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Abstract  12 

Enhancing plant production requires advancing seed germination processes despite 13 

environmental constraints. Dry soils often reduce okra yield by hindering seed germination and 14 

plant growth. Seed pre-treatment could alleviate water shortage problems. The main objective 15 

of this study was to identify water pretreatment conditions conducive to seedling development 16 

in okra (Abelmoschus esculentus (L.) Moench). We used PEG 6000 solutions with increasing 17 

concentrations (C: 0 MPa; T1: -0.3 MPa; T2: -0.6 MPa; T3: -0.9 MPa; and T4: -1.2 MPa) to 18 

treat okra seeds for 1, 3, 7, and 9 hours. The experiment was conducted using a fully randomized 19 

setup with three simultaneous replications. The main findings of the analysis are that water 20 

stress has a repressive impact on germination and seedling development in both okra varieties 21 

(Clemson spineless and Hire). Osmotic pretreatments consistently enhanced germination 22 

parameters and seedling development, irrespective of the priming duration, particularly 23 

showing an improved response in the Clemson spineless variety. In comparison to the control 24 

group, seeds of the Clemson spineless variety that were pretreated exhibited the highest 25 

germination rate (95.83%), the highest seedling viability (93.94%), and the greatest seedling 26 

vigor (10.61). The highest seedling height (11.55 cm) was achieved in PEG 6000 at a pressure 27 

of -0.6 MPa for 9 hours. Under priming conditions, the seedlings of the Clemson Spineless 28 

variety exhibit an increase in various physiological parameters. The highest values are observed 29 

using seeds treated with PEG 6000 at -0.6 MPa for 9 hours (2.77 mg/g for chlorophyll a; 1.62 30 

mg/g for chlorophyll b; 4.40 mg/g for total chlorophyll, and 6.09 mg/g for carotenoids) 31 

compared to the control. Despite the depressive impact of PEG 6000-induced water stress on 32 

germination and seedling development, the use of PEG 6000 as a priming promotes germination 33 

and seedling development in okra. To achieve optimal okra production in arid or semi-arid 34 

environments, it is recommended to utilize seeds of the Clemson Spineless variety that have 35 

been osmoprimed with PEG 6000. 36 
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Water stress. 39 

1. Introduction 40 

Increased environmental stressors like salinity, high temperature swings, and water stress are 41 

brought on by global change and have a substantial impact on the quantity and quality of plant 42 

production [1]. Climate change and global population growth pose significant challenges to agriculture, 43 

which uses over 70% of water withdrawals worldwide [2]. A quarter of all farmed area worldwide is 44 

used for irrigated agriculture, which produces 40% of the world’s food, rainfed agriculture yields less 45 

than half as much per unit of land as irrigated agriculture on average [2]. Plant growth, development, 46 

and yield are mostly influenced by drought [1]. The amount of drought stress is contingent upon a 47 

number of environmental conditions, including the amount and distribution of solar radiation, the 48 

requirement for evapotranspiration, and the soil’s capacity to hold onto moisture [3]. Thus, in order to 49 

reduce the harm that drought stress does to vegetable crops, sustainable breeding technologies and 50 

agricultural management techniques should be created to monitor it [4].  51 

Vegetable quality is similarly impacted by drought, and most vegetables become vulnerable to 52 

it at volumetric water contents of less than 20% [5]-[6]. One of the primary issues facing modern 53 

agriculture is maintaining crop yield and development in the face of unfavorable environmental 54 

stressors, including a water deficit [7]. When a plant’s water demands are not entirely satisfied, it might 55 

hinder regular operations, this is known as a water deficit. This deficit arises when the rate of 56 

transpiration from the surface exceeds the rate at which the roots absorb water, resulting in lower soil 57 

water potential [8]. Osmotic, ionic, and oxidative stressors brought on by drought cause plants to close 58 

their stomata, which reduce their size over time [9]. Reduced CO2 intake via stomata closure limits 59 

carboxylation and lowers internal CO2 levels, which increases photorespiration [9]. The depletion of 60 

water resources, rising food prices, and climate change all exacerbate the effects of drought on 61 

agriculture [11]. The quantity of carbon assimilated as biomass or grain produced per unit of water 62 

utilized by the crop is known as water usage efficiency [12]. It establishes if a plant can withstand a mild 63 

or severe soil water deficiency being a significant element in plant survival in drought conditions [13].  64 

