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Abstract  

Sunflower seeds (hybrid Luka) were primed with water (hydropriming) or sodium hydrosulfide 
(NaHS) solutions (0.1, 0.5, 1.0 and 1.5 mM NaHS) and subsequently dried to initial moisture 
content. Un-primed (control) and primed seeds were germinated in a growth chamber on 
paper towels moistened with water or PEG 6000 solutions (2.5, 5.0 and 10%), mimicking 
different drought stress levels. To evaluate the response of the primed seeds to drought in the 
germination stage, the germination energy (GE), germination rate (SG), seedling fresh mass 
(SW), hydrogen peroxide and free proline content (PRO), as well as lipid peroxidation rate 
(MDA) were established. The results show strong effects of the imposed drought stress and 
the metabolic response to oxidative stress through lower germinability and proline 
accumulation in seedlings. NaHS priming showed some positive effects on seed germination 
depending on stress level and the concentration of NaHS. Sunflower seeds were also 
germinated in pots filled with soil, at optimal (70% of field water capacity; FWC 70%) and 
drought conditions (FWC 30%), in natural outdoors conditions. When plantlets developed the 
first pair of leaves, the number of plants (emergence rate, ER), shoot mass (SM) and leaves 
mass (LM) were determined, as well as the total activities of catalase (CAT), ascorbate 
peroxidase (APX), glutathione reductase (GR) and dehydroascorbate reductase (DHAR). There 
was a significant influence of an interaction between drought stress and priming, whereas 

drought stress inhibited plant emergence and early growth (SW and LW), and strong anti-
oxidative enzymatic response to drought stress was clearly established in the leaves. Although 
seed priming showed some influence on enzyme activities it was mostly related to seed hydro-
priming effects, while NaHS seed priming was less effective, influencing only DHAR. 
Altogether, the results imply that sunflower seed priming with NaHS may not have a prolonged 
impact on the anti-oxidative defence mechanism based on CAT and ascorbate/glutathione 
cycle during sunflower early growth in drought conditions. 

K E Y W O R D S: anti-oxidative enzymes, drought stress, NaHS, proline, seed priming, 
sunflower  
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Introduction 

All living organisms have a series of pathways to combat environmental stress (Capaldi et al., 
2015). Regarding plant responses to environmental stresses and obvious climate changes, 
many scientists consider drought as the most important threat to crop production worldwide 
(Balestrini et al., 2018; Farook et al., 2009, 2012; Fotopoulos et al., 2013; Li et al., 2016; Paul 
& Roychoudhury, 2020). It has been estimated that drought causes more than 50% yield 
reduction in crops (Bukhari et al., 2019), and the damage exerted by water stress is translated 
into important loss in amount and quality of crop yield. Undoubtedly, there is an international 
interest in increasing yield and plant drought tolerance (Ilyas et al., 2020). The development 
of crops with enhanced drought resistance, according to Farooq et al. (2009), requires among 
other things, the knowledge of physiological mechanisms and genetic control of the 
contributing traits at different plant developmental stages. 

The initial effect of drought on the plants is the poor germination and impaired seedling 
establishment (Fahad et al., 2017). If plants face drought in this stage, there is no agrotechnical 
measure that can enable an optimal crop stand as a pre-condition of desired yield 
achievement. However, Kaya et al. (2006) stated that priming techniques may be helpful in 
reducing the risk of poor stand establishment and permit more uniform growth under 
conditions of irregular rainfall and drought on saline soils. Nevertheless, considerable 
attention has been given to the detrimental effects of environmental extremes in plants, and 
their alleviating through the exogenous application of various priming agents. There is a 
plethora of reports dealing with chemical pre-treatment of plants, with the aim of more 
efficient activation of cellular defence mechanisms when challenged by abiotic stress factors 
(Fotopoulos et al., 2013).  So, one of the short-term and most pragmatic approaches to boost 
plant resistance to water scarcity is seed priming. This approach has been applied to overcome 
the drought stress effects in a range of crop species (Farooq et al., 2009), but not exclusively 
related to drought stress. In recent years, seed priming has gained a lot of attention as an 
indispensable method to produce tolerant plants against various stresses (Jisha et al., 2013). 
Some chemical compounds used as priming agents may significantly enhance plant tolerance 
in various crop and non-crop species against a range of different individually applied abiotic 
stresses (Antoniou et al., 2020). As stated by Balestrini et al. (2018), the application of such 
priming compounds prior to stress exposure results in many transcriptional modifications 
which can be specific, or not, to the agent used. The authors claimed that the increased 
potential of priming at the seed stage should be highlighted and further explored. Briefly, seed 
priming is a pre-sowing technique in which seeds are treated with some aqueous solutions of 
priming agents whereas the seed is moderately hydrated, to the point where pre-germination 
metabolic processes begin, without actual germination. Thereafter, the seeds are re-dried to 
near their actual weight for normal handling (Farooq et al., 2019). Seed priming affects the 
germination rate, seed vigour, and seedling development, under different ecological 
conditions (Draganić & Lekić, 2012). Along with commonly seen early and uniform 
germination, plants raised from primed seeds mostly show fast cellular defence responses to 
different abiotic stresses, and the overall growth of plants is enhanced due to the seed-
priming treatments (Jisha et al., 2013). It is necessary to emphasize that seed priming differs 
from plant priming, although both lead to improved stress-tolerance (Chen & Arora, 2012). As 
they involve different mechanisms, Tanou et al. (2012) suggest that it is important to 
characterize distinct features as well as the potential interplay between them at the proteome 
level. 



