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ABSTRACT: Germination performance of four cool and worm season crops namely Onion, Radish, 
Tomato, and Pepper conducted in incubators at 5, 15, 25, and 35oC temperatures, arranged with Split 
Fact-RCBD. The obtained results revealed germination failure of Tomato and Pepper at 5oC. Better 
germination observed in Radish seeds at 5oC than Onion. Optimal temperatures based on final 
germination percentages for Onion, Radish and Pepper (15oC) and 25oC for tomato. On basis of peak 
germination percentages the optimal temperature of Onion and Tomato is 20oC and for Radish and Pepper 
is 15oC. All investigated crops revealed germination at maximum temperature 35oC. 
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 Introduction  
  Radish and Onion are cool season vegetable crops, whereas Tomato and pepper are worm season vegetable 
crops. The required minimum germination temperature for Onion, Radish, Tomato, and Pepper are 0, 4, 10, and 16 
oC, respectively. The optimal germination temperature for these crops are 27, 27, 27 and 30oC, respectively. The 
maximum temperature, however, are 35oC for all (Lindgren and Browning, 2011). Radish is a cool season vegetable 
because it does not grow well in hot and dry weather. Although it generally considered hardy in cold temperatures, 
its optimum growth temperature is 15-20 °C (Gunay, 2005). Cavusoglu and Kabar (2007) abstracted that high 
temperature both delayed and inhibited the germinations of both the radish and barley species. Only three of the 
single applications Gibberellic acid, kinetin, and 24-epibrassinolide could alleviate the effects of high temperature on 
germination of barley seeds. All the combinations composed of these three growth regulators removed more 
successfully this adverse effect on germination. High temperature effect on the germination of radish seeds overcome 
by all the pretreatments alone or in combinations to varying degrees. Although the mentioned regulators carried on 
their success on the early growth of barley seedlings, the regulators used for radish had no effect on the seedlings 
in general. However, conventional germination tests showed that broccoli and radish seeds germinate over a wide 
temperature range. There was a progressive decrease in T10 and mean germination time (MGT) for broccoli and 
radish as temperature increased from 10–30°C, followed by a slight increase at 35°C for broccoli but not for radish. 
In both species, there was a significant (P < 0.05) decrease in germination percentage as temperature increased 
from 30–35°C. In radish, T10 values at each temperature obtained by the two methods were not significantly different. 
In addition, by a visual analysis of image sequences, the minimum and the maximum extent of the second phase of 
seed area increase for each temperature may be determined by scoring the initiation time of the first and the last 
radical protrusion fitted by monoexponential curves in temperatures. A significant correlation established between 
radical elongation rate and seed area increase rate, calculated for each temperature, as shown by monoexponential 
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curves in broccoli and radish seeds. Data for 30°C and 35°C were compared with those of 20oC and 25°C, and these 
temperatures were optimal for germination and seedling growth (Dell’ Aquila, 2005).  
  The effect of temperature on the minimum (base) water potential for seed germination (Ψb) was investigated in 
Daucus carota, and Allium cepa and then described in two hydrothermal threshold models. Germination recorded 
over a wide range of temperatures and water potential. At temperatures of 15°C and below the base water potential 
for germination of the 50th percentile (Ψb) (05) was constant, but in both species, above a temperature (Td) around 
16–19 °C, Ψ (05) , increased linearly with temperature. Hydrothermal time (HTT) and virtual osmotic potential (VOP) 
models were altered so that the effective base water potential (Ψb )   (G, T)) for any percentile of the seed population 
(G), above Td ,  was given by Ψb  (G d  + m(T – Td ) where (Ψb( Gd  is the uncorrected base water potential for that 
percentile. The coefficient m is the slope of the linear relationship between Ψb  )05( and temperature above Td. 
Germination response to all temperatures and water potentials can be adequately described in both the HTT and 
VOP models by incorporating changes in Ψb (G, T) with temperature (Rowse and Finch-Savage, 2003). Seed 
germinations greatly influenced by both temperature (Roberts, 1988; Probert, 2000). These factors largely determine 
the timing of onion and carrot seed germination in the field (Finch-Savage and Phelps, 1993; Finch-Savage et al., 
1998). The timing and spread of time to germination within the seed population have a major impact on the efficiency 
