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ABSTRACT 11 

This research was conducted to test the benefits of priming treatment and its effects on the pre-12 

treatment germination percentages of pepper (Capsicum annuum L.) seed lots. Germination 13 

percentages of 12 pepper seed lots which ranged between 66 and 90 % before treatment were treated 14 

with 2% of KNO3 solution for 4 days at 20 oC. Seed germination percentages, mean germination time, 15 

seedling emergence percentages, mean emergence time and seeds that germinated but were unable 16 

to emerge from the soil were determined. The treatment was found to be more successful on 17 

germination and emergence of seed lots with low germination percentages than those with high 18 

germination percentages. The differences between treated and untreated lots concerning all these 19 

criteria were higher in lower quality seed lots compared to those of higher quality. Priming reduced the 20 

percentage of seeds that germinated in the soil but unable to emerge. Results showed that priming is 21 

more useful for enhancing germination of low quality seed lots than higher quality ones which indicates 22 

that repair of ageing is one of the primary advantage of the priming treatments. Priming is therefore a 23 

suitable pre-sowing treatment that can be used to enhance the quality of left over and relatively lower 24 

quality seeds. 25 
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1. INTRODUCTION 27 

Seed priming technique which involves the controlled hydration and drying-back of seeds before 28 

sowing is used on various species of seeds to improve germination and seedling emergence 29 

percentages [1, 2, 3]. Seed priming improves germination and crop establishment of several types of 30 



crop. Seed priming has been widely used to enhance the germination response of agricultural crop 31 

species. Numerous factors are responsible for deriving effective and maximal benefits from priming 32 

treatments such as priming method, priming medium, treatment temperatures and duration, post 33 

treatment seed drying temperatures, plant growth promoters added to solution [2, 4]. Moreover 34 

performance depends on the crop variety, crop imbibition behavior, priming method, and imbibition 35 

time [6]. 36 

Initial seed germination percentage can also be a factor that determines the maximum benefit 37 

obtained from priming treatment [5]. Germination percentage is the main seed quality parameter that 38 

reflects to what extent seed has gone through ageing process. As the ageing progresses seed 39 

germination percentage declines. There are some reports that priming treatments are more 40 

advantageous in low germinating seeds than that of high germinating ones [6].  41 

Pepper is a warm climate crop and seeds are sensitive to storage conditions and lose germination 42 

potential within a short period of time, particularly under adverse storage conditions [7]. Pepper is 43 

propagated through transplants and decline in germination potential due to seed ageing may result in 44 

low seedling emergence in transplant modules and reduce transplant quality. In some cases left over 45 

seeds i.e. slightly low germinating seeds might have to be treated when previous years seed 46 

production is excessive and not being sold and had to be stored. The objective of the present study 47 

then was to determine how the effect of priming treatment changes according to the pre-treatment 48 

germination percentages of seed lots in pepper.  49 

2. MATERIAL AND METHODS 50 

2.1 Seed material  51 

Twelve seed lots of pepper (Capsicum annuum L.), Sera Demre cultivar, roughly about 10 grams of 52 

seeds, were obtained from different companies in Turkey and stored at 5°C about 4 months before 53 

use. These lots collected were produced in different production seasons and regions of Turkey. Initial 54 

seed moisture content of the seeds was determined using the low temperature oven method [8]; and 55 

the moisture content of the lots ranged between 7.2 and 9.4 %.  56 

2.2 Priming treatment 57 

Priming was carried out by placing seeds (3 g) in 9 cm petri dishes containing two Whatman filter 58 

papers moistened with 8 ml of 2 % KNO3 solution (2 grams/100 ml) and kept at 20°C for 4 da ys in the 59 

dark. Thiram (0.2 %, w/v) was added to the salt solution to inhibit fungal development, and the petri 60 



dishes were covered with plastic film to prevent excessive loss of liquid during the treatment. At the 61 

end of the treatment seeds were rinsed under tap water and dried to 8±0.3 % moisture content on top 62 