 
Hydrogen sulfide (H2S) has been recently revealed as a potent priming agent (Christou et al., 
2013). Savvides et al. (2015) concluded that plant priming with chemical agents such as sodium 
nitroprusside (which releases nitric oxide: NO), hydrogen peroxide (H2O2), sodium 
hydrosulfide (which releases H2S), melatonin, and polyamines enhances plant tolerance to 
different abiotic stresses, improving cellular homeostasis and plant growth under stress 
conditions. H2S has been recognized as a novel gaseous messenger (gasotransmitter), actively 
involved in various biological processes, such as seed germination, root development, 
stomatal movement, photosynthesis, senescence, and plant growth in general. Moreover, 
recent research shows that exogenous H2S application enhances the plant tolerance to abiotic 
stress conditions, such as drought, salinity, high heavy metal concentrations and temperature 
extremes (Fotopoulos et al., 2013; Calderwood & Kopriva, 2014; Li et al., 2017; Hancock, 2019; 
Singh et al., 2020). H2S interacts with the ROS-mediated oxidative stress response network at 
multiple levels, including the regulation of ROS-processing systems by transcriptional or 
posttranslational modifications (Chen et al., 2020). Apart from certain specific responses, in 
most cases, the application of exogenous H2S appears to improve the expression of genes 
encoding resistance-related enzymes, such as catalase (CAT), superoxide dismutase (SOD) 
isozymes, as well as enzymatic and non-enzymatic components of the ascorbate-glutathione 
cycle, which reduce H2O2 levels and lipid peroxidation rates in stressed plants (Xuan et al., 
2020; Corpas & Palma, 2020). It was established that treatment with H2S increases the 
availability of reduced sulphur for synthesis of glutathione, the major player in defence against 
a wide range of stresses (Calderwood & Kopriva, 2014). Also, it is commonly accepted that this 
volatile molecule has an important signalling role in various cellular events, and plant 
environmental interactions (Jin & Pei, 2016; Zulfiqar & Hancock, 2020; Chen et al., 2020). This 
gasotransmitter has been deeply studied in recent years and the emerging data has changed 
the concept of H2S from toxic molecule to crucial signalling molecule as comparable to H2O2 
and NO (Hancock et al., 2011; Lisjak et al., 2013; Pandey & Gautam, 2020). During certain plant 
processes, such as stomatal movements, which are an important response to drought stress, 
H2S could act upstream or downstream of NO and ABA signalling (Lisjak et al., 2011; Jin et al., 
2013; Paul & Roychoudhury, 2020). Indeed, when plants are endangered by various stresses 
such as drought, temperature stress and salinity, an interplay of NO and H2S, among other 
signalling pathways, regulates growth and developmental processes. Singh et al. (2020) stated 
that they also trigger the formation of cross-adaptation. According to Shi et al. (2013), the 
activation of endogenous H2S levels after stress treatments indicates that H2S might also be 
an important secondary messenger of stress sensing, which in turn modulates plant 
physiological changes and downstream gene expression. The content of endogenous H2S 
increases during seed germination whereas the exogenous sodium hydrosulfide (NaHS) 
treatment (the most used H2S donor) enhances its accumulation, which in turn protects seed 
germination from damage by enhancing the activities of amylase and esterase, by reducing 
oxidative damage, by preventing the absorption of metal ions, and by repressing ABA 
signalling (Xuan et al., 2020).  
 
Considering H2S as priming agent, the effects of its exogenous application reported so far 
undoubtedly showed beneficial effect on different plant species, especially those of 
considerable agronomic interest, under adverse environmental conditions (Corpas, 2019; 
Corpas & Palma, 2020). Interestingly, H2S might have both short-term and long-term effects 
in plant cells (Zulfiqar & Hancock, 2020). Although the concentration, exposure time, and type 



of H2S donor needs to be adjusted to each specific condition, plants clearly show external 
visual signs of recovery following treatment with H2S (Corpas, 2019). However, the detailed 
mechanisms of the effects of H2S on drought stress responses in plants remain unclear (Chen 
et al., 2016), and insufficiently studied, in general (Kolupaev et al., 2019). Therefore, the role 
of H2S in enhancing stress tolerance of plants facing the global climate change is immensely 
important, and the exogenous application of H2S seems as a promising approach to help 
mitigate the food security problem, especially under climatic fluctuations inducing 
environmental stresses (Zulfiqar & Hancock, 2020). In the opinion of Baudouin et al (2016), as 
treatments with H2S donors efficiently alleviated inhibition of germination by abiotic stresses, 
future works should be focused on deciphering whether endogenously evoked H2S 
participates in abiotic stress tolerance during seed germination and could therefore constitute 
a trait for variety selection and improvement. 
 
Globally, the sunflower (Helianthus annuus L.) is ranked the fourth most important oilseed 
crop after soybeans, rapeseed, and safflower, as the most profitable and economic oilseed 
crop (Adeleke & Babalola, 2020). Sunflower is a plant with various uses, in the feeding of 
humans and animals but also for industrial and energy uses (Bonciu et al., 2020). The opinions 
on sunflower's drought resistance are different, so it was considered as tolerant crop (Markulj 
Kulundžić et al., 2016; Mahpara et al., 2019) as well as susceptible to drought (Hussain et al., 
2014, 2015, 2018; Sarvari et al., 2016). It was reported that sunflower is particularly 
susceptible to water shortage at the germination stage (Ahmad et al., 2009; Amin et al., 2014), 
and during early vegetative stages (Vassilevska-Ivanova et al., 2014). Therefore, it has become 
very important to elucidate the drought tolerance mechanisms of sunflower, with aim to 
improve its agronomic performance and obtain more resistant sunflower cultivars (Baloǧlu et 
al., 2012). 
 
Based on the above, we aimed to investigate the potential use of the H2S donor NaHS as the 
priming agent for sunflower seeds, expecting its beneficial effects on seed germination in PEG-
induced water stress in controlled conditions of growth chamber, as well as on early growth 
of sunflower plants exposed to drought in natural conditions. The analysed morpho- and 
physiological parameters may contribute to a better understanding of sunflower drought 
tolerance and H2S-mediated drought response of this important crop species. 
 
Material and methods 

Drought stress and seed priming treatments in the germination stage under controlled 
conditions 

Sunflower seeds (Helianthus annuus L.) of the F1 hybrid "Luka" (producer: Agricultural 
Institute, Osijek) were primed with water (hydro-priming) and solutions of sodium 
hydrosulfide (NaHS) before germination. Seeds were imbibed for 2 hours in 0.1 mM, 0.5 mM, 
1 mM and 1.5 mM NaHS, after which they were dried on filter paper at room temperature for 
approximately 24 hours, until the initial seed moisture content was reached. After that, the 
filter paper sheets were moistened with 250 mL of water (control), i.e. PEG-6000 solution in 
concentrations of 2.5%, 5% and 10%, having the osmotic potential of -0.19 MPa, -0.499 MPa, 
and -1.483 MPa, respectively. 50 seeds per replication were germinated and the experiment 
was set up in 4 replicates. Luka is single cross hybrid with maturity period 110 – 115 days and genetic 
grain yield potential of 5–5.5 t ha-1 (Krizmanić et al., 2014). The hybrid is suitable for sowing on all soil 



types and in all areas of sunflower sowing. It has a modern head position, strong stem, extremely good 
fertilization of the central part of the head and a high hectoliter mass of grain. 

