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ABSTRACT 
  

Plant breeders are still doing best for identifying efficient screening tools for overcome heat temperature during 
germination without any adverse effect on seed viability. The aims of study was to determine the efficiency of soaking old seeds 
(natural ageing for two years) in some antioxidants namely; calcium chloride, selenium, zinc sulfate in addition to water and dry 
seed as control under different temperature regimes namely; 15, 20, 25, 30 and 35 oC. The results revealed that low temperature 
negatively affected seed quality especially germination percentage and seedling establishment whereas, high temperature gave 
the highest values to germinability. Calcium chloride 1% was more efficient to all studied traits followed by 50 ppm selenium 
compared with control (dry seed).The interaction between factors revealed that 1% calcium chloride more efficient at different 
temperature regimes (low and high temperatures).The results suggest that soaking old seeds in calcium chloride for 24 h can 
mitigate effects of different temperature regimes and keep quality of old rice seeds. Also,  can save costs and time of farmers. 
Keywords; temperature stress; natural ageing; germination; viability; antioxidants; peroxidase. 
 

INTRODUCTION 
 

Germination is one of the most critical phases in 
the growth cycle of plants, because it determines 
seedling establishment and final yield of the crops. 
Production rate of rice crop should increase by 1% per 
year not only for the world’s growing population food 
needs but also due to adverse climatic conditions (Sass 
et al., 2002). Demands of  seed fluctuates and 
sometimes there may be a surplus of seeds (carry over 
seed) which need to store up to 2-3 sowing seasons in 
addition the high price of seeds. Hence, proper seed 
treatments are needed to overcome this problem. 
Seedling vigor and seed germination are important 
factors for obtaining a good plant stand and high yields 
of a crop. Germination seed is highly dependent on 
temperature as temperature is one of the basic requisites 
of this process. However, the range of temperature in 
which seeds perform better germination depends on 
crop species. Kazim et al., 2013 reported that 
germinability  is most important step in plant 
development and the temperature of environment should 
below 42 °C otherwise it may be delay or totally inhibit 
germination, depending on the cultivars. Temperature of 
soil is one of the major environmental factors that 
influence not only the proportion of germinated seeds, 
but also the rate of emergence and seedling growth. 
Abiotic stress seriously affects the productivity of 
agriculture worldwide. The most important feature of 
pre sowing seed for long time is based on maintaining 
viability and seedling establishment above minimum 
standards. Temperature during germination is becoming 
the major concern for plant scientists worldwide due to 
the changing climate. Beebe et al., 2011 show that 
climate change is expected to worsen abiotic factors 
globally and adaptation strategies need to be established 
for target crops to specific environments. Annual 
maximum and minimum temperature have increased by 
0.35 °C and 1.13 °C for the period of 1979-2003. (Peng 
et al., 2004). Each 1°C increase in temperature during 
crop growing period, grain yield of rice declined by 
10% resulting in a 40- 50% gap of the attainable yield. 
The result of sharp decrease in cultivated land, shortage 
supply of water and continuous increase in food 
demand, farmers are forced to cultivate the rice in 

marginal environment with high temperature (Prasad et 
al., 2006) which ultimately leads to reduced yield. High 
temperature during seed development delaying in 
germination, seed vigor and dry mass reduction (Wahid 
et al., 2007). Germination seeds and seedling 
establishment stage play vital role for sustainable 
cropping, and are more sensitive to high temperatures 
during germination. (Dias et al., 2011) show assessing 
varying degree of stress tolerance at different 
developmental steps. As a result of the complexity of 
heat stress, there is need to develop quick and fast 
screening tests for heat tolerance and plant breeders are 
still in quest for identifying such efficient tools for 
detecting heat tolerance indices at effect of temperature 
during germination stages in rice seedlings. The 
objectives of study were to study the effect of some 
soaking substances on improvement of old rice seeds 
under different temperature degrees during germination.  

 

MATERIALS AND METHODS 
 

Seed source and storage conditions 
Rice cultivar seeds (cv. Sakh101) were obtained 

from the Central Administration for Seed Production 
(CASP), Agricultural Research Center, Egypt after 
natural ageing for two years (old seed season 2014 and 
2015) in jute bags at room temperature. Experiments 
were conducted in Seed Technology Section in 
Mansoura, Dakahlya province, Agricultural Research 
Center, Field Crops Research Institute, Egypt during 
2016. Factorial experimental design in randomized 
complete block design was used in three replications. 
Seed soaking 

To perform seed soaking treatments, the seeds 
were soaked in (50 ppm selenium, 1% calcium chloride, 
1% zinc sulphate and distil water for 24 h at room 
temperature. Unsoked seeds were used as control. 
 Temperature during germination 

The soaked seeds were incubated in growth 
chamber under different temperature degrees (15, 20, 
25, 30 and 35 oC). 50 seeds as eight replicates of each 
treatment were placed in petri dishes. The following 
parameters were measured:  
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1- Germination percent was recorded by counting 
normal seedlings two weeks after sowing according 
to ISTA (1999). 

