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Table 4.1. The main effect of GA3 concentration and soaking duration on germination 

percentage, speed of germination and mean germination time 

GA3 Conc.  Germination 

percentage 

(%) 

Speed of 

germination 

Mean germination 

time 

(Days) 

0 ppm (DW) 91.25c 19.47d 4.71a 

75 ppm 92.42b 19.88c 4.60a 

150 ppm 95.25a 20.85b 4.16b 

225 ppm  95.5a 21.31a 3.82c 

SEM (±) 0.362 0.102 0.065 

LSD (0.05) 1.0395 0.2918 0.1862 

P Value <.001 <.001 <.001 

Soaking durations    

12 hours  92.88b 20.18b 4.44a 

18 hours  93.63ab 20.33b 4.38a 

24 hours  94.31a 20.62a 4.14b 

SEM (±) 0.314 0.088 0.056 

LSD (0.05) 0.9003 0.2527 0.1612 

P value 0.0100 0.004 0.0013 

G Mean  93.6 20.38 4.32 

CV (%) 1.34 1.73 5.21 

Note: -  Means with the same letters in each column are not significantly different at P < 

0.05, GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List 

Significant Test, SEM = Standard Error of Mean, CV = Coeficient of Variation 

Shoot length (SL) 

The ANOVA revealed that the main effect of GA3 concentration very highly significantly 

influenced shoot length (P < 0.001). In contrast, neither the main effect of soaking 

duration nor the interaction between GA3 concentration and soaking duration showed non-

significant effects (P > 0.05) (Appendix Table 1). As shown in Table 4.2. seed treated with 

225 ppm GA3 concentration showed the tallest shoot length of 16.17 cm, while the control 

(distilled water) resulted in the shortest shoot length of 12.21 cm. 
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The results indicate that using a 225 ppm GA3 concentration resulted in an increase of 

approximately 32.43% in shoot length compared to the control. The significant increase in 

shoot length observed suggests that gibberellic acid effectively stimulates both cell 

division and enlargement, leading to the development of larger seedlings(Castro-Camba et 

al., 2022). These results align with, Berhanu Abraha and Melkamu Andargie (2018), who 

reported that seed priming with 200 mg/L GA3 resulted in increased shoot lengths across 

various species, including Zea mays, Lathyrus sativus, and Pisum sativum, compared to 

unprimed controls. Similarly, Gnawali and Subedi (2021) reported that maize seeds treated 

with GA3 at 200 ppm exhibited a notable increase in shoot length from 2.9 cm in non-

primed seeds to 6.4 cm under a water potential of 1.05 MPa. Moreover, corroborating 

findings from , Setiawan (2022), and Venkata et al. (2023) further validate the 

effectiveness of GA3 in promoting shoot elongation across different plant species.  

Root length (RL) 

The results of this study indicated that the main effect of both GA3 concentrations (P < 

0.001) and soaking duration (P < 0.01) significantly influenced root length, while the 

interaction effect was not statistically significant (P > 0.05) (Appendix Table 1). As shown 

in Table 4.2,  seeds treated with 225 ppm GA3 concentration showed the longest root 

length of 13.59 cm, while seeds soaked with distilled water (control) showed the shortest 

root length of 9.64 cm. This finding demonstrates a notable increase of approximately 

40.98% in root length for the GA3-treated seeds with 225 ppm concentration compared to 

the control (distilled water). Regarding soaking duration, the seed soaked for 24 hours 

showed the longest root length of 12.01 cm, which was not statistically significantly 

different from the 18-hour soaking duration (11.49 cm). In contrast, the seed subjected to 

12 hours of soaking duration exhibited the shortest root length of 10.79 cm (Table 4.2).  