Prepared filter papers with seeds were rolled, transferred into plastic bags and sealed to 
prevent moisture loss. Five days before germination, the seeds were incubated at the 
temperature of 7°C, according to the ISTA method (ISTA rules, 2015). Seeds were placed for 
germination in a growth chamber, with a photoperiod of 8 hours at 30°C and 16 hours in the 
dark at 20°C. Germination energy (GE) was determined on the fourth day, while standard 
germination rate (GR) and mass of the seedlings (SW) were determined on the tenth day after 
setting up the experiment. Seedling tissue samples were stored at -80 °C for the further 
analysis of lipid peroxidation rate, hydrogen peroxide and free proline content, after grinding 
the seedlings in a mortar and pestle with liquid nitrogen. 

Determination of the lipid peroxidation rate (MDA) 

Lipid peroxidation was determined by estimating the amount of thiobarbituric acid reactive 
substances in seedling tissues using the method described by Heath and Packer (1968). The 
analysis was performed spectrophotometrically, by reading the specific absorbance at 532 nm 
and non-specific absorbance at 600 nm. The concentration of the lipid peroxidation products 
(malondialdehyde, MDA) was calculated by using the molar extinction coefficient of 155 mM-

1 cm-1 and expressed as nMg-1 FW. 

Determination of the hydrogen peroxide (HP) 

The concentration of hydrogen peroxide (H2O2; HP) in seedling tissues was determined 
indirectly by measuring the amount of titanium peroxide complex, which is deposited when 
the titanium (IV) oxysulphate sulfuric acid solution and 25% ammonium hydroxide solution, 
were added to the plant extract (Mukherjee & Choudhouri, 1983). The absorbance was 
measured at 415 nm against a blank sample. Concentration of H2O2 was determined using an 
extinction coefficient 1.878 mM-1 cm-1 and the results are expressed as nMg-1 FW.  

Free proline content (PRO) 

Free proline content in seedling tissues was determined after Bates et al. (1973). The 
concentration of proline in the toluene fraction was determined by measuring the absorbance 
at 520 nm against a toluene blank, compared with the absorbance of a range of standard 
proline solutions containing 0 – 5.0 µg proline mL-1. The final results were expressed as μMg-1 
FW.  

 

Drought stress in the early growth of sunflower grown in the soil in outdoors conditions 

The same sunflower seeds as in the previous experiment under controlled conditions were 
used for setting up the experiment in pots filled with soil. 50 seeds per replication were sown 
in plastic containers measuring 20 x 20 x 7 cm, in the soil type eutric cambisol (according to 
WRB) which had been saturated to two levels of field water capacity (FWC) before sowing. 
FWC was determined according to Cassel & Nielsen (1986). Each day during the experiment 
the mass of containers was checked. In control treatment (70% FWC) was maintained with the 
addition of water lost by the evapotranspiration to the initial container mass, while in the 
drought stress variant, water was added up to 30% of FWC. The containers were placed 
outdoors, from 29th of May till 10th of June 2015. Minimal and maximal air temperatures and 



relative air humidity were recorded on a daily basis (Table 1). 15 days old plants, having the 
first pair of leaves, were counted and the emergence rate (ER, %) was calculated. The fresh 
mass of the above-ground parts (shoot, SM) and leaves (LM) were determined (g/plant) and 
leaf tissue was stored at -80°C after grinding using a mortar and pestle with liquid nitrogen, 
for further analysis of anti-oxidative enzymes activity. 

Catalase assay (CAT) (EC 1.11.1.6) 

The total activity of the enzyme catalase (CAT) was determined according to Aebi (1984). 
Decrease in absorbance was measured at 240 nm, every ten seconds for 120 seconds in the 
reaction mixture (pH 7.0) containing 0.05 mM KH2PO4, 0.05 mM K2HPO4, 0.01 mM H2O2 and 
50 μL of crude protein extract. The total activity of CAT is expressed as the concentration of 
decomposed H2O2 as µmol min-1 g-1 FW using molar extinction coefficient ε = 81 M-1 cm-1 (Duh 
et al., 1999). 

Glutathione reductase assay (GR) (EC 1.6.4.2) 

The total activity of the enzyme glutathione reductase (GR) was determined after Dolphin et 
al. (1989). Decrease in absorbance was measured at 340 nm every ten seconds during 100 
seconds in the reaction mixture (pH 7.0) containing 0.1 M KH2PO4, 0.1 M K2HPO4, 1 mM EDTA, 
2 mM NADPH, 2 mM GSSG and 50 μL of crude protein extract. Total activity of GR is expressed 
as the ΔA min-1 g-1 FW using NADPH molar extinction coefficient, ԑ = 6.22 mM-1 cm-1. 

Ascorbate peroxidase assay (APX) (EC 1.11.1.11) 

The total activity of the enzyme ascorbate peroxidase (APX) was determined according to 
Nakano & Asada (1981). Decrease in absorbance was measured at 290 nm during 60 seconds 
in the reaction mixture (pH 7.0) containing 50 mM K2HPO4, 50 mM KH2PO4, 0.1 mM EDTA, 50 
mM ascorbic acid, 12 mM H2O2 and 100 µL of crude protein extract. Total activity of APX is 
expressed as µmol min-1 g-1 FW using extinction coefficient ԑ = 2.8 mM-1 cm-1. 

Dehydroascorbate reductase assay (DHAR) (EC 1.8.5.1) 

The total activity of the enzyme dehydroascorbate reductase (DHAR) was determined 
according to Hossain & Asada (1984). Increase in absorbance was measured at 265 nm during 
60 seconds in the reaction mixture (pH 7.0) containing 50 mM K2HPO4, 50 mM KH2PO4, 0.8 
mM DHA, 10 mM GSH, 1 mM EDTA, 2 mM mercaptoethanol and 100 µL of crude protein 
extract. Total activity of DHAR is expressed as µmol min-1 g-1 FW using extinction coefficient ԑ 
= 14.6 mM-1 cm-1. 

Statistical analysis 

All obtained results were analysed by the usual methods of statistical analysis using SAS 

Enterprise guide 7.1 (SAS Institute Inc., Cary, USA) and Microsoft Office Excel 2016. The 

following statistical methods were used: analysis of variance (ANOVA) and statistical tests of 

significance of the treatments applied - the F test and Fisher's LSD test.  