One main objective of breeding and genetic engineering activities is to increase the water use 65 

efficiency of crops. Acosta-Motos et al. [14] stated that plants are essential to human nutrition and health 66 

because they provide vitamins, folic acid, mineral salts, dietary fibers, and therapeutic values. Several 67 

plants, including lettuce, carrots, tomatoes, potatoes, and okra, are susceptible to salt and water stresses 68 
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[4]. Of these, okra (Abelmoschus esculentus (L.) Moench), an industrial crop with high economic value, 69 

is native to Africa and is cultivated in southern Europe, Asia, and America [15]-[16]. Because all of its 70 

parts roots, stems, leaves, fruits, and seeds have therapeutic, artisanal, culinary, and even industrial uses, 71 

okra is a remarkable and adaptable plant [17]. Green okra fruit decoction is used to cure constipation 72 

and ease ulcers. The "oily" pulp of fresh fruits is used as a poultice for irritated skin, wounds that are 73 

infected, and zits [17];[18].  These elements in okra fruits have the ability to lower blood sugar levels 74 

and help diabetes people avoid insulin injections [19]-[20]. Bark fibers can be utilized locally to make 75 

cardboard, paper, and cord [21]. Low in cholesterol, calcium, iron, proteins, vitamins A and C, 76 

flavonoids, and polysaccharides, okra is a nutrient-dense dietary supplement [18];[20].  77 

Priming is an essential method for seed germination that addresses heterogeneity by controlling 78 

metabolic processes prior to radicle emergence to encourage growth, early flowering, and enhanced 79 

stress tolerance [22]. According to Hossain et al. [23], priming is increasingly being used as a strategy 80 

to strengthen plant defense against biotic and abiotic stressors. Through a variety of processes, such as 81 

the production of osmoprotective regulators and antioxidation mediated defense system modification, 82 

priming improves cellular response [24]. In this procedure, seeds are carefully hydrated using osmotic 83 

agents, which are safe for the environment and people’s health [25] and include polyethylene glycol 84 

(PEG), salts (NaCl; KCl), or polyols [26]. Seed germination is a crucial process that involves various 85 

physiological, biochemicals, molecular, and genetic modifications, resulting in enhanced growth, 86 

improved yield, and upregulation of specific tolerance genes for abiotic and biotic stresses [27]. 87 

Presoaking seeds in water or in solution usually polyethylene glycol has been demonstrated to improve 88 

the germination and the vigor of numerous species including vegetables [28]-[29], flowers [30]-[31], 89 

wild plants [32], and others [31];[33]-[34].  Priming treatment enhances grain production by promoting 90 

germination, stimulating growth, shortening germination time, enhancing stand establishment, 91 

emergence, repairing damaged seeds, enhancing plant vigor, osmotic adjustment, fast flowering, and 92 

harvesting [35]. It also improves affective oxidative metabolism, which includes antioxidant enzyme 93 

activities like those of superoxide dismutase (SOD) and peroxidase (POD), glutathione reductase in 94 

aged seeds, enhancing α-amylase, ATPase, as well as acid phosphatase and RNA synthesis [36]. 95 

Conducting studies in this area is crucial as it helps in understanding the effects of osmotic 96 

pretreatments, which contribute to the uniformity of germination and predisposition to resistance against 97 

abiotic stress. 98 

Carrying out this study is important because it enables us to understand the effect of osmotic 99 

pretreatments on the uniformity of germination and the ability of seedlings to withstand abiotic stress. 100 

It aids in predicting seed behavior during germination and post-stress growth. The main goal is to 101 

develop a technical osmotic pretreatment method that maximizes okra development in drought stress 102 

conditions. 103 
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2. Material and Methods 104 

2.1. Plant material  105 

 Two enhanced okra cultivars, Clemson Spineless and Hire, which were acquired from 106 

SEMAGRI SARL, provided the plant material for the trial (Table 1). These kinds were chosen according 107 

to their vegetative cycle and grower’s preference. 108 

Table 1: Characteristics of the two varieties of okra 109 

Characteristics Varieties 

Clemson spineless Hire 

Sowing period All year round All year round 

Precocity (DAS) 55-65 60-65 

Productivity Average High 

Fruit Smooth, oval section Slightly hairy 

DAS: Days After Sowing 110 

2.2. Seed germination   111 

The chosen seeds underwent a sorting procedure before being cleaned for three to five minutes 112 

with a 5% bleach solution. After that, the seeds were rinsed three times with distilled water to get rid of 113 

any leftover chlorine. The seeds were then allowed to dry on sterile filter paper. Thirty healthy seedlings 114 

were held in three separate petri dishes measuring 9 cm in diameter and covered with three layers of 115 

sterile filter paper. Following that, 10 ml of each solution distilled water for the control group were used 116 

to moisten the seeds, and previously prepared osmopriming solutions (T1: -0.3 MPa, T2: -0.6 MPa, T3: 117 