2- Seedling length (cm) of five normal seedlings were 
recorded two weeks after sowing. 

3- Seedling dry weight (mg) was measured after drying 
five normal seedlings in hot-air oven at 85 oC for 12 
hours according to (Krishnasamy and Seshu 1990).  

4- Seedling Vigor Index (SVI) was calculated according 
to the following equations of Abdul-Baki (1980) 
SVI= germination percentage x seedling length, 
Seedling  

5-Vigor Index II= seedling dry weight x germination 
percentage. 

 6- Rate of germination : was measured according to the 
following formula of Bartllet (1937). 

                 a + (a +b) + (a + b + c) ……..( a + b + c + m) 
  GR =      ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
                             n (a + b + c + m) 
Where a, b, c are number of seedlings in the first, second 

and third count, m is number. of seedlings in final 
count, n is the number of counts.  

7- Germination energy (GE) was recorded on the 4th day 
of germination test. It is the percentage of germinated 
seeds at 4 days to the total number of seeds tested 
(Ruan and Tylkowska 2002).  

8- Mean germination time (MGT) was calculated by 
using the following equation of (Ellis and Roberts, 
1981). 

Σ Dn 
MGT =   ـــــــــ 

Σn 
Where (n) is the number of seeds, which were germinated 

on day time, D is number of days, counted from 
the beginning of germination test. 

Pot experiment 
Rice seeds were sown and irrigation was applied 

whenever required. Data regarding seedling emergence, 
were measured during 14 days of sowing. The activity 
of peroxidase was estimated by the method of (Ghanati 
et al., 2002). Activity of peroxidase enzyme was 
determined by the oxidation of guaiacol in the presence 
of hydrogen peroxide (H2O2).Absorbance was recorded 
at 470 nm for 1 min with spectrophotometer. Data were 
statistically analyzed through MSTAT-C computer 
software. Means of treatments were compared using the 
LSD according to (Gomez and Gomez, 1984). 
 

RESULTS AND DISCUSSION 
 

Germination percent, seedling length, seedling 
dry weight and seedling index had significant effects by 
temperature degrees (Table 1). The lowest germination 
percentage was obtained at temperature degree (15 OC) 
whereas; the highest germination percentage was 
recorded at 35 OC. Raising temperature degrees during 
germination stage increased seedling length up to 25OC. 
The highest vigor index was recorded at 25 oC. This 
may be due to low temperature stress is one of abiotic 
stresses and that delay germination. Temperature 
prevailing during germination directly interferes with 
amylase activity (Salwa, 2013). Seed soaking with 

calcium chloride (CaCl2 1%) had positive effects on 
germination percentage and other traits followed by 
selenium (50ppm). The effect may be due to CaCl2and 
selenium improve antioxidant activity (Salwa, 2013; 
Yousof 2013). 

Data in Table (2) show the effect of treatments on 
rate of germination, germination energy, mean 
germination time, field emergence as well as activity of 
peroxidase enzyme. The lowest means of the studied 
traits were recorded at 15 oC, whereas, the highest 
values were recorded at 25, 30 and 35 oC. Germination 
rate was (0.545) at 35 oC compared with (0.426) at 15.  
Peroxidase activity is an indicator of rapid germination 
and speed of growth and its highest activity was 
recorded at 35 oC. Kazim et al., (2013) show that 
temperature degree make oxidative stress by generating 
free radicals and alteration of membrane protein 
components. 

 

Table 1. Effect of temperature during germination and 
soaking substances on germination percentage, 
seedling length, seedling dry weight, seedling 
vigor index I and seedling vigor index II. 
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Temperatures during germination 
15 oC 69 6.0 0.031 418 2.0 
20 oC 84 18.0 0.043 1524 3.0 
25 oC 85 24.7 0.054 2097 5.0 
30 oC 87 16.7 0.060 1460 5.0 
35 oC 89 17.6 0.070 1565 6.0 
F test ** ** ** ** ** 
LSD at 5% 8.9 2.5 0.010 206.0 5.0 
Soaking substances 
Dry seed 73 14.9 0.058 1138 3 
Water 76 16.6 0.061 1321 4 
ZnSo4 1% 90 17.5 0.120 1623 5 
Se 50 ppm 83 15.7 0.107 1316 5 
CaCl2 1% 91 18.3 0.116 1665 7 
F test ** * * ** ** 
LSD at 5 % 4.9 1.9 0.011 150.7 3.5 
Interactions 
A X B * NS * * ** 

