using the ITS gene region has proven to be an efficient and reliable tool for 

identifying and differentiating Thripidae species. The high variability rate of the ITS region 
makes it particularly effective for identifying and classifying closely related species, providing 

valuable insight for understanding and preserving the taxonomic diversity of the Thripidae 

family. The present study aims to explore the effectiveness of the ITS gene region for DNA 
barcoding of Kakothrips priesneri Pelikan species. For the first time, the ITS data obtained from 

this study showed the placement of Kakothrips priesneri in both common methods, using DNA 

barcoding (BLAST and MEGA), produced positive results for the ITS analysis, indicating that 
the region may be suitable for the Kakothrips species. 
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1. Introduction 
 

Thrips (Thysanoptera) are very small insects, with an average 

length of 1-2 mm, found all over the world (Mehle and Trdan 

2012). The order is considered complex due to its high level of 

homoplasy, which means that different species may have similar 

characteristics that have evolved independently (Gauld and 

Mound 1982; Mound and Palmer 1983; Retana-Salazar 1998; 

2000). Thrips are divided into two suborders: Terebrantia, which 

has nine extant families, and Tubulifera (Moritz 1994; Moritz et 

al. 2000; ThripsWiki 2023). While the Aeolothripidae family is 

not known to include any pest species (Mound 1997), the 

Thripidae family, which includes three subfamilies: 

Panchaetothripinae, Dendrothripinae, and Sericothripinae, has 

some species that can cause serious crop losses (Mound et al. 

2022). Out of approximately 6000 Thysanoptera species 

identified so far (ThripsWiki 2023), some species are known to 

be pollinators or biological control agents (Mound and Kibby 

1998; Trdan et al. 2005). 

The genus Kakothrips Williams comprises of eight known 

species (ThripsWiki 2023). Records of K. dentatus Knechtel 

from Greece (zur Strassen 1996) and Türkiye (Şahin et al. 2019) 

confirm the Mediterranean affiliation of the genus, despite 

Kakothrips dentatus being primarily distributed in northern 

Europe (zur Strassen 2003). Kakothrips acanthus Berzosa was 

described by Berzosa (1994) from various locations in Spain and 

Sicily, and until recently, it was only known from the western and 

central Mediterranean regions. However, the occurrence of 

Kakothrips acanthus has been documented by Şahin Negiş 

(2023) in Konya, expanding its distribution range towards the 

eastern Mediterranean. Among all Kakothrips species, females of 

Kakothrips priesneri Pelikan are particularly unique as they 

possess a pair of pore plates on the third abdominal segment. This 

species is noted at couplet 6(4) in zur Strassen (2003) as having 

females with a single pore plate on sternite III, and an image of 

such a structure in K. priesneri is provided by Şahin Negiş 

(2023). Additionally, K. priesneri has longitudinal rows of 

thickened setae on the tibia (zur Strassen 2003). 

Several studies have demonstrated the efficacy of using the 

ITS gene region for identifying and classifying different species 

within the Thripidae family. The ITS2 region is a commonly 

employed DNA barcoding region for identifying Thysanoptera 

species, as it exhibits sufficient variability among different 

species. Ashfaq and Hebert (2016) utilized DNA barcoding to 

investigate Thrips diversity in Pakistan and revealed the 

existence of cryptic species complexes. Almási et al. (2016) 

employed the ITS gene region for identifying Thrips tabaci 

Lindeman and determining cryptic species complexes. Tyagi et 

al. (2017) used DNA barcoding to discover a new cryptic species 

in Thrips palmi Karny in India. These studies highlight the 

significance of the ITS gene region as a valuable tool in 

identifying species within the Thripidae family and determining 

cryptic species complexes. 

In this study, two commonly used methods were employed to 

analyze the DNA barcoding results. The first approach involved 

using BLAST (Basic Local Alignment Search Tool) to match the 

query sequences against a reference database and identify the 

closest match. The second method utilized taxonomic assignment 

algorithms, such as MEGA, to assign species identities and 

construct a phylogenetic tree based on sequence alignments. Both 

methods were applied to analyze both query and K. priesneri 

sequences. The results from both methods were found to be 

favorable for the ITS analysis, indicating that this region may be 

suitable for identifying Kakothrips species. Furthermore, the 
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barcode sequence of K. priesneri species was uploaded to the 

GenBank for the first time as part of the present study (accession 

number OQ779479), contributing to the growing database of 

genetic information for this species. 

 

2. Materials and Methods 
 

The sample was diagnosed following the method described 

in zur Strassen (2003). DNA isolation was carried out using the 

CTAB protocol, with each sample processed individually 

according to the method described by Doyle and Doyle (1987). 

The ITS F/R primers, which amplify a region of approximately 

650 bp, were used for PCR amplification of the ITS gene region, 

and the PCR reaction and cycling conditions were the same as 

those described in Şahin Negiş et al. (2022) (Fig. 1). Sanger 

sequencing was performed at BM Labosis. After obtaining the 

sequencing results, each sample was individually analyzed using 

the Neighbor-Joining (NJ) and UPGMA (unweighted pair group 

method with arithmetic mean) methods in the Mega11 program. 

The Kimura 2-parameter model, as proposed by Kimura (1980), 

was used for calculating genetic distances and time of divergence 

between sequences. An outgroup sequence, from GenBank 

accession number MW1865502.1 for Limenitis archippus 

(Cramer) (Lepidoptera: Nymphalidae), was used in the 

phylogenetic tree as a reference for comparison. 

 

3. Results and Discussion 
 

Thysanoptera, a group of insects commonly known as thrips, 

presents challenges in taxonomic and phylogenetic studies. Some 

researchers have argued against relying solely on molecular data 

for taxonomic decisions in Thysanoptera, as highlighted by 

Mound and Morris (2007), and have considered it an insufficient 

solution for addressing taxonomic issues, as noted by Lee (2004). 

However, recent studies have shown promising results in using 

molecular techniques for defining species in Thysanoptera. 

Further research, that compares morphological and molecular 

data, may help establish more confidence in the use of molecular 

techniques for taxonomic purposes in this group. Recognition of 

invasive species is crucial for effective management, and it is 

important that the process is rapid, cost-effective, technically 

accessible, and accurate, as emphasized by Darling and Blum 

(2007). Molecular techniques, such as DNA barcoding, can 

provide a valuable tool for identifying invasive species, as they 

can be applied to a wide range of samples and can yield accurate 

results with relatively small sample sizes. Combining molecular 

data with other taxonomic approaches, such as morphological 

and ecological data, can enhance our understanding of invasive 

species and aid in their management and control. 

The utilization of BLAST and taxonomic assignment 

algorithms in this study allowed for a thorough analysis of the 

DNA barcoding results for Kakothrips priesneri Pelikan. The 

BLAST method, which compares query sequences to a reference 

database, and the taxonomic assignment algorithms (MEGA), 

which assign species identities and generate a phylogenetic tree, 

were both applied to analyze the query and K. priesneri 

sequences. The positive results obtained from both methods 

(BLAST and MEGA) in the ITS analysis indicate that the ITS 

gene region may be appropriate for identifying Kakothrips 

species. Additionally, the barcode sequence of K. priesneri was 

uploaded to the GenBank for the first time, with the accession 

number OQ779479, contributing to the growing genetic database 

for this species. These findings highlight the importance of 

utilizing multiple methods for DNA barcoding analysis, as it 

allows for a comprehensive and reliable identification of species. 

The combination of molecular techniques, such as DNA 

barcoding, with traditional taxonomic approaches can greatly 

enhance our understanding of species identification, 

phylogenetics, and biodiversity studies. 

The BLAST program was used in this study to search the 

reference database using the ITS sequence of Kakothrips 

priesneri as the query sequence. The top BLAST hits for the 

query sequence were mainly from Frankliniella species, with a 

similarity of 97.5%. Other hits with similarity ranging from 92-

97% were from various other thrips species. This indicates that 

the query sequence of K. priesneri showed high similarity to 

Frankliniella species, which was expected based on previous 

knowledge. However, it is also important to note that there were 

hits with slightly lower similarity to other thrips species, which 

could potentially indicate close genetic relationships or shared 

genetic regions among thrips species. The use of BLAST in this 

study allowed for the comparison of the query sequence against 

a reference database, providing valuable information on potential 

matches and similarities with other known thrips species. 

However, further analysis and verification using additional 

molecular and morphological techniques would be necessary to 

confirm the taxonomic identification of K. priesneri and related 

species. 

 

 
Figure 1. The amplification of Kakothrips priesneri in the ITS gene region is approximately 650 bp (Marker 1 Kb). 
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In this study, the UPGMA (unweighted pair group method 

with arithmetic mean) and NJ (Neighbor-Joining) methods 

(Schlee 1975) were used to infer the evolutionary history of 27 

nucleotide sequences, with the ITS gene region being the focus 

of analysis were used . The Maximum Composite Likelihood 

method (Tamura et al. 2004) was used to calculate evolutionary 

distances, and all ambiguous positions were removed for each 

sequence pair using pairwise deletion option, resulting in a final 

dataset of 603 positions. MEGA11 (Kumar et al. 2016) was used 

for all evolutionary analyses. The overall mean distance (OMD), 

which represents the average evolutionary distance between all 

taxa, was calculated to understand the structure of the 

phylogenetic tree. OMD is a metric that ranges between 0 and 1, 

with values close to 0 indicating low genetic differences between 

taxa, suggesting that the phylogenetic tree accurately reflects the 

relationships between taxa. In the case of the ITS gene region, a 

value of 0.03 between taxa is considered to reflect a good 

relationship in the phylogenetic trees, indicating that the analysis 

results are reliable in terms of the ITS gene region. This 

information provides insights into the robustness and accuracy of 

the phylogenetic analysis conducted in the study, indicating that 

the relationships between taxa in the phylogenetic tree are well-

supported by the ITS gene region data, as reflected by the OMD 

value of 0.03. The phylogenetic trees constructed in this study 

were based on the available sequences of Frankliniella species 

and other thrips species from the GenBank database, as there 

were no sequences available for K. priesneri or other Kakothrips 

species. This was done because K. priesneri is morphologically 

similar to Frankliniella species (zur Strassen 2003), and thus 

Frankliniella sequences were used as a proxy for inferring the 

evolutionary relationships of K. priesneri. 

In both the UPGMA (Fig. 2) and NJ trees (Fig. 3), the 

outgroup was placed outside the main tree. However, there were 

some differences observed between the two trees. For example, 

in the NJ tree, Parabaliothrips sp., which is characterized by its 

abdominal ctenidia terminating at the median lateral seta on 

tergites VI-VII and pronotum posteroangular setae positioned 

upper side the posteromarginal setae (OzThrips 2023), was 

positioned closer to the outgroup compared to the UPGMA tree. 

This suggests that the evolutionary relationship of 

Parabaliothrips sp. is slightly different when analyzed using the 

NJ method compared to the UPGMA method. Similarly, in the 

NJ tree (Fig.2), two species belonging to the genus Aptinothrips 

were observed to be close to each other, while they were 

positioned far apart in the UPGMA tree (Fig. 3). This indicates 

that the evolutionary relationship between these two species may 

vary depending on the method used for phylogenetic analysis. 

These differences in the positioning of species in the 

phylogenetic trees may be attributed to the different algorithms 

used in the UPGMA and NJ methods, as well as the evolutionary 

distance calculation method (Maximum Composite Likelihood) 

used in this study. It highlights the importance of using multiple 

methods and considering different factors when interpreting 

phylogenetic trees, and the need for further studies with more 

sequences and additional molecular markers for a comprehensive 

understanding of the evolutionary relationships among thrips 

species, including K. priesneri.   

 

 

Figure 2. The Kakothrips priesneri NJ phylogenetic tree according to the ITS gene region of 27 nucleotide sequences studied with MEGA11. Limenitis 
archippus (Cramer) was used as an outgroup. (Overall mean distance: 0.03). 
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Figure 3. The Kakothrips priesneri UPGMA phylogenetic tree according to the ITS gene region of 27 nucleotide sequences studied with MEGA11. 
Limenitis archippus (Cramer) was used as an outgroup. (Overall mean distance: 0.03). 

 

The study suggests further evaluation of the ITS gene region 

for distinguishing thrips species, as it is important to test it on a 

larger number of thrips species, particularly those that are 

phylogenetically distant and dissimilar, in both phylogenetic 

trees where thrips species are separated. Additionally, the study 

by Şahin Negiş et al. (2022) reported that the ITS gene region 

was effective in distinguishing thrips species at the genus level, 

indicating its potential for higher taxonomic classifications. 