The result of our study indicates that seeds treated with 225 ppm GA3 concentration 

significantly increased root length as compared to the control. This enhancement may be 

attributed to GA3-stimulated hydrolytic enzymes that are needed for the degradation of the 

cells surrounding the radicle (Afzal et al., 2002). Supporting these findings, Berhanu 

Abraha and Melkamu Andargie (2018) reported similar improvements in root length when 

seeds were treated with GA3 at 200 mg/L for a soaking duration of 24 hours in Zea mays, 

Lathyrus sativus, and Pisum sativum. Studies by Setiawan (2022) and Venkata et al. 

(2023) also corroborate the positive influence of GA3 concentrations on root growth.  On 
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the contrary,  Gnawali and Subedi (2021) reported that the longest root length was 

�U�H�F�R�U�G�H�G���D�W���O�R�Z�H�U���*�$�x���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���F�R�P�S�D�U�H�G���W�R���K�L�J�K�H�U���R�Q�H�V.  

Additionally, a 24-hour soaking duration significantly enhanced root length compared to 

lower durations. This enhancement may be due to prolonged soaking in GA3 enhances the 

activity of hydrolase enzymes that convert starch into simple sugars, providing essential 

energy for root growth(Yayat et al., 2017). 

Root to shoot ratio (RSR) 

The ANOVA results revealed that the main effect of GA3 concentration significantly 

influenced the root-to-shoot ratio (P < 0.001). However, soaking duration and the 

interaction did not show significant effects (P > 0.05) (Appendix Table 1).  As indicated in 

Table 4.2. seed soaked with distilled water (control) showed the highest root-to-shoot ratio 

of 0.79, while seed treated with 225 ppm and 150 ppm GA3 concentration resulted in the 

lowest root-to-shoot ratios of 0.53 and 0.56 respectively.  

The results indicate that seeds soaked solely in distilled water (control) significantly 

increased the root-to-shoot ratio compared to higher GA3 concentrations. This may be due 

to the increased allocation of resources towards shoot development in response to higher 

concentrations of GA3, which enhances shoot elongation while limiting proportional root 

growth, thereby reducing the root-to-shoot ratio (Arteca et al., 1991; Hakla et al., 2021).  

This result is partially in agreement with,  Gnawali and Subedi (2021) reported that a 

lower concentration of  GA3 resulted in a more favorable R/S ratio compared to higher 

concentrations. 
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Table 4.2. The main effect of GA3 concentration and soaking duration on shoot length, 

root length and root-to-shoot ratio 

GA3 Conc.  Shoot Length 

(cm) 

Root Length 

(cm) 

Root to Shoot Ratio 

0 ppm (DW) 12.21d 9.64c 0.79a 

75 ppm 13.01c 10.15c 0.65b 

150 ppm 14.88b 12.34b 0.56c 

225 ppm  16.17a 13.59a 0.53c 

SEM (±) 0.239 0.269 0.025 

LSD (0.05) 0.6858 0.7724 0.0728 

P Value <.001 <.001 <.001 

Soaking durations    

12 hours  13.77 10.79b 0.63 

18 hours  13.99 11.49a 0.64 

24 hours  14.44 12.01a 0.64 

SEM (±) 0.207 0.233 0.022 

LSD (0.05) NS 0.669 NS 

P value 0.0789 0.0029 0.9104 

G Mean  14.07 11.43 0.63 

CV (%) 5.89 8.16 13.89 

Note: -  Means with the same letters in each column are not significantly different at P < 

0.05, GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List 

Significant Test, SEM = Standard Error of Mean, CV = Coeficient of Variation 

Seedling dry weight (SDW) 

The result of this study indicated that both the main effects of GA3 concentration (P < 

0.001) and soaking duration (P < 0.001) significantly influenced seedling dry weight, 

while the interaction effect was not statistically significant (P > 0.05) (Appendix Table 1).  