of production in these two crops (Finch-Savage, 1995). The objective of this investigation was to determine the 
minimum, optimal and maximum temperatures required for germination of two cool season crops namely Onion 
Allium cepa L. cv, Radish Raphanus sativus L., cv. And two worm season crops namely Tomato Lycopersicum 
esculentum L. cv. and Pepper Capsicum annuum L. cv.  
Materials and Methods 
      Seed germination experiment of Onion (Allium cepa L. cv CIPOLLA), Radish (Raphanus sativus L. cv. UFACIK), 
Tomato (Lycopersicum esculentum L. cv. CILIEGIA) and Pepper (Capsicum annuum L. cv. D'AST ROSSO) 
conducted in four incubators at 5, 15, 25, and 35oC at the Scientific Research Center, Agriculture, and Forestry 
College, Dohuk University, Dohuk, Iraq. 
  Seeds purchased from Agriculture Bureau, Dohuck Center, and then seeds prepared for germination in stet to 
match the selected Split-Factorial Randomized Complete Block Design (S F-RCBD). Temperatures represent factor 
A, where 5, 15, 25, and 35oC considered as a1, a2, a3 and a4, respectively. Factor B was Onion (b1), Radish (b2), 
Tomato (b3) and Pepper (b4). Subsequently, 16 treatments included in this experiments each replicated 4 times and 
one replicate represented by 25 seeds. 
 Petri dishes washed with distil water, and wetted filter paper placed at the bottom, 25 seeds arranged in lines and 
the covered by wetted filter papers and with the petri dish covers. Incubators were set up at 5, 15, 25, or 35oC and 
mercury thermometer was placed in each incubator to detect the temperature accuracies. Seeded petri dishes 
arranged randomly in four blocks in side each incubator. Seeds of germinated radical were daily counted to the end 
of the experiment. Time required for first emergence, time required for peak germination and time required for final 
germination were recorded. Peak germination, final germination and dead seeds percentages calculated by [% = 
seed no/total no*100], while germination rate of seeds calculated from [seed.d-1= seed no/1st + no/2nd + no/3rd + 
………….no/dn]. 
Results and Discussion          
Germination responses to varying temperatures 
  The obtained results (Table, R1) revealed that 15oC was the optimal temperature for the germination of both cool 
and warm seasons vegetable crops. Since, 15oC gave the shortest duration required for 1st emergence (1.5 day), 
peak germination (4.5 days), peak (53.75 %), final (84.51%) germination percentages and lowest percentages in 
dead seeds (15.49%). However, this temperature significantly reduced germination rate (7.4211 seeds.d-1), as 
compared to 25oC (8.9539 seed.d-1). Percent germination and time to 50% of final germination (T50) were calculated. 
All cultivars exhibited thermo dormancy, but the degree of inhibition varied within temperature and cultivar. No cultivar 
had >1.0% germination at 40 ºC. Generally, the T50 varied among cultivars, but not among temperatures within a 
cultivar (T50 at 40 ºC was not measured). Cultivar selection should be considered when growing fall transplants in 
Florida (Carter, 2000).  
  5oC results (Table, R1) manifested that low temperature significantly reduced time to final germination (6.3125 
days), peak germination percentage (23.5%), final germination (40.5 %) and germination rates (2.0372 seeds.d-1). 
Moreover, it showed the highest percentages of dead seeds (59.5%). However, 5oC treatment revealed insignificant 
differenced with 15oC in time required to first emergence and peak emergence. These results suggested that 5oC 
was the worst applied temperature for germination performance. Saric-Krsmanovic  et al. (2013) showed that 
differences in germination of C. campestris seeds were very prominent between temperatures, seeds failed to 
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germinate at 5°C and 45°C in all treatments. Germination ranged from 6.25 at 10°C to 96.88%, the highest 
percentage, achieved at 30°C.   
  Insignificant differences between 25 and 35oC in term of days required for first emergence, Peak germination 
percentages, Final germination percentages and dead seed percentages. However, 25 and 35oC substantially 
exceeded 15 and 5oC in the above-mentioned traits. These results suggested that germination performance of seeds 
commenced to deteriorate at 25oC and continued to be obvious at 35oC. Since, these two temperatures substantially 
delayed the first appearance of radicals, duration required for peak and final germination (Table, R1). The inability to 
germinate at higher than optimal temperatures attributed to a condition called thermo inhibition. Tomato 
(L,ycopersicon esculentum Mill.) seeds do not germinate at high temperatures (=35 ºC), but do germinate after 
temperature is reduced  to 25 ºC or 30 ºC (Abebe, 1993). 
   

