
 1 

EFFECT OF SEED PRIMING BY KH2PO4 AND 
DIFFERENT TEMPERATURE ON SEEDS 
GERMINATION BEHAVIOR OF OKRA         

(Abelmoschus esculentus L.) 
 

*Muhannad.M. Sahib       *Nazar A. Hamzah         **Hussein J. Hussein                    

*College of Science, University of Qadesyia       **College of women's 

Science, University of Babylon 

Abstract: 
 
       In order to evaluate the effect of seed priming techniques on seeds germination 

characteristics of Okra. an experiment was conducted at the Seeds obtained directly 

from the field of Babil governorate during the season of (2012-2013). Seeds were 

primed for 4 hours at two temperatures (25 and 30 Cº) in priming media (1.5% and 

3% KH
2
PO

4
, and hydropriming, distilled water as control). Maximum seed 

germination percentage, germination speed index (GSI), seedling vigour index (SVI), 

was observed when the seeds primed by KH
2
PO

4 
3% for 4h and at 20 and 30 Cº. 

Relative growth rate and all seeds germination characteristics in this study also 

increasing with increased KH
2
PO

4
 concentration from 1.5 to 3% compared to control. 

 

Introduction: 

     Okra (Abelmoschus esculentus L.) belongs to Family Malvaceae. It is originated in 

the Africa, and grown in the Mediterranean region. It is a popular summer crop; the 

young tender pods are cooked in curries, stewed and used in soaps. It is a good source 

of Vitamins A, B and C, and is also rich in protein, minerals and iodine. When ripe, 

the black or brown white-eyed seeds are sometimes roasted and used as a substitute 

for coffee. The stem of the okra plant provides fibre which is used in paper industry 

[1]. Seed priming is usually described as pre-sowing treatments in water or in an 

osmotic solution that permits the seed to imbibe water to proceed to the first step of 

germination, but avoids radical emergence through the seed coat. The most widely 

used priming treatments are osmo-priming and hydro-priming. In hydro-priming 

seeds are soaked in water overnight then surface dried and sowed at the same day. 
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While in osmo-priming seeds are soaked in osmotic solution followed by drying the 

seed before sowing [2]. Seed priming techniques have been employed to develop 

resistance against several a-biotic stresses in a wide range of field crops [3]. Priming 

improves germination and emergence of several seed species [4]. This approach has 

been proven to its effectiveness to improve crop establishment on saline soil [5]; [6]. 

Seed priming has been successfully demonstrated to improve germination and 

emergence in seeds of many crops, particularly seeds of vegetables and small seed 

grasses [7]. The beneficial effects of priming have also been demonstrated for many 

field crops such as wheat, sugar beet, maize, soybean and sunflower [8]; [9]. [10] 

Reported that priming treatment significantly affected growth parameters and 

recorded an increase in Leaf area index (LAI) and dry matter accumulation due to 

priming in canola. Many seed priming treatments have been used to reduce the 

damage of ageing and invigorate their performance in many crops [10]; [3]. Seed 

priming is a controlled hydration process followed by re-drying that allows seed to 

imbibe water and begin internal biological processes necessary for germination, but 

not allow the seed to germinate. [11] Found that priming of sunflower seed with 

CaCl2, KH2PO4, NaCl, ZnSO4, ascorbic acid and succinic acid improved its 

emergence and seedling growth. [12] found that rice osmo-hardening with CaCl2 

performed the best compared with all other salts treatments as indicated by lower 

values of time to start germination, Mean germination time (MGT), Time to 50% 

germination (T50) and Mean emergence time (MET) and higher values of final 

germination and emergence, speed and energy of germination, root and shoot length 

and seedling fresh and dry weight. 

 The main objective of this study was to evaluate the effects of KH2PO4 priming 

media at different temperature 25 and 30 C° on seed germination behaviour of Okra. 