Therefore, a greater number of thrips species and expanding the 

taxonomic coverage in the phylogenetic analysis using the ITS 

gene region may provide more comprehensive information about 

this gene region and its utility in thrips systematics, classification, 

and identification. 

 

4. Conclusions 
 

The previous studies have documented the presence of 

certain thrips species, specifically those belonging to the 

Thysanoptera family Thripidae, including the newly identified 

Kakothrips priesneri Pelikan species, ITS gene region 

sequencing in this study. Morphological diagnosis was also 

implemented to validate the findings. Furthermore, the sequence 

data was compared with the GenBank references detailed in the 

figures. The result of this study supports the use of ITS DNA 

barcode primers for diagnosis. Notably, this study also marks the 

inclusion of K. priesneri species sequence data in GenBank 

(OQ779479) for the first time. Future studies should focus on 

expanding thrips sequences in a well-designed network for 

accurate and robust diagnosis. 
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The regeneration system of Borassus aethiopum in Burkina Faso is the subject of several 

hypotheses. However, it is challenging to implement appropriate conservation strategies due to 

the lack of usage of bioeconomic approaches to support this or that perspective. The objective 
of this study is to settle this debate by assessing the status of palm tree stands using a 

bioeconomic model based on a dynamic equilibrium price. The data used in the study was 

gathered from thirty farming households in the study area in 2010, 2015, and 2020, as well as 
from monitoring thirty farm sites. The results show that, on average, there is an equilibrium 

between the rate of harvesting and the rate of regeneration of the palmyra palm. Nonetheless, 

market prices do not reflect the species' value, as they are between 28% and 166% below their 
implicit level. To ensure a proportionality coefficient between the equilibrium price and the 

resource constraint, a dynamic Pigouvian tax should be applied, taking into account the gap, the 

rate of exploitation, and regeneration. 
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1. Introduction 
 

Borassus aethiopium is a species of dioecious palm native to 

Africa, where it grows in savannahs and forests (Bayton 2007). 

It is particularly abundant in eastern Burkina Faso in the 

Kompienga watershed. The province of Kompienga spans 7280 

km2 and is located in the far eastern region of Burkina Faso. 

However, since the 1990s, it has been experiencing accelerated 

degradation due to the exploitation of young shoots for their roots 

(hypocotyls) (Guinko and Ouédraogo 2005), leading to the 

ageing of the palm stand. The species' regeneration system is 

therefore affected by these practices, while there is virtually no 

appropriate mechanism for internalising the external effects of 

the actions of local populations.  

The social cost of overexploitation of in situ seedlings in 

certain localities is characterised by the perceptible ageing of 

palm stands, the fragmentation of their plant formations and the 

decline in their productivity, on the one hand, but also by the fall 

in agricultural yields and the income of farmers dependent on 

forestry, the silting up of watercourses and the destruction of 

crops located downstream of the banks, on the other. This is a 

case of the presence of negative externalities specific to common 

goods. It is also accepted that the market fails in the presence of 

externalities, common goods, and collective goods, as in the 

present case (IRP 2020). For the time being, decisions on the 

preservation of the species combine Ronald Coase and Pigouvian 

approaches, i.e. the organisation of neighbouring populations and 

the application of a flat-rate tax on the exploitation of hypocotyls. 

Coase (1960) was highly critical of standard neo-classical theory, 

which emphasised public solutions to the harmful effects of 

activities. Instead, he put forward private solutions to deal with 

so-called externalities. The "Coase theorem" states that "the final 

result is independent of the legal system if the pricing system is 

assumed to work". So, in the absence of transaction costs, 

property rights are sufficient to achieve the social optimum. 

Unfortunately, in the hypocotyl market, prices do not work in the 

way Coase wants (Chu 2022) and there are no property rights 

over the resource. However, local people have put in place 

strategies to conserve the resource, such as the development of 

seeding to reduce the extraction of seedlings in situ, and the 

protection of banks overgrown with palm trees. Although this 

decision takes into account the ecological footprint, i.e. the 

equalisation between exploitation and regeneration rates, its 

effectiveness is ignored. Several methods of economic evaluation 

of the degradation of renewable resources have been proposed 

for this purpose. Among others, the Chevassus-au-Louis (2009) 

report proposes valuing biodiversity on the basis of the 

ecosystem services from which society benefits. Gastineau et al. 

(2023) used a multi-criteria approach to discuss the modalities of 

ecological compensation measures in response to environmental 

damage when ecological, economic, and societal criteria are 

taken into account Gastineau et al. (2021). They showed that it is 

necessary to find a compromise between ecological criteria and 

criteria that take into account the preservation of the quality of 

life of inhabitants, which they call the "social well-being" 

criterion (IRP 2020). The principle of monetarisation was used to 

evaluate, in monetary terms, the impact of a variation in the 

quantity of an environmental good on the well-being of an 

individual consisted in determining how much an individual 

would be prepared to pay to avoid the degradation of an element 

of his environment. However, this method itself contains intrinsic 
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biases linked to the moral hazard of actors. L'Écuyer-Sauvageau 

(2022) analysed the supply and demand of water-related 

ecosystem services in the agricultural sector in Quebec using the 

benefit transfer method and methods derived from market prices. 

This approach has certainly provided a picture of the value of 

ecosystem services associated with agricultural environments, 

but it does not take into account the imperfect nature of markets, 

which makes the price incapable of internalising the externalities 

associated with the exploitation of environmental heritage. 

Similarly, several studies have addressed the degradation of palm 

trees in eastern Burkina Faso (Sogué 2010; Yaméogo 2016). 

However, all these studies have merely presented the results 

obtained without explicitly developing the techniques, methods 

and hypotheses. Njomgang (2002) developed an innovative 

dynamic method based on the equilibrium price between the 

resource constraint and human activity. This approach seems 

better suited to our context and is used in this study to analyse the 

crisis situation and the crisis state of plant exploitation in the 

Kompienga watershed, with variances. We integrated the price of 

a perfect substitute for hypocotyl as the social opportunity cost 

of the depletion of the palm tree stock, to determine the crisis 

situation and the state of crisis of the economic exploitation of 

this natural good. In what follows, the methodology used is first 

presented, then the results of the data analysed are presented and 

discussed, and finally, we drew the inherent conclusion and 

recommendations. 

 

2. Materials and Methods 
 

2.1.  Method 
 

We started from the work of Njomgang (2002) to define the 

crisis in relation to the equilibrium, symbolized by:                    

 μ =  ωtωo−1  =  1. Where: μ is the rate of depletion of the 

palmyra palm wood resource, ωt is the effective rate of 

exploitation of the forest capital Wt in t, ωo is the optimal 

exploitation rate, i.e. the rate compatible with forest regeneration.  

To determine ωo in practice, we conducted an inventory of a 

dozen hectares of natural palmyra palm tree stands, which we 

compared to the stratum of young palmyra palm trees ranging in 

age from six months to six years at 30 logging sites selected based 

on the density of the stands and their accessibility. This stratum 

is considered by Guinko and Ouédraogo (2005) and Yaméogo et 

al. (2016) as the regenerated palmyra palm franche. If, for 

example, the inventory yields 60 six-month-old to six-year-old 

seedlings per hectare out of a total of 300 palmyra palm trees, 

then the regeneration rate will be 60/300. And if the net natural 

regeneration (dead seedlings and surviving saplings) from 

harvesting sites yields 2 out of 300 trees per hectare per year, then 

the regeneration cycle (equal, in equilibrium, to the rotation 

period) is: 

 

T= 60(300)-1(2(300))-1= 30 years. We will then have ωo= 

1*T-1= 1*30-1                                                                               (1) 

 

That is to say, the forest formation considered can be divided 

into thirty equal parcels, of which one can be exploited each year 

without danger to the forest capital. The effective rate of 

extraction is defined as the ratio between the quantity of seedlings 

harvested Qt and the forest capital Wt, i.e.  

 

ωt= QtWt
−1                                                                           (2) 

 

The equilibrium situation (the crisis condition) is thus 

symbolized by:  

 

µ= ωtωo-1; μ= 1, i.e. ωt= ωo or QtWt
−1= 1*T-1                      (3) 

 

The indicator μ makes it possible to distinguish between the 

two types of planting crisis that occur in the Kompienga 

watershed: The over-exploitation crisis, characterized by μ>1, is 

prevalent in the Kompienga watershed. The under-exploitation 

crisis, characterized by μ<1, is rampant in the forestry sector. 

The equilibrium price is an implicit price. That is to say, it 

results from the process of maximizing, under the constraint of 

the scarcity of young shoots, the net social benefit provided by 

the regeneration of palmyra palm trees, instead of being a 

parameter (market price or public price) in this process 

(Njomgang 2002). It indicates the price of a unit of resource in 

terms of net social benefit when the constraint is varied by one 

unit. It is therefore a decision variable in our problem of 

rationalizing reforestation or natural regeneration policies, 

allowing us to assess the impact of human activities on the 

palmyra palm seedlings and not an exogenous variable. In the 

context of the study, the research on the equilibrium price aims 

at providing a criterion for quantitative analysis of the interface 

exploitation of the seedlings (hypocotyl), and the regeneration of 

the species. These seedlings are viewed in terms of their dual 

function as a source of food and income on the one hand, and as 

a factor in future ecosystem regulation on the other. This is an 

implicit macro-price (Njomgang 1993), in the sense that it results 

from a joint maximisation in the ecosystem and in the economic 

exploitation of the young shoots, under the hypothesis of 

proportionality between the economic value of the palmyra palm 

tree and its regeneration cycle. As assumptions, we place 

ourselves in the eyes of the state, whose objective it is to 

maximise the satisfaction of the needs for non-wood forest 

products under the constraint of ecological balance, i.e., with 

natural regeneration. The only way to increase the stock of 

palmyra palm tree stands is through natural regeneration. We 

consider that the rate of assisted regeneration of the palmyra palm 

tree asset is very weak because of the absence of action for 

reforestation of the palmyra palm trees on the site. The policy of 

natural regeneration is taken into account through the rate of 

replacement of the old or dead Borassus aethiopum each year by 

the survivors of the young palmyra palmer shoots. The first 

relationship is a defining relationship of cut replacement:   

 

Rt= r Qt                                                                                  (4) 

 

Where Rt  is the number of trees to be retained in the 

harvested area to ensure stand regeneration, and Qt is the number 

of seedlings removed for their roots. The rate r is constant (the 

mortality rate is considered to be identical in the whole area). The 

second relationship is a relation of definition of the forest capital. 

 

Wt = W0 − (∫ Qτ
t

0
dτ − ∫ Rτ

t

0
dτ)                                        (5) 

 

Expression in which: Wt and W0  denote, respectively, the 

stand capital of the palmyra palm tree at t and the initial stand 

capital of the palmyra palm tree. The sums in parentheses denote 

the quantities harvested and retained to t, respectively. This is 

again written as: 

 

Wt = W0 − (∫ Wτ
t

0
dτ − r∫ Wτ

t

0
dτ)                            (6) 
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Wt = W0 − (1 − r) ∫ Wτ
t

0
dτ                                          (7) 

 

In this expression, (1-r) denotes the effective exploitation rate 

in the presence of natural regeneration. One has in effect:  

 

(1 − r) =
Qt

Wt
(1 −

Rt

Qt
) =

Qt−Rt

Wt
                                           (8) 

 

The definition of the net social benefit provided by the 

operation of palmyra palm seedlings is: 

 

Bs = U(Q) − Cs                                                                     (9) 

 

Where: U(Q) is the social utility of a seedling. This utility is 

defined, in the context of the study, as the sum of the income of 

the hypocotyl producers and the consumption and production 

services rendered by the palmyra palm in the various uses. These 

include food, energy, handicrafts, fertilisation of agricultural 

soils, etc. However, in this study, the utility will be summarized 

as the income provided to hypocotyl producers because of the 

difficulties in evaluating the other services provided by the 

palmyra palm to society. Thus, the utility is underestimated 

(Yaméogo 2008). Cs is the social cost of the palmyra palm tree. 