  Table (R1). Germination performance at varying temperatures* 
oC T 1st E T P G T F G PG% FG % DS% GR 

5 2.3125B 4.4375B 6.3125C 23.5C 40.5C 59.5A 2.0372C 

15 1.5B 4.5B 9.825AB 53.75A 84.51A 15.49C 7.4211B 

25 3.5625A 3.75B 11.3125A 44.5B 73.5B 26.5B 8.9539A 

35 3.5A 7.125 A 9B 38B 75.5B 24.5B 7.2886B 

(*). T 1st E = Days required for 1st emergence; T P G= Days to peak germination; TFG = Days to final germination; 
PG% = Percentages of peak germination; FG% = Final Germination percentages; DS% = dead seed percentages; 
GR = Germination rate Seed.d-1 

(**). Figures of unshared characters differ significantly, at 0.05 level, Duncan, horizontal lines only 

 
  Regression analysis exhibited that time required to first emergence linearly governed by varying temperatures 
(Figure, R1) and it can be estimated by the following equation: Days required for first emergence = 1.594 + 0.05625 
(oC). These results suggested that times slightly increased with temperature increases with slope of 0.05625. Low 
temperature shortened the time required for first emergence. These results attributed to the influence of temperature 
on cell membrane fluidity. Plant cell membranes respond to temperature lowering very rapidly by changes in the lipid 
composition and content, e.g. by an increase in the ratio of unsaturated to saturated FAs (Kreps, 1981). In wintering 
cereals, desaturation of previously synthesized FAs of membrane lipids occurs as soon as in 15–30 min after cooling 
(Novitskaya et al., 1990). During low temperature acclimation of frost tolerant plants, lipids enriched in linolenic acid 
synthesized. Such accumulation of unsaturated FAs at temperature lowering prevents membrane lipid transition from 
liquid crystalline phase into the solid gel (Trunova, 3007). An enhanced unsaturation of lipid FAs in chilling sensitive 
tobacco plants achieved by insertion the gene encoding FA desaturase resulted in their improved cold tolerance 
(Orlova, et al., 2003). 
  Time required for peak germination responses to varying temperatures overwhelmed by quadratic regression type 
(Figure, R2), where time commenced to reduce from 5oC and shift to increase at 15oC to attain its maximum at 35oC. 
Therefore, it can be forecasted from the following equation: Days required for peak germination = 5.768 – 0.2581(oC) 
+ 0.008281(oC)2. Thermo inhibition also occurs in other vegetable seeds, such as celery [Apium graveolens L. dulce 
(Mill) Pers.] (Biddington 1981), lettuce (Lactuca sativa L.) (Borthwick and Robbins, 1928; Khan, 1981), and spinach 
(Spinacia oleracea L.) (Harrington, 1963; Leskovar et al., 1999).  
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  Responses of days required for final germination to applied temperatures dominated by quadratic regression types 
(Figure, R3), where duration commenced to increase from5oC till in attained its maximum values at 25oC then started 
to show gradual reduction to approach a level slightly higher than that of commencements at 5oC. Duration to final 
germination (day) = 3.201 + 0.6769 (oC) – 0.01453 (oC)2. These results suggested that the lengthiest duration 
confined to 25oC. These results suggested that reduction ain days required for final germination which, attributed to 
the thermo tolerance.  In lettuce, thermo tolerance differs among cultivars (Damania, 1986; Gray, 1975; Thompson, 
1979). This has been attributed to the degree of endo-ß-mannanase activity in the seeds (Nascimento et al., 2000).  
  Percentage to peak germination (Figure, R4) linearly responded to varying applied temperatures with a slope of (+ 
0.6469), which can be predicted from the following equation: Peak germination (%) = 19.39 + 0.6496 (oC). 
Germination of 'Packman' broccoli (Brassica oleracea L., Botrytis group) decreased from 90% to 63% at 35 ºC when 
the germination of this cultivar was tested at a range between 5 and 40 ºC (Elson et al., 1992).  
 

  
 
  Responses of final germination percentage (Figure, R5) dominated by quadratic repression types where 
germination percentages gradually increased from 5oC with a slope of 5.141 until it reach the maximum values at 
25oC and then gradually reduced with a slope of 0.105 to attain a value higher than commencement at the end 35oC. 
Final germination (%) = 20.82 + 5.141 (oC) – 0.105 (oC)2. Temperature had a significant effect on germination of C. 
campestris seeds. However, that effect depended on seed storage conditions. Seed exposure to low temperature 
(4°C) for 30 days increased seed germination, compared to seeds stored at room temperature. The effect of different 
temperatures and seed storage conditions on seed germination and seedling length had a similar trend Saric-
Krsmanovic  et al., 2013).  
  Responses of dead seed percentages to varying temperatures quadratically dominated (Figure, R6), where the 
highest dead seeds observed at 5oC, and then gradually reduced to attain its minimum value at 25oC and started to 
increase until 35oC. These results suggested that most dead seeds observed at 5oC and 35oC.  Germination of all 
cultivars was =1% % germination at 40 ºC. The critical maximum (Harrington, 1963) for germination appeared to be 
between 30 and 35 ºC. Cultivar differences in germination response to temperature have been reported in lettuce 
(Perkins-Veazie and Cantliffe, 1984; Prusinski and Khan, 1990; Thompson et al., 1979) and spinach (Atherton and 
Farooque, 1983; Leskovar et al., 1999). 
    Responses of germination rate to varying temperatures linearly dominated (figure, R7), where the lowest 
germination rate observed at 5oC followed by gradual increases with a slope of 0.1729 and can be estimated from 
the below equation: Germination rate (seed.d-1) = 2.968 + 0.1729 (oC). The germination rate and coleoptile length 
were affected at 17 ºC temperature (40.47% and 1.57cm) and at 30 ºC temperatures (31.91% and 2.29 cm). Salt 
concentration had a significant effect on radicula length, coleoptile length and plumula length. They decreased with 
increasing of salt concentration level. The light periods had a significant effect on germination speed, germination 
rate and radicula length at 12 hours light and 12 hours dark (26.83%, 31.26% and 1.71cm respectively), and 
continuous   light 32.77% 41.12% and 2.29cm respectively, (Idikut, 2013).  
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Table (R1). Germination performance at varying crops (*), (**) 

Crop T 1st E T P G T F G PG% FG % DS% GR 

Onion 4.0625A 6.25A 14.0625A 35B 64.51B 35.49B 3.347B 

Radish 1.0625C 2.25C 4.5C 73.75A 97.75A 2.25C 17.4988A 

Tomato 2.4375B 3.8125B 8.1875B 31.25B 56C 44A 3.2137B 

Pepper 3.3125AB 7.5A 9.6875B 19.75C 55.75C 44.25A 1.6414 

(*). T 1st E = Days required for 1st emergence; T P G= Days to peak germination; TFG = Days to final germination; 
PG% = Percentages of peak germination; FG% = Final Germination percentages; DS% = dead seed percentages; 
GR = Germination rate Seed.d-1 

(**). Figures of unshared characters differ significantly, at 0.05 level, Duncan, horizontal lines only 

 
Crop responses 
 The highest duration required for first emergence (4.0625 days) confined to Onion, which significantly exceeded 
Radish (1.0625 day) and Tomato (2.4375 days). However, insignificant difference detected between Onion and 
Pepper (Table, R2). 
  