 

Materials and Methods: 

Plant material: 

This experiment was performed on one local Iraqi cultivar (Abelmoschus 

esculentus L.). The seed materials were obtained directly from the field of Babylon 

governorate in the season of (2012-2013). Seeds were surface sterilized using 5% 

sodium hypochlorite solution for 5 minutes and rinsed thoroughly in distilled water. 



 3 

The seeds were dried at 25 Cº for 24 hours in the laboratory. As described for pea by 

[13], seed material was stored in dark plastic containers at 5C° until use.  

Seed Priming Protocol: 

     For priming, okra seeds were subjected to hydro-priming (distilled water only) and 

priming with 1.5% and 3% of KH2PO4 for 4hr at 25Cº or 30Cº. Seed weight to 

solution volume ratio was 1:5 (w/v) [12].For seed priming; seeds were soaked in the 

respective solutions or water. Thereafter, seeds were removed, given three surface 

washings and re-dried with forced air near to its original weight. Untreated seeds were 

used as control treatment. 

Germination test: 

Three replicates, each of 25 seeds, were germinated in 9 cm diameter Petri 

dishes on Whatman NO.1 filter paper. Just enough distilled water (2.5 ml) to moisten 

the filter paper was provided initially. Moisture level was checked daily and topped-

up as necessary. Percentage radical emergence and seed germination speed was 

recorded at 25 Cº after every 24 h time interval. Time for initial signs of radical 

emergence and maximum emergence was recorded after 7 days [14]. 

The germination speed index (GSI): 

The (GSI) it may be defined as “number of germinated seeds per unit day” was 

calculated as described by Association of Official Seed Analysts (A.O.S.A) [15] by 

following formula: 

GSI= 퐍퐨.퐨퐟	퐠퐞퐫퐦퐢퐧퐚퐭퐞퐝	퐬퐞퐞퐝
퐃퐚퐲퐬	퐨퐟	퐟퐢퐫퐬퐭	퐜퐨퐮퐧퐭

+⋯	+ ⋯+ 퐍퐨.퐨퐟	퐠퐞퐫퐦퐢퐧퐚퐭퐞퐝	퐬퐞퐞퐝
퐃퐚퐲퐬	퐨퐟	퐟퐢퐧퐚퐥		퐜퐨퐮퐧퐭

 

Seedling vigour index (SVI): 

      Seedling vigour index (SVI) was calculated following modified formula of [16]. 

                 SVI = [seedling length (cm) × germination percentage]/100     

Relative Growth Rate (RGR): 

Seedlings of okra cultivar were transplanted into plastic trays filled with clean 

sawdust .Water was topped after 10 days of planting, seedlings were harvested from 
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trays. Root and shoot were separated, fresh and dry weights were determined, and 

shoot: root lengths were calculated [14]. 

Statistical test: 
     All treatments were determined by three replicates. Data were subjected to an 

analysis of variance, a completely randomized and LSD (least significant difference) 

was calculated at P≤ 0.05. 
 

Results and discussion: 

Germination test: 
       Seed priming had significant positive effect on different aspects of seed 

germination. The results in Fig (1) shown both hydro and KH2PO4 solution priming 

caused significant increase in seeds germination percentage compared the control. 

The highest germination percentage was observed in 3% KH2PO4 82% and 81.33% at 

25 and 30 Cº respectively. These results are in agreement with [17]. 

 
 Fig (1) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

seed germination%. 

Germination speed index: 
       The highest germination speed index was obtained from seeds treated with 3% 

KH2PO4 solution at 25 and 30 Cº respectively. Results in Fig (2) showed significantly 

increased (GSI) from 16.95 in control to 44.36 at 25 Cº and 37.61 at 30 Cº in 3% 

KH2PO4 treatment respectively. 
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Fig (2) Effect of different level of seeds priming with KH2PO4 at 25 and 30Cº on 

germination speed index (GSI). 

Seedling vigour index (S.V.I): 
       The maximum seedling vigour index was obtained from seeds soaked in 3% 

KH2PO4 for both temperature 25 and 30 Cº, Fig (3) results showed the high value of 

(S.V.I ) reached 10.71 and 12 in 3% KH2PO4 with different temperatures 25 and 30 

Cº respectively compared to control were 2.19.  