 

Results 

Seed priming and drought effects on sunflower germination under controlled conditions  



Germination energy (GE) 

Under controlled conditions using a climate chamber, the germination energy (GE) of 
sunflower seeds was under significant influence of both seed priming variant (p = 0.001) and 
stress level (p ˂0.0001) (Table 2). The seeds primed with 1.5 mM NaHS showed the highest GE 
(76%), which was significantly higher when compared to the un-primed seeds (70%) and 
hydro-primed seeds (65%). The highest stress level (10% PEG) significantly decreased GE in 
general, irrespective of seed priming treatment, in comparison with control (seed germinated 
in water) and lower concentrations of PEG (Figure 1). Positive effects of NaHS priming in 
particular stress variants were mainly statistically less confirmed when particular priming 
variant and stress level are considered. However, in all priming variants PEG-induced drought 
stress diminished germination energy significantly. As for the priming effect in particular stress 
variants, it was significant in the un-stressed seedlings (germinated in water; p=0.0462) and in 
5% PEG treatment (p=0.0444). In un-stressed seedlings the effect of priming on GE seems to 
be inconsistent, while in 5% PEG treatment the highest stimulative effect on GE was 
established with 1.5 mM NaHS seed priming, being significantly higher compared to un-
primed and hydro-primed seed. 

Germination rate (SG) 

Sunflower seed germination rates (standard germination test, SG) were significantly 
influenced by both seed priming (p=0.0012) and stress treatments (p=0.0388) (Table 2), 
without an interaction effect. The highest germinability was seen with the 0.5 mM NaHS seed 
priming treatment (87%), which was insignificantly different from the other NaHS treatment 
variants. Significantly lower germinability was observed in the un-primed seeds (78%) and 
hydro-primed seeds (75%). Drought stress effect was the most significant when considering 
the differences between the germination in water (84%) and in a 10% PEG solution (58%). 
When analysing the obtained results of germination rate in each and every stress level, and 
priming variant, respectively, the above-mentioned effects were less visible, whereas only the 
5% PEG variant showed some distinction among seed pre-treatment variants (Figure 2). 

Seedling mass (SW) 

Seedling mass (SW) was strongly affected by priming (p ˂0.0001), stress level (p ˂0.0001) and 
their interaction (p=0.008). Seedling mass gradually decreased with an increment in PEG 
concentration (stress intensity), so that the mean seedling mass in the 10% PEG variant was 
only half of the seedling mass obtained in the control (water) treatment (Table 2; 0.30 vs. 0.60 
g). In all variants of seed priming, stress level significantly influenced seedling mass, including 
un-primed seed (Figure 3). The differences in SW among seed priming variants were significant 
(p≤0.05) at all stress levels, except for the highest stress level (germination in 10% PEG 
solution).  

Hydrogen peroxide content (HP) 

Hydrogen peroxide content (HP) was significantly influenced by the stress level (p ˂0,0001), 
and priming and stress interactions (p ˂0,0001), while priming itself did not have an effect on 
this parameter according to two-way ANOVA (Table 2). The lowest mean peroxide content 
was 0.083 µM g-1 FW in the 5% PEG treatment, and the highest HP was in 10% PEG (0.125 
µMg-1 FW). The difference between seedlings germinated in control (water) and 2.5% PEG 
solution was not significant. Considering particular stress levels (Figure 4), it is obvious that 



the highest stress level elicited HP accumulation in sunflower seedlings, without significant 
differences among priming treatments, and with the lowest HP content in seedlings developed 
from un-primed seeds. The most effective priming effect, that is the lowest HP, occurred in 
seedlings germinated in 5% PEG and pre-treated with 0.5 mM NaHS. Under no-stress 
conditions (germination in water), all priming variants significantly decreased HP 
accumulation, whereas the most effective were the two in the highest concentrations of NaHS 
(1.0 and 1.5 mM).  

Free proline content (PRO) 

Based on the two-way ANOVA and F test, free proline content in sunflower seedlings was not 
influenced by seed priming, however it is strongly dependant on the applied stress level (Table 
2). The lowest proline content was in seedlings germinated in water (0.544 µM g-1 FW), 2.5 
times more proline was detected in the lowest stress variant (PEG 2.5%; 1.410 µM g-1 FW), 4.6 
times higher content was after 5% PEG treatment (2.496 µM g-1 FW), while the highest stress 
level induced 8.5 times more proline in comparison with no stress conditions (10% PEG; 4.649 
µM g-1 FW) (Table 2). An increment in proline accumulation is clearly visible, regarding the 
applied stress levels, and in particular considering the un-primed seed in severe drought 
conditions (5 and 10% PEG solution, respectively; Figure 5). There was no significant influence 
of seed priming in the highest stress treatment, whereas some significant differences occurred 
among the priming variants in no stress conditions and in the two lower PEG concentrations. 
The highest proline accumulation was found in the sunflower seedlings obtained in 10% PEG 
solution, from the un-primed seeds (4.649 µM g-1 FW).  

Lipid peroxidation rate (MDA) 

The amount of lipid peroxidation in sunflower seedlings germinated in a climate chamber 
were significantly influenced by the applied drought stress levels (p˂0.0001) and the 
interactions between priming and stress (p˂0.0001) (Table 2). On average for all priming 
variants, the lipid peroxidation rates in seedlings germinated in water and 2.5% PEG were 
insignificantly different. However, a significant increase of malondialdehide content (MDA) 
occurred at the two higher stress levels (5% and 10% PEG). Hydropriming caused the highest 
lipid peroxidation in sunflower seedlings developed in severe drought conditions (10% PEG), 
while seed priming with 0.1 mM NaHS showed the best effect on MDA lowering (Figure 6). At 
5% PEG, the lowest lipid peroxidation was in the seedlings from the un-primed seed, while in 
mild stress conditions (2.5% PEG) priming had no effect whatsoever. Seedlings developed in 
water (no drought stress) and obtained from the primed seed (all priming variants), had 
significantly lower lipid peroxidation levels as compared to un-primed seed, in general.  

Seed priming and drought effects on soil-grown sunflower in early growth outdoors 

The effects of seed priming with H2S donor NaHS and drought stress were evaluated in young 
sunflower plants grown in the soil outdoors, where the seedlings emergence rate, shoot and 
leaves mass as well as the activity of antioxidative enzymes in the leaf tissue were determined 
in two leaves stage. The results are analysed by two-way ANOVA (Table 3), and one-way 
ANOVA (Table 4) separately for the control plants (regular watering up to the 70% of field 
water capacity) and drought-stressed plants (restricted watering, 30% of field water capacity). 

Emergence rate (ER) 



Emergence rate (ER) or the number of developed young plants in the outdoor experiment was 
significantly lower in drought conditions, across all seed treatment variants (p<0.0001; Table 
3). ER was 90% of initial 50 seeds per replicate in optimal water supply conditions (70% of the 
field water capacity) that gave the plants with full development of the first pair of true leaves, 
as compared to only 79% in the pots with water supply of only 30% of soil field water capacity. 
On average for both stress variants (Table 3), and separately for each stress level (Table 4), 
the seed priming did not have a significant influence on this parameter.  