This cost includes environmental costs and opportunity costs 

measured in terms of the comparative yield of alternative uses of 

non-wood palmyra products (timber, in particular, food, 

medicine, etc.) and substitutes for hypocotyls in food uses (tubers 

and agricultural roots, in particular). The social costs were 

assessed in this study through the value of substitutes for 

hypocotyls in food uses, including yam, sweet potato, and 

cassava. According to Sogué (2010), cassava is the closest 

substitute to hypocotyl with a cross-price elasticity equal to 

+1.16. That is, a 1% increase in the price of cassava leads to a 

1.16% increase in the consumption of hypocotyl. Thus, the social 

cost of hypocotyl is equal to its opportunity cost, i.e., the price of 

cassava times the quantity. U(Q) measures the sum of the utility 

flows Pt (q), where q denotes the flow of wood production. Thus 

we have: 

 

U(Q) = ∫ Pt(q)
q

0
dt                                                                        (10) 

 

The problem thus amounts to maximizing: Bs = U(Q) − Cs.  

Under the ecological equilibrium constraint = o, where   

Rt= rQt in terms of replacement, r= 1. The Lagrangian is written: 

 

𝑉(𝑄, , 𝑡) = (𝑈(𝑄) − 𝐶𝑠)−𝑃′
𝑡𝑄𝑡 − (𝑡)(𝑄𝑡 − 𝑅𝑡)         (11) 

 
Where again: 

 
𝑉(𝑄, , 𝑡) = (𝑈(𝑄) − 𝐶𝑠(𝑄))−𝑃′

𝑡𝑄𝑡 − (𝑡)(1 − 𝑟)𝑄𝑡  (12) 

 
By canceling the partial derivatives, we obtain: 

 
𝜕𝑉

𝜕𝑄
= 𝑈′(𝑄) − 𝑃′

𝑡 − (𝑡)(1 − 𝑟) = 0                                (13) 

 
and  

 
𝜕𝑉

𝜕
= 𝑄𝑡(1 − 𝑟) = 0                                                            (14) 

 
The relation (13) gives: 

U′(Q) = P′
t + (t)(1 − r)                                              (15) 

 

With P′
t the price of cassava. Again, knowing that: 

 

U(Q) = ∫ Pt(q)
q

0
dq. And Pt = P′

t + (t)(1 − r)          (16) 

 

Where (t) is a time-dependent Lagrange multiplier, playing 

the role of a proportionality coefficient between the equilibrium 

price and the resource constraint. According to equation (8) 

(1 − r) =
Qt

Wt
(1 −

Rt

Qt
) =

Qt−Rt

Wt
 hence (t) = (t) =

Qt

Wt
 i.e. 

the effective rate of hypocotyl extraction. Here, Pt is the inverse 

demand expression for hypocotyl with (t) (1-r) as the quantity 

demanded. (1-r) being constant, the increase in quantity 

demanded depends on (t) which in turn is a function of the rate 

of resource depletion which is analytically positive (t)= µ*0. 

This is consistent with the economic theory of natural resource 

depletion where Pt is an increasing function of time and depletion 

of the palmyra palm resource in the situation of overexploitation 

of the resource (μ1), and decreasing in the situation of under 

exploitation of the resource (μ1), and roughly equal to           

P′
t + (1 − r)  in the equilibrium situation. To summarise, 

regardless of the resource's exploitation crisis, its price must be 

higher than its closest substitute in order to reduce demand. 
 

2.2. Data 
 

Secondary and primary data were used in this research. For 

this purpose, the study reports of the environmental institutions 

established in the study area were consulted. Part of the data was 

extracted from the master's thesis of Sogué (2010) and 

supplemented by a survey of households growing palmyra palm 

from 2010 to 2020; because of the remoteness of the households' 

compounds, insecurity in the area and the recent presence of 

armed groups in the area, the sample size was reduced to thirty 

households. In addition, in 2010, twelve control sites were 

identified and the Borassus aethiopum was inventoried by age 

group. The exploitable seedlings are those between 1 and 3 

months old. At this age, they have one to two leaves. Seedlings 

over one meter in height are considered regenerated. The same 

approach was adopted for thirty harvesting sites in 2010, 2015, 

and 2020. Of the thirty sites monitored, 17 were close to the 

concessions (2 to 3 km) and were considered "high accessibility" 

while those located between 3 and 5 km were considered 

"medium accessibility", of which there were seven. Finally, the 

remaining six were either on the riverbank or on the other side of 

the riverbank. They were accessible only in the dry season after 

January or March. They were qualified as sites with low 

accessibility. 

 

3. Results and Discussions 
 

The average density of the park is 436 mature palmyra palm 

trees per hectare in the inventory areas. If the youngest 

individuals are taken into account, the average density increases 

to 3876 trees ha-1, of which 430 seedlings are extracted per year 

on each site, i.e., an exploitation rate of 0.11. This density is well 

above that of agroforestry parks in southwestern Burkina Faso 

(Cassou and Depommier 1997). 

There is little variation in density at the plot level as indicated 

by coefficients of variation (CV) ranging from 22% to 33%. 

However, there are more intermediate strata in the sparse sites 

generally closer to the concessions than in the dense, inaccessible  
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Table 1. Descriptive statistics of the data 

Variables Unit Average Median SDa CVb 

Seedlings  feet  3440.23 3146.50 1123.19 0.33 

Palmyra palm feet 435.74 417.50 96.77 0.22 

Wt feet 3875.98 3542.50 1204.56 0.31 

Qt feet 429.90 420.00 109.20 0.25 

t - 0.11 0.11 0.02 0.17 

0 - 0.11 0.11 0.04 0.33 

µ= ωtωo
-1 - 1.00 0.97 0.17 0.17 

Price of hypocotyl USD 0.25 0.21 0.11 0.00 

Cassava price USD 0.54 0.36 0.69 0.00 

a; standard deviation, b; coefficient of variation.   
 

areas. The results in Table 1 also show a natural regeneration rate 

in the control areas of ωo= 0.11 giving a seedling depletion rate 

of µ= 1. This is an equilibrium situation that ensures 

compatibility between the regeneration cycle of the resources and 

the rotation rate. Overall, there is no seedling crisis condition in 

the study area. Table 2 shows that the situation is not static. In 

2010, the natural asset was facing an overexploitation crisis with 

a depletion rate of µ= 1.07, i.e. an overexploitation of 7%. Of the 

30 plots monitored, 53.3% were overexploited compared to 

43.3% and 26.7%, respectively, in 2015 and 2020. In addition, 

the table 2 shows that the plots wereincreasingly under-exploited 

over time. The security crisis has caused the displacement of 

populations from the areas and reduced the accessibility of 

production sites. However, this generates a crisis of under-

exploitation where the potential resources are enormous, but the 

poor accessibility of the deep forest limits the exploitable 

resources and has accentuated the over-resourcing around the 

concessions and refusal areas and the generalisation of the 

production of hypocotyl in germinators. The result is a scarcity 

of hypocotyls that is as constraining in its effects on prices and 

the environment as the over-exploitation crisis. Njomgang (1993, 

2005) found similar results in the context of fuelwood 

exploitation in Cameroon. 

In addition to the safety measures that slowed down the 

overexploitation of palm trees, the awareness-raising actions of 

rural development actors has promoted the awareness of the 

existence of damage on an even larger scale, such as global 

warming, the disruption of ecosystems, the occurrence of 

extreme weather events, etc. In this perspective, the analysis of  
 

Table 2. Interannual seedling exploitation crisis situation 

Years  Under-exploited Over-exploited µ 

2010 46.7% 53.3% 1.07 

2015 56.7% 43.3% 0.98 

2020 73.3% 26.7% 0.96 

 

the interactions between human activities and nature has become 

crucial. Indeed, Figure 1 shows a gradual shift of human pressure 

on stands towards highly accessible areas and the substitution of 

in-situ sapling extraction for controlled agricultural production of 

hypocotyls. The determination of equilibrium prices of 

hypocotyls recorded in Table 3 shows the extent of hypocotyl 

undervaluation over time. These prices observed in 2010, 2015 

and 2020 are respectively 0.13 USD, and USD 0.24, USD 0.37 

per hypocotyl. They should be USD 0.35, USD 0.40 and USD 

0.48 per hypocotyl to take into account the social cost of their 

depletion. The social cost generated represents an undervaluation 

of the producer price of hypocotyls of 166%, 70%, and 28% of 

their current price. 

Baral et al. (2008) used a contingent valuation method to 

determine the price of entry into Nepal's largest protected area, 

Annapurna. Taking into account biodiversity conservation, 

ecosystem protection and sustainable development, they found 

that the proposed fees ranged from USD 30 to USD 120, with a 

survey price of USD 27. The study indicates that the entry fee 

may well be increased incrementally from USD 27 to USD 50. 

Thus, the implicit prices of environmental assets are generally 

reservation prices for the consumers and therefore reduce their 

surplus to zero.  

 

 
Figure 1. Dynamics of the nature of the crisis. 
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Figure 2 provides a comparative view of price structures over 

this decade. A visualisation of the implicit prices of hypocotyls 

shows little difference with those of their direct substitute over 

time. This implies a transition to green and sustainable growth of 

palmyra palm tree services. However, this requires taking the 

analysis further and looking beyond production as described 

above by requiring the asset base to remain intact. Indeed, the 

current depletion of the asset base poses a risk to growth, and this 

type of risk must be avoided. Until now, the price of hypocotyls 

on the market essentially integrated private costs, i.e., the costs 

borne by those involved in the young growth sector of the 

palmyra palm tree for the production and marketing of 

hypocotyls. The social costs include forestry taxes and fees, taxes 

and other regulatory costs whose objective is to reduce harvesting 

and safeguard forest resources are derisory (Sogué 2010) to 

dissuade consumers. As shown in Table 3, these taxes should 

represent 166%, 70% and 28% of the market price of hypocotyl 

in 2010, 2015 and 2020, respectively, in order to reflect the real 

use value of the seedlings and to preserve the regeneration of the 

species, whereas Sogué (2010) reported that the tax represented 

only 6% of the price of hypocotyl in 2010.  

As shown in Figure 2, implicit prices are variable both intra- 

and inter-annually. Similar results were found by Revéret et al. 

(2019). Indeed, he conducted a case study in the Tioga classified 

forest in Burkina Faso on a sample of 300 surveyed households. 

The author shows two types of average Willingness To Pay 

(WTP) for riparian households: an average monthly WTP of 

USD 1.03 to obtain a field in the forest (alternative use), and an 

average WTP of USD 0.80 for forest maintenance. In the same 

vein, Ouédraogo (2015), based on the work of Yaméogo et al. 

(2016), showed that between 1985 and 1995, the real price of 

firewood sold to consumers increased by 28.54%. However, this 

increase in the price of fuelwood is explained by simultaneous 

increases of 124.96% in real transport costs, 39.87% in real retail 

costs, and 42.16% in real wholesale profit margins; real retail 

profit margins have decreased by 16.27% between 1985 and 

1995, and not by the price of the social costs of producing 

fuelwood. Finally, Figure 2 shows the evolution of observed 

prices at an increasing rate from 2015 and the possibility of 

convergence of the three prices if this 2015 growth rate is 

maintained. Observed prices rose on average from USD 0.13 in 

2010 to USD 0.24 in 2015, and to USD 0.37 in 2020. This 

represents a 2010-based price index of 100; 181.25; and 287.68 

respectively, a tripling of prices in a decade. In addition, in some 

sites where the depletion rate is very low, the observed price is 

higher than that determined. 

 

4. Conclusion  
 

Our approach to developing this methodology has been based 

on the most recent developments in the economic evaluation of 

environmental degradation. We started with the work of Claude 

Njomgang (1993, 2002) to determine an equilibrium price for 

young palmyra palm tree shoots in the Kompienga watershed. 

The exploitation of seedlings is in equilibrium. In fact, at 

equilibrium, the rate of depletion (µ) of wood resources is equal 

to 1 and ensures compatibility between the regeneration cycle of 

the resources and the rotation rate. Moreover, with the 

generalisation of germination and the deterioration of the security 

situation in eastern Burkina Faso since 2015, the demand for 

hypocotyl has decreased, also leading to a reduction in the rate of 

exploitation of seedlings in natural formations. While these two 

phenomena have helped to rebalance the flow of energy in the 

ecosystem, they also create situations of under-exploitation crises 

which, like over-exploitation, constitute an inefficiency from an 

economic point of view. The prices observed during the three 

periods  do  not  allow  for  optimal  exploitation of the resource. 