-0.9 MPa, and T4: - 1.2 MPa). The osmotic pretreatment solutions were made using the PEG 6000 118 

concentrations that were previously mentioned. These various solutions were used to soak the seeds for 119 

sets of time as, one hour, three hours, seven and nine hours. After each soaking duration, the seeds were 120 

sun-dried for 48 hours to guarantee total dehydration [37]. 121 

 A triple repetition system was used for every treatment. The seedlings were incubated in petri 122 

plates kept at room temperature in a dark, controlled atmosphere (25 ± 2 °C) in the laboratory. Counting 123 

and watering with the appropriate solutions were done every day until the seventh day following seed 124 

germination. The initial stage of plant growth is seed germination, which starts with imbibition and 125 

concludes with radicle emergence. A minimum of 2 mm in length, the radicle that emerges from the 126 

seed coverings indicates germination [38].  127 

2.3. Parameters investigated.  128 

The following were the parameters this study looked into: 129 

The formula is used to compute the Germination Rate (GR), which is the physiological limit of seed 130 

germination. 131 
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𝐺𝑅 = number of seeds germinated
total number of seeds sown   ∗  100  [39]; 132 

The above equation is used to compute the Germination Viability (GV), which is a measurement of 133 

the percentage of fully developed seedlings at the end of the process of seed germination.  134 𝐺𝑉 = number of seedlings formed
number of germinated seeds * 100 [39]; 135 

The Mean Daily Germination (MDG) is calculated using the formula:  136 𝑀𝐷𝐺 = Germination ratenumber of day on final germination   [40]; 137 

The rate at which the population of seeds germinated is shown by the Mean Germination Time 138 

(MGT). The population that germinated increased with a decrease in the mean germination time rate. 139 

The method by which MGT is computed: 140 

    [41]; 141 

Where “f” refers to number of seeds germinated on day x. 142 

The Germination index (GI) has been reported according to the formula as described by Kader [41]. 143 

GI= (7*n1) + (6*n2) + (5*n3) + … + (1*n7) 144 

Therefore, the numbers n1, n2, ... n7 indicated the number of seeds that germinated on the first, 145 

second, and up to the seventh day, whereas the numbers 7, 6, ... and 1 corresponded to the number of 146 

seeds that germinated on the first, second, and up to the seventh day. The Seedling Vigor Index (SVI) 147 

is calculated using the formula: 148 

                             𝑆𝑉𝐼 = Average germination rate ∗ average seedling length
100

   [42]; 149 

A ruler with a centimeter grade is used to measure the height of the plant, the length of the stems, and 150 

the roots. 151 

The process of extracting photosynthetic pigments involves the use of 80% acetone, as outlined by 152 

Arnon [43]. The following formulas [44] are then used to determine the pigment contents of the leaves: 153 

Chlorophyll a (µg/ml) = (12.7 * DO663) – (2.69*DO647); 154 

Chlorophyll b (µg/ml) = (22.9 * DO647) – (4.68*DO663); 155 

Total chlorophyll (µg/ml) = (20.2 * DO645) – (8.602*DO663); 156 

Carotenoids (µg/ml) = (5 * DO 470) + (2.846 * DO 663) – (14.876 * DO647). 157 

 158 

2.4. Statistical analysis 159 

 In order to analyze variation between the various means, the data was processed using 160 

SPSS version 20.0 software. When a significant difference was found, the means were separated 161 

using the Duncan statistical test at the 5% level. Graph Pad version 10.2.3 was used to plot the 162 

curves and violin. The software Origin Pro 9.9.0.225 was used to perform the correlations. 163 
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3. Results  164 

3.1. Correlation on the germination parameters 165 

The analysis of the correlations between the different parameters (Fig. 1) shows a 166 

beneficial effect of priming on the germination parameters of okra. A positive correlation was 167 

observed between all the studied parameters except for the germination parameters such as the 168 

mean germination time (MGT), the mean germination day (MGD), and germinative viability 169 

(Fig. 1a, b). All parameters measured under optimal conditions were significantly correlated, 170 

except for the mean germination time (MGT) and the mean germination per day (MGD), where 171 

only negative correlations were observed (Fig. 1a). Under osmotic stress conditions induced by 172 

