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Abstract: In order to improving competitiveness of crops with weeds an experiment was carried at 

Shahrood University of Technology in 2017. Experimental factors included cold plasma at six levels: 

control, hydro-priming of seeds for 10 h, pretreatment of seeds with cold plasma radiation for 15 

and 30 s, hydro-priming of seeds for 10 h + cold plasma radiation for 15 and 30 s and weed control 

at three levels: control (no weeding), weeding all season and application of trifluralin (1200 g. ai. 

ha−1). Dielectric barrier discharge plasma jet was operated in ambient air under sterile conditions. 

Results showed that membrane stability index and carotenoid increased by cold plasma and hydro-

priming treatments in weed free than weeds infested conditions. Total chlorophyll content in-

creased by 8.87% and 7.74% in weeding and herbicide application, respectively, compared with no 

weeding treatments. Sunflower seeds protein percentage increased significantly by application of 

hydro-priming + cold plasma radiation for 30 s compared with herbicide application treatment. 

Sunflower seed oil percent also increased by using cold plasma radiation for 15 and 30 s in weed 

infested treatments compared with weed free and herbicide application condition. Based on our 

results, pre-treatment of seeds by cold plasma and hydro-priming could significantly improve some 

physiological and quality traits of sunflower through increasing of the crop competitive ability with 

weeds. 
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1. Introduction 

Sunflower (Helianthus annuus L.) is the fifth most important plant in the world for 

edible oil production and its oil plays an important role in nutrition due to its special 

properties such as high oxidation stability and presence of dual bond fatty acids such as 

linoleic acid (Moschner and Biskupek-Korell 2006). Sunflower in the early growing season 

has little competitive potential with weeds and its yield significantly reduce by weeds, so 

it must be fully protected against weeds (Knezevic et al., 2013). Weeds are the most im-

portant limiting factor in agricultural systems and if they are not fully controlled in the 

fields, they will reduce crop yield by 10 to 100% depending on the competitive ability of 

weeds (Auskarniene et al., 2010). Today, the use of herbicides is the main method for con-

trolling weeds, but due to the high price of these chemicals and environmental concerns, 
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the agricultural community has tended to use non-chemical management methods to con-

trol weeds. (Hiltbrunner et al., 2007). One of the practical management methods to in-

crease crop growth and competitiveness with weeds is the use of priming and other rele-

vant methods which improve seed vigor and seedling establishment in the field (Basra et 

al., 2004). Hydropriming is one of the seed pre-treatment methods to enhance seed vigor 

and establishment, which involves soaking the seed in water for a certain period of time 

before planting (Santini et al., 2017). It seems that, accelerated germination of pretreatment 

seeds may be due to increased activity of degrading enzymes such as alpha-amylase, in-

creased level of bioenergetic charge in the form of increased numbers of mitochondrial 

function, increased DNA, RNA and ATP synthesis (Afzal et al., 2002). In a study, hydro-

primed soybean seeds significantly increased 1000-grain weight, grain yield and protein 

percentage compared to control (Bayat & Sepehry 2010). Suitable establishment of plants 

affected by seed pre-treatment methods has so far the seed germination been effective in 

reducing weed damages. 

Plasma technology has been used in agricultural researches in recent years and its 

positive effect on seed germination has been proved (Thirumdas, 2018). Cold plasma can 

enhance plant physiological processes such as dehydrogenase activity, superoxide dis-

mutase, peroxidase activity, photosynthetic pigments, photosynthetic efficiency, and ni-

trate reductase activities (Mildažienė et al., 2019). The positive effect of cold plasma on 

seed germination properties of plants such as Chenopodium album (Sera et al., 2010) and 

soybean (Ling et al., 2014) has been previously reported. Hussain et al. (2017) using 

gamma irradiation on sunflower seeds reported that this technique can increase germina-

tion, growth and subsequently improved sunflower yield. According to the results of the 

present study, it seems that hydropriming and plasma irradiation can improve the com-

petitiveness of sunflower against weeds by improving seedling establishment. Therefore, 

this study was conducted to investigate the effect of cold plasma seed pre-treatments on 

the growth and yield of sunflower in the presence of weeds. 