Producer prices are between 28% and 166% lower than their 

implicit level. The Pigouvian tax currently applied by the public  

 
Table 3. Determination of equilibrium prices of the hypocotyl 

Years Average prices determined in USD Average prices observed in USD Differences in USD Extent of price underpricing 

2010 0.35 0.13 0.22 166% 

2015 0.40 0.24 0.16 70% 

2020 0.48 0.37 0.10 28% 

 

 

Figure 2. Evolution of observed and determined prices of hypocotyl and cassava in space. 
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administration to ensure price convergence is modest enough to 

be effective. It is barely 6% of the observed price, whereas it 

should have been 166% in 2010, 70% in 2015, and 28% in 2020 

of the price of the producer of the hypocotyl in order to reflect 

the unit use value of the seedlings and to preserve the 

regeneration of the species. The convergence of the observed 

prices and the determined prices is accidental because it is 

essentially created by the security situation, which reduced the 

accessibility of the operators of the zones of production and 

generated a supply of hypocotyls lower than their demand. It is 

recommended that the public administration should apply a tax 

that varies over time according to the rate of exploitation and 

natural regeneration of palmyra palm tree seedlings. This 

dynamic tax should act as a proportionality coefficient between 

the equilibrium price and the resource constraint.  
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Automated seed sorting is widely used in the agricultural industry. Deep learning is a new 

field of study in agricultural seed sorting applications. In this study, a classification of 

buckwheat seeds and foreign materials, such as sticks, chaff, stones was performed using deep 
learning. The main purpose of the study was to show the effect of scaling the images on the 

classification results, while creating a dataset. An industrial experimental setup was used to 

generate the datasets of buckwheat seeds and foreign materials to be sorted by deep learning. 
The images in the created dataset were rescaled with two different techniques, precision 

scaling and direct scaling, which were labelled as Type1 dataset and Type2 dataset, 

respectively. To classify buckwheat seeds and foreign materials, AlexNet architecture was 
used. The classification accuracy was calculated as 98.57% for Type1 Dataset and 97.34% 

for Type2 Dataset. As a result, it was concluded that the Type1 dataset had a higher accuracy 

and the use of precision scaling can be used to improve the classification results in industrial 
applications. 
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1. Introduction 
 

Deep learning architectures are widely used in many 

applications such as object classification (Sharma et al. 2018), 

sorting food and beverage (Nasiri et al. 2020), face detection (Sun 

et al. 2018), speech recognition (Zoughi et al. 2020), plate 

recognition (Omar et al. 2020) etc. Object classification is one of 

the main applications, which is used in many industries as well 

as in food and agriculture (Unal 2020). In 2012 and with the 

achievement of AlexNet (Krizhevsky et al. 2012) in ImageNet 

Large Scale Visual Recognition Challenge, convolutional neural 

network (CNN) architectures became much more popular in 

classification applications. Following AlexNet, many other CNN 

structures were proposed in literature such as VGGNet 

(Simonyan and Zisserman 2015), GoogleNet (Szegedy et al. 

2015), ResNet (He et al. 2016), MobileNet (Howard et al. 2017). 

Classification algorithms are also widely used in agriculture. 

The use of deep learning for classification problems in 

agriculture makes these problems more applicable and achieves 

a high accuracy of results. One of the problems, which is widely 

covered in the literature, is the problem of seed classification. 

Kurtulmus et al. 2016 proposed a neural network to classify eight 

different varieties of pepper seeds. The proposed network had 

three layers, including an input layer, a hidden layer with 30 

neurons and an output layer. Although the proposed network was 

not a deep convolutional neural network, it had a classification 

accuracy of 84.94%. In a similar study, to classify Chinese 

cabbage seeds, the features were extracted from seeds’ images 

and for the classification of features back-propagation neural 

network was proposed (Huang and Cheng 2017). According to 

this study, classification accuracy was calculated as 91.53% and 

88.95% for good and bad seeds respectively. In another study, a 

custom CNN architecture was proposed to classify diploid and 

haploid maize seeds (Veeramani et al. 2018). The proposed 

custom CNN architecture classification accuracy was calculated 

as 96.70% and SVM accuracy was calculated as 87.60%. To 

compare machine learning algorithms and deep learning 

algorithms, another study was done by Huang et al. 2019. In this 

study, they classified defect and good maize seeds with deep 

learning (GoogleNet) and machine learning techniques, such as 

speeded up robust features, (SURF) and support vector machines 

(SVM). Experimental results showed that GoogleNet had an 

accuracy of 95% and SURF+SVM had an accuracy of 79.2%. In 

a recent study, to identify sunflower seeds, three deep learning 

architectures (AlexNet, GoogleNet and Resnet) were 

investigated. The highest classification accuracy (95%) was 

calculated from GoogleNet algorithm (Kurtulmus 2021). 

Sorting the seeds from all kinds of foreign materials such as 

sticks, chaff, stones etc. before the packaging stage, and even 

classifying them according to their size, color and shape, 

provides a higher quality product for the market. The process of 

classifying seeds with a deep learning algorithm consists of three 

main sub-processes such as image acquisition, image pre-

processing and image classification (Khirade and Patil 2015). 

Although feature extraction is not required in deep learning 

algorithms, acquisition of images that reflects important 

information clearly is very important (Devaraj et al. 2019). In 

industrial applications, it is not possible to take such images of 
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seeds as they move on the conveyor belt or fall from the reservoir. 

For this reason, seeds must be extracted from current frames, 

which is called blob analysis (Yusuf et al. 2018). The other 

important case is that the images need to be resized to adapt to 

the requirements of the Deep Learning model (Kamilaris and 

Prenafeta-Boldú 2018). It was found in the literature review, that 

there are many studies on seed classification with CNN 

architectures. However, there are a lack of studies in the literature 

that explain in detail how to create a seed dataset for a CNN 

architecture, how to scale the seed data precisely to required size, 

and which emphasizes how these processes will affect the 

classification. 

In this study, buckwheat seeds were sorted from foreign 

materials, such as sticks, chaff and stones with deep learning. the 

generation of datasets were performed by using an industrial 

experimental setup which is described in the materials and 

methods section. In order to show the scaling effect to the 

classification results, the images in the initial dataset were 

processed to form two datasets which were labeled as Type1 and 

Type2 (Aktaş 2020). Type1 Dataset was obtained using precision 

scaling by locating the blob in the middle of NxN Template 

Image. Type2 Dataset was obtained using direct scaling by 

generating NxN data from raw blob. To classify buckwheat seeds 

and foreign materials, AlexNet architecture was used. The 

classification accuracy was calculated as 98.57% for Type1 

Dataset and 97.34% for Type2 Dataset. 

 

2. Materials and Methods 
 

2.1. Experimental setup and image collection 
 

The experimental setup shown in Figure 1a consists of four 

mechanical parts including hopper, groove, vibration motor and 

a mechanical body. Inside the body there is a Basler 107649 

acA1440-73gc 1440 x 1080, 73 fps, color 1/3” CMOS camera, 

MBJ imaging DTL-ic-1010 Diffuse Flat Dome Light and other 

automation cards. The parts and components of the system are 

shown in Figure 1b. To collect the buckwheat and foreign 

materials images the experimental setup works as follows: First 

of all the hopper is filled with buckwheat seeds. The vibration 

motor is run by 220v AC. A potentiometer is used to adjust the 

speed of the vibration motor. The vibration motor starts to work 

by adjusting the potentiometer. In this way, the seeds in the 

hopper start to move on the groove. The seeds that reach the end 

of the groove start to fall down. As the seeds fall down, clear 

images of the seeds are obtained by an industrial camera and 

lighting system. The industrial camera and lighting system work 

synchronously with each other; when the camera is ready to take 

an image, the lighting system is activated by the camera through 

I/O connection. In this way, the images are taken by the camera 

and saved to the computer using the pylon viewer interface 

program. In the next stage, all of these operations were performed 

for foreign objects. This experimental setup was used to collect 

images of buckwheat seeds and foreign materials. The 

classification algorithm was tested on Intel i7, 3.6 GHz, 32 GB 

DDR3 1600 MHz RAM, Nvidia RTX 2080 GPU, Windows 10 

Pro Desktop computer. All of the image processing and deep 

learning applications were performed with Python version 3.8, 

OpenCV 4.5 and Keras Library version 2.5.  

 

2.2. Dataset generation  
 

Dataset generation is one of the most important steps before 

applying deep learning architectures. The blob detection 

algorithm is used widely during dataset generation to detect and 

extract the objects, (Dewi et al. 2021). The aim of blob detection 

is to find regions in an image that differ from the surroundings. 

Using properties such as intensity and shape, the contours of the 

objects are defined (Ter Haak 2018). After applying the blob 

detection algorithm the images need to be resized to adapt to the 

requirements of the Deep Learning model (for example 227x227 

or 224x224) (Kour and Arora 2019). In other words, the size of 

the extracted blob from current frame must fit to the model input 

image size. Basically, this can be done by overlapping the center 

of the blobs with the center of the desired sized frame, and the 

resulting segment can be subtracted from the entire image, thus 

producing an image of the desired dimensions. This technique 

has some disadvantages such as other objects which appear on 

the edge of the extracted image. Another problem of this 

technique arises when the natural shape and size of the objects to 

be classified are quite different from the model  input dimensions.  

 

a)

Hopper

Groove

Vibration Motor

Industrial Camera

Lighting System

b)
 

Figure 1. (a) Experimental setup (b) Working principle of experimental setup.
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Then the object needs to be stretched or shrunk to fit in the 

desired frame. To demonstrate the effect of these problems on the 

classification results, Type2 Dataset was generated using the 

technique explained above. As a solution to the aforementioned 

problems it is better to extract the blob from it’s borders 

(x_min,x_max,y_min,y_max) and then locate the blob in the 

middle of NxN Template Black Image. To demonstrate the effect 

of this solution, Type1 Dataset was generated using NxN 

Template Black Image. The proposed method (Aktaş 2020) using 

the blob detection algorithm is given in Figure 2, where it is 

clearly seen that in Type2 Dataset the natural shape of the 

classified object is distorted. 

The scaling processes are explained in depth in Figure 3, in 

order to better understand how all of these image resize 

operations are done for Type1 datasets . Because the images were 

grabbed while the objects (buckwheat seeds and garbage objects) 

were in free fall, the size of buckwheat and foreign materials 

change too much. The maximum size of the x or y coordinate of 

one buckwheat seed can be 150 pixels and the minimum size can 

be 70 pixels. So, in order to locate buckwheat seeds in the middle 

of these templates, no image resize operation is needed. Because 

of the nature of free fall, seeds turn and move on x and/or z 

coordinates. This turn and move effect can be seen a lot more in 

foreign materials. The size of foreign materials can change over 

a wide range, which can be seen in Figure 4. 
 

2.3. AlexNet architecture 
 

Alexnet became popular with its success in the ImageNet 

Large Scale Visual Recognition Challenge (ILSVRC) 

competition and revolutionized the use of CNN structures in 

classification problems (Khan et al. 2020). AlexNet Architecture 

consists of 5 convolution layers, 3 max pooling layers, 2 

normalization layers, 2 fully connected layers and 1 softmax 

layer. A total of 1376 filters, 96, 256, 384, 384 and 256, were 

used in 5 convolution layers, respectively (Krizhevsky et al. 

2012). In this study, the AlexNet structure was produced using 

Keras library with Python programming language in accordance 

with the literature. Since there are two classes in the application, 

the fully connected layers wereupdated as 256, 128, and the last 

layer, the softmax layer, as 2, in order to classify the two classes. 

AlexNet architecture with modified output layers is given in 

Figure 5. The AlexNet architecture can be used as a pre-trained 

version for the classification problems. Seed classification is an 

industrial application, in this study instead of using a pre-trained 

AlexNet structure the network structure created with the keras 

library was trained from scratch with the created dataset.  

After generating 227x227 input images as AlexNet requires 

for each class, each dataset must be split into training, validation 

and test datasets to evaluate the performance of the network. In 

the literature different ratios are used while creating training, 

validation and test datasets, and the most popular rates such as 

70%, 15% and 15% were used in this study (Islam and Raj 2017, 

Aktaş 2022). After applying these ratios the training, validation 

and test dataset of each class obtained were 1141, 245 and 245, 

respectively. The AlexNet architecture, which was modified as 

in Figure 5, was used for training and testing processes. Accuracy 

is expected to be high when the network is trained in high epochs. 

However, after a while the learning process slows down and as 

the training process continues the network does not learn any 

more or starts to memorize the dataset, which causes over fitting 

(Li et al. 2019). One of the solutions to avoid over fitting is to use 

the early stopping parameter in the keras library, which is used to 

limit the training of the network to a certain epoch. If val_loss is 

low 20 times in a row, an automatic training stop has been set as 

the stopping criterion. The parameters used in the training are as 

follows: optimizer= SGD, learning rate= 1e-04, batch size= 64, 

loss_function= categorical_crossentropy. 