of filter paper at room temperature inside the laboratory (20±3°C) for about 24 hours. Seed 63 

germination and seedling emergence commenced 5 days after the treatment. During this period, 64 

seeds were kept at 5°C in glass jars.  65 

2.3 Germination, emergence and mean germination/eme rgence times  66 

Germination test of treated and untreated seeds in each lot was carried out in petri dishes (9 cm 67 

diameter) containing two Whatman no:1 filter papers imbibed with 5 ml of distilled water. Four 68 

replicates of fifty seeds were set up for each treatment. The germination test was conducted at 25°C i n 69 

the dark for 14 days [8]. Germination percentages (germination defined as two mm radicle protrusion) 70 

were recorded daily during the 14 days period.  71 

Seedling emergence was determined by sowing treated (T) and control (C) seeds (four replicates of 72 

50 seeds/lot) 2 cm deep in peat moss (Plantaflour, Humus–Verkaufs GmbH, Germany) in large plastic 73 

boxes (32 x 16 x 6 cm). The seed trays were placed in a growing cabinet maintained at 20±2°C. Cool 74 

fluorescent lamps (72 µMm-2s-1) were used to supply light to the seedling throughout the test period. 75 

The seedling trays were watered with the same amount of water as and when necessary. Seedlings 76 

(cotyledons appeared on the surface) emerged above the soil surface were counted daily and the 77 

experiment was terminated 25 days after sowing. Emerged seedlings were expressed as percentages. 78 

At the end of the emergence test, the peat moss was dug out and those seeds that germinated under 79 

the soil but were unable to emerge above the surface were counted and expressed as percentages as 80 

well. 81 

The mean germination/ emergence times were calculated according to [9] as follows: 82 

MGT/ MET: ∑ (n x D) / ∑ n 83 

Where, MGT/MET is the mean germination/ emergence time, n, is the number of seeds 84 

germinated/emerged at D days, D, is the number of days from the start of germination/emergence test.  85 

Duncan multiple range test was performed using SPSS packet programme (p<0.05) in order to 86 

compare the means of control and treatment in Table1. Regressions (R2) were performed to find out 87 

the relationship between pre-treatment seed germination percentages and various seed quality 88 

parameters in figures. 89 

 90 



3. RESULTS 91 

Pre-treatment seed germination percentages of 12 seed lots ranged between 66 and 98% in control 92 

and 73 and 97% in treated seed lots (Table 1). The seed lots that have lower germination percentages 93 

had longer mean germination time. Treatment reduced mean germination time in all seed lots. Mean 94 

germination time ranged between 4.4 and 7.4 days in control, 2.9 and 5.6 days in treated seed lots, 95 

respectively. Seedling emergence percentages of the lots were slightly lower than radicle emergence 96 

percentages. With a few exceptions all seed lots had higher emergence percentages after treatment 97 

(Table 1). The difference between emergence percentages of control and treated seeds was highest 98 

in lot 8 as 43%, none as 0% in lot 2 and slightly lower (3%) than the control in lot 3. Treatment was 99 

positively influential in enhancing germination in nine seed lots out of twelve. Mean seedling 100 

emergence time values were also lower in treated seed lots than those of the control. The percentages 101 

of seeds that germinated but unable to emerge were higher at pre-treatment low germinating seed 102 

lots. The percentage of seeds that germinated but unable to protrude was over 30% in lots 8, 9, 11 103 

and 12 (Table 1). 104 

Table 1 The effect of treament (2%, KNO 3, 4 days, 20 °C) on radicle emergence (%), mean 105 

germination time (MGT), seedling emergence (%), mea n emergence time (day), germinated but 106 

unable to emerge seedling percentage of control (C)  and treated (T) of 12 pepper seed lots.   107 

 108 
 

Lot 

Radicle 

emergence (%) 

 MGT 

 (days) 

Seedling  

Emergence. 