 
Decay the membrane lipids through autocatalytic 

peroxidation leads to decline cell membrane integrity 
and becomes more fluid under high temperature as 
compared to unstressed conditions. Seed treated with 
calcium chloride, selenium and zinc sulphate enhanced 
germination rate and other traits. This may be due to the 
potential of effects of CaCl2 under stressful 
environment. Also, CaCl2 acts as a positive factor in 
enhancing germination percentage and field emergence, 
and improved the germination attributes resulted in 
better early seedling growth (Yari et al., 2012). The 
beneficial influence of Ca+2  ion on root growth of rice 
seedlings likely due to competition between Ca+2 and 
Na+1 leading to reduced level of internal Na+1(Lin and 
Kao,1995). Calcium chloride, selenium and zinc 
sulphate application improved the germination under 
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stress and reduced germination time hence promoted 
early seedling establishment and synchronized growth 
(Taiz and Zeiger 2002). 
 

Table 2. Effect of temperature during germination 
and soaking substances on rate of 
germination, germination energy, mean 
germination time, field emergence and 
peroxidase activity 
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Temperatures during germination 
15 oC 0.426 48 4.8 60 1.05 
20 oC 0.427 50 3.9 68 1.25 
25 oC 0.533 73 3.9 82 1.40 
30 oC 0.499 90 4.0 80 1.43 
35 oC 0.545 91 3.5 88 1.43 
F test ** ** ** ** ** 
LSD at 5% 0.030 8.0 0.2 5.0 0.023 
Soaking substances 
Dry seed 0.453 57 4.2 56 1.01 
Water 0.480 69 4.1 73 1.11 
ZnSo4 1% 0.481 74 4.0 80 1.13 
Se 50ppm 0.497 75 3.8 81 1.20 
CaCl2 1% 0.518 77 3.9 88 1.22 
F test ** ** * ** ** 
LSD at 5 % 0.021 7.8 0.1 3.0 0.019 
Interactions 
A X B ** * * ** ** 

 
Data in Table (3) show the effects of interaction 

between temperature during germination and seed 
soaking treatments on germination percentage. Seed 
soaking with calcium chloride gave the highest 
germination percentage (97%) at 35oC whereas the 
lowest value (53%) was recorded  at 15oC and these 
results show that rice seed which soaked in CaCl2 1% 
achieved a good values in mitigating adverse effects of 
high temperature and promoted germination characters. 
Also, due to the influence Ca+2 on membranes and 
enhanced antioxidant proteins like SOD enzyme. Ca+2 
play important role as a cofactors in the activities of 
numerous enzymes (Taize and Zeiger, 2002).  

Regarding peroxidase activity calcium chloride 
recorded the highest values (1.49 mg) followed by 
selenium (1.47mg) at 30 oC. On the other hand, dry seed 
recorded the lowest values (1.0 mg ) at 15 oC. This may 
be due to the role of calcium chloride and selenium on 
alleviating the damage to rice seedlings and peroxidase 
protective enzymes to resist the damage of free radicals 
and play an important role in defense mechanism in 
stress conditions. These results are in agreement with 
those by Defang and Xinrong, (2012) who revealed that 
antioxidants improved the enzyme activity of POD 
compared with the control and slow down the damage 
of the plasma membrane. 
 

Table 3. Effect of the interactions between 
germination temperatures and soaking 
substances on germination percentage. 

Temperature 
degree 
 
Soaking 
substances 

15oC 20 oC 25oC 30oC 35oC 

Dry seed 53 57 66 68 74 
Distil water 58 68 80 83 93 
ZnSo4 1% 71 70 81 86 94 
Se 50 ppm 78 74 92 83 95 
CaCl21% 85 72 94 94 97 
F test ** 
LSD at 5 % 4.5 

 

Table 4. Effect of interactions between temperature 
during germination and soaking substances 
on peroxidase activity of rice seedlings. 