  Insignificant differences detected between Pepper and Onion (7.5 and 6.25 days, respectively) in term of days 
required for peak germination, which substantially differing from Radish (2.25 days) and Tomato (3.8125 days). 
Differences between species and cultivars in response to varying temperatures. Idikut (2013) found   significant 
differences among maize seeds that have different endosperm in terms of all investigated traits in this study. The 
popcorn seed had significantly higher values than the other maize hybrids in respect to all investigated traits. The 
seed of popcorn has superiority 50% than dent and sweet corn hybrids.  
  The highest percentage of final germination confined to Radish (97.75%), which significantly exceeded Onion 
(4.51%), Tomato (56%) and pepper (55.75%). Cultivar differences in final germination pronounced at 35 ºC. 
Therefore, growers should consider this, when choosing cultivars for fall transplants (Carter, 2000). However, no 
cultivar germinated well at temperatures higher than 35 ºC. Other methods of cooling the greenhouse, such as 
shading or the use of white seed flats (Vavrina, 1994).  
  The highest dead seed percentage observed in Pepper (44.25%), which insubstantially differing from Tomato 
(44%). However, the lowest dead seed percentage observed in Radish (2.25%). In cold tolerant plants, in particular 
some tomato cultivars (Smirnova and Goranko, 1992). For example, Sibirslie skorospelye (Novitskaya et al., 2000), 
phase transitions are absent at low above zero temperature (5–6°C), which is also explained by an increased ratio 
of unsaturated to saturated FAs (Trunova, 2007), and by an increase in the lipid content in chloroplast membranes 
(Novitskaya and Trunova, 2000). This results in enhanced functional activity of the membranes in cold tolerant plants 
at a wide range of above zero temperature (Lyons, 1973).  
  Radish showed the highest germination rate (17.4988 seed.day-1), which substantially bypassed Onion (3.34 
seed.day-1), Tomato 3.2137 seed.day-1), and Pepper (1.6414 seed.day-1). These results suggested that radish was 
the most potent crop in germination performance followed  by Tomato, then Onion and the worst was Pepper. 
Therefore, they ordered according to their performance as follow: Radish >Tomato >Onion >Pepper. Abdel (2015) 
tested the germination of four radish cultivars, he found that Topsi showed the highest values in terms of germination 
rate (10.465 seed.d-1). 
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Table (R2). Germination performance of varying crops (*), (**) 

Crop T 1st E T P G T F G PG% FG % DS% GR 

Onion 4.0625A 6.25A 14.0625A 35B 64.51B 35.49B 3.347B 

Radish 1.0625C 2.25C 4.5C 73.75A 97.75A 2.25C 17.4988A 

Tomato 2.4375B 3.8125B 8.1875B 31.25B 56C 44A 3.2137B 

Pepper 3.3125AB 7.5A 9.6875B 19.75C 55.75C 44.25A 1.6414C 

(*). T 1st E = Days required for 1st emergence; T P G= Days to peak germination; TFG = Days to final germination; 
PG% = Percentages of peak germination; FG% = Final Germination percentages; DS% = dead seed percentages; 
GR = Germination rate Seed.d-1 

(**). Figures of unshared characters differ significantly, at 0.05 level, Duncan, horizontal lines only 