MET 

(days) 

Germ. but unable 

to emergence (%) 

 C T C T C T C T C T 

1 98 a 97 a 6.4 ef 4.5 b 85 a 90 a 13.4 d 10.8c 5 fg 2 f 

2 98 a 95 ab 5.6 c 4.2 b 85 a 85 b 11.9 b 10.3 b 7 f 5 ef 

3 95 ab 93 bc 7.0 g 4.4 b 88 a 85 b 12.5 c 11.6 fg 0 i 7 e 

4 95 ab 92 bc 6.0 d 5.0 c 85 a 93 a 12.4 c 9.6 a 5 fg 3 f 

5 92 b 92 bc 4.4 a 2.9 a 77 b 82 b 11.4 a 9.5 a 2 hi 8 e 

6 92 b 90 cd 4.7 b 2.9 a 73c 78 c 12.3 bc 9.5 a 3 gh 5 ef 

7 87 c 90 cd 6.5 f 4.4b 63 d 70 d 13.8 d 10.1 b 7 f 12 d 

8 87 c 87 d 6.8 g 5.4 de 35 h 78 c 13.8 d 10.9 cd 30 d 7 e 



y =  - 60.459+1.4595x
R² = 0.7133**

y = 17.414+1.0776x
R² = 0.8744***
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9 73 d 78 e 6.2 de 5.3 cde 38 gh 55 e 12.5 c 11.2 de 40 a 22 b 

10 70 d 77 e 6.2 de 5.4 de 53 e 67 d 13.4 d 11.4 ef 17 e 20 b 

11 70 d 78 e 6.8 g 5.2 cd 45 f 55 e 12.8 c 11.9 g 33 c 15 c 

12 66 e 73 f 7.4 h 5.6 e 40 g 55 e 13.9 d 11.9 g 36 b 25 a 

Means with the different letter (s) in the same line in each cultivar and run are significant 109 
(p<0.05), C: Control T: Treated, 2 %, KNO3, 4 days, 20 0C 110 

 111 

The priming treatment was pivotal in inducing the germination percentages. This was more prominent 112 

in seed lots with lower pre-treatment germination percentages (Lots 8 and 12). Pre-treatment seed 113 

germination percentages were highly related to seedling emergence in control (R2=0.71, p<0.001), 114 

and treated seed lots (R2=0.87, p<0.001) (Figure 1).  115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

Figure 1. The relationship between pre-treatment se ed germination and seedling emergence 126 

percentages in relation to priming treatment ( ●, 2 %, KNO3, 4 days, 20 0C) and control ( ○) seeds 127 

of 12 pepper seed lots. (*: p=0.05, **:p=0.01, ***:  p=0.001) 128 

 129 

The difference in germination of treated and control seeds between the lots that have high pre-130 

treatment germination percentages are less compared to those of low pre-treatment germination 131 

percentages. The advantage of the treatment was more prominent in seed lots with low germination 132 

percentages compared to higher germination percentages (Figure 2). 133 



 134 

 135 

Figure 2 The relationship between pre-treatment see d germination and the advantage obtained 136 

by the priming treatment on seed germination and se edling emergence percentages of 12 137 

pepper seed lots. The advantages were calculated by  substracting control (C) from treated 138 

seed (T) percentages in each lot in Table 1. (*: p= 0.05, **:p=0.01, ***: p=0.001) 139 

 140 

Mean emergence time differences between treated and control seed lots were very similar in relation 141 

to pre-treatment germination percentages. The difference in the mean germination time is about 2 142 

days. The R2 value (0.66, p<0.001) was higher in treated seed lots than that of the control (0.56, 143 

p<0.001) (Figure 3).  144 

 145 

 146 
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y = 63.111-0.6125x
R² = 0.882***

y = 103.19-1.03x
R² = 0.676*
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 147 

Figure 3 The relationship between mean germination time (day) and mean emergence time 148 