As shown in Table 4.3, seeds treated with 225 ppm GA3 concentration showed the highest 

seedling dry weight of 0.26 g, while seeds soaked solely in distilled water showed the 

lowest dry weight of 0.14 g. This indicates using 225 GA3 concentration resulted in an 

increase in approximately 85.7 % of seedling dry weight compared to the control.  In 
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terms of soaking duration, seeds soaked for 24 hours achieved the highest seedling dry 

weight of 0.22 g, whereas seeds soaked for 12 hours showed the lowest dry weight of 0.18 

g (Table 4.3). 

These results indicate that seeds treated with 225 ppm GA3  showed a significant increase 

in seedling dry weight. This enhancement can be attributed to the ability of GA3 and 

extended soaking durations to promote nutrient mobilization, increase germination rates, 

improve root development, stimulate cell elongation, and mitigate stress (Chauhan et al., 

2019; Castro-Camba et al., 2022).  These findings are consistent with, Berhanu Abraha 

and Melkamu Andargie (2018), who found comparable results in Zea mays, Lathyrus 

sativus, and Pisum sativum. �(�U�R�O���D�Q�G���$�U�V�O�D�Q�R�÷�O�X������������) reported similar enhancements in 

seedling growth in soybeans when treated with GA3. Additionally, Venkata et al. (2023) 

reported that GA3 priming at 200 mg/L in fodder maize increased seedling dry weight 

compared to other treatments. 

Vigor index I 

The ANOVA results revealed that both the main effects of GA3 concentration and soaking 

duration showed high significant effect on vigor index I (P < 0.001). However, the 

interaction effect was not statistically significant (P > 0.05) (Appendix Table 1).  As 

shown in Table 4.3, seeds treated with 225 ppm GA3 concentration showed the highest 

seedling vigor index of 2842.30, while seeds soaked with distilled water (control) 

exhibited the lowest vigor index I of 1994.35. This indicates an increase of vigor index I 

approximately 42.5 % compared to the control. In terms of soaking duration, the seed 

subjected to 24 hours of soaking duration showed the highest seedling vigor index of 

2499.63, while the seed soaked for 12 hours exhibited the lowest vigor index of 2286.86 

(Table 4.3).  

These findings demonstrate that seeds treated with 225 ppm GA3 concentration 

significantly improved the Vigor Index I compared to the control. This enhancement can 

be attributed to several physiological mechanisms, including improved nutrient 

mobilization, enhanced germination rates, better root and shoot development, and 

stimulated cell elongation (Ali Adam et al., 2021; �(�U�R�O�� �D�Q�G�� �$�U�V�O�D�Q�R�÷�O�X���� ��������; Setiawan, 

2022). The results align with previous studies indicating that optimal GA3 concentrations 

and soaking durations significantly enhance seedling vigor. For instance, Husnain (2014) 



36 

reported that chickpea seeds treated with 225 ppm GA3 exhibited significantly enhanced 

seedling vigor compared to untreated controls. Similarly, Berhanu Abraha and Melkamu 

Andargie (2018) found that seeds treated with 200 mg/L GA3 showed marked 

improvements in seedling vigor in species such as Zea mays, Lathyrus sativus, and Pisum 

sativum. Further corroborating these findings, Hussien et al. (2019) and Venkata et al. 

(2023) observed similar results in wheat and fodder maize. However, in contradicting our 

results, Gnawali and Subedi (2021) found that maize seeds treated with 50 ppm GA3 

resulted in a higher vigor index compared to treatments at 0, 100, 150, and 200 ppm 

concentrations.  

Vigor Index II 

The result of this study showed that both the main effect of GA3 concentration and 

soaking duration positively influenced the vigor index II (P < 0.001). On the contrary, the 

interaction effect was not significant (P >0.05) (Appendix Table 1).  As illustrated in 

Table 4.3, seedling dry weight increased when GA3 concentrations increased.  The result 

indicated that seeds treated with 225 ppm GA3 concentration showed the highest vigor 

index II of 24.84, while seeds soaked with solely distilled water showed the lowest vigor 

index II of 12.62. This indicates an increase of the vigor index II of approximately 96.83 

% compared to the control (distilled water). In terms of soaking duration 24 hours of 

soaking duration showed the highest vigor index of 20.41, while 12 hours of soaking 

duration recorded the lowest vigor index of 17.07 (Table 4.3).  