 
Crop Responses to Varying Temperatures 
  The obtained germination results (Table, R3; Histograms, 1-7) of crops exposed to 5oC revealed the failure of warm 
season crops Tomato and Pepper to germinate. However, cool season crops Onion and radish manifested different 
responses to 5oC, where radish was paramount in all detected parameters, as it shortened duration required for first 
emergence, peak germination, final germination and reduced dead seed percentage, as compared to Onion. 
Moreover, 5oC tended to increase peak germination from, final germination and germination rate. These results 
suggested that Radish and Onion showed wide ranges of temperatures for germination capabilities. Some plant 
seeds can germinate at a wide range of temperature but others can only be germinated at a certain narrow range of 
temperature. Temperature has an effect on plant development after germination. Temperature is examined as 
minimum, optimum and maximum temperatures in terms of germination. It is quite difficult to determine these 
temperatures for any plant. Because, temperature has effects both germination power and germination speed 
(Yılmaz, 2008). 
  Germination at 15oC (Table, R3; Histograms, 1-7 ) reduced the differences between warm and cool crop seasons 
from significant to insignificant differences in term of duration required for first emergence. The lowest time required 
for peak (1 day), final (6 days) germination, and dead seed (1%) observed in Radish germinated at 15oC. On the 
other hand, Radish gave the highest percentage of peak (80%), final germination (99%), and germination rate 
(19.92seed.day-1). The worst performed crop at 15oC was Pepper, which gave the lowest peak germination (32%), 
final germination (78 %) and germination rate (3.1128 seed.d-1). Moreover, Pepper showed the highest required 
duration for 1st emergence (1.5d), peak germination (10d) final germination (10.25 d) and dead seed (22%). 15oC 
appeared to be the most suitable temperatures of germination for all investigated crops. These results suggested 
that temperature ranged between 15 to 25 were the most potent for all investigated crops. Popcorn showed the best 
response among different grain shape corns at 17 ºC and 30 ºC for radicula length. Radicula length of popcorn was 
3.83cm for 17 ºC and 4.49cm for 30 ºC. The radicula length of dent and sweet corn were 0.62cm and 0.90cm at 17 
ºC and 0.02cm and 2.13cm at 30 ºC respectively. The high temperature had negative effect on dent corn. The 
coleoptile length was increased from 1.27cm to 1.86cm with exposing 24 hours light instead of 12 hours at 17 ºC 
temperature, while coleoptile length at 30 ºC was 2.52cm at 12 hours light, it was 2.07cm at 24 hour. The effect of 
light at high-temperature on coleoptile length was lower, but it was higher at low-temperature (Idikut, 2013). 
  Radish germinated at 25oC was the paramount treatment; it gave the highest peak germination (73%), final 
germination (100%), and germination rate (21.625seed.d-1). In addition to that, this treatment showed the shortest 
duration for first emergence (1d), peak germination (1d), final germination (4d) and dead seed percentage (0.0d). In 
contrast, the worst treatment was Pepper seed germination at 25oC, which showed the highest duration for first 
emergence (7.25 d), peak germination (8d), final germination (18d) and dead seeds (32%). Moreover, it manifested 
the lowest percentage of peak germination (22%), and germination rate (1.4578seed.d-1). 25oC appeared to be the 
breaking point where germination performance started to deteriorate in all investigated crops (Table, R3; Histograms, 
1-7). Radish highest final germination (95.766%), days required for 1st emergence (7.0952), days required for peak 
germination (8.0794), and peak germination (84.656%) observed in seeds germinated at 12oC (Abdel, 2015). 
  Radish germinated at 35oC was the paramount treatment (Table R3; Histograms, 1-7). It gave the highest peak 
germination (75%), final germination (99%), and germination rate (21.75 seed.d-1). In addition to that, this treatment 
showed the shortest duration for first emergence (1d), peak germination (2d), final germination (2d) and dead seed 
percentage (1d). In contrast, the worst treatment was Pepper seed germination at 35oC, which showed the highest 
duration for first emergence (4.5 d), peak germination (12d), and final germination (10.5d). Moreover, it manifested 
the lowest percentage of peak germination (25%), and germination rate (1.9952 seed.d-1). The highest percentage 
of radish dead seeds found in seeds germinated at 20oC. Insignificant differences detected between 12 and 20oC. 
These results revealed the superiority of 12oC over 20oC. Although, the first emergence and days to peak germination 
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in seeds of 12oC delayed nearly 3 days after seed emergence of 20oC, 12oC showed higher final germination 
percentage and insignificant differences in germination rate (Abdel, 2015). The start and rate of germination affected 
by temperature more than final germination percentage, as reported for a wide range of crops (Tadmor et al., 1969; 
Blacklow, 1972; Hampson and Simpson, 1990). 
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Table (R3). Germination performance of varying crops at varying temperatures (*), (**) 
oC /Crop T 1st E T P G T F G PG% FG % DS% GR 

 
5 
 
 

Onion 8A 5CD 19.25A 27DE 69CDE 31BCD 1.4494G 

Radish 1.25FG 5CD 6C 67AB 93AB 7EF 6.6993C 

Tomato 0.00G 0.00F 0.00E 0.00F 0.00F 100A 0.00H 

Pepper 0.00G 0.00 F 0.00E 0.00F 0.00F 100A 0.00H 

 
 
15 

Onion 1.5 FG 5CD 13B 43C 76BCD 23.96CDE 2.7465EFG 

Radish 1FG 1EF 6C 80A 99A 1F 19.921B 

Tomato 2EFG 2DEF 10B 60B 85ABC 15DEF 3.9045E 

Pepper 1.5 FG 10AB 10.25B 32CDE 78BCD 22CDE 3.1128EF 

 
25 
 

Onion 4CDE 4DE 11.75B 40CD 51E 49B 5.326D 

Radish 1FG 1EF 4CD 73AB 100A 0.00F 21.625A 

Tomato 2EFG 2DEF 11.5B 43C 75BCD 25CDE 7.407C 

Pepper 7.25AB 8BC 18A 22E 68CDE 32BCD 1.4578G 

 
 
35 

Onion 2.75EFG 3.25DEF 12.25B 30CDE 62DE 38BC 3.866E 

Radish 1FG 2DEF 2DE 75A 99A 1F 21.75A 

Tomato 5.75BC 11.25A 11.25B 22E 64DE 36BC 1.5433G 

Pepper 4.5CD 12A 10.5B 25E 77BCD 23CDE 1.9952FG 

(*). T 1st E = Days required for 1st emergence; T P G= Days to peak germination; TFG = Days to 
final germination; PG% = Percentages of peak germination; FG% = Final Germination 
percentages; DS% = dead seed percentages; GR = Germination rate (Seed.d-1) 
(**). Figures of unshared characters differ significantly, at 0.05 level, Duncan, horizontal lines 
only 

    
Regression analysis results 
Responses of Onion seed germinations to temperatures 
  Duration required for onion seed to germinate cubically responded to varying applied temperature, steep reduction 
occurred from 5oC to15oC then commenced to increase until 30oC then steeply reduced once more until 35oC (Figure 
(R8). Days required to first emergence = 18.61 -2.772 (oC) + 0.1406 (oC)2 – 0.0021525 (oC)3. These results suggested 
that 15oC was the optimum temperature, owing to its substantial reduction in days required for first emergence, and 
the breaking point started at 20oC. Reduction in times observed at 30 to 35oC explained the urge of acquired 
systematic resistance. Several lines of study indicate that exposure of plants to HT results in the disintegration of 
ultrastructural characteristics. Examination of the microscopic and ultrastructural characteristics of mesophyll cells in 
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flag leaves of both HT sensitive and tolerant rice genotypes grown under heat stress (37/30°C) and reported that the 
membrane permeability increased in both sensitive and tolerant plants under HT stress (Zhang et al., 2009). 
 