Shoot mass (SM) 

The fresh mass of the above-ground plant parts (shoots) of young sunflower plants was 
approximately three times lower in drought stress treatments, against plants watered 
regularly to the 70% of FWC, so the influence of water restriction on plants' growth and 
development was very significant (p<0.0001; Table 3). As for the effect of seed priming, there 
was no significant effect on SM, neither in control plants nor in the drought-stressed plants 
(Table 4).  

Leaves mass (LM) 

Leaves mass (LM) was strongly reduced by the water restriction during early growth outdoors 
(p<0.0001; Table 3), and seed priming showed some effect on LM (p=0.0214; Table 3), for both 
stress variants. In this regard, seed priming resulted in plants having lower LM compared to 
the plants from un-primed seed, in general. The effect of seed priming in optimal water supply 
conditions (FWC 70%) was not significant, while in drought conditions seed priming had an 
influence on LM (p=0.0305; Table 4). Seed treatment with 0.1 mM NaHS resulted with 
significantly higher leaf mass than hydro-priming and seed treatment with 0.5 mM NaHS 
(Table 4), in drought stress conditions. 

Catalase total activity (CAT) 

Catalase activity in sunflower leaves was under significant influence of both (Table 3), seed 
priming (p=0.0422) and drought stress (p<0.0001), as well as their interaction (p=0.0009). On 
average for both stress treatments, the lowest CAT was obtained in plants following 1 mM 
NaHS seed treatment (74.58 µmol min-1 g-1 FW). Irrespectively from the seed priming variant, 
drought stress strongly increased CAT. Seed treatment affected CAT only in un-stressed 
conditions, whereas hydropriming resulted in the highest CAT (84.14 µmol min-1 g-1 FW), while 
NaHS treatments did not differ from the control (no priming; Table 4).  

Ascorbate peroxidase total activity (APX) 

Ascorbate peroxidase activity was influenced by seed priming (p<0.0001), drought level 
(p=0.0316) and their interaction (p=0.0094) (Table 3). It was enhanced in drought stress 
conditions, and in the variant of seed primed with water. Seed hydropriming effect on APX in 
leaves of young sunflower plants contributed to the significance of seed priming in both 
control (p=0.0003) and drought stress variant (p<0.0001) (Table 4). In both applied drought 
stress levels, seed priming with NaHS did not influence APX activity in leaves, compared to un-
primed seeds. 

Glutathione reductase total activity (GR) 

Glutathione reductase activity was significantly affected by seed priming variants (p=0.0030, 
Table 3) and the interaction between seed priming and stress levels (p=0.0072), mostly 



because of strong stimulation of GR in the un-stressed plants developed from hydro-primed 
seed (0.055 ΔA min-1 g-1 FW). Seed priming with NaHS did not have an impact on GR activity in 
leaves, neither in optimal water supply, nor in a drought stress (Table 4). 

Dehydroascorbate reductase total activity (DHAR) 

Like APX activity, DHAR activity in the leaves was influenced by seed priming (p=0.0001), 
drought stress (p<0.0001) and their interaction (p=0.0208) (Table 3). Seed priming with NaHS 
solutions decreased DHAR in both stressed and unstressed plants as compared to no priming 
and the hydro-priming variant, however, this effect was significant only in drought stress 
conditions (Table 4). 

 

Discussion 

De Leonardis et al. (2012) consider that the improvement of drought tolerance represented, 
and still represents, one of the major objectives of plant breeding. Sunflower genotypes may 
perform differently under different drought levels, and genotypic differences in drought 
tolerance could be, at least in part, attributed to the ability of plants to acclimate and induce 
different defence mechanisms under severe water stress (Vassilevska-Ivanova et al., 2014). 
According to Ahmad et al. (2009), dry biomass, plant height and root length indicate that 
seedling growth is a reliable and efficient procedure for screening sunflower hybrids for 
moisture stress tolerance. In our research, the highest stress level (10% PEG) significantly 
decreased GE in general, irrespective of seed priming treatment, in comparison with control 
(seed germinated in water) and lower concentrations of PEG (Figure 1). The greatest 
difference seen with the drought stress effect was on germination rates (SG): 84% in water 
and 58% in 10% PEG solution. In the research of Igbal & Ashraf (2006), PEG treatment severely 
reduced germination percentage, fresh and dry biomass and mean germination time (days to 
50% germination) in both tested sunflower cultivars. In their research the osmotic stress 
treatments of –1.2 and –0.6 MPa caused a 67 and 21% reduction in fresh seedling biomass, as 
compared with control. Fulda et al. (2011) reported a significant growth deficit in drought-
stressed plants compared to control plants in terms of hypocotyl length, shoot and root fresh 
mass, when sunflower seedlings were grown in PEG-amended MS medium (-0.6 MPa), up to 
primary leaves stage. We have observed the seedling mass gradually decreasing with an 
increment in PEG concentration, so that in the 10% PEG variant there was only half of the 
seedling mass obtained compared to control (water) treatment (Table 2; 0.30 vs. 0.60 g). 
Vassilevska-Ivanova et al. (2014) concluded that a number of physiological and biochemical 
features of sunflower plants, such as seed germination, shoot and root length, fresh and dry 
matter content, water content and the accumulation of proline, MDA and H2O2, are directly 
affected by PEG-mediated water stress. In their research, the increase of MDA content was 
evident under severe water stress (-1.0 MPa), and the levels of proline increased in parallel 
with the severity of water stress in both tested sunflower genotypes. Similarly, MDA content 
or lipid peroxidation rate observed in seedlings exposed to higher stress levels (5% and 10% 
PEG) in our research confirm oxidative stress in sunflower seedlings (Table 2; Figure 6). This 
was in line with H2O2 accumulation in stressed seedlings which showed lower germinability 
and seedling vigour (Table 2; Figure 4). Also, intensive drought stress elicited proline 
accumulation as an important mechanism of osmo-conditioning in sunflower seedlings to 
PEG-induced osmotic stress (Table 2; Figure 5). Similar responses of sunflower to drought in 
seedling stage was established by Khalil et al. (2016), who reported that sunflower hybrids 



with higher capacity of osmotic adjustment through proline accumulation had lower stress 
injury, showing also higher root length, shoot length and shoot weight. These authors 
concluded that the negative relationship with morphological traits indicates that proline 
concentration may not be related with enhancing growth in sunflower but could increase 
survivability under stress through the osmotic adjustment and could participate in rapid 
recovery. 
  