PEG 6000, a positive correlation is observed between the parameters except for germinative 173 

viability and average daily germination, which only showed a correlation with the germination 174 

percentage, seed vigor index, and germination index (Fig. 1b). The best correlations under 175 

optimal conditions (Fig. 1a) are obtained between the germination rate (r=0.91), the seedling 176 

length (r=0.97), the radicle length (r=0.96), and the seedling vigor. Stressful conditions (Fig. 177 

1b) have strong negative correlations on the expression of various germinative and seedling 178 

parameters compared to optimal conditions (Fig. 1a), and germinative viability (GV) is strongly 179 

affected by stressful conditions (Fig. 1b). 180 

          181 

(a)                                                                                           (b) 182 

Fig. 1 Correlation between the different parameters assessed during water stress 183 

(a) Optimal Conditions; (b) Osmotic stress. Note: (GR) Germination Rate; (GV) Germination Viability; (GI) 184 

Germination Index; (MGT): Mean Germination Time; (SVI) Seedling Vigor Index; (MDG): Mean Daily 185 

Germination; (RL) Root Length; (SL) Shoot Length; (LP): Length of Plant; (Chll) chlorophyll content; (Carot): 186 

Carotenoids. 187 
 188 

3.1. Effect of pretreatments on germination parameters 189 

The assessment of water stress on the germination parameters (germination rate, 190 

germinative viability, and seedling vigor index) of okra is expressed below and shows that the 191 

increase in water stress significantly influences (P˂0.05) the germination parameters of okra 192 

seeds. The overall observation made on the results shows that regardless of the duration of 193 
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osmotic pretreatment (1h, 3h, 7h and 9h) observed and the variety, a positive improvement in 194 

germination parameters (GR, GV, and SVI) is noted (Fig. 2).  195 

3.1.1. Effect of pretreatments on germination rate 196 

The germination rate parameter (Fig. 2, A1 and A2) explains the influence of external 197 

conditions on the degradation of embryonic reserves during seed germination. The germination 198 

rate of okra seeds decreases within the Clemson spineless varieties (0.0 MPa: 94.45% to -199 

1.2MPa: 45.83%) and Hire (0.0 MPa: 91.78% to -1.2MPa: 47.92%) depending on the intensity 200 

of the water stress. Using these same previous concentrations in pretreatment, an optimization 201 

of the germination rate is observed in both varieties, with the highest averages obtained at 1 202 

hour of priming (-0.6MPa: 97.22%) for Clemson spineless (Fig. 2, B1) and at 7 hours of priming 203 

(-1.2MPa: 99.33%) for Hire (Fig. 2, D2) compared to the control. 204 
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    210 

Fig. 2 Effect of osmotic pretreatments on the germination rate of two varieties of okra 211 

*All the violin followed by the same alphabetical letter within each treatment are not significantly different at the 212 

5% threshold, as determined by the Duncan test. C: Control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are respectively 213 

hour(s) duration of priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 214 

 215 

 216 

3.1.2. Effect of the priming on the germinative viability 217 

The results on germinative viability (Fig. 3) show that despite high germination rates, 218 

the ability of seedlings to follow up is closely influenced by external environmental constraints. 219 

Stressful conditions show decreasing seedling viability rates in Clemson spineless (-0.3 MPa: 220 

25.46% to -1.2 MPa: 0.00%) and in Hire (-0.3 MPa: 93.64% to -1.2 MPa: 0.00%) following the 221 

increase in PEG 6000 concentration. During the application of these same treatments in osmotic 222 

priming, an increase in the seed viability rate parameter is observed in both studied varieties. 223 

The highest germination viability of the seedling is noted in the osmotic pretreatment with PEG 224 

6000 at -0.3 MPa (1 hour and 3 hours: 97.28%) for Clemson spineless (Fig. 3, B1) and at -0.6 225 

MPa (1hour: 99.33%) and -0.3 MPa (3 hours: 99.33%) for Hire (Fig. 3, B2 and C2). 226 
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Fig. 3 Effect of osmotic pretreatments on the germination viability of two varieties of okra 232 

*All the violin followed by the same alphabetical letter within each treatment are not significantly different at the 5% threshold, 233 

as determined by the Duncan test. C: Control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are respectively hour(s) duration of 234 

priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 235 
 236 

3.1.3. Effect of the priming on the vigor of the seedlings 237 

Under stressful conditions and regardless of the variety, the increase in PEG 6000 238 

concentrations negatively affects the vigor of the seedlings, unlike osmotic pretreatments which 239 

optimize their development (Fig. 4, A1 and A2). The vigor of the seedlings decreases and is 240 

very low under water stress in Clemson spineless (-0.3 MPa: 6.85 to -1.2 MPa: 0.61) and in 241 