 

3. Results and Discussion 
 

In this study, two types of dataset were used for training and 

tested with the AlexNet structure. Firstly, the AlexNet structure 

was trained with Type1 dataset. In order to evaluate the success 

of this trained network, it was tested with 245 images in the test 

dataset and the test accuracy was calculated as 98.57%. The 

training of the network ended in the 43rd epoch. Then the 

AlexNet structure was trained with Type2 dataset from scratch. 

The training of the network ended at the 46th epoch. Test 

accuracy was calculated as 97.34% when 245 test images from 

Type2 dataset were applied. Considering the classification 

results, the network structure trained with the Type1 dataset 

produced a higher accuracy. 

In the next step, the number of train, validate and test data 

was halved in order to understand the effect of the number of 

images in the dataset to its accuracy. Using this new number of 

datasets and also using the same training options, the training and 

test process wasrepeated. Using halved Type1 dataset (570 train, 

122 validation and 122 test data for each class) the training 

stopped at 60th epochs by using the early stop class and the test 

accuracy was calculated as 95.49%. In the next step using halved 

Type2 dataset (570 train, 122 validation and 122 test data for each 

class) the training stopped at 56th epochs by using the early stop 

class and the test accuracy was calculated as 94.67%. The results 

of using the full number of datasets and half the number of 

datasets and the comparison of the results are shown in Table 1. 

For better representation of the effect of different scaling 

techniques on the accuracy, the confusion matrices from which 

the test results were calculated are given in Figure 6a and 6b. The 

confusion matrix obtained from the network structure trained 

with Type1 dataset is given in Figure 6a and classification 

accuracy calculated from that matrix was calculated as 98.57%. 

It was easier for the network to detect buckwheat seeds because 

the shapes and sizes of the buckwheat seeds were similar to each 

other and the foreign materials had various shapes and colors. As 

seen in Figure 6a, only one out of 245 buckwheat seed images 

were misclassified, and the number of misclassified images was 

6 out of the same amount of foreign matter images. 

The confusion matrix obtained from the network structure 

trained with Type2 dataset is given in Figure 6b and classification 

accuracy calculated from that matrix was calculated as 97.34%. 

As seen in Figure 6a, 6 out of 245 buckwheat seed images were 

misclassified, and the number of misclassified images was 8 out 

of the same amount of foreign matter images. It can be clearly 

seen that the number of misclassified classes in the Type2 Dataset 

is higher than in the Type1 Dataset, which underlines the 

importance of precision scaling during image processing.  
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Figure 2. Flowchart for two different dataset type generation. Type1 dataset (locate the blob in the middle of NxN template) and Type2 dataset (NxN 

data generated from raw blob). 

 

 
Figure 3. Image resize operations for Type1 dataset (locate the blob in the middle of NxN template black image). 

 

135x82 100x112 120x93 102x106 106x101

83x100 61x87 100x67 74x76 230x172

a)

b)

 

Figure 4. (a) Example of raw buckwheat seed images generated from buckwheat seed image files (b) Example of raw foreign materials images generated 

from foreign materials image files.  
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Figure 5. AlexNet architecture. 

 
Table 1. Comparison of AlexNet accuracy results for different types and amount of datasets 

Type1_Dataset Type2_Dataset 

Train= 1141x2, Validation= 245x2, 
Test= 245x2 

Train= 570x2, Validation= 122x2, 
Test= 122x2 

Train= 1141x2, Validation= 245x2, 
Test= 245x2 

Train= 570x2, Validation= 122x2, 
Test= 122x2 

Epochs Test Accuracy Epochs Test Accuracy Epochs Test Accuracy Epochs Test Accuracy 

43 98.57% 60 95.49% 46 97.34% 56 94.67% 
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Figure 6. (a) Confusion matrix for Type1 dataset (b) Confusion matrix for Type2 dataset. 

 

Although the numerical difference between these two 

datasets is not very high, it may mean a lot for farmers and 

commercial enterprises. The crops collected after harvest must be 

packaged in order to be offered for sale. Making this packaging 

process as error-free as possible is appreciated by the buyer, 

which naturally reflects on the prices. For this reason, it is very 

important to carefully sort the product before packaging.  

The comparison of the classification made with the Type1 

and Type2 datasets and the obtained confusion matrix results 

from Figure 6a and 6b in terms of economic value for farmers 

and commercial enterprises can be seen in Table 2. There is not 

a specific ratio in seed sorting, but it is expected that the 

percentage of foreign materials should be less than that of seeds. 

For example, as a result of sorting a 100 kg product, the amount 

of foreign materials removed can reach up to 1 kg. If in sorting 

application Type1 dataset is being used to train and test (in real 

time), according to the Figure 6a the false seed percentage is 

calculated as: 1 / 245 * 100= 0.40. That means 0.40% of the 99 

kg sorted seeds were misclassified. That means 0.39 kg seeds 

misclassified as foreign materials. Again using Type1 dataset, 

from Figure 6a the false foreign materials percentage calculated 

as: 6 / 245 * 100= 2.44. That means 2.44% of the 1 kg sorted 

foreign materials were misclassified. That means 0.02 kg foreign 

materials misclassified as seeds. In this way, for Type1 dataset 

sorting 100 kg products the total misclassification is calculated 

as: 0.39 kg + 0.02 kg= 0.41 kg. Using the same calculations for 

Type2 dataset the misclassification is calculated as 2.44 kg. 

Although the effect of Type1 and Type2 datasets on classification 

is 98.57% - 97.34%= 1.23%, it can be said that the effect in 

practice is 5.9 times (2.44 / 0.41= 5.9) according to Table 2. 

Considering this information, the wrong classification of 

buckwheat products as foreign materials constitutes a serious loss 

for farmers and commercial enterprises. 
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Table 2. Economic effect of wrong classification in practice 

Dataset 

Type 

Seed in 

kg 

Foreign 

Materials in kg 

False 

Seed Rate 

False Foreign 

Materials Rate 

Wrong 

Classification of 

Seeds in kg 

Wrong Classification 

of Foreign Materials 

in kg 

Total Wrong 

Classification in 

kg 

Type 1 99  1 0.40% 2.44% 0.39 0.02 0.41 

Type 2 99  1 2.44% 3.26% 2.41 0.03 2.44 

 

4.  Discussion 
 

In this study, the effect of the datasets generation methods 

used in the sorting processes on the test accuracy was 

investigated and datasets with different scaling methods have 

been proposed to develop high-accuracy datasets. The 

classification of buckwheat seeds and foreign materials using 

deep learning techniques was chosen as the sorting problem. 

AlexNet architecture was used for the classification process. Two 

different data types, Type1 and Type2, which were generated 

with different scaling methods, were used to train the AlexNet 

architecture. As a result of training the AlexNet structure with 

these datasets, the test accuracies for Type1 and Type2 datasets 

were calculated as 98.57% and 97.34%, respectively. It is 

concluded that Type1 dataset has a better test accuracy than 

Type2 dataset. More importantly, when Type1 dataset is used, 

the network structure classifies buckwheat seeds data with a 

higher accuracy. The effect of scaling techniques were also 

investigated for the economic effects of industrial sorting 

applications. If these scaling methods are used in industrial 

applications, Type1 dataset will make it possible to carry out 

more efficient sorting processes. 

Seed sorting is an application that requires high speed and 

accuracy. With the use of deep learning in many classification 

problems, it is expected that deep learning-based sorting 

machines will be used more widely in the future. Since the results 

obtained in this study will be applicable in industrial sorting 

machines in the future, the aim is to realize higher efficiency 

sorting processes. In future studies, the aim is to develop sorting 

systems that can operate in real time at high speeds and accuracy 

by using these datasets. In order to make the system applicable in 

real-time, the aim is to develop optimized network structures with 

low processing load and high accuracy. In future studies, the aim 

is also to use these scaling techniques for different datasets and 

compare the classification results.  
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Wheat is one of the most important cereal groups, with large cultivation areas in Türkiye and 
around the world. Stripe rust (Puccinia striiformis f. sp. tritici) is one of the biotic factors 

limiting the yield and quality of wheat. It is significant to determine its race/races in a region in 

terms of breeding studies and suggestions on varieties of wheat for farmers. This study aims to 
detect the stripe rust races in Central Anatolia, Türkiye. Wheat leaves with stripe rust were 

collected in Ankara, Eskişehir, Kırkkale, Kırşehir, and Yozgat provinces in 2020. 

Urediniospores for each isolate were collected from leaves, and a set of differentials containing 
different resistance genes was used to determine the virulence of the isolates. Inoculation was 

done by spraying 7-days-old seedlings, and reactions were assessed. Results showed that 

isolates were effective on Yr2, Yr6, Yr7, Yr8, Yr9, Yr10, Yr17, Yr24, Yr25, and Yr32 resistance 
genes in the entire region. Along with this phenotyping study, further studies on these isolates 

will be done genotypically. 

 

 

Keywords: 
 

Stripe rust 

Puccinia striiformis 

Race analysis 
Phenotyping 

 

 

 

 

1. Introduction 
 

Wheat belongs to the cereal crops with the largest cultivation 

area worldwide due to its significance in human nutrition. 

Globally, it is predicted that 785.1 million tonnes of wheat will 

be produced by the end of 2023 (FAO 2023). The forecast for the 

wheat production in 2023 has increased considerably by 6.6 

million tonnes, reaching 783.3 million tonnes in the world (FAO 

2023). In addition to this, it is estimated that there are 7.2 million 

ha of wheat cultivation areas with a projected 19.5 million metric 

tonnes of production for 2023/24 in Türkiye (USDA 2023). 

However, there are several factors threatening wheat cultivation 

areas in terms of quality and yield, such as biotic and abiotic 

stresses. Abiotic stresses result from environmental factors 

whereas biotic factors, consist of diseases, pests, weeds, etc. 

Among the biotic stresses, stripe rust is a disease caused by 

Puccinia striiformis, limiting both the quality and the yield of 

wheat. The annual wheat yield loss is estimated at 5.5 million 

tonnes worldwide due to stripe rust (Beddow et al. 2015).  

There are various approaches to controlling wheat rust 

diseases, and one of the most widely recommended is the 

cultivation of rust-resistant wheat varieties. To date, several 

resistance genes have been identified (Chen and Kang 2017). 

Seedling resistance is expressed through a single major gene; on 

the other hand, more than one minor gene controls adult plant 

resistance. Since seedling resistance is controlled by a single 

major gene, resistance can be overcome easier by pathogens 

evolving rapidly (Roelfs et al. 1992). Though adult plant 

resistance is accepted as more durable, it is more effective in high 

temperatures rather than lower temperatures (Chen 2013; Chen 

et al. 2021). Due to these disadvantages of seedling resistance 

and adult plant resistance, gene pyramiding, which combines 

several resistance genes, is the finest option for breeders (Chen 

et al. 2021). However, it is crucial to picture pathogen 

populations in related regions through annual surveys (Park et al. 

2011). Information obtained from these surveys will shed light 

on breeding programmes for disease-resistant varieties. 

In this study, a survey was conducted in Central Anatolia 

(Ankara, Eskişehir, Kırıkkale, Kırşehir, Yozgat provinces) in 

2020. Stripe rust isolates wereisolated from leaf samples 

collected from diverse locations. Hence, this study investigates 

phenotypically the isolates via race analysis.  

 

2. Materials and Methods 
 

2.1. Plant materials 
 

The differential sets consisted of the European and World 

stripe rust differential sets, Avocet S near-isogenic lines (NILs) 

and additional supplementary European wheat varieties with 

different stripe rust resistance gene(s) (de Vallavieille-Pope et al. 

2012; Johnson 1992; Wellings 2007) (Table 1). 
 