Dooley et al. (2013) claimed that the application of extremely narrow concentrations (at taxon 
specific levels) of liquid H2S, produces two separate kinds of increased growth rates in plants: 
time to seed germination and absolute mass of tissue in roots, stems and leaves. In their 
research, positive effects of H2S on germination speed and seedling size were seen in bean, 
corn, wheat, and pea seeds. Here, the seed primed with 1.5 mM NaHS showed the highest GE 
(76%), which was significantly higher compared to the un-primed seed (70%) and hydro-
primed seed (65%) (Table 2). In 5% PEG treatment the highest stimulative effect on GE was 
established with 1.5 mM NaHS seed priming, being significantly higher compared to un-
primed and hydro-primed seed. As for the germination rate (SG), the highest value was 
obtained with 0.5 mM NaHS seed priming treatment (87%), insignificantly different from the 
other NaHS treatment variants. Significantly lower germinability was observed in the un-
primed seeds (78%) and hydro-primed seeds (75%).The differences in SW among seed priming 
variants were significant (p≤0.05) at all stress levels, except for the highest stress level 
(germination in 10% PEG solution). In lower stress variants (2.5% and 5% PEG), the highest 
seedling mass was obtained from seed primed with 0.5 mM NaHS (Figure 3). 
 
Many reports so far imply that priming for enhanced resistance to abiotic stress is functional 
in plants through the modifications of various pathways involved in different metabolic 
processes. Here, considering individual stress levels (Figure 4), it is obvious that the highest 
stress level elicited H2O2 accumulation in sunflower seedlings, without significant differences 
among priming treatments. Under no-stress conditions (germination in water), all priming 
variants significantly decreased H2O2 accumulation, whereas the most effective were the two 
highest concentrations of NaHS (1.0 and 1.5 mM). Interestingly, seed hydropriming resulted 
with the highest lipid peroxidation in sunflower seedlings developed in severe drought 
conditions (10% PEG), where seed priming with 0.1 mM NaHS showed the best effect on MDA 
lowering (Figure 6.). Basically, the pre-treatment of plants with chemical agents can initiate a 
mild stress cue, like the acclimation response that leads eventually to enhanced tolerance 
when the plant is exposed to an abiotic challenge (Savvides et al., 2015). Such effect could be 
the explanation of higher H2O2 accumulation and lipid peroxidation rate (MDA) in seedlings 
developed from the hydroprimed seed, compared to unprimed seed (Figures 4 and 6), 
therefore we assume that hydropriming can elicit a certain level of oxidative stress during 
seed imbibition in water, which is further reinforced by the highest drought stress applied in 
germination stage (10% PEG). Howecer, NaHS priming resulted with significantly lower MDA 
contents in seedlings exposed to the same stress level (Figure 6). Based on two-way ANOVA 
and F test, the free proline content in sunflower seedlings was not influenced by seed priming, 
however it was strongly dependant on the applied stress level (Table 2). The highest proline 
accumulation was found in the sunflower seedlings obtained in 10% PEG solution, from the 
un-primed seed (Figure 5). 

Drought stress does not only influence seed germination but also on the growth and 
development of young plants in field conditions. Recently, in the research of Almeida et al. 



(2020), NaHS was among the tested substances applied by spraying of sunflower plants et R1 
stage and grown under soil drought conditions in a pad greenhouse. Their results indicate the 
potential of the tested substances to mitigate water deficit in sunflower crop and the 
importance of carrying out field experiments. Here, in the second experiment, we exposed 
sunflower seed to severe drought (30% FWC) until the first pair of leaves development. The 
implied drought stress had significant effects on the ER (p<0.0001), and development of young 
sunflower plants (SW, p<0.0001; LW; (p<0.0001), so in optimal water supply ER was 90% while 
in the stress variant it was 79% (Table 3). In our experiment sunflowers were grown in the pots 
filled with soil and kept outdoors. El Midaoui et al. (2003) observed significant reduction of 
shoot and root growth by osmotic stress (-0.6 and -1.0 MPa) induced with PEG 6000, in young 
sunflower plants grown in a sand culture in greenhouse conditions. The fresh mass of the 
above-ground plant parts (SW) of young sunflower plants in our study was approximately 
three times lower in drought stress variants, against plants watered regularly to the 70% of 
FWC. Some prolonged effect of the seed priming with NaHS was obtained considering LW, 
whereas seed treatment with 1.0 mM NaHS resulted with significantly higher LW (p≤0.05) 
compared to hydropriming and seed treatment with 0.5 mM NaHS (Table 4), in drought stress 
conditions. However, these effects were not significantly different from the LW in plants 
developed from the un-primed seed. Although the seedling survival appeared to be higher in 
those from NaHS treated seeds, the effect of NaHS priming on the final number of plants (ER) 
was not significant (Table 4). 

In the research of Sgherri & Navari-Izzo (1995), sunflower seedlings reached a mild, moderate 
and severe level of water stress after 5, 8 and 11 days of soil water depletion. In response to 
a minor osmotic potential and an intermediate rate of water potential decrease, glutathione 
level increased, and enzyme activities related to ascorbate/glutathione cycle were induced. In 
severe water deficit stress, the efficiency of this defence mechanism fell and oxidative 
processes intensified. According to Baloǧlu et al. (2012), strategies for the improvement of 
APX and CAT enzyme activities in sunflower tissues could provide an effective protection 
system for drought stress in this important oilseed crop species. In their research the 
sunflower shoot tissues showed an increase in APX and CAT activities under drought. Our 
results show that irrespectively from the seed priming variant, drought stress strongly 
increased CAT, APX and DHAR activities in the leaves of sunflower young plants (Table 3), as 
well. The results of Ghobadi et al. (2013) who investigated sunflower responses to drought 
after the start of stem elongation in field conditions, showed a drought-elicited CAT activity in 
the leaves, as well. On the contrary, Quartacci & Navari-Izzo (1992) observed the reduced CAT 
activity in sunflower leaves, in plants grown in the soil under water withholding conditions in 
a growth chamber.  
 