Temperature 
degree 
 
Soaking 
substances 

15oC 20 oC 25oC 30oC 35oC 

Dry seed 1.00 1.15 1.33 1.36 1.39 
Distil water 1.05 1.27 1.37 1.42 1.42 
ZnSo4 1% 1.06 1.16 1.36 1.45 1.46 
Se 50 ppm 1.08 1.28 1.39 1.40 1.47 
CaCl21% 1.09 1.40 1.43 1.47 1.49 
F test ** 
LSD at 5 % 0.1 

 

Data in Table 4 shows the interaction between 
temperature during germination and soaking treatments 
on peroxidase activity. The data revealed that the low 
values recorded at 15oC with untreated seed whereas, 
the highest values were recorded at temperature degree 
35 oC with calcium chloride. This may be due to good 
activities of some antioxidant enzymes increase during 
temprature treatment. Enzyme activities increase during 
temperature treatment may play important role in 
defense against that particular stress. POD and SOD 
activities increased and then decreased gradually with 
the duration of low temperatures treatment time in rice 
seedlings (Foyer and Noctor 2011). 

 

REFERENCES 
 

Abdul-Baki, A. N. J; A. Prentice Hall and J. D. 
Anderson (1980).Vigor determination in soybean 
seed by multiple criteria. Crop Sci. 13: 630-633. 

AOSA (1992). Official methods of analysis 8th Ed. 
Association of Official Agriculture Chemists, 
Washington, D. C. 

Bartllet, M. S. (1937). Some samples of statistical 
method of research in agriculture and applied 
biology. Jour Roy. Soc., 4:2.    

Beebe, S.; J. Ramirez ; A. Jarvis; I. Rao; G. Mosquera 
and G. Bueno (2011). Genetic improvement of 
common beans and the challenges of climate 
change in Crop Adaptation of Climate 

Change 1st EdnedsYadav S. S, Redden R. J., 
Hatfield J. L., Lotze - Campen H., Hall A. E., 
editors. (New York, NY: Wiley): 356–369.  



El-Mowafy, M. R. and A. M. S. Kishk 

 540 

Defang, Z and L. Xinrong (2012). Physiological effects 
of chitosan coating on wheat growth and 
activities of protective enzyme with drought. Soil 
Science (2) 282-288. 

Dias, P; M. B. Brunel-Muguet ; S, Durr ; C, Huguet ; T. 
Demilly; D, Wagner; M. H. and B. Teulat-Merah 
(2011). QTL analysis of seed germination and pre-
emergence growth at extreme temperature in 
Medicago truncatula.Theor Appl Genet,122: 429-
444. 

Ellis, R.  H and E. H. Roberts (1981). The quantification 
of ageing and survival in orthodox seeds. Seed 
Sci.Tech., 9, 379- 409. 

Foyer, C. H. and G. Noctor (2011). Ascorbate and 
glutathione: the heart of the redox stat. J. PI. Physi., 
155:2-18. 

Ghanati, F; A. Morita and H. Yokota (2002).  Induction of 
suberin and increase of lignin content by excess 
boron in tobacco cells. Soil Sci. Plant Nur. 48:357-
364. 

Gomez, K. A and A. A. Gomez (1984). Statistical 
procedures for agricultural research.2nd Ed. John 
Whley& Sons. 

ISTA (1999). International rules for seed testing. Proc. 
Int. Seed Test. Ass., 31 (1) : 1-152. 

Kazim, M. A; A. Azhar and S. Galani (2013). Response 
of Rice (Oryza sativa L.) under elevated 
temperature at early growth stage: Physiological 
markers. Russian J of Agric and socio-Economic 
Sci; 8(20): 11-19. 

Krishnasamy, V. and D. V. Seshu (1990). Phosphine 
fumigation influence on rice seed germination and 
vigor. Crop Sci., 30: 28-35. 

Lin, C. C. and C. H., Kao (1995). NaCl stress in rice 
seedlings: the influence of calcium on root 
growth. Bot. Bull. Acad. Sin., 36:41-45. 

Peng, S.  J. Huang ;  J.  E Sheehy; R. C. Laza; R. M. 
Visperas; X. Zhong; G. S. Cexteno ; G. S. Khush and 
K. G. Cassman (2004).  Rice yields decline with 
higher night temperature from global warming. 
Proceedings of the National Academy of Sciences, 
USA, 101, 9971-9975. 

Prasad, P.V.V; K. Boote  K. J; Jr. LH Allen (2006). 
Adverse high temperature effects on pollen 
viability, Seed-set, seed yield and harvest index 
of grain-sorghum (Sorghum bicolor L.) are more 
severe at elevated carbon dioxide due to higher 
tissue temperatures. Agri- cultural and Forest 
Meteorology. , 139, 237-251. 

Ruan, S; Q. Xue and K. Tylkowska (2002). Influence of 
priming on germination of rice (Oryza sativa L.) 
seed and seedling emergence and performance in 
flooded soil. Seed Sci. and Technology,30:61-67. 