The results of this study indicate that seeds treated with 225 ppm GA3 concentration 

significantly enhanced the seedling vigor index II. This enhancement can be attributed to 

higher concentrations of GA3 promoting nutrient mobilization within the seed, stimulating 

the activity of hydrolyzing enzymes that break down stored carbohydrates and proteins 

(Ali Adam et al., 2021).  The results of our study are supported by various studies. For 

instance, Venkata et al. (2023) demonstrated significant improvements in seedling vigor in 

fodder maize treated with GA3, aligning with the findings of this study. Similarly, 

Tapfumaneyi et al. (2023) reported enhanced seedling vigor in Amaranth and Cleome 

gynandra due to GA3 application, reinforcing the notion that GA3 effectively stimulates 

growth across different plant species. 
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Regarding soaking duration, a 24-hour soaking duration significantly enhanced seedling 

vigor compared to lower durations.  These results align with those of Adhikari et al. 

(2021), who reported that optimum soaking duration enhanced seedling vigor. 

Table 4.3. The main effect of GA3 concentration and soaking duration on seedling dry 

weight, seedling vigor index I & II 

GA3 Conc.  Seedling dry weight 

(g) 

Seedling vigor 

index I 

Seedling vigor 

index II 

 

0 ppm (DW) 0.14d 1994.35 c 12.62d 

75 ppm 0.18c 2139.84 c 16.79c 

150 ppm 0.21b 2593.23b 20.40b 

225 ppm  0.26a 2842.30a 24.84a 

SEM (±) 0.006 34.178 0.537 

LSD (0.05) 0.0168 98.027 1.5416 

P Value <.001 <.001 <.001 

Soaking durations    

12 hours  0.18b 2286.86c 17.07c 

18 hours  0.20b 2390.81b 18.51b 

24 hours  0.22a 2499.63a 20.41 a 

SEM (±) 0.005 29.599 0.465 

LSD (0.05) 0.0145 84.894 1.335 

P value 0.0003 <.0001 <.0001 

G Mean  0.20 2392.43 18.66 

CV (%) 10.2 4.95 9.98 

Note: Means with the same letters in each column are not significantly different at P < 

0.05, GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List 

Significant Test, SEM = Standard Error of Mean, CV = Coefficient of Variation  

4.1.2. Correlation among seed physiological quality parameters 

The correlation analysis revealed highly significant relationships among the seed 

physiological quality traits. As shown in Table 4.4, germination percentage showed a 

strong positive correlation with the speed of germination (r = 0.83***), indicating that 
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higher germination rates lead to faster germination, as well as with seedling vigor index I 

(r = 0.82***) and seedling vigor index II (r = 0.77***), suggesting that seeds with better 

germination rates produce more vigorous seedlings. In contrast, mean germination time 

exhibited a strong negative correlation with both germination percentage (r = -0.78***) 

and speed of germination (r = -0.85***) (Table 4.4). This indicates that longer 

germination times are associated with lower germination success and slower sprouting. 

Furthermore, shoot length and root length were positively correlated with germination 

percentage, speed of germination, and both seedling vigor indices. Notably, shoot length 

had a particularly strong relationship with seedling dry weight (r = 0.92***). However, the 

root-to-shoot ratio was negatively correlated with germination percentage (r = -0.66***), 

shoot length (r = -0.71***), and seedling dry weight (r = -0.73***) (Table 4.4). 