Palma et al. (2020) stated that the growing evidence recently indicate that catalase enzyme 
activity is regulated by signalling events promoted by NO and derived RNS and H2S. As 
previously seen in Arabidopsis (Jin et al., 2011), wheat (Ma et al., 2016; Khan et al., 2017; 
Kolupaev et al., 2019; Li et al., 2015, 2017; Shan et al., 2011, 2017), strawberry (Christou et al., 
2013), sweet potato (Zhang et al., 2009), soybean (Zhang et al., 2010), etc., H2S application 
can elicit anti-oxidative mechanisms in drought/osmotic-stressed plants. NaHS treatment may 
alleviate the reactive oxygen species burst and cell damage induced by abiotic stress, through 
the influence on metabolisms of several antioxidant enzymes such as catalase, peroxidase and 
glutathione reductase, as well as through stimulation of non-enzymatic glutathione pool and 
redox state regulation (Shi et al., 2013; Chen et al., 2020). In our study, on average for both 



stress treatments, 1 mM NaHS seed treatment significantly reduced CAT activity in sunflower 
plants (Table 3). However, taken into account only un-stressed plants, NaHS priming effect on 
CAT in leaves was not significant compared to variants with no seed priming, but hydro-
priming resulted with the highest CAT activity (Table 4). There was no significant influence of 
seed priming on CAT activity in the leaves of drought-stressed plants. Similar effects of drought 
stress and the applied priming treatments were seen considering APX activity in the leaves, 
which was enhanced in drought conditions (Table 3), and with strong increment in plants 
developed from hydro-primed seed, in comparison with the activities obtained in un-primed 
variant and NaHS seed treatment. The effect of NaHS seed treatment on this enzyme activity 
in sunflower leaves was not significant, neither in well-watered plants, nor in drought stressed 
plants (Table 4). GR was also influenced by seed priming, however the stimulation of this 
enzyme’s activity was related only to the hydro-priming variant (Table 3), and this effect was 
more established in unstressed plants. Interestingly, drought stress did not influence GR 
significantly, which matches the results of Baloǧlu et al. (2012) who concluded that GR activity 
does not seem to be an essential part of the protection mechanism against drought in two 
tested sunflower cultivars. As for the effects of NaHS seed priming on GR in leaves, similar to 
the CAT and APX activities, both NaHS levels did not differ from control (no priming) (Table 4). 
DHAR activity analyses also showed significant effects of seed priming, drought stress and 
their interaction as seen in the case of CAT and APX (Table 3). However, opposite to all other 
enzymes, the effect of seed priming was not significant regarding this enzyme activity in un-
stressed plants (Table 4). Under drought, NaHS seed treatment resulted with significantly 
lower activities of DHAR in leaves, which was the only significant prolonged effect of seed 
priming with NaHS on investigated enzymes’ activities obtained in this research.  
 

Conclusions 

An interaction of drought stress and seed priming treatments significantly affected all four 
investigated enzymes (CAT, APX, GR, DHAR; Table 3). In general, in young sunflower plants 
grown outdoors under restricted watering (30% FWC), drought stress inhibited plant 
emergence, shoot development and leaf mass, and a strong anti-oxidative enzymatic response 
to drought stress was clearly established. Although seed priming showed some significant 
effects on enzyme activities in leaves, it was mostly related to seed hydro-priming effects, 
whilst NaHS seed priming was less effective, influencing only DHAR. Altogether, these results 
imply that seed priming with NaHS may not be the best solution for the stimulation of anti-
oxidative defence mechanism based on CAT and ascorbate/glutathione cycle in young 
sunflower plants growing in drought conditions. Some positive effects of NaHS seed priming 
on GE, SG and SW seen here suggest that this H2S-donor might be interesting as a potential 
sunflower seed priming agent, as the release of H2S during priming and germination in drought 
conditions feasibly stimulate seedling drought stress resistance, increase seed vigour and can 
contribute to better crop stand establishment. As stated by Zulfiqar & Hancock (2020), in many 
experiments so far sodium hydrosulfide (NaHS), or sodium sulphide (Na2S) as H2S donors have 
been used, but these release H2S very rapidly in solution and therefore give a short, not-
sustained burst, and are not physiological. Much of the applied H2S would be rapidly lost to 
the atmosphere and such compounds would have limited use in the environment. To this end, 
the usage of other compounds, such as GYY4137 that release H2S at a much slower rate and 
could give a longer treatment of plants in the environment, may be a better option for 
agricultural use. Recently, Wang et al. (2019) reported the development of iron oxide-coated 



nanoparticles with excellent uniformity and mesoporosity, that can be used as a H2S donor 
with controlled and sustained release of H2S in biological systems. The investigation of such 
H2S donors’ application in plant science and especially environmental stress resistance in 
plants, is suggested. 
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Figure 1 The effects of seed priming and drought stress level on germination energy (GE) of 
sunflower seeds germinated under controlled conditions in a climate chamber. Bars represent 
means (± S.E.) of particular seed priming variants and drought stress levels (n=4); x,y,z – 
differences among stress levels within each priming variant; a,b,c – differences among priming 
variants within each stress level, according to LSD test p≤0.05. 

 

 

  



Figure 2 The effects of seed priming and drought stress levels on germination rates (SG) of 
sunflower seeds germinated under controlled conditions in a climate chamber. Bars represent 
means (± S.E.) of particular seed priming variant and drought stress levels (n=4); a,b – 
differences among priming variants within each stress level, according to LSD test p≤0.05 

 

 

 

 

  



Figure 3 The effects of seed priming and drought stress levels on seedling mass (SW) of 
sunflower seed germinated under controlled conditions in a climate chamber. Bars represent 
means (± S.E.) of particular seed priming variants and drought stress levels (n=4); x,y,z,q – 
differences among stress levels within each priming variant; a,b,c,d – differences among 
priming variants within each stress level, according to LSD test p≤0.05 

 

 

 

  



Figure 4 The effects of seed priming and drought stress levels on H2O2 content in sunflower 
seedlings (HP) germinated under controlled conditions in a climate chamber. Bars represent 
means (± S.E.) of particular seed priming variants and drought stress levels (n=4); x,y,z – 
differences among stress levels within each priming variant; a,b,c – differences among priming 
variants within each stress level, according to LSD test p≤0.05 

 

 

 

  



Figure 5 The effects of seed priming and drought stress levels on free proline content in 
sunflower seedlings (PRO) germinated under controlled conditions in a climate chamber. Bars 
represent means (± S.E.) of particular seed priming variants and drought stress levels (n=4); 
x,y,z – differences among stress levels within each priming variant; a,b,c – differences among 
priming variants within each stress level, according to LSD test p≤0.05. 

 

 

 

  



Figure 6 The effects of seed priming and drought stress level on lipid peroxidation rate 
(malondialdehyde content, MDA) in sunflower seedlings germinated under controlled 
conditions in a climate chamber. Bars represent means (± S.E.) of particular seed priming 
variants and drought stress level (n=4); x,y,z – differences among stress levels within each 
priming variant; a,b,c,d – differences among priming variants within each stress level, 
according to LSD test p≤0.05 

 

 

 

  



Table 1. Temperature and air humidity during the experimental period for soil-grown 
sunflower plants. 