2. Materials and Methods 

This study was arranged as a factorial experiment in a Randomized Complete Block 

Design (RCBD) with three replications at research farm of Shahrood University of Tech-

nology, Shahrood, Iran on Haysan-33 cultivar of sunflower plant during 2017 growth sea-

son. The farm is geographically located at 55°4ʹ east longitude and 36°29′ north latitude 

with an average elevation of 1420 m above sea level. The first factor consists of cold plasma 

at six levels: control (no pretreatment), seed hydroprime with distilled water for 10 h, seed 

pretreatment with plasma irradiation for 15 s, seed pretreatment with plasma irradiation 

for 30 s, seed hydroprime for 10 h + plasma irradiation for 15 s, Hydroprim seeds for 10 h 

+ plasma irradiation for 30 s (plasma discharge power was 80 W). The second factor was 

weed control at three levels: Trifluralin 2500 mL (1200 g ai ha−1), control (no-weeding), and 

full-season weeding. The field was fallowed in the year before the test, so, after a deep 

plowing in the autumn of the previous year, the filed preparation practices were con-

ducted in favor of weather conditions in early June 2016. Initially, the field was tilled by a 

moldboard plow. Then, using two disks the filed leveling was performed. The sowing 

was performed in the second half of June 2017. The experimental field consisted of 54 plots 

and each plot consist of four planting lines, 14 m length with a distance between rows of 

60 cm and on rows 25 cm. The soil texture of the experimental field was clay loam. Weed 

control was applied by hand in plots should be treated with weeding. Pre-treatment with 

cold plasma seeds was performed in the plasma laboratory of Shahrood University of 

Technology. The seeds were treated using argon gas by cold plasma devise (Plasma Sup-

ply Model BK 9401, Made in Iran). Cold plasma radiation consists of a stream of electrons 

and protons produced in a small flame by the device described above. Treflan 48% EC 

herbicide at a dose of 1200 g. ai. ha−1 was sprayed using Spanish-made Matabee sprayer 

with a volume of 280.27 L of water per hectare and a pressure of 2.8 bar on the plots. Then, 

immediately mixed with soil to a depth of 5 to 10 cm. The chlorophyll content of each 
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plant was measured using a chlorophyll meter (SPAD-502, Minolta Konica). In each layer 

of canopy, the chlorophyll content was measured for three leaves and its mean was con-

sidered as the SPAD number of that layer. Photosynthetic pigments were also obtained 

by the Arnon method (1949). The amount of carotenoids and total chlorophyll was calcu-

lated using Equations (1) and (2). 

Carotenoide = 100 (A470) − 3.27 (mg chl. a) − 104(mg chl b)/227 (1) 

Total Chlorophyll = Chlorophyll a + Chlorophyll b (2) 

The percentage of grain protein was also measured by Kjeldahl method. 

Plasma membrane stability was calculated from Equation (3). 

MSI = 1 − (C1/C2) × 100 (3) 

They transferred to the laboratory and after drying in oven for 48 h at 70 °C, weighed 

with a precise scale. The percentage of oil in the oil was measured using the device and 

Soxhlet method. Statistical analysis was performed using MSTAT-C software (1.42) and 

graphs were extracted using Excel software and LSD test at 5% level was used to compare 

the means. 

3. Results 

3.1. SPAD Number 

Results showed that leaf chlorophyll content (SPAD number) significantly affected 

by control treatments at the level of 5% (Table 1). But the simple effect of cold plasma and 

the interaction of cold plasma × control treatments on this trait were not significant. 

SPAD number (leaf chlorophyll content) in the presence of weeds showed a signifi-

cant decrease of 4.85 and 4.34% compared to weeding and herbicide application respec-

tively (Figure 1). 

Table 2. Analysis of variance (mean squares) Effect of treatments on some sunflower traits. 

Sources of 

change 
DF SPAD Carotenoid 

Total 

chlorophyll 

Membrane Stabil-

ity 
Protein  Oil 

Repeat 2 6.191 ns 0.008 * 1.453 ns 284.708 * 1.954 ns 20.590 ** 

Control 2 21.636 * 0.064 ** 2.345 * 1741.945 ** 122.817 * 21.011 ** 

The plasma  5 2.30 ns 0.039 ** 0.827 ns 257.304 ** 66.658 ns 38.876 ** 

plasma × Con-

trol 
10 7.242 ns 0.028 ** 0.653 ns 430.425 ** 121.183 ** 32.942 ** 

Error 34 5.367 0.002 0.669 59.071 32.942 2.617 

CV%  5.75 12.83 11.27 16.75 18.13 3.77 

ns: non-significant, *, **: significant in α = 0.05 and 0.01 respectivly. 