Hire (-0.3 MPa: 4.55 to -1.2 MPa: 0.75) following the increase in PEG 6000 concentration in 242 

the medium. The 9-hour pretreatment shows the best seedling vigor in Clemson spineless (-0.6 243 

MPa: 10.61) and in Hire (-1.2 MPa: 9.67) compared to the control in Clemson spineless (C: 244 
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4.46) and in Hire (C: 5.06). It is important to note that the positive control (hydropriming) 245 

shows greater seedling vigor respectively for the variety (Clemson spineless and Hire) and the 246 

pretreatment time (3 hours: 9.03 and 7 hours: 8.35) (Fig. 4: C1, C2, D1 and D2). 247 

 248 
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Fig. 4 Effect of osmotic pretreatments on the seedling vigor index of two varieties of okra 253 

*All the violin followed by the same alphabetical letter within each treatment is not significantly different at the 5% threshold, 254 

as determined by the Duncan test. C: control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are respectively hour(s) duration of 255 

priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 256 

 257 

3.2. Effect of pretreatments on sowing parameters 258 

Fig. 5 shows the effects of osmotic priming on the seedling parameters (root length, stem length, 259 

and plant length) of seedlings from two varieties of okra. The different osmotic pretreatments 260 

significantly influence (P˂0.05) the seedling parameters depending on the duration of priming and the 261 

variety. A global analysis within the two varieties (Clemson spineless and Hire) and independently of 262 

the root parameters shows that water stress significantly influences seedling development and that 263 
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increasing PEG 6000 concentrations negatively affect seedling parameters. Similarly, it is important to 264 

note that osmotic pretreatments improve the seedling parameters compared to the negative control. 265 

 266 

3.2.1. Effect of pretreatments on root length of seedlings 267 

The results of the effect of osmotic priming on the seedling parameters of okra in the Clemson 268 

spineless variety are recorded in Fig. 5 (A1-E1). The evolution of root length under stressful conditions 269 

(Fig. 5: A1) shows that low concentrations of PEG 6000 are favorable (-0.3 MPa: 1.76 cm and -0.6 270 

MPa: 0.67 cm) unlike high concentrations (-0.9 MPa: -1.03 cm and -1.2 MPa: -2.35 cm) compared to 271 

the control. The root length at the level of osmotic pretreatments enhances the best responses at the level 272 

of osmotic treatments at -0.9 MPa (7 hours: 1.03 cm) (Fig. 5: D1) and -0.6 MPa (9 hours: 0.72 cm) 273 

(Fig. 5: E1) compared to the control. The results of the effect of osmotic priming on the parameters of 274 

okra seedling growth in the Hire variety are recorded in Fig. 5 (A2-E2). The evolution of root length 275 

under stressful conditions (Fig. 5: A2) shows that low concentrations of PEG 6000 are favorable (-0.3 276 

MPa: 0.15 cm and -0.6 MPa: 0.62 cm) unlike high concentrations (-0.9 MPa: -1.45 cm and -1.2 MPa: -277 

2.35 cm) compared to the control. The best responses expressing root length is at the level of osmotic 278 

pretreatment with PEG 6000 at -1.2 MPa (3 hours: 1.04 cm) (Fig. 5: C2) compared to the other 279 

treatments. 280 
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Fig. 5 Effect of osmotic pre-treatments on the root length of okra seedlings 286 

*All histogram bars followed by the same alphabetical letter within each root parameter are not significantly 287 

different at the 5% level according to the Duncan test. C: control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are 288 

respectively hour(s) duration of priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 289 

 290 

 291 

3.2.2. Effect of pretreatments on seedling stem length 292 

 293 

 The stem length (Fig. 6: A1) in the Clemson spineless variety is also influenced by 294 

increasing concentrations of PEG 6000 in the medium compared to the control. The low 295 

concentrations of PEG 6000 (-0.3 MPa: 1.68 cm and -0.6 MPa: 0.79 cm) compared to the high 296 

concentrations (-0.9 MPa: -0.88 cm and -1.2 MPa: -1.16 cm) differently influence the evolution 297 

of root length compared to the control. The best stem lengths are obtained in the osmotic 298 

pretreatment with PEG 6000 at -0.6 MPa during the priming times of 1 hour (5.42 cm); 3 hours 299 

(4.72 cm); 7hours (5.48 cm) and 9hours (5.62 cm) compared to the control. The stem length in 300 

the Hire variety (Fig. 6: A2) is influenced by increasing concentrations of PEG 6000 in the 301 

medium compared to the controls. Low concentrations of PEG 6000 (-0.3 MPa: 0.24 cm and -302 