(day) in relation to control ( ○) and treated ( ●) 12 pepper seed lots. (*: p=0.05, **: p=0.01, ***:  149 

p=0.001) 150 

 151 

The treatment reduced the percentage of germinated but unable to emerge seeds and highly related 152 

to pre-treated germination percentages (R2=0.88, p<0.001) (Figure 4).  153 

 154 

 155 
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 160 

 161 

 162 

 163 

Figure 4 The relationship between pre-treatment see d germination and germinated but unable 164 

to emerge seedling percentages in relation to treat ment in 12 pepper seed lots. The values 165 

were compiled from Table 1. (*: p=0.05, **:p=0.01, ***: p=0.001) 166 

 167 
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4. DISCUSSION 169 

The results of the present work indicated that the pre-treatment germination percentages of pepper 170 

seed lots affect the advantage obtained from priming (Table 1 and Figures 1 and 4). The lower the 171 

pre-treatment germination percentages the more the advantages were obtained from the priming 172 

treatment (Figures 1 and 3). This is similar for both seed germination and seedling emergence 173 

percentages. The most significant reason of positive influence influences of priming on seed lots with 174 

low germination percentages can be attributed to the repair mechanism induced by priming treatment 175 

[12]. It was reported that priming may trigger reinvigoration; repair of ageing and in turn outcome of the 176 

priming is more prominent on aged seeds and stressful environments [5, 13]. The pre-treatment range 177 

of seed germination in our work is much wider between 66 and 98% (Table 1). The triggering repair of 178 

ageing by the priming treatments has biochemical effects that are significant for upgrading the quality 179 

of left over seeds from the previous year’s production. Seeds are stored over a year when excess 180 

produce is realized or when all the produce is not sold in the same year. In some cases the storage is 181 

done without a hermetic packaging therefore seeds are subjected to ageing depending on the storage 182 

environment. Such seeds can be treated to maintain viability and the good quality for sale in 183 

subsequent the year. The potential of priming in repair of seed ageing was also considered to be 184 

fundamental in extending the longevity of seed accessions in seed gene bank material [10]. 185 

The priming was found to be more influential on low germinating seed lots but the mean germination 186 

time and emergence times were equally influenced in all seed lots. The most significant influences of 187 

priming on the seeds under study is the shortening seed germination time (reducing mean time to 188 

germination). There are number of papers on that issue [1, 2, 14, 15]. The major reason is that primed 189 

seeds complete the first two stages of imbibition during the priming process. Upon sowing, treated 190 

seeds tend to complete the third stage of imbibition and therefore emerge faster [1]. It was also 191 

observed that treated seeds produced larger seedlings and better stands in the field or greenhouse 192 

compared to untreated [6]. Pepper seeds are known to be short lived and depending on the storage 193 

conditions a fast decline in germination potential and viability of seeds may occur especially under 194 

adverse conditions [7,10]. Peppers are produced by transplants modules in glasshouse in which early 195 

emergence is an important physiological process that is significant for producing uniform and well 196 

developed transplants. The results obtained from this research indicate that early seedling emergence 197 

in various seed lots with different germinability. Priming may have a potential to get better transplant 198 



production in low quality seed lots. The priming treatment is a useful tool for seed companies to 199 

produce high quality transplants because priming invigorates seed quality and enhances the vigour of 200 

seedlings produced from low quality or aged seeds. Increase in seedling vigour through priming also 201 

enhances the ability of the seedlings to penetrate the soil surface and emerge faster. There are 202 

number of papers that priming enhance germinability under adverse conditions such as abiotic 203 

stresses as salt [13, 15, 16 ]. This result indicated that treatment enhanced not only germination 204 

potentials but also protrusion of the seedlings to the surface. This is a good sign of post radicle 205 

emergence enhancement in the soil by the priming. This conclusion was also in line with previous 206 

findings in watermelon seeds [11] 207 

 208 

5. CONCLUSION 209 

In conclusion, priming can be a useful tool for enhancing seed germination of low germinating pepper 210 

seed lots. In turn this can be well reflected on the transplant size and quality which is an important 211 

physiological property that is valuable for transplant producing companies.  212 
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