 

Figure 1. Effect of control treatments on leaf chlorophyll content (SPAD). 
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3.2. Carotenoid 

The results showed that the simple and interaction effects of cold plasma and weed 

control treatments on carotenoids were significant at the level of 1% probability. The 

amount of carotenoids in weeding conditions showed a significant increase compared to 

non-weeding conditions (Figure 2). Pretreatment of seeds by cold plasma for 15 and 30 s 

increased leaf carotenoids compared to hydro-priming treatment. 

 

Figure 2. Interaction effects of treatments on the level of carotenoids. 

3.3. Total Chlorophyll 

The results of analysis of variance showed that only the simple effect of control treat-

ments on total chlorophyll were significant at 5% level (Table 1). Results showed that total 

chlorophyll decreased by 8.87 and 7.74% in the conditions of no weeding compared to 

weeding and herbicide application respectively (Figure 3). 

 

Figure 3. Effect of control treatments on total chlorophyll content. 

3.4. Membrane Stability Index 

Simple effects of weed control and plasma treatments and bilateral effects of treat-

ments significantly(at the level of 1% probability) affected membrane stability index (Ta-

ble 1). Membrane stability in priming treatments along with plasma radiation levels in the 

presence of weeds was significantly higher than hydroprime, control and plasma alone 

treatment in the presence of weeds(Figure 4). 
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Figure 4. Interaction effects of treatments on the membrane stability index. 

3.5. Percentage of Protein 

The simple effect of control and bilateral effects of treatments at the 5% level was 

effective on the protein percentage. In case of plasma application for 30 s alone or with 

priming protein percentage increased significantly in the presence of weeds (Figure 5). 

 

Figure 5. Interaction effects of treatments on soybean protein. 

3.6. Percentage of Oil 

As shown in Table 1, the simple effects of control and plasma on oil percentage were 

effective (p ≤ 0.01). Also, the interaction effect of treatments on the soybean oil was signif-

icant (p ≤ 0.01). Planting hydro-primed seeds under weeding produced the highest per-

centage of oil, although this treatment didn’t have any significant difference than cold 

plasma exposure time for 15 s in non-weeding condition but showed an increase of 7.6% 

compared to the weed-infected control (no pretreatment). 
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Figure 6. Interaction effects of t treatments on soybean oil. 

4. Discussion 

Based on our results SPAD value decreased in weedy treatments (Figure 1). SPAD 

value gradually increased in response to increasing weed-free period as compared with 

the weedy control. The SPAD value can be regarded as a suitable criterion in soybean 

because it represents nutritional conditions (Shafagh-Kolvanagh et al., 2008). The direct 

relationship between the SPAD number and nutrients show that weeds reduce sunflower 

pigments by consuming soil nutrients. Chlorophyll content in plants depends on soil N 

availability and crop N uptake, which are important management factors in arable farm-

ing. Crop N uptake is important, as N is needed for chlorophyll formation, which is im-

portant for photosynthesis, i.e., the conversion of absorbed radiance into plant biomass 

(Jongschaap, and Booij, 2004). In our study, membrane stability index decreased by weeds 

but cold plasma + priming increased this index significantly than control treatment (Fig-

ure 4). It has been reported that biotic and abiotic stress can decreased membrane stability 

index (Mamnabi et al., 2017). It seems that exposure of hydro -primed seeds on cold 

plasma can through improving seed germination and plant growth can enhance mem-

brane stability index. Protein percentage increased by exposure of seed to cold plasma for 

30 s in weedy condition. Similar to protein percentage, interaction effects of treatments 

had a significant effect on seed oil. 

Most studies on cold plasma and seed germination have been under laboratory con-

ditions, but field-based investigations have also been reported. Filatova et al. [14] ob-

served a 10–20% increase in the field germination capacity of honey clover, and catgut 

seeds with cold plasma treatment, whereas Ahn et al. [44] did not observe any changes in 

the germination percentage. The mechanisms of improved seed germination by plasma 

have been thoroughly investigated. The most frequently reported factors are changes in 

the physical and chemical properties of the seed coat or surface. Physical and chemical 

changes to the seed surface can result in elevated hydrophobicity and water permeability 

that enhances water imbibition, which is required for seed germination. Increased hydro-

phobicity and water permeability of the seed surface after plasma treatment has been ob-

served (Wang et al., 2017). 

In conclusion, application of cold plasma and hydro priming on sunflower seeds can 

improve seed germination and some physiological traits of sunflower plants that are ef-

fective on plant growth and competitive ability with weeds. 
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