0.6 MPa: -0.52 cm) negatively influence the stem length parameter compared to high 303 

concentrations (-0.9 MPa: -0.73 cm and -1.2 MPa: -1.04 cm). The best stem lengths are obtained 304 

in the osmotic pretreatments with PEG 6000 at -0.3 MPa (3 hours: 2.64 cm); -0.6 MPa (7 hours: 305 

3.27 cm) and -1.2 MPa (9 hours: 4.79 cm). 306 
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Fig. 6 Effect of osmotic pretreatments on the stem length of okra seedlings 311 

*All histogram bars followed by the same alphabetical letter within each root parameter are not significantly 312 

different at the 5% level according to the Duncan test. C: control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are 313 

respectively hour(s) duration of priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 314 

 315 

3.2.3. Effect of the treatment on the expression of plant length 316 

The expression of plant length (Fig. 7: A1-E1) in the Clemson spineless variety is significantly 317 

reduced by the increase in water stress (-0.9 MPa: -1.9 cm and -1.2 MPa: -3.52 cm) compared to the 318 

negative control. The pretreatments provide a more favorable response on the expression of the size of 319 

okra seedlings, and the best results are obtained with the osmotic pretreatment PEG 6000 at -0.6 MPa 320 

(1hour: 5.1 cm; 3hours: 4.4 cm; 7hours: 6.19 cm; and 9hours: 6.56 cm) compared to the negative control. 321 
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The expression of seedling length (Fig. 7: A2-E2) under stressful conditions in the Hire variety is 322 

significantly reduced by the increase in water stress (-0.9 MPa: -2.92 cm and -1.2 MPa: -3.64 cm). The 323 

pretreatments promote an optimization of the expression of okra seedling size, and the best results are 324 

obtained with osmotic pretreatments of -0.6 MPa (7hours: 2.97 cm) and -1.2 MPa (9hours: 4.4 cm) 325 

compared to the negative control. 326 

 327 
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Fig. 7 Effect of osmotic pretreatments on the plant length of okra seedlings 332 

*All histogram bars followed by the same alphabetical letter within each root parameter are not significantly 333 

different at the 5% level according to the Duncan test. C: control; B, C, D and E (1hr; 3hrs; 7hrs and 9hrs are 334 

respectively hour(s) duration of priming); Hp: hydropriming; Clemson spineless: A1-E1; Hire: A2-E2. 335 

 336 
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3.3. Effects of osmopriming on the physiological parameters 337 

Fig. 8 and Fig. 9 below represent the effect of priming on the physiological parameters 338 

of okra seedlings (chlorophyll a content, chlorophyll b content, total chlorophyll content, and 339 

carotenoid content). Regardless of the variety, a progressive decrease in these parameters is 340 

observed under stressful conditions following the increase in PEG 6000 concentration (Fig. 8A, 341 

Fig. 9A). The responses obtained with osmotic pretreatments using PEG 6000 are satisfactory 342 

compared to the control within the Clemson Spineless variety (Fig. 8: B, C, D, E, and F). 343 

3.3.1. Effects of osmopriming on the physiological parameters of Clemson Spineless 344 

The levels of photosynthetic pigments under stress conditions (Fig. 8: A) gradually 345 

decrease as the concentration of PEG 6000 increases; these values are 2.22 mg/g (Carotenoids); 346 

1.79 mg/g (Total Chlorophyll); 1.10 mg/g (Chlorophyll 'a') and 0.70 mg/g (Chlorophyll 'b') for 347 

the concentration of 0 MPa of PEG 6000, and they regress to a value of 0 mg/g for the different 348 

levels of photosynthetic pigments for the concentration of 200 MPa of PEG 6000. Under 349 

priming conditions, the Clemson Spineless variety (Fig. 8) shows a significant increase (P˂0.05) 350 

in various physiological parameters, with the highest values obtained at 50MPa (9hours: 2.77 351 

mg/g for chlorophyll ‘a’ ; 1.62 mg/g for chlorophyll ‘b’ ; 4.40 mg/g for total chlorophyll and 352 

6.09 mg/g for carotenoids) and 100MPa (9h: 2.53 mg/g for chlorophyll ‘a’, 1.49 mg/g for 353 

chlorophyll ‘b’, 4.02 mg/g for total chlorophyll, and 5.71 mg/g for carotenoids) compared to 354 

the control and hydropriming (Fig. 8: B,C, F). 355 

 356 

 357 

 358 

 359 
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 361 

Fig. 8 Effect of priming with PEG 6000 on the pigment content of Clemson spineless seedlings 362 