2.2. Stripe rust samples 
 

A survey of stripe rust was conducted during the May 2020 

cropping season in five important wheat-producing provinces 

(Ankara, Eskişehir, Kırkkale, Kırşehir, and Yozgat) and 

surrounding areas of the Central Anatolia Region of Türkiye. A 

total of 34 durum (Triticum durum) and bread wheat (Triticum 

aestivum) fields were randomly selected and assessed in the 

Central Anatolia Region of Türkiye. Stripe rust disease was 

detected in 15 of these fields.  
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Tablo 1. Wheat differential lines for the assessment of the virulence 

phenotype of isolates of Puccinia striiformis f. sp. tritici 

Virulence inferred Differential lines Resistance genes 

S Morocco  Susceptible check 

vAvR Avocet 'R'  A 

vAvs Avocet 'S'  As 

v1 Chinese 166  Yr 1 

v2 Kalyansona  Yr 2 

v3 Vilmorin 23  Yr 3 

v4 Hybrid 46  Yr 4 

v5 Yr5/6* Avocet ‘S’  Yr5, Yr18, AvS 

v6 Yr6/6* Avocet ‘S’  Yr6, AvS 

v7 Yr7/6* Avocet ‘S’ Yr7, AvS 

v8 Yr8/6* Avocet ‘S’ Yr 8 

v9 Yr9/6* Avocet ‘S’  Yr9 

v10 Moro  Yr10 

v15 Yr15/6*Avocet ‘S’  Yr15, Yr18, AvS 

v17 Yr17/6*Avocet ‘S’  Yr17, Avs 

v24 Yr24/6*Avocet ‘S’  Yr24, AvS 

v25 TP 981  Yr25, + 

v27 OPATA 85  Yr27, Yr18, + 

v32 Carstens V  Yr32, Yr25, + 

vSp YrSP/6*Avocet ‘S’  YrSp, YrAvS 

vSu Suwon 92/ Omar  YrSu 

vND Nord Desprez  YrND 

vSD Strubes Dickkopf  YrSD 

vTre Tres/6* Avocet 'S'  YrTre 

vCham Cham 1  YrCh1 

 

2.3. Recovery of the stripe rust urediniospores  
 

Collected leaf samples were washed under tap water and then 

placed on a double layer of wet filter paper in a petri dish, 

followed by incubation for 2-3 hours at room temperature. After 

that, the 10-day seedlings of the susceptible cultivar "Morocco" 

were then rub inoculated using those samples (Roelfs et al. 1992). 

After 14-15 days, the stripe rust urediniospores that developed in 

the susceptible cultivar “Morocco” were collected, and these 

isolates were stored at – 80°C until used.  
 

2.4. Race Analysis  
 

Six seeds of each genotypes of the stripe rust differential set 

(Tablo1) were sown individually into a plastic pot (7X7X9 cm) 

containing a ready-to-use sterilised peat moss and were grown 

under greenhouse conditions at 18-20°C for 16 hours light and 8 

hours of darkness. Stored urediniospores of the stripe rust isolates 

were suspended in mineral oil (Soltrol 170®) and then inoculated 

into seedling-stage genotypes (Zadoks 11-12). Following the 

inoculation process, all testing materials were placed in a dew 

chamber at 9±1°C for 24 hours for incubation and then 

transferred into a greenhouse with a temperature of 15±2°C. 

After 15-17 days of inoculation, seedlings were evaluated using 

a 0-9 scale described by McNeal et al. 1971. Genotypes with 

infection types (IT) between 0-6 were considered as low infection 

types and indicated an absence of virulence, while those with 7-

9 were considered high infection types and indicated the presence 

of virulence (McNeal et al. 1971). Symbols designate virulence 

and avirulence (-), corresponding to stripe rust resistance genes. 

 

3. Results and Discussion  
 

A total of 34 wheat fields were examined, and 15 samples of 

stripe rust were obtained during the survey. Eight out of 15 stripe 

rust samples were recovered, and the urediniospores of the 

samples were multiplied for race identification. Collected stripe 

rust samples from Kırşehir and Kırıkkale did not recover and did 

not multiply. For this reason, isolates from these provinces were 

not obtained. The identified races of eight samples are shown in 

Table 2.  

The core set of the stripe rust differential set, which consisted 

of 25 differential genotypes carrying YrAs, YrA, Yr1, Yr2, Yr3, 

Yr4, Yr5, Yr6, Yr7, Yr8, Yr9, Yr10, Yr15, Yr17, Yr24, Yr25, Yr27, 

Yr32, YrSP, YrSu, YrND, YrSD, and YrTre were used to 

determine the race identification. 

Three obtained stripe rust isolates from Yozgat (ID: 1, 3, and 

4) were found to be resistant on Yr2, Yr 6, Yr 7, Yr 8, Yr 17, Yr 

25, YrSu, and YrND resistance genes. Only one isolate from 

Yozgat (ID: 2) was also effective on the Yr24 resistance gene, in 

addition to other genes (Table 2). Both races from Eskişehir had 

virulence on Yr2, Yr6, Yr7 and Yr8 resistance genes. In addition 

to these genes, isolates 5 and 6 were effective on Yr9 and Yr17, 

respectively. Only the isolate from Beylikova had a wider 

virulence phenotype profile, with Yr10, Yr17, Yr24, and Yr32 

resistance genes susceptible to this isolate. One isolate was 

obtained from Ankara; Haymana had more virulence than all 

other isolates, and Yr1, Yr 2, Yr 3, Yr 4, Yr 6, Yr 7, Yr 9, Yr 17, 

Yr 25 and Yr 32 resistance genes were found to be susceptible to 

this isolate. 

 

 
Table 2. Virulence phenotypes of stripe rust races identified in Central Anatolia region  

ID Province/district Virulence phenotype 

1  Yozgat /Sekili AvS,A,-,2,-,-,-,6,7,8,-,-,-,17,-,25,-,-,-,YrSu,YrND,-,-,- 

2  Yozgat/Sekili  AvS, A,-,2,-,-,-,6,7,8,-,-,-,17,24,25,-,-,-, YrSu,YrND,-,-, 

3  Yozgat/Yerköy AvS, A,-,2,-,-,-,6,7,8,-,-,-,17,-,25,-,-,-,-, YrSu,YrND,-,-,- 

4  Yozgat/ Yerköy AvS, A,-,2,-,-,-,6,7,8,-,-,-,17,-,25,-,-,-,YrSP,YrSu,YrND,-,-,- 

5  Eskişehir/Sivrihisar AvS, A,-,2,-,-,-,6,7,8,9,-,-,-,-,25,-,-,-,YrSu,YrND,-,-, 

6  Eskişehir/Sivrihisar AvS, A,-,2,-,-,-,6,7,8,-,-,-,17,-,25,-,-,-,YrSu,YrND,-,-,- 

7  Eskişehir/Beylikova AvS ,A,-,2,-,-,-,6,7,8,-,10,-,17,24,-,-,32,-,YrSP,YrSu,YrND,YSD,-,- 

8 Ankara/Haymana AvS, A,1,2,3,4,-,6,7,-,9,-,-,17,-,25,-,32, YrSP,YrSu,YrND, YrTre,- 
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4. Conclusion 
 

The first record ofstripe rust was made in 1886, afterwards, 

some epidemics were recorded in Central Anatolia and West 

Anatolia between 1936 and 1963 (Braun and Saari 1992; İren 

1964). Especially, the race coming from East Africa to Türkiye 

overcomes the Yr9 resistance gene in the variety called Seri-82, 

which was cultivated widely in the Çukurova region of Türkiye. 

The anticipated expense of the damage caused by the stripe rust 

epidemic in Cukurova is $7 million (Braun and Saari 1992; 

Mamluk et al. 1997). 

In 1998, it was stated that the wheat-growing area in Central 

Anatolia, which has a cold and humid environment, incurred 

losses ranging from 26.5% to 50% as a result of the yellow rust 

epidemic.  

The stripe rust study has been conducted for over 20 years. 

According to the outcomes of this project between 1995 and 

2009, stripe rust has been detected as virulent on Yr2, Yr6, Yr7, 

Yr8, Yr9, and Yr25 resistance genes (Çat et al. 2017). In 2010, a 

new race acquired virulence to the Yr27 resistance gene 

(Hovmøller 2012), and it has been projected that the loss in wheat 

production due to stripe rust was 10 million dollars in the same 

year (Beddow et al. 2015).A new race known as the Warrior was 

identified and was thought to have originated from the northwest 

region of the country (virulent on Yr1, Yr2, Yr3, Yr4, Yr6, Yr7, 

Yr9, Yr17, Yr25, Yr32, and YrSp ) (Mert et al. 2016). For the last 

four years, PstS11, PstS13, and PstS14 race groups have been 

detected (Hovmøller et al. 2020), as well as races such as Yr10 

and Yr24 virulent pathogens (Hovmøller et al. 2020).  

Türkiye has one of the largest wheat cultivation areas in 

Central Anatolia. The varieties widely grown in this area have 

been found to be mostly susceptible to stripe rust, especially 

Warrior race, according to the seedling and adult plant resistance 

tests done under artificial inoculations (Mert et al. 2016). 

Utilisation of the resistance genes in new wheat varieties 

developed by breeding programmes plays a very important role 

in decreasing the spread of rusts in wheat-growing areas (Ellis et 

al. 2014). Therefore, cultivation of susceptible varieties in the 

region might enable the dispersion of rust /races.  

In addition to host susceptibility, climatic changes may 

promote the emergence of new races of Puccinia striiformis. 

Some wheat rusts have genetic mechanisms that adapt to the 

changing climate (Ali et al. 2014), and geographic distributions 

related to global warming may play a significant role in these 

mechanisms. For example, two races of P. striiformis that are 

thought to have originated from the Middle East or East Africa 

and spread to North America, Europe, and Australia are highly 

adapted to temperature variations (Ali et al. 2014). It is projected 

that this disease will increase by 5-20% in Southern Spain and 

Italy by 2030 (Bregaglio et al. 2013). These adaptations of wheat 

pathogens to climate change are related to genetic differentiations 

(Zhan and McDonal 2011) rather than phenotypic plasticity     

(i.e., the ability of genotypes to produce phenotypes under 

various environmental conditions) (Fusco and Minelli 2010). 

Climatic changes are favoured by airborne and polycyclic 

pathogens such as rust or Septoria (i.e., pathogens that have 

multiple infection cycles in a season (West et al. 2012) because 

they help them spread and complete their life cycles in a shorter 

time, resulting in large populations. Due to these large 

populations, the interaction between individuals is likely to 

increase, which may enable them to evolve rapidly. 

Consequently, new races or race groups will appear (Chakraborty 

2013; Fones et al. 2017).  

Türkiye has one of the largest wheat cultivation areas in 

Central Anatolia. It is significant to identify the rust races in that 

region since stripe rust is the most common and devastating 

disease in the area. It is thought that these outcomes will help to 

enlighten the breeding programmes and also provide guidance for 

the wheat producers in Central Anatolia.  
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Different methods are being tried all over the world for the safe disposal of sewage sludge. One 
of these methods is to evaluate the waste in plant production by applying it to the soil. In this 

study, the potential of using stabilized and dried sewage sludge in silage maize cultivation was 

investigated. Silage maize was grown by applying the sewage sludge to the soil at different rates 
[0 t ha-1 (SS0-Control), 20 t ha-1 (SS2), 40 t ha-1 (SS4), 60 t ha-1 (SS6), and 80 t ha-1 (SS8)]. Thus, 

the material's effects on soil fertility and plant growth were examined. According to the results, 

the sewage sludge enriched the soil, which contains restrictive factors in terms of fertility and 
on which maize growth is carried out, with humus and nutrients. However, it was observed that 

the material does not cause salinity problems in the soil. It was determined that sewage sludge 

positively affected the growth of silage maize but could not provide sufficient nutrition for the 
plant in terms of macronutrients. Considering the economic benefits and environmental risks, 

applying the sewage sludge with a maximum of 60 t ha-1 in silage maize growth is appropriate. 

However, it would be incredibly beneficial to support the material with chemical fertilizers to 
increase the silage yield and quality of the plant. 
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1. Introduction 
 

Sewage sludge is an excellent source of nitrogen and 

phosphorus, and when applied to the soil, it increases the 

content of mineral nutrients and positively affects soil fertility 

(Gasco and Lobo 2007). One of the main factors limiting the 

use of sewage sludge in plant production is heavy metal content 

(Sims and Kline 1991). Although heavy metals are generally 

toxic to some extent, they tend to accumulate cumulatively in 

the food chain (Zhang and Ke 2004). In addition, the reaction 

of the soil (pH) where the sewage sludge is applied is another 

limiting factor. As a matter of fact, it was determined that 

sewage sludge applied to low pH soils increases heavy metal 

adsorption in the soil (Sauvé et al. 1997).  

Silage maize (Zea mays L.) is an indispensable input for 

animal production, as it provides quality and low cultivation 

costs in addition to rations. The maize planting area for silage 

produced in Türkiye is approximately 420 thousand hectares. 