Table 4.4�����3�H�D�U�V�R�Q�¶�V���&�R�U�U�H�O�D�W�L�R�Q���&�R�H�I�I�L�F�L�H�Q�W�����U�����D�P�R�Q�J���Veed physiological quality traits of 
maize inbred line 

�
�
�
�� � �� �S�� �”�� �������������� �
�
�� � �� �S�� �”�� ������������ �
�� � �S�� �”�� ������������ �*�3�� � �� �*�H�U�P�L�Q�D�W�L�R�Q�� �3�H�U�F�H�Q�W�D�J�H���� �6�3�*�� � �� �6�S�H�H�G�� �R�I��

Germination, MGT =Mean Germination Time, SL =Shoot Length, RL = Root Length, RSR = Root 

to Shoot Ratio, SDW = Seedling Dry Weight, VI I =Vigor Index I, VI II = Vigor Index II 

 GP SPG MGT SL RL RSR SDW SV I SV II 

GP 1         

SPG 0.83*** 1        

MGT -0.78*** -0.85*** 1       

SL 0.73*** 0.83*** -0.91*** 1      

RL 0.73*** 0.84*** -0.79*** 0.82*** 1     

RSR -0.66*** -0.61*** 0.59*** -0.71*** -0.45** 1    

SDW 0.72*** 0.82*** -0.88*** 0.92*** 0.76*** -0.73*** 1   

SV I 0.82*** 0.89*** -0.9*** 0.95*** 0.95*** -0.63*** 0.88*** 1  

SV II 0.77*** 0.84*** -0.89*** 0.92*** 0.77*** -0.73*** 0.99*** 0.89*** 1 
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4.2. Results of the Field Experiment 

4.2.1. Effect of GA3 concentration and soaking duration on field emergence parameters 

Days to 50 % Emergence (DSE) 

The ANOVA results revealed that the �P�D�L�Q���H�I�I�H�F�W���R�I���*�$�x concentration, soaking duration, 

and their interaction effect highly significantly affected days to 50 % emergence (P < 

0.001) (Appendix Table 2). As illustrated in Figure 4.1, the result indicated seeds treated 

�Z�L�W�K�����������S�S�P���*�$�x��concentration for 24 and 18 hours showed the shortest emergence time 

of 5 days, while seeds soaked in distilled water (control) for 12 hours exhibited the longest 

days to 50% emergence (8 days).   

�7�K�H�V�H���U�H�V�X�O�W�V���L�Q�G�L�F�D�W�H���W�K�D�W���V�H�H�G�V���W�U�H�D�W�H�G���Z�L�W�K�����������S�S�P���*�$�x���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���I�R�U���H�L�W�K�H�U����4 or 

18 hours reduced the time to 50% emergence by approximately 37.5% compared to the 

control (distilled water). The observed reduction in 50 % emergence time can be attributed 

to �*�$�x�
�V�� �V�W�L�P�X�O�D�W�L�R�Q�� �R�I�� �K�\�G�U�R�O�\�W�L�F�� �H�Q�]�\�P�H�V���� �S�D�U�W�L�F�X�O�D�U�O�\�� �.-amylase, which breaks down 

starch into simpler sugars, providing essential energy for the developing embryo 

(�)�L�Q�F�K�(�6�D�Y�D�J�H�� �D�Q�G�� �/�H�X�E�Q�H�U�(�0�H�W�]�J�H�U���� ��������; Iqbal and Ashraf, 2013). These findings are 

consistent with Husnain (2014) and Mazed, K. et al. (2015), who indicated that chickpea 

seeds treated with 225 ppm  GA3 concentration significantly reduced the time to 50% 

emergence compared to the control. Furthermore, Aier et al. (2015), Shariatmadari et al. 