*All curves followed by the same alphabetical letter within each photosynthetic pigment are not significantly 363 

different at the 5% level according to the Duncan test. C: Control; Hp: hydropriming. 364 
 365 

3.3.2. Effects of osmopriming on the physiological parameters of Hire 366 

Under stress conditions (Fig. 9: A), the levels of photosynthetic pigments gradually 367 

decrease as the concentration of PEG 6000 increases; these average levels are 4.27 mg/g 368 

(Carotenoids); 3.47 mg/g (Total Chlorophyll); 2.32 mg/g (Chlorophyll 'a') and 1.15 mg/g 369 

(Chlorophyll 'b') for the concentration of 0 MPa of PEG 6000, and they regress to a value of 0 370 

mg/g for the different levels of photosynthetic pigments for the concentration of 200 MPa of 371 

PEG 6000. Under priming conditions, the Hire variety (Fig. 9) shows an inhibition of the 372 

synthesis of various physiological parameters with the lowest values obtained at 200 MPa (1h: 373 

0.88 mg/g for chlorophyll ‘a’; 0.48 mg/g for chlorophyll ‘b’; 1.31 mg/g for total chlorophyll 374 

and 1.19 mg/g for carotenoids; and 7h: 0.71 mg/g for chlorophyll ‘a’; 0.40 mg/g for chlorophyll 375 

‘b’; 1.11 mg/g for total chlorophyll and 1.14 mg/g for carotenoids) compared to the control and 376 

hydropriming (Fig. 9, B, C, F). 377 
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Fig. 9 Effect of priming with PEG 6000 on the pigment content of Hire seedlings 380 

*All curves followed by the same alphabetical letter within each photosynthetic pigment are not significantly 381 

different at the 5% level according to the Duncan test. C: Control; Hp: hydropriming. 382 

 383 

4. Discussion 384 

4.1. Effect of pretreatments on the germination parameters of two okra varieties 385 

             For the two varieties studied, the concentration of PEG 6000 as well as the duration of 386 

priming significantly influence germination parameters such as the germination rate, the mean 387 

germination time, and the seedling vigor index. Indeed, these elements induce an increase in 388 

the osmotic potential in the environment surrounding the plant, thereby preventing it from 389 

absorbing the water necessary for its growth. The use of PEG 6000 in priming contributed to 390 

the increase in the germination percentage and the average germination time. This result would 391 

translate into an improvement in protein synthesis in the seeds through osmopriming and the 392 

activation of antioxidant enzymes such as catalase and peroxidase dismutase, which reduce in 393 

the seeds, and the activation of desoxyribonucleic acid synthesis [45]-[46]. Also, priming 394 

improves the synthesis of α-amylases and proteases responsible for the hydrolysis and 395 

mobilization of reserves, which are the main source of energy for respiration during germination 396 

[28];[47]. Similar results were obtained by Kadir et al. [48] on rice germination under water 397 

stress conditions. 398 

Moreover, the improvement in seedling vigor could be explained by the increase in 399 

water content in the seedlings, which would facilitate metabolic reactions in the plant cells. 400 

Indeed, priming allows for the control of water absorption by the seeds at the time of 401 

germination, thus providing them with the precise amount of water necessary for this phase of 402 
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their growth. It also leads to an increase in the regulation of the expression of genes responsible 403 

for the synthesis of ABA and reactive oxygen species [49]. Moreover, the dehydration phase 404 

induces low-amplitude stress in the seeds, which would lead to better adaptation during a 405 

subsequent exposure to water stress. This result is in contrary to that of Kadir et al. [48] who 406 

showed that osmopriming has no significant effect on seed vigor. 407 

With the increase in priming duration and salt concentration, there is a progressive 408 

decrease in germination parameters. This decrease could be attributed to oxidative stress caused 409 

by the negative osmotic potential of the solutions [50]. This result is in contradiction with the 410 

work of Varshini et al. [51] on chickpeas, who observed an increase in germination with the 411 

increase in priming duration up to a threshold of 6 hours. However, for the majority of the 412 

recorded parameters, quite good results are observed at 9 hours of priming. The reaction to the 413 

duration of primings would therefore depend on the plant species studied. 414 

 415 

4.2. Effect of osmotic pretreatments on the sowing parameters of two okra varieties 416 

 The germination and seedling establishment phases are the stages of plant growth that 417 

show the most vulnerability to abiotic stresses [46]. The results obtained show an improvement 418 