Total maize cultivation for silage is 20.1 million tons (Tezel 

2018). However, silage maize removes many plant nutrients, 

especially nitrogen, from the soil where it is produced. Plant 

nutrients removed from the soil by plant cultivation and lost or 

turned into an unavailable form because of other factors, must 

be returned to the soil (Sağlam et al. 1993). Maintaining 

productivity and quality in plant cultivation is only possible by 

improving the physical, chemical and biological properties of 

the soil, in other words, by preserving soil fertility. For this 

reason, the use of organic wastes in agricultural production has 

become more and more common in recent years. Among 

organic wastes, especially stabilized and dried sewage sludge 

is an organic material/soil conditioner with strong potential due 

to its properties. In this study, the effects of sewage sludge 

amendments on soil fertility and silage maize growth were 

investigated.  

 

2. Material and Methods 
 

The experiment was carried out at Akdeniz University 

Faculty of Agriculture Research and Application Farm. The 

stabilized and dried sewage sludge was obtained from the Hurma 

Wastewater Treatment Plant in Antalya, Türkiye. In this context, 

the sewage sludge and test soil properties are given in Table 1. In 

the experiment area, soil tillage was carried out first, and the 

physical conditions were suitable for vegetative production. 6 m2 

(1.5x4) plots were created following the experiment plan. The 

sewage sludge was weighed by the application rates [0 t ha-1 

(SSO)-(Control), 20 t ha-1 (SS2), 40 t ha-1 (SS4), 60 t ha-1 (SS6), 

and 80 t ha-1 (SS8)] and mixed homogeneously with the soil in 

the plots. A drip irrigation system was installed on the plots, 

ensuring that each plot was irrigated equally during the 

experiment. 

The sewage sludge applied to the soil was incubated for 3 

weeks to begin mineralization with the effect of water and other 

factors (temperature, pH, microorganisms etc.). At the end of this 

period, the first soil sampling was performed from a 0-30 cm 

depth of each plot. Later, the seeds of the silage maize (Burak cv) 

were planted in plots (two for each drip). On the 10th day 

following the planting date, the observation was made of two 
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maize plants per drop in each plot, and the dilution process was 

carried out by leaving the homogeneously growing ones in the 

plots. The second soil sampling was done when the plant cob 

tassels had completed their growth. Silage maize, which 

completed its vegetation period, was harvested. At the same time, 

third soil samples were taken, and the experiment was concluded. 

In addition, chlorophyll measurements of leaves were made in 

field conditions ten weeks after sowing. Then, samples were 

taken from these leaves and measured, and other plant analyses 

were carried out under laboratory conditions. Silage maize plants 

that completed their vegetation period were harvested by cutting 

them from the root neck. Measurements and analysis were made 

for the whole shoots (excluding the cob) and the cob. 

The analysis made to determine the characteristics of the 

sewage sludge are as follows: organic matter (Kacar 2009), pH 

and EC (Jackson 1967), total nitrogen (N) (Kacar and İnal 2008), 

total phosphorus (P), potassium (K), calcium (Ca), magnesium 

(Mg), sodium (Na), iron (Fe), zinc (Zn), manganese (Mn), copper 

(Cu), lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni) (U.S. 

EPA 2007). The experiment soils were made ready for analysis 

by sifting through a 2 mm sieve after they were dried. The 

analysis performed are as follows: Soil texture (Bouyoucos 

1955), lime (Çağlar 1949), pH and EC (Jackson 1967), soil 

organic matter (Black 1965), total N (Kacar 2009), available P 

(Olsen and Sommers 1982), exchangeable K, Ca, and Mg (Kacar 

2009). 

For the height of the first cob in the plant, the vertical distance 

between the node to which the cobs are attached and the soil 

surface was measured. For the number of cobs, the number of 

cobs in the plant selected from each plot was determined in units. 

For the cob/plant ratio, the cobs of the plant selected from each 

plot were separated from the stem and leaf and weighed, and the 

calculation was made in proportion to the weight of the whole 

shoot (excluding the cob). The whole shoot (excluding the cob) 

and the cob were calculated by weighing them separately for wet 

weight. Plant samples were dried at 65°C and weighed for dry 

matter yield. The values obtained were calculated as kg ha-1. The 

amount of acid detergent fiber (ADF), neutral detergent fiber 

(NDF) and crude cellulose (CC) in the plants were determined 

according to Van Soest et al. (1991). The value of chlorophyll in 

the plant was measured with a chlorophyll meter (Minolta SPAD-

502 plus) under field conditions. Chlorophyll-a and chlorophyll-

b were determined using acetone extraction (Williams 1984). 

Total N, P, K, Ca, and Mg concentrations in leaves of plants were 

determined according to the wet digestion method (Kacar and 

İnal 2008). After determining the N content of the plant samples, 

the value obtained was calculated by multiplying the protein 

conversion coefficient of 6.25 for maize. 

The significance levels of the obtained data were determined 

by analysis of variance using the MSTAT-C package program. In 

addition, the differences between the MINITAB package 

program and the means were determined in the LSD test, and the 

5% significance level was taken as a basis for the letters of the 

different groups (Minitab 2010). 

 

3. Results and Discussion 
 

3.1. pH, EC, and organic matter 
 

The change in pH values according to the sampling period 

was statistically significant (P<0.001). It was determined that the 

effect of the sewage sludge on the EC of the soil is significant at 

the level of 5% (Table 2). The highest EC value was measured in 

soils where SS6 (0.53 dS m-1) and SS8 (0.57 dS m-1) were 

applied. It is reported that the sewage sludge application causes 

an increase in the EC of the soil but does not reach salinity levels 

(Aldatmaz 2006). The data also supports that the sewage sludge 

application does not create any salinity risk. On the other hand, 

the change in EC values of the soil was found to be statistically 

significant according to the sampling period (P<0.001). Soil EC 

values decreased from the first sampling to the third. The sewage 

sludge takes longer to break down and mineralize in the soil than 

other organic substances due to the high heat it is exposed to 

during the drying phase. This process slows the passage of plant 

nutrients from the sewage sludge to the soil. Silage maize is a 

plant that absorbs high levels of nutrients. The results of the 

second  and  third   sampling  is  thought   to   be  affected  by  the

 
Table 1. Selected physico-chemical properties of the sewage sludge, experiment soil, and certificated materials 

Parameter 
Sewage 

sludge 
Soil 

Certificated Clay loam soil 

material  

(RTC CRM052) 

Certificated Sewage sludge 

material  

(CRM029-50G) 

Certificated Plant material 

(Peach Leaves)  

(CRM-1547) 

Referance range Value Referance range Value Referance range Value 

pH 6.42 7.06 - - - - - - 

EC dS m-1 5.44 0.44 - - - - - - 

CaCO3 % - 43 - - - - - - 

Texture - Clay loam - - - - - - 

Organic Matter % 74 1.39 - - - - - - 

Tot.1 

N % 4.9 0.13 3.97±0.562 3.42 3.26±0.56 4.58 2.94 3.09 

P mg kg-1 16144 118 168±30.7 102.67 2.11±0.26 1.51 1371 1184 

K mg kg-1 4484 8226 2390 ±76.2 1858.40 3540±290 3604 24330 24120 

Ca mg kg-1 61400 53512 2860±118 1680.97 51600±1650 55620 15590 16744 

Mg mg kg-1 6506 4267 1690±74.8 1593.10 10400±395 10428 4320 4326 

Avai.2 P mg kg-1 - 3.14 - - - - - - 

Exc.3 

K mg kg-1 - 250 - - - - - - 

Ca mg kg-1 - 410 - - - - - - 

Mg mg kg-1 - 210 - - - - - - 
1Total concentration, 2Available concentration, 3Exchangeable concentration. 
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absorption of ions that can accumulate in the soil and cause 

salinity by the plant. This result may explain the relatively higher 

EC value of the first sampling period. Göçmez (2006) observed 

an increase in soil EC with increasing rates of sewage sludge and 

found the highest EC value in the highest sewage sludge 

application. However, he reported that the increase in soil EC is 

far from changing the salinity level of the soil. 

The effect of increasing rates of sewage sludge on the organic 

matter was found to be statistically significant at the level of 5% 

(Table 2). The sewage sludge increased the organic matter 

compared to the control. The highest organic matter value was 

determined in the soil treated with SS2 (2.77%). The sewage 

sludge used in the experiment has higher organic matter content 

(74%) than many organic fertilizers or soil conditioners. In 

addition, the fact that the experiment soil is poor in humus 

(1.39%) explains the increase in the sewage sludge compared to 

the control. The change in organic matter values according to the 

sampling period was also statistically significant (P<0.001). 

Although organic matter values determined in the second and 

third sampling periods were similar, it was determined that they 

increased compared to the first. One of the most important 

benefits of applying sewage sludge in soils where the organic 

matter content is low and decomposition is intense, due to the 

climate, is the improvement provided in the organic matter. A 

multi-year study by Angın (2008) shows that sewage sludge 

application supports organic matter for the following two years. 
 

3.2. Total N, available P, and exchangeable K, Ca, Mg  
 

The effect of the sewage sludge on the total N of the soil was 

found to be statistically significant at the level of 1% (Table 3). 

When the total N content of the soil was evaluated according to 

Loue (1968), it was at a reasonable level at the beginning, while 

20 t ha-1 and more sewage sludge made it to an outstanding level 

(0.130%<). In addition, in the soil analysis before the experiment 

was established, the total N was determined as 0.130%, and the 

highest soil N value was determined in SS6 (0.21%) and SS8 

(0.20%) of the sewage sludge. In this way, an increase of 61.5% 

was achieved in the N content of the soil compared to the 

beginning. It was reported that increasing sewage sludge rates 

regularly increased the soil's total N content (Navas et al. 1998). 

The change in the total N values according to the sampling period 

was statistically significant (P<0.001). While the N value of the 

soil was in the same statistical group in all application rates at the 

first and second sampling periods, it was determined as a 

different group and lower in the third sampling. This situation 

may have been caused by the increase in nutrient absorption 

during the growth of the maize. In addition, the N released by 

mineralization may have partially evaporated (due to high pH) 

and leached losses.  

The effect of the sewage sludge on the available P content of 

the soil was found to be statistically significant at the 0.1% level, 

and the available P content of the soil increased in all other 

application rates compared to the control (Table 3). The available 

P of the soil sample taken before the experiment was determined 

as 3.14 mg kg-1. The highest value was determined in SS6 (12.30 

mg kg-1), and an increase of 292% was achieved compared to the 

control. In addition, when evaluated according to Olsen and 

Sommers (1982), the soil available P content, which was in the 

low level (5 mg kg-1>) with 3.14 mg kg-1, had increased to the 

high level (10<) with 12.30 mg kg-1. The change in the available 

P values of the soil according to the sampling period was 

significant (P<0.001). From the first sampling to the third, the 

available P value of the soil increased. It is thought that during 

the mineralization process of the sewage sludge, the release of P 

increases with time and that the P uptake by the maize takes 

place. The effect of sewage sludge application on the P content 

of the soil was evaluated among the most critical agricultural 

benefits of the material (Schowanek et al. 2004). 

 

Table 2. Effects of sewage sludge on soil pH, EC, and organic matter   

Application pH EC (dS m-1) Organic matter (%) 

SS0 7.36 0.33c2 2.24d 

SS2 7.35 0.41b 2.77a 

SS4 7.33 0.46b 2.45c 

SS6 7.27 0.53a 2.65b 

SS8 7.23 0.57a 2.66b 

ANOVA  

Sewage Sludge (SS) NS5 *4 * 

Sampling period (SP) *** *** ***3 
1Values are the means of three different soil sampling period, 2Means in the same column followed by the same letter are not significantly different at the 5% level according 

to LSD test, 3*** P<0.001, 4* P<0.05, 5NS: Not significant. 