 
Fig (3) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

seedling vigour index (S.V.I). 

 Relative Growth Rate (RGR): 

        Seed priming treatments with KH2PO4 increased relative growth rate at both 25 

and 30 Cº temperatures. Fig (4), (5) present that shoot and root length had been 

0.00

10.00

20.00

30.00

40.00

50.00G.S.I

priming treatment /4hr/ 25 and 30 C°

30 C, LSD= 4.88

25 C, LSD= 2.31

0.00

5.00

10.00

15.00S.V.I

priming treatment/ 4hr/25 and 30 C°

30 C, LSD= 0.59

25 C, LSD= 0.51



 6 

significant increased with increasing KH2PO4 concentration from 1.5 to 3% compared 

to the control at both 25 and   30 Cº temperatures. 

 
Fig (4) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

Shoot length cm.  

Fig (5) shows the effect of  KH2PO4 seed priming on Okra root length at different 

temperature, root length increased significantly with increasing KH2PO4  

concentration from 1.5% to 3% for both 25 and 30 Cº, it reached 7.83 cm at 25 Cº and 

8.17cm at 30 Cº in 3% KH2PO4 compared to the control it was 3 cm. 

 
Fig (5) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

Root length cm. 

Seed priming caused significantly increase seedling growth, Fig (6). Increase osmo-

priming concentration 3% KH2PO4 for both 25 and 30 Cº temperatures produced 

highest seedling length 13, 14.83 cm respectively compared to the control 5.33 cm. 
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Fig (6) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

Seedling length cm. 

 
Fig (7) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

Seedling fresh weight/g. 

 

Results in Fig (7), (8), indicates that priming treatment of the Okra seeds with 3% 

KH2PO4 at 25 and 30 Cº temperatures caused significantly increased fresh weight 

0.48 g , 0.54 g at 25, 30 Cº respectively and dry weight 0.0202 g , 0.0201 g at 25, 30 

Cº respectively , of seedling compared to the control. These results are in agreement 

with [18] that seed soaked with 0.5 to 1% solution of KCl or potassium sulphate 

K2SO4 significantly increased plant growth rate in wheat. 
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Fig (8) Effect of different level of seeds priming with KH2PO4 at 25 and 30 Cº on 

Seedling dry weight/g. 

 [19] Reported that seed primed of tow cultivar of soya bean with KNO3 (6) g.L-1 

caused a significant increase in germination and emergence percentage, radical and 

plumule length, seedling dry weight. 

Results also showed that treating seeds in temperature of 25 Cº and 30 Cº improved 

germination characteristics in contrast to control. [20] Have also reported that vigour, 

radical and stem length in wheat seedling were significantly increased at 20 Cº than 

10 Cº.  

The results of the present study in Fig (1), (2), (3), are in agreement with observation 

of [17] who reported that wheat seed soaked in KH2PO4 resulted improve germination 

characteristics. [21] Found that priming corn seeds by poly ethylene glycol (PEG) or 

potassium salts (K
2
HPO

4 
or KNO

3
) resulted in accelerated germination. 

The three early phases in seed germination are (a) imbibition, (b) lag phase and (c) 

protrusion of the radical through the testa [22]. Priming affects the lag phase and 

causes early DNA replication [23], increased RNA and protein synthesis [24], greater 

ATP availability [25], faster embryo growth and repair of deteriorated seed parts [26]. 

However, osmo-priming has been shown to activate processes related to germination, 

through affecting the oxidative metabolism such as increasing SOD and POD [27] or 

through activating ATP
ase 

[25] acid phosphatase and RNA synthase [24].  
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Overall it could be concluded that suitable priming the Okra seeds for 4 hr in high 

concentration KH
2
PO

4 
at the temperature of 25 and 30 Cº resulted in higher 

germination percentage and seeds vigour. 