in seedling parameters, particularly the elongation of the epicotyl and radicle in okra. This result 419 

could be explained by the improvement of metabolic activities in the seeds during priming, 420 

which would promote multiple cell divisions as well as cell elongation [58]. This result is in 421 

agreement with the work of Saini et al. [52]on squash. 422 

 The increase in the length of the radicle could be explained by an enhancement of cell 423 

divisions and elongation, as well as a preparation of the seedlings for potential exposure to 424 

abiotic stresses. Indeed, the drying phase included in priming induces a low-intensity stress in 425 

the seeds [50] that activates the plant's defense mechanism against stress, thereby improving 426 

seedling vigor; similar results were obtained by Varshini et al. [51] on chickpeas. The 427 

improvement in stem size could be explained by the mobilization of cotyledonary reserves 428 

(starch), the activation of enzymes such as α-amylase responsible for the degradation of these 429 

reserves, and the activation of metabolic reactions fundamental to plant development. Similar 430 

results were obtained by Kadir et al. [46] on the growth of rice under water stress conditions. 431 

 The overall size of the seedlings was obtained by adding the lengths of the radicle and 432 

epicotyl. The largest values of seedling sizes (radicle + epicotyl) were recorded at -0.6 MPa of 433 

PEG 6000 for 9 hours of priming, a result in disagreement with the results of Varshini et al. 434 

[51], who showed that the ideal duration for a significant improvement in seedling size was 6 435 
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hours on durum wheat. This difference could be explained by a specificity of the effectiveness 436 

of osmopriming to different plant species.  437 

4.3. Effect of pretreatments on the physiological parameters of two varieties of okra 438 

 The osmotic stress induced by PEG 6000 led to a decrease in the chlorophyll content (a, 439 

b, and total) and carotenoids in the leaves of the okra seedlings in both varieties used. Indeed, 440 

as the severity of water stress increases, there is an alteration in membrane and enzymatic 441 

activities fundamental to biological processes. For example, a decrease in stomatal diameter is 442 

observed, which complicates the entry of CO2 into leaf cells, leading to a slowdown in 443 

photosynthetic activity [54]. Similar results were obtained by Kakar et al. [46] regarding the 444 

stress induced by PEG 6000, contrary to those of Tsoata et al. [55], who showed that water 445 

stress has no significant effect on the variation of chlorophyll content in young Fabaceae 446 

seedlings. 447 

 The use of PEG 6000 solutions for priming improved the chlorophyll and carotenoid 448 

content in okra leaves. The improvement in chlorophyll content could be explained by the 449 

increased water absorption by the roots, the water content in the seedlings, which would 450 

promote better conductance in the xylem vessels, protein synthesis, and the accumulation of 451 

sugars necessary for photosynthesis. It could also be due to the improvement in Rubisco 452 

synthesis, which is fundamental to carbon metabolism in the Calvin cycle [56]. This result is in 453 

agreement with that of Kakar et al. [46], who showed an increase in chlorophyll an and total 454 

content in the leaves of maize subjected to chitosan osmopriming, and those of Tamindzic et 455 

al. [57], who demonstrated that priming improves chlorophyll content in pea leaves. 456 

 The improvement in carotenoid content can be explained by the induction of osmotic 457 

stress during the drying phase, which contributed to the enhancement of antioxidant enzyme 458 

synthesis [46] and non-enzymatic and antioxidant compounds such as carotenoids responsible 459 

for regulating reactive oxygen species that are signaling agents in response to osmotic stress 460 

[58]. This result is in agreement with that of Kakar et al. [46], who showed an increase in the 461 

content of chlorophyll an and total chlorophyll in maize leaves that underwent osmopriming 462 

with chitosan. 463 

5. Conclusion 464 

 The results of this study show that water stress induced by PEG 6000 has a repressive 465 

effect on the germination parameters and the development of okra seedlings. Apart from this 466 

inhibitory effect, we also note from our study that the use of these priming treatments improves 467 

germination and seedling development compared to the positive control. These positive results 468 
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of the effect of osmopriming with PEG 6000 on the germination and development parameters 469 

of seedlings could contribute to the popularization and improvement of okra cultivation in areas 470 

highly subjected to water stress (condition of water scarcity). The positive responses obtained 471 

could be explained by better water absorption and improved photosynthesis, which are key 472 

phenomena in seed germination and plant growth. For a better understanding of the importance 473 

of priming and its mechanism, additional studies, particularly on the molecular, biochemical, 474 

and genetic mechanisms, can be conducted. 475 
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