 
Table 3. Effects of sewage sludge on macronutrients of soil  

Application 

Total Exchangeable Available 

N 

% 

P 

mg kg-1 

K 

mg kg-1 

Ca 

mg kg-1 

Mg 

mg kg-1  

K 

mg kg-1 

Ca 

mg kg-1 

Mg  

mg kg-1 

P 

mg kg-1 

SS0 0.13c2 115d 7724b 84102a 4540a 230ab 4500 230c 2.52d 

SS2 0.17b 138c 8226a 87489a 4380b 270a 4800 260b 8.89c 

SS4 0.18b 157b 7821b 63952c 4360b 200b 4500 280a 10.38b 

SS6 0.21a 161a 8577a 60571c 4359b 230ab 4600 290a 12.30a 

SS8 0.20a 156b 6847c 80141b 4213c 190c 4600 260b 10.04b 

ANOVA  

Sewage Sludge (SS) **4 *** *** *** *** *** NS6 *** ***3 

Sampling period (SP) *** *** *** *** *** *** *5 *** *** 
1Values are the means of three different soil sampling period, 2 Means in the same column followed by the same letter are not significantly different at the 5% level according 

to LSD test, 3 *** P<0.001, 4** P<0.01, 5 * P<0.05, 6 NS: Not significant. 
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It was determined that the effect of the sewage sludge on the 

exchangeable K content of the soil is statistically significant at 

the level of 0.1% (Table 3). Considering the differences between 

application rates, the highest exchangeable K value SS2 

(0.027% - 270 mg kg-1) was determined in the applied soil. When 

evaluated according to Pizer (1967), it was determined that the 

exchangeable K content of the control soil was 0.024% (230 

mg kg-1), and it was at a reasonable level (199-249 mg kg-1). The 

change of K values of the soil according to the sampling period 

was found to be significant (P<0.001). Since the maize seed was 

planted at the end of the incubation period of the material in the 

soil, the second and third samplings are within the plant's 

growing period. Considering that the plant meets the K 

requirement in this process, the soil's K content is expected to 

decrease gradually. There was a 26.08% decrease in 

exchangeable K values from 270 mg kg-1 to 190 mg kg-1. It was 

reported that the sewage sludges are poor in K compared to the 

significant amount of N and P they contain (Angın and 

Yağanoğlu 2009).  

The sewage sludge on the exchangeable Ca content of the soil 

were statistically insignificant (Table 3). On the other hand, the 

change in Ca values in terms of sampling periods was significant 

(P<0.05). The effect of the sewage sludge on the exchangeable 

Mg content of the soil was found to be statistically significant at 

the 0.1% level (Table 3). Considering the Mg values between the 

application rates, the highest value was determined in the soils 

where SS4 (0.028%) and SS6 (0.029%) were applied. When 

evaluated according to Loue (1968), the exchangeable Mg 

content of the control soil is 0.023% (230 mg kg-1), and it is at a 

reasonable level (114 mg kg-1<). Similarly, it was determined 

that the sewage sludge brought the exchangeable Mg content of 

the soil to a reasonable level and provided increases ranging from 

13.04% to 26.08%. The change in the Mg values of the soil was 

also found significant in terms of sampling period (P<0.001). The 

values decreased by 0.027% (272 mg kg-1) in the first sampling, 

0.026% (261 mg kg-1) in the second, and 0.025% (252 mg kg-1) 

in the third. Considering that the plant meets the Mg requirement 

in this process, it is usual to decrease the exchangeable Mg 

content of the soil. The content of exchangeable Mg has 

decreased by 7.56% from 272 mg kg-1 to 252 mg kg-1. 
 

3.3. Plant Growth and Yield 
 

The analysis results of the sewage sludge regarding the first 

cob height, number of cobs, cob/plant ratio, wet weight, dry 

weight, and dry matter yield of silage maize are given in Table 4. 

The effect of the sewage sludge on the first cob height was found 

to be statistically significant at the level of 0.1%. As the applied 

sewage sludge rates increased, the height of the first cob 

increased. The highest value was obtained in SS8 with 153.2 cm. 

The effect of sewage sludge on the number of cobs was found to 

be statistically significant at 5%. In the SS6 application, the 

highest number of cobs occurred, with an average of 8. It was 

determined that the effect of sewage sludge on the cob/plant ratio 

was statistically 0.1%. While the highest cob/plant ratio is under 

control, these values decrease as the application rates increase. 

The effects of the sewage sludge on the plant's wet and dry weight 

values were found to be statistically significant at a 0.1% level. 

According to this, the wet weight in the whole shoots was 

determined as 3808 g in SS8. 

When the wet and dry weights of the cob samples were 

examined, the values were higher in the control and SS2, while 

the wet and dry weights of the cob samples decreased as the 

application rates increased. The effect of the sewage sludge on 

the dry matter yield of whole shoots and cob samples was found 

to be statistically significant at the level of 0.1%. It was 

determined that the sewage sludge applied at increasing rates 

increased the dry matter yield in the whole shoots and decreased 

the dry matter yield in the cob samples. The highest dry matter 

yield was detected in SS8 with 19000 kg ha-1 in the whole shoot 

samples. In the cob samples, the highest yield was observed in 

SS2 with 3900 kg ha-1. Hallauer and Miranda (1987) reported 

that the morphological characteristics of maize, plant height and 

first cob height mainly depend on genetic factors. In addition, 

factors such as the amount of light, intensity, and plant nutrients 

are influential on the first cob height and plant height. In rotations 

sensitive to maize, if the net assimilation rate of the plant slows 

down due to light and nutrients, the cob stalk is negatively 

affected by this situation (Uyanık 1984). 
 

3.4. ADF, NDF, CC and Chlorophyll (a, b, SPAD value) 
 

The effect of sewage sludge on ADF, NDF and CC values in 

whole shoots samples was found to be statistically insignificant 

(Table 5). The ADF values of the cob samples were found to be 

statistically significant at the 0.1% level. It was determined that 

the highest ADF value was 32.0% in SS6. The effect of the 

sewage sludge on the NDF values of the cob samples was found 

to be statistically significant at a 5% level. It is seen that the 

highest NDF value is 60.6% in SS6. The effect of the sewage 

sludge on the amount of CC of the cob samples was found to be 

statistically insignificant. Khan et al. (2015) reported that NDF 

and ADF contents of maize silages decreased as they progressed 

from early maturity to 2/3 milk maturity period but did not 

change from 2/3 milk to full maturity. It is reported that the water-

soluble dry matter, NDF, ADF, and crude protein contents of the 

corn plant decreased while the dry matter and starch contents of 

the corn plant increased as the vegetation period progressed 

(Dwyer et al. 1998). 

The effect of sewage sludge on chlorophyll-a, chlorophyll-b, 

and SPAD value of silage maize was statistically significant at 

the level of 0.1% (Table 5). Accordingly, in SS6 and SS8, the 

chlorophyll content of the plant doubled compared to the control 

and other application rates. It is known that there is an important 

relationship between the N, which is a critical element in the 

chlorophyll molecule, and the chlorophyll content. The 

chlorophyll content of plants with good N nutrition is also 

expected to be relatively high (Türkan 2008). The obtained 

chlorophyll results show that the N nutritional status of the plants 

in the SS6 and SS8 applied plots is better than the others. It is 

thought that even at these high rates, it will not cause stress in the 

plant because it is known that the chlorophyll content of plants 

decreases due to increasing stress conditions (Manios and 

Stentiford 2003). 
 

3.5. Mineral nutrition status of plant 
 

The effect of sewage sludge on both the total N concentration 

and protein amount of leaf samples was found to be statistically 

significant at a 0.1% level (Table 6). The protein and N content 

of the plant similarly increased due to sewage sludge. SS8 

(2.22%) and SS6 (2.19%) had the highest total N values. The 

effect of the sewage sludge on P concentrations was found to be 

statistically significant at 0.1% level. It was determined that as 

the   application    rates    increased,    the   P    concentration   also
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Table 4. Effects of sewage sludge on growth and yield of silage maize  

Application 
First cob 

height (cm) 

Number of 

cob 

Cob/Plant 

ratio 

Wet weight 

(g) 

Dry weight 

(g) 

Dry matter yield 

(kg ha-1) 

Whole 

shoots 

Cob Whole 

shoots 

Cob Whole 

shoots 

Cob 

SS0 110.50c1 5b 0.30a 2270e 682b 1078e 353b 10780c 3500b 

SS2 132.05b 6b 0.22b 3373d 718a 1625d 392a 16000b 3900a 

SS4 138.75ab 6b 0.13c 3474c 486d 1628c 277c 16000b 2770c 

SS6 146.80ab 8a 0.14c 3651b 500c 1666b 244d 16000b 2430d 

SS8 153.20a 7ab 0.13c 3808a 482e 1906a 241e 19000a 2410e 

ANOVA (LSD 5%) 

Sewage sludge 

(SS) 

***2 *3 *** *** *** *** *** *** *** 

1 Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2 *** P<0.001, 3 * P<0.05. 

 
Table 5. Effects of sewage sludge on acid detergent fiber (ADF), neutral detergent fiber (NDF), crude cellulose (CC), and chlorophyll of silage maize 

Application 
ADF  

(%) 

NDF 

(%) 

CC 

(%) 

Chlorophyll 

a (mg kg-1) b (mg kg-1) SPAD value 

SS0 21.8c1 50.7b 18.6 6.630b 2.888b 30.025c 

SS2 22.7bc 47.2b 19.8 5.801b 2.701b 38.095b 

SS4 25.9b 53.7ab 22.2 6.990b 3.128b 42.495b 

SS6 32.0a 60.6a 22.8 12.322a 4.550a 47.795a 

SS8 25.7bc 47.5b 19.4 10.496a 4.414a 47.880a 

ANOVA (LSD 5%) 

Sewage sludge 

(SS) 

***2 *3 NS4 *** *** *** 

1 Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2 *** P<0.001, 3 * P<0.05, 
4 NS: Not significant. 

 
Table 6. Effects of sewage sludge on concentration of nutrient elements of silage maize 

Application  Protein (%) 
Total (%) 

N P K Ca Mg 

SS0    9.40d1 1.51c 0.17c 1.67b 0.71c 0.13c 

SS2 11.85c 1.90b   0.19bc 1.92a   0.97ab   0.16bc 

SS4   12.57bc 2.02b 0.20b 2.00a   0.98ab   0.20ab 

SS6   13.06ab 2.19a 0.24a 1.92a 0.92b   0.21ab 

SS8 13.89a 2.22a 0.26a 1.97a 1.02a 0.24a 

ANOVA (LSD 5%) 

Sewage sludge (SS) *** *** ***2 **3 *** ** 
1 Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2 *** P<0.001, 3 ** P<0.01. 

 

increased. The highest P values (0.26%) were determined in SS8 

and (0.24%) SS6. The effects of the sewage sludge on K 

concentrations were found to be statistically significant at the 

level of 1%. The sewage sludge increased the K concentration of 

the leaves compared to the control, but all application doses were 

in the same group. 

The effect of sewage sludge on Ca concentrations in leaf 

samples was found to be statistically significant at 0.1%. The 

highest Ca was determined with the value of 1.02% in SS8. The 

effects of the sewage sludge on Mg concentrations in leaf 

samples were found to be statistically significant at 1%. The Mg 

value, which was 0.13% in the control, increased as the 

application rates increased, and the highest concentration of 

0.24% was determined in SS8. According to Yılmaz (2004), the 

normal limits for macronutrients in silage maize plants according 

to leaf analysis are as follows: N 3.50-5.0%, P 0.35-0.60%, K                 

3.0-4.50%, Ca 0.30-1.0%, Mg 0.25-0.50%. Accordingly, sewage 

sludge could not nourish the plant sufficiently regarding the 

nutrients (excluding Ca) examined. It is known that a plant with 

high vegetative and generative yield potential, such as silage 

maize, exploits high amounts of nutrients from the soil in a short 

time. Therefore, it is thought that the sewage sludge should be 

supplemented with chemical fertilizers.  

 

4. Conclusion 
 

As well as maintaining the fertility of the soil, it is imperative 

that the yield and quality of the plant grown on it is high. For this 

reason, the fertilizing materials (organic or chemical) must be in 

a suitable composition for both the soil and the plant. For this 

purpose, the effects of sewage sludge on soil fertility and plant 

growth in silage maize, a forage crop, were investigated. 

According to the results, all application rates of sewage sludge 

increased the soil fertility where maize was grown. While this 

material enriches the soil with humus and plant nutrients, it was 

determined that it does not cause salinity risk. However, it was 

determined that sewage sludge positively affected the growth of 

silage maize but could not provide sufficient nutrition for the 

plant in terms of macronutrients. As a result, considering the 

economic benefits and environmental risks, it is appropriate to 

apply sewage sludge as a soil conditioner at a maximum of 60 t 

ha-1 in silage maize cultivation. However, applying the sewage 

sludge and chemical fertilizers would significantly benefit the 
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plant's silage yield and quality. In this way, soil fertility would be 

preserved, and there will be no decrease in plant yield and quality 

using sewage sludge. It is thought that it would be beneficial to 

continue extensive studies using this material to increase the 

reliability of the results obtained from existing scientific studies 

and eliminate the uncertainties regarding the use of sewage 

sludge in plant cultivation. 
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