 

أنبات بذور سلوك ودرجة الحرارة في  البوتاسیوماملة الاولیة بفوسفات تأثیر المع

 البامیا
حسین جبر حسین   **                لامیر حمزة  نزار عبدا *                    مھند محمد صاحب*

  
كلیة العلوم للبنات / جامعة بابل**                                      كلیة العلوم /جامعة القادسیة*  

 المستخلص:
 لبذورالإنبات مواصفات  يف بمحلول فوسفات البوتاسیوم لبذورالأولیة لمعاملة اللغرض تقییم تأثیر تقنیات        

تم .  2013-2012لبامیا، نفذت التجربة على بذور تم الحصول علیھا مباشرة من الحقل في محافظة بابل للعام ا

 25) وعلى درجتي حرارة %  3، 1.5، 0تراكیز (ساعات بمحلول فوسفات البوتاسیوم و ب 4البذور لمدة  نقع

 %3الحصول علیھا عند معاملة البذور بتركیز  م.أعلى نسبة أنبات و معدل سرعة أنبات وحیویة للبذور ت ◦م 30و

. أیضا أعلى معدل للنمو النسبي وكل  ◦م30و 25ساعات ولكلا درجتي الحرارة  4فوسفات البوتاسیوم لمدة 

بالمقارنة مع معاملة  % 3ألى  1.5صفات الإنبات قید الدراسة زادت بزیادة  تركیز فوسفات البوتاسیوم من 

 السیطرة.

 

Reference: 
1. Qayyum, S. 1990. A varietal trial on okra (Hibiscus esculentus L.) cultivars. 

Pak. Agric. 7(4): 55-78. 

2. Ashraf, M. & Foolad ,M.R. 2005. Pre-sowing seed treatment-a shotgun 

approach to improve germination, plant growth and crop yield under saline and 

non-saline conditions. Adv. Agron., 88: 223-271. 

3. Farooq, M.; Wahid, A.; Kobayashi, N.; Fujita, D. & Basra, S.M.A. 2009.Plant 

drought stress, effects, mechanisms and management. Agron. Sustain. Dev.,29: 

185-212. 

4. Singh, B.G. 1995. Effect of hydration-dehydration seed treatments on vigor and 

yield of sunflower. Indian Journal of Plant Physiology 38: 66-68. 

5. Ashraf, M. & Rauf, H. 2001. Inducing salt tolerance in maize (Zea mays) 

thorugh seed priming with chloride salts: Growth and ion transport at early growth 

stages. Acta Physiologiae Plantarum 23: 407-414.  



 10 

6. Basra, S.M.A.; Afzal, I.; Rashid, R.A. & Hameed, A.2005. Inducing salt 

tolerance in wheat by seed vigor enhancement techniques. International Journal of 

Biotechnology and Biology 1: 173-179. 

7. Arif, M.; Jan, M.T.; Marwat, K.B. & Khan, M.A. 2007. Seed priming improves 

emergence and yield of soybean. Pak. J. Botany. 40(3):1169-1177. 

8. Khajeh-Hosseini, M.; Powell, A.A. & Bingham, I.J. 2003. The interaction 

between salinity stress and seed vigor during germination of soybean seeds. Seed 

Sci. Technol., 31: 715-725. 

9. Sadeghian, S.Y. & Yavari, N. 2004. Effect of water deficit stress on 

germination and early seedling growth in sugar beet. J. Agron. Crop Sci., 190: 

138-144. 

10. Basra, M.A.S.; Ehsanullah, E.A.; Warraich, M.A. & Afzal, I. 2003. Effect of 

storage on growth and yield of primed canola (Brassica napus) seeds. Intl. J. 

Agric. Biol., 5: 117-120. 

11. Kathiresan, K.; Kalyani, V. & Gnanarethinam, J.L. 1984. Effect of seed 

treatments on field emergence, early growth and some physiological processes of 

sunflower (Halianthus annus L.). Field Crop Res., 9: 215-217. 