  

   
  Time required for peak germination gradually reduced with increasingly temperature rising where the lengthiest time 
confined to 5oC and the lowest with 35oC. Subsequently, linear equation was the best applied for estimation: Days 
required to peak germination = 12.15 – 0.295 (oC). These results suggested that onion germination of seeds can 
fulfill with a wide range of temperatures, which confirm the capability of growing onion in cool and warm seasons 
(Figure, R9).  
  Time required for final germination of onion seeds took resembled trend as that of peak germination where the 
longest period occurred at 5oC and the shortest period observed at 35oC (Figure, R10). Responses of germinated 
onion seeds to attain final germination can be calculated by the following linear regression: Days to final germination 
= 18.5 – 0.2225 (oC). Saric-Krsmanovic  et al (2013) reported that temperature had a significant effect on germination 
of C. campestris seeds. However, that effect depended on seed storage conditions. Seed exposure to low 
temperature (4°C) for 30 days increased seed germination, compared to seeds stored at room temperature. The 
effect of different temperatures and seed storage conditions on seed germination and seedling length had a similar 
trend.  
   

  
 
  The highest percentage of onion seeds peak germination achieved at 20oC gradual reductions in the peak 
germination occurred below and above 20oC (Figure, R11). Therefore, Percentage of peak germination quadratically 
responded to varying temperatures, where the lowest observed at 5oC started to increase gradually until it attained 
maximum at 20oC then commenced to reveal gradual reductions to reach a level slightly above that at 5oC.  
  The highest percentage of onion final germination predicted at 10oC where at started to increase gradually from 5oC 
until it attain its maximum values at 10oC and the collapsed again to restart rising at 30oC (Figure, R12). Final 
germination percentage of Onion dominated by cubically regression type and can be predicted by the following 
equation: Final germination of Onion seeds (%) = 32.16 + 10.44 (oC) – 0.7614 (oC)2 + 0.01135 oC)3.     
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  The highest onion dead seed percentage estimated at 30oC (Figure, R13). Dead seed showed steep reduction from 
5 to 10oC and then commenced to increase until it attained maximum at 30oC then decreased again. Therefore, onion 
dead seed cubically dominated and can be forecasted by the following equation: Onion dead seed (%) = 67.84 – 
10.44 (oC) + 0.6714 (oC)2 – 0.01135 (oC)3. 
  Germination rate of Onion seeds linearly responded to varying applied temperature (Figure, R14). Germination rate 
gradually increased from 5oC until it attained its maximum at 35oC: Onion germination rate (seed.d-1) = 1.381 + 
0.09829 (oC). The germination rate and coleoptile length of the corn seeds that germinated at two different 
temperatures (17 ºC and 30 ºC) were different from each other but these temperature levels did not have significant 
effect on germination seeds, radicle length, plumula length and vigor index parameters. Germination rates were 
recorded as 40.47% and 31.97% at 17 ºC and 30 ºC respectively and germination rates were observed to decrease 
remarkably, as temperature increased. The coleoptile lengths of the seeds germinated at 17 and 30°C were 1.57cm 
and 2.29cm, respectively, and as temperature increased, a statistically significant increase was observed in coleoptile 
length. Germination speed, radicula length, plumula length and vigor index parameters of the corn seeds germinated 
at 17 ºC and 30 ºC were 28.38%, 1.78cm, 3.89cm, 102.58 and 31.22%, 2.22cm, 4.50cm 167.94, respectively, and it 
was detected that the difference between them was not statistically significant(Idikut, 2013). 
 

  

 
Responses of Radish seed germinations to temperatures 
  Time required to fist emergence for radish seeds linearly responded to varying applied temperature, where the 
highest duration observed at 5oC and then gradually reduced to attain its shortest duration at 35oC. Thus, days 
required for first emergence = 1.213 – 0.0075 (oC). These results suggested that Radish seeds took the shortest 
duration for first emergence, as compared to other investigated crops (Figure, R15). Abdel (2015) manifested the 
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best performance of radish seed germinations in all cultivars at 12oC, in relation to 20oC. The longest duration 
required for 1st emergence observed in all cultivars germinated at 12oC, where the lowest in all cultivars detected at 
20oC. Δ percentage of the differences between 20 and 12oC. 
  The shortest duration required for peak emergence (Figure, R16) revealed steep reduction with the temperature 
increases, as the highest duration obtained at 5oC and then gradually reduced to attain their shortest duration at 
35oC. Therefore, duration can be estimated by the following equation: Time to peak germination of radish = 4.05 – 
0.09 (oC). Topsi radish cultivar gave the lowest percentage of final germination (92.013%), day required for 1st 
emergence (5.4063d), days to final emergence (8.4063d) and percentage of peak germination 70.139% (Abdel, 
2015).  
 