Salwa, M. Abbas (2013). Low levels of selenium 
application attenuate low temperature stress in 
sorghum seedlings.Pak.J.Bot.,45(5):1597-1604. 

Sass, R. L and R. J. Cicerone (2002). Photosynthate 
allocation in rice plants: Food production or 
atmospheric methane? Proc .Natl .Acad. Sci. 
USA, 99:11993-11995. 

Taiz, L. E. Zeiger (2002). Plant physiology.3rd edn. 
Sinaure associates, Inc. Publishers, Su and Land, 
Massachusetts. 

Wahid, A;  S. Gleni ; M. Ashraf and M. R. Fooled 
(2007). Heat tolerance in plants: An overview. 
Environmental and Experimental Botany, 61: 
199-223. 

Yari, L; S. Sheidaie ; H. Sadeghi and F. Khazaei (2012). 
Evaluation of temperature and seed priming 
duration on seed germination behavior of rice. 
International J. of Agric; Research and Review. 
2(1):7-11. 

Yousof, F. I (2013). Effect of rice seed priming with 
calcium chloride (CaCl2) on germination and 
seedlings vigour under salinity stress. J. Plant 
production, Mansoura Univ.,4 (4): 523-535. 

 
 
 
 
 
 
 

 

  

   على حيوية وجودة تقاوي اZرز والحرارة أثناء اRنباتتأثير معامGت النقع
  محمد رضا عبدالسميع الموافي وعبدالمجيد محمد سعد كشك

   مصر– الجيزة – معھد بحوث المحاصيل الحقلية -قسم بحوث تكنولوجيا البذور 
  

  
حرارة فى المراحل المبكرة من حيlاة النبlات دون التlأثيرات الlضارة علlى حيويlة التحمل ل إيجاد أدوات ووسائل فعالة يسعى مربي النباتات إلى

 - بمعامل وحlدة بحlوث تكنولوجيlا البlذور بالمنlصورة  ث�ثة مكرراتفي  في تجربة عاملية فى قطاعات كاملة العشوائيةأجريت ھذه الدراسه لذلك ،التقاوى
 وذلlك لتقيlيم تlأثير نقlع تقlاوي ا�رز القديمlة 2016 مركlز البحlوث الزراعيlة خ�lل عlام - معھlد بحlوث المحاصlيل الحقليlة -جيlا البlذورقسم بحوث تكنولو

 با�ضlافة إلlى %1  وسlلفات الزنlك جlزء فlي المليlون50 الlسلينيومو %1 في بعض مضادات ا�كسدة مثlل كلوريlد الكالlسيوم)  لمدة عامينتدھور طبيعي(
 درجlه 35-30-25-20-15(  خ�lل ا£نبlات ونمlو البlادرات وذلك تحlت ظlروف درجlات حlرارة مختلفlة ساعة24 لمدة النقع فى الماء والمعاملة بدون نقع

المتحlصل  لخlيص أھlم النتlائجويمكlن ت. نشاط إنزيم البيروكسيديزولتحسين أداء البادرات والصفات المتعلقة بھا مثل نسبة ا�نبات وصفات الحيوية . )مئوية
ثير ايجlابي علlى أرز بينمlا الحlرارة المرتفعlة كlان لھlا تl ا�ينبlات وجlودة تقlاو إثرت سlلبا علlىأن الحرارة المنخفضة إلى أشارت النتائج أ: عليھا فيما يلي

 بالمقارنlة  جزء في المليlون50ه النقع في السلينيوم على كفاءة لجميع الصفات تحت الدراسة ت�أ% 1عطى كلوريد الكالسيوم بتركيز أ. البادراتونمونبات إ
علlى أعطlي أ) منخفlضه ومرتفعlة(اشارت النتائج ان  التفاعل بين معام�ت النقع في مlضادات ا£كlسدة ودرجlات الحlرارة المختلفlة ).بدون نقع(بالكنترول 

 توصlي الدراسlة بمعاملlة تقlاوي ل|ذا.دور في تقليل التاثيرات الضارة للحرارةلما للكالسيوم % 1 ساعة في كلوريد الكالسيوم بتركيز 24القيم عند النقع لمدة 
نبlات تحlت ظlروف درجlات الحlرارة  ا�يحlد المlواد المlشجعة علlأ ك%1 و الزنlكأ  جزء في المليون50 والسلينيومأ %1  بكلوريد الكالسيومةرز القديما�

  .من شراء تقاوي جديدة عالية الثمن وذلك لتقليل الوقت والتكلفة علي المزارعين بد£ المختلفة