Date 
Air temperature (oC) Air relative humidity 

Min. Max. RH% 

May 26 6.2 21.5 54.5 
May 27 7.1 22.8 55.3 
May 28 8.0 25.4 55.3 
May 29 6.4 37.0 56.1 
May 30 9.6 36.9 58.7 
May 31 12.5 38.3 61.1 
June 1 14.0 37.8 66.8 
June 2 14.6 40.6 81.4 

June 3 15.2 39.0 61.7 
June 4 15.3 42.5 76.1 
June 5 15.8 40.6 64.8 
June 6 14.3 40.7 51.6 
June 7 16.6 41.6 48.3 
June 8 15.5 46.5 52.6 
June 9 15.7 39.3 63.7 
June 10 16.2 40.6 63.9 

 

  



Table 2. The effects of seed priming, drought stress level and their interaction on germination 
energy (GE; %), germination rate (SG; %), seedling weight (SW; g), H2O2 content (HP; µmol g-1 
FW), free proline content (PRO; µmol g-1 FW) and lipid peroxidation level (MDA; nmol g-1 FW) 
in sunflower seedlings germinated in climate chamber conditions (n=4). Two-way ANOVA (F 
test); means marked with the same letters (A,B,C,D) do not differ by LSD test (p≤0.05). 

  GE  SG  SW  HP PRO MDA 

Priming 

no priming  70BC 78BC 0.46A 0.098 2.648 6.775 

H2O 65C 75C 0.43BC 0.108 2.289 6.940 

0.1 mM NaHS 72AB 83AB 0.44B 0.100 2.156 6.547 

0.5 mM NaHS 74AB 87A 0.47A 0.096 2.080 6.874 

1.0 mM NaHS 75AB 81AB 0.42C 0.096 2.134 6.369 

1.5 mM NaHS 76A 85A 0.43BC 0.098 2.342 6.569 

F test 
P 

4.63 4.53 10.46 1.54 1.98 0.72 

0.0010 0.0012 ˂0.0001 0.1896 0.0918 0.6074 

Stress 

H2O 79A 84A 0.60A 0.095B 0.544D 5.006C 

2.5% PEG 75A 81AB 0.46B 0.094B 1.410C 4.442C 

5% PEG 76A 83A 0.41C 0.083C 2.496B 6.974B 

10% PEG 58B 77B      0.30D 0.125A 4.649A 10.293A 

F test 
P 

30.25 2.94 99.63 36.84 216.44 157.38 

˂0.0001 0.0388 ˂0.0001 ˂0.0001 ˂0.0001 ˂0.0001 

Priming x Stress 
F test 
P 

1.36 1.01 2.37 10.35 1.79 7.91 

0.1888 0.4557 0.0080 ˂0.0001 0.0527 ˂0.0001 

 

  



Table 3. Influence of seed priming (A), drought stress level (B) and their interaction on the 
development and anti-oxidative enzyme activity in young sunflower plants grown outdoors in 
the soil. ER - emergence rate (%), SM - shoot mass (g), LM - leaves mass (g), CAT- catalase total 
activity (µmol min-1 g-1 FW), APX - ascorbate peroxidase total activity (µmol min-1 g-1 FW), GR – 
glutathione reductase total activity (ΔA min-1 g-1 FW), DHAR - dehydroascorbate total activity 
(µmol min-1 g-1 FW). Two-way ANOVA, F test; A,B - treatment means marked with different 
letters significantly different at p≤0.05 (LSD test, n=4).   

  ER SM LM CAT APX GR DHAR 

Seed 
priming 

(A) 

No priming  80 0.682 0.130A 99.83A 2.170B 0.012B 0.054A 

H2O 85 0.626 0.113B 108.24A 4.673A 0.035A 0.053A 

0.5 mM NaHS 84 0.680 0.120AB 86.72AB 2.293B 0.010B 0.049B 

1.0 mM NaHS 88 0.693 0.127A 74.58B 1.816B 0.006B 0.047B 

F test 
P 

2.75 2.12 3.88 3.18 25.96 6.15 10.43 

0.0649 0.1240 0.0214 0.0422 <0.0001 0.0030 0.0001 

Drought 
stress 

(B) 

FWC 70% 90A 0.99A 0.172A 35.440B 2.4457B 0.0183 0.0393A 

FWC 30% 79B 0.35B 0.073B 149.244A 3.0304A 0.0134 0.0617B 

F test 
P 

27.1 970.83 665.19 188.34 5.21 0.83 477.57 

<0.0001 <0.0001 <0.0001 <0.0001 0.0316 0.3701 <0.0001 

Interaction 
(AxB) 

F test 0.24 1.13 1.01 7.63 4.84 5.10 3.92 

P 0.8672 0.3566 0.4058 0.0009 0.0094 0.0072 0.0208 

 

  



Table 4. Prolonged effects of seed priming on plant development and anti-oxidative enzyme 
activity in young sunflower plants grown in the soil outdoors, in optimal water supply (Control 
- field water capacity 70%) and drought stress conditions (field water capacity 30%). FWC – 
field water capacity, ER - emergence rate (%), SM - shoot mass (g), LM - leaf mass (g), CAT- 
catalase total activity (µmol min-1 g-1 FW), APX - ascorbate peroxidase total activity (µmol min-

1 g-1 FW), GR - glutathione reductase total activity (ΔA min-1 g-1 FW), DHAR - dehydroascorbate 
total activity (µmol min-1 g-1 FW). One-way ANOVA, F test; A,B - treatment means marked with 
different letters significantly different at p≤0.05 (LSD test, n=4). 

 ER SM LM CAT APX GR DHAR 

Control 
FWC 70% 

No priming 87 1.03 0.183 25.608B 1.908B 0.008B 0.040 

H2O 91 0.92 0.160 84.137A 5.167A 0.055A 0.041 

0.5 mM NaHS 90 1.00 0.171 15.820B 1.608B 0.008B 0.038 

1.0 mM NaHS 93 1.02 0.173 16.195B 1.100B 0.002B 0.038 

F 1.12 1.66 1.97 23.49 14.56 5.90 1.92 

p 0.3798 0.2288 0.1722 <0.0001 0.0003 0.0103 0.1801 

Drought 
stress 
FWC 30% 

No priming 73 0.34 0.076AB 174.06 2.433B 0.015 0.067A 

H2O 80 0.33 0.065B 132.35 4.178A 0.015 0.065A 

0.5 mM NaHS 79 0.36 0.068B 157.61 2.979B 0.013 0.059B 

1.0 mM NaHS 84 0.37 0.081A 132.35 2.532B 0.011 0.056B 

F 1.66 1.34 4.18 1.80 22.12 0.73 9.5 

p 0.2281 0.3072 0.0305 0.2013 <0.0001 0.5562 0.0017 

 

 