12. Farooq, M.; Basra, S. M. A. & Hafeez, K. 2006. Seed invigoration by osmo 

hardening in coarse and fine rice. Seed Science and Technology.34: 181-187. 

13. Khan, M.M; Iqbal, M.J.; Abbas, M. & Usman, M.2003. Effect of accelerated 

aging on viability, vigor and chromosomal damage in pea (Pisum sativum L.) 

seeds. Pakistan J. Agri. Sci., 40: 50–4. 

14. Al-Maskri, A; Khan, M.M; Al-Manthery, O. & Al-Habsi, K.2002. Effect of    

accelerated aging on lipid peroxidation, leakage and seedling vigor (RGR) in 

cucumber (Cucumis sativus L.) seeds. Pakistan J.Agri. Sci., 39: 330–7. 

15. Association of Official Seed Analysts (AOSA).1983. Seed vigor testing 

handbook. Contribution 32, Handbook on Seed Testing, AOSA, Lincoln, NE, 

USA. 

16. Abdul Baki, A.A. & Anderson, J.D. 1973. Vigor determinations in soybean 

seed   multiple criteria. Crop Sci. 13: 630-633. 

17. Yari,L.; Aghaalikani, M. & Khazaei, F. 2010. Effect of seed priming duration 

and temperature on seed germination behavior of wheat (Triticum aestivum L.). 

Arpn. Jo. Of Agri. and Biol. Sci. Vol. 5, No. 1. 



 11 

18. Paul S. R. & Choudhury A. K. 1991. Effects of seed priming with potassium 

salts on growth and yield of wheat under rain fed condition. Ann. Agric. Res. 12: 

415-418. 

19. Ahmadvand, G.; Soleimani, F.; Saadatian, B. & Pouya, M .2012. Effects of 

seed priming on germination and emergence traits of two soybean cultivars under 

salinity stress Inter. Res. Jou. of Applied and Basic Sci. Vol., 3 (2), 234-241. 

20. Sharifzadeh, F.; Heidari Zolleh, H.; Mohamadi, H. & Janmohamadi, M. 2006. 

Study of osmotic priming effects on wheat (Triticum aestivum L.) germination in 

different temperatures and local seed masses. Journal of Agronomy. 5(4): 647-

650. 

21. Basra, A. S.; Dhillon, R. & Malik, C. P. 1989. Influence of seed pretreatment 

with plant growth regulators on metabolic alterations of germinating maize 

embryos under stressing temperature regimes. Ann. Bot. (London). 64: 37-41. 

22. Simon, E.W. 1984. Early events in germination. pp. 77-115. In: D.R. Murray 

(ed.) Seed physiology. Vol. 2, Germination and reserve mobilization. Academic 

press, Orlando, FL. 

23. Bray, C. M.; Davison, P. A.; Ashraf, M. & Taylor, M. R. 1989. Biochemical 

events during osmopriming of leek seed. Ann. Appl. Biol. 102: 185-193. 

24. Fu, J. R.; Lu, S. H.; Chen, R. Z.; Zhang, B. Z.; Liu, Z. S. & Cai, D. Y. 1988. 

Osmoconditioning of peanut (Arachis hypogaea L.) seed with PEG to improve 

vigor and some biochemical activities. Seed Sci. and Tech. 16: 197-212. 

25. Mazor, L.; Perl, M. &Negbi, M. 1984. Changes in some ATP-dependent 

activities in seed during treatment with polyethylene glycol and during redrying 

process. J. Exp. Bot. 35: 1119-1127. 

26. Saha, R.; Mandal, A. K. & Basu, R. N. 1990. Physiology of seed invigoration 

treatments in soybean (Glycine max L). Seed Sci. and Tech. 18: 269-276. 

27. Jie, L. L.; Ong, S.; Dong, M. O.; Fang, L. & Hua, E. W. 2002. Effect of PEG 

on germination and active oxygen metabolism in wild rye (Leymus chinesis) seed. 

Acta prata culture Sinica. 11: 59-64. 

 

 

 