(2017), and Khan et al. (2017) reported the positive effect of GA3 treatment on reducing 

the time of emergence.  
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Figure 4.1.The interaction effect of GA3 concentration and soaking duration on days to 50 
% emergence 
Mean emergence time (MET) 

The ANOVA results indicated that the �P�D�L�Q�� �H�I�I�H�F�W�� �D�Q�G�� �W�K�H�L�U�� �L�Q�W�H�U�D�F�W�L�R�Q�� �H�I�I�H�F�W�� �R�I�� �*�$�x 

concentration and the soaking duration highly significantly influenced mean emergence 

time (P < 0.001)(Appendix Table 2). As illustrated in Figure 4.2, seeds treated with 225 

�S�S�P���*�$�x��concentration for 24 hours resulted in the shortest mean emergence time of 6.12 

days, while seeds soaked with solely distilled water for 12 hours showed the longest mean 

emergence time of 9.1 days.  

These findings indicate that the �D�S�S�O�L�F�D�W�L�R�Q���R�I���*�$�x���D�W�����������S�S�P���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���I�R�U����4 hours 

resulted in a reduction of approximately 32.74% in emergence time compared to the 

control. �7�K�L�V�� �L�P�S�U�R�Y�H�P�H�Q�W�� �L�V�� �D�W�W�U�L�E�X�W�H�G�� �W�R�� �W�K�H�� �F�R�P�E�L�Q�H�G�� �H�I�I�H�F�W�V�� �R�I�� �R�S�W�L�P�D�O�� �*�$�x��

concentrations and soaking duration, which enhance water absorption, increase metabolic 

activity, and promote uniform and synchronized germination (Jamil and Rha, 2007; Ali 

Adam et al., 2021; Setiawan, 2022). These findings are supported by Kandil et al. (2014), 

who reported that sugar beet seed treated with GA3 at  200 ppm significantly reduced 

mean germination time. Furthermore, Khan et al. (2017), Arun et al. (2017), and 
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Mohammed (2023) indicated the positive effect of GA3 seed priming to reduce the mean 

emergence time of different plant species. 

 

 Figure 4.2. The interaction effect of GA3 concentration and soaking duration on mean 

emergence time 

Field Emergence Index (FEI) 

The ANOVA demonstrated that the main effect and the interaction effect of GA3 

concentration and soaking duration significantly affected the field emergence index (P < 

0.001) (Appendix Table 2). As depicted in Figure 4.3, �V�H�H�G�V�� �W�U�H�D�W�H�G�� �Z�L�W�K�� �������� �S�S�P�� �*�$�x��

concentration for 24 hours showed the highest field emergence index of 3.71, while seeds 

soaked in distilled water for 12 hours exhibited the lowest field emergence index of 2.21.  

These findings indicate that seeds treated �Z�L�W�K�����������S�S�P���*�$�x��concentration for 24 hours a 

resulted in remarkable improvement of 67.87% over the control treatment. This might be 

due to the optimal combination facilitating adequate hormonal stimulation and sufficient 

water uptake, both essential for activating metabolic pathways within the seeds (Chauhan 

et al., 2019; Supral and Roshan, 2022). These findings align with previous research by 

Hamza and Ali (2017), who demonstrated that s�R�D�N�L�Q�J�� �F�R�U�Q�� �V�H�H�G�V�� �L�Q�� �������� �S�S�P�� �*�$�x��
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concentration for 24 hours significantly improved emergence rates and seedling growth, 

particularly under salt stress conditions. Additionally, Shariatmadari et al. (2017) reported 

�V�L�P�L�O�D�U�� �U�H�V�X�O�W�V�� �L�Q�� �F�K�L�F�N�S�H�D�V���� �Z�K�H�U�H�� �V�H�H�G�� �S�U�L�P�L�Q�J�� �Z�L�W�K�� �*�$�x�� �Q�R�W�D�E�O�\�� �H�Q�K�D�Q�F�H�G�� �W�K�H�� �I�L�H�O�G��

�H�P�H�U�J�H�Q�F�H���L�Q�G�H�[�����V�S�H�F�L�I�L�F�D�O�O�\�����V�H�H�G�V���W�U�H�D�W�H�G���Z�L�W�K�����������S�S�P���*�$�x���V�K�R�Z�H�G���D