  

  Duration required for final germination of Radish seeds (Table, R17) linearly responded to varying applied 
temperatures and can be estimated by the following equation: Days to final germination = 7.3 – 0.14 (oC). Peak 
germination of Radish seeds commenced to increase from 5oC until its attained its maximum value at 15oC, and then 
showed gradual reduction to reach the minimum peak germination percentage at 30oC followed by increases from 
30oC up to 35oC (Figure, R18). Subsequently, percentage of peak germination cubically responded to varying applied 
temperatures and can be predicted by the following equation: Peak germination of Radish seeds (%) = 43.94 + 6.079 
(oC) – 0.3175 (oC)2 + 0.004833 (oC)3.  
 

  

 
  The highest final germination percentage of Radish seeds quadratically responded to varying applied temperatures 
(Figure, R19). Final germination commenced to increase until it attained maximum value at 25oC and then started to 
decline from 30 to 35oC. Therefore, final germination percentage of Radish seeds can be estimated by the following 
equation: Final germination of Radish seed (%) = 89.14 + 0.89 (oC) – 0.0175 (oC)2.  
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  Percentage of Radish dead seeds quadratically responded to varying temperature (Figure, R20). The lowest dead 
seed percentage observed at 25oC where the highest dead seeds observed at 5oC and then steeply declined to 25oC 
then commenced to increase: Radish dead seeds (%) = 10.86 – 0.89 (oC) + 0.0175 (oC)2.     
 

  

 
  Germination rate of Radish seeds linearly responded to varying applied temperatures where the lowest germination 
rate observed at 5oC and then gradually increased to the 35oC (Figure, R21). Subsequently, germination rate can be 
estimated from the following equation: Radish seed germination rate (seed.d-1) = 8.127 + 0.4686 (oC) The germination 
speed of dent and sweet corn was 4.5% and 10.66% at 12 hour light, 5.16% and 9.00% at 24 hours light respectively 
(Fig. 2). Popcorn showed the best response among different grain shape corns at 17 ºC and 30 ºC on germination 
speed. Germination speed of popcorn was 72.33% at 17 ºC and 77.16 at 30 ºC. The germination speed of dent and 
sweet corn were 9.6% and 3.66 at 17 ºC and 0.5% and 16.00% at 30 ºC respectively. The high temperature had 
negative effect on 
germination speed of dent corn (Idikut, 2013). Abdel (2015) stated that Topsi radish cultivar showed the highest 
values in terms of germination rate (10.465 seed.d-1), days required for peak germination (7.0938d), and percentage 
of dead seeds (8.049%). 
Responses of Tomato seed germinations to temperatures 
  Duration required to first emergence for Tomato seed (Figure, R22) linearly responded to varying applied 
temperatures where, the shortest duration observed at 5oC owing to failure of tomato seeds to germinate, which 
considered (0.0). However, the real first emergence observed at 15oC, which took more than 2 days. Therefore, 
duration to first emergence of Tomato seeds can be forecasted by the following equation: Days to first emergence of 
tomato seeds = 0.1725 (oC) - 1.012. Saric-Krsmanovic  et al. (2013) showed that differences in germination of C. 
campestris seeds were very prominent between temperatures, seeds failed to germinate at 5°C and 45°C in all 
treatments. Germination ranged from 6.25 at 10°C to 96.88%, the highest percentage, achieved at 30°C. 
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  Duration required for peak germination of tomato seeds linearly responded to varying applied temperatures (Figure, 
R23). Subsequently, days required for peak germination of Tomato seeds can be estimated by the following equation: 
Days to peak germination of Tomato seeds = 0.3375 (oC) - 2.937. Days required for final germination of Tomato 
seeds linearly responded to varying applied temperatures (Figure, R24). Duration increased with increasing 
temperatures and it can be estimated from the following equation: Days required for final germination of Tomato 
seeds = 1.138 + 0.3525 (oC). 
   

  
 
  Percentage of peak germination responses to the applied temperatures (Figure, R25) confined to quadratic 
regression type. Peak germination revealed increases to attain the optimal value at 22oC and then gradually 
deteriorated to the end. Therefore, peak germination can be estimated from the following equation: Percentage of 
peak germination of tomato seeds = 34.24 + 8.59 (oC) – 0.2025 (oC)2. Percentage of final germination responses to 
the applied temperatures (Figure, R26) confined to quadratic regression type. Final germination revealed increases 
to attain the optimal value at 26oC and then gradually deteriorated to the end. Therefore, final germination can be 
estimated from the following equation: Percentage of final germination of tomato seeds = 46.4 + 11.24 (oC) – 0.24 
(oC)2.  
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  Percentage of dead seeds responses to the applied temperatures (Figure, R27) overwhelmed to quadratic 
regression type. Dead seeds percentage exhibited decreases to attain the lowest value at 25oC and then gradually 
increased to the end. Therefore, peak germination can be estimated from the following equation: Dead seeds (%) = 
146.4 – 11.42 (oC) + 0.24 (oC)2. Rahman et al (2000) stated that the effects of temperature on radicula length, plumula 
length and vigor index parameters were insignificant. Since these parameters were the mean values at 17 ºC and 30 
ºC, salt concentrations might have affected these parameters. As temperature increased, negative effect of salt 
concentrations on germination appeared. Therefore, the effect of salt concentrations became less on germination at 
17°C compared to at 30°C.  
  Responses of seed germination rate to the applied temperatures (Figure, R28) dominated to quadratic regression 
type. Germination rate showed increases to attain the optimal value at 23oC and then gradually deteriorated to the 
end. Therefore, germination rate can be estimated from the following equation: Germination rate of tomato seeds 
(seed.d-1) = 5.128 + 1.058 (oC) – 0.02442 (oC)2.  
 

  

 
Responses of Pepper seed germinations to temperatures 
  Days required for first emergence cubically responded to varying applied temperatures where emergence failure 
observed at 5oC increases predicted to start at 10oC and continued to attain its maximum value 27oC then declined 
to the end (Figure R29). Subsequently, days required for first emergence of Pepper seeds can be estimated by the 
following equation: Days required for first emergence of Pepper seeds = 4.828 – 1.497 (oC) + 0.1169 (oC)2 – 0.002125 
(oC)3. These results suggested that the shortest duration required for first emergence of Pepper occurred at 10 to 
15oC. Esechie (1994) found that temperature had a significant effect on germination criteria was consistent with our 
own findings. That the germination speed on the fourth day at 30 ºC (31.22%) and that of the eighth day at 30 ºC 
(31.91%).   
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  Responses of days required for peak germination to varying applied temperatures dominated by linear type of 
regression (Figure, R30). Gradual increases accompanied to the gradual increases in temperatures, and thus it can 
be estimated by the following equation: Days required for peak germination of Pepper seed = 0.7 + 0.34 (oC).  Kırtok 
(1998) reported that temperature (10-30°C) had a linear effect on root and stem growth during germination. It was 
detected that different salt concentrations affected radicle, coleoptile and plumula lengths of the corn seeds 
significantly but they did not have any effect on germination speed, germination rate and vigor index parameters. As 
salt concentration was increased, radicula, coleoptile, and plumula lengths were observed to decrease significantly.    
 

  
 
  Percentage of peak germination cubically responded to varying applied temperatures where emergence failure 
observed at 5oC increases predicted to start immediately and continued to attain its maximum value 15oC then 
declined until it approached 30oC and then showed increases to the end (Figure R32). Subsequently, percentage of 
peak germination of Pepper seeds can be estimated by the following equation: Percentage of peak germination of 
Pepper seeds = 48.94 + 12.67 (oC) - 0.6225 (oC)2 + 0.00916 (oC)3. These results suggested that the optimal peak 
germination of Pepper occurred at 15oC.  Days required to the final germination of Pepper seeds quadratically 
responded to varying applied temperatures (Figure, R31). Duration showed continuous increases with the increased 
temperature until it attained their maximum values at 25oC and the commenced to decline. Therefore, Duration 
required for peak germination can be forecasted from the following equation: Days required for peak germination = 
10.37 + 2.168 (oC) – 0.0443 (oC)2. These results suggested that the lengthiest duration confined to 25oC.   
 

  

 
Responses of final germination percentage to varying applied temperatures dominated by linear type of regression 
(Figure, R33). Gradual increases concomitant to the gradual increases in temperatures, and thus it can be estimated 
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by the following equation: Percentage of final germination of Pepper seed = 11.55 + 2.21 (oC). The plumula length 
increased from 3.32 cm to 4.46 cm with exposing 24 hours light instead of 12 hours at 17 ºC temperature. Coleoptile 
length at 30 ºC was 4.72 cm at 12 hours light, while it was 4.29 cm at 24 hour. The effect of light at high-temperature 
on plumula length was negative, but continuous light at low-temperature was positive (Idikut, 2013). 
  Responses of dead seed percentage to varying applied temperatures dominated by linear type of regression 
(Figure, R34). Gradual reductions in dead seeds coincided to the gradual increases in temperatures, and thus it can 
be estimated by the following equation: Percentage of final germination of Pepper seed = 88.45 + 2.21 (oC).    
 

  

 
   Germination rate of Pepper seeds cubically responded to varying applied temperatures where emergence failure 
observed at 5oC increases predicted to start increasing immediately and continued to attain its maximum value 14oC 
then declined until it approached 30oC and then showed increases to the end (Figure R35). Subsequently, 
germination rate of Pepper seeds can be estimated by the following equation: Percentage of peak germination of 
Pepper seeds = 5.519 + 1.455 (oC) -0.07604 (oC)2 + 0.00116 (oC)3. These results suggested that the optimal 
germination rate of Pepper occurred at 14oC. Germination rate increased from 31.36% to 4958% with exposing 24 
hours light instead of 12 hours at 17 ºC temperature. While germination rate of seeds at 30 ºC germination test was 
31.16% at 12 hours light, while it was 32.66% at 24 hour light. The effect of light at high-temperature on germination 
rate was lower, while it was higher at low-temperature. Popcorn showed the best response among different grain 
shape corns at 17 ºC and 30 ºC for germination rate. Germination rate of popcorn was 74.66% at 17 ºC and 78.41% 
at 30 ºC. The germination rate of dent and sweet corn were 27.00%, and 19.75 at 17 ºC and 0.5% and 16.83% at 30 
ºC respectively. The high temperature had negative effect on dent corn (Idikut, 2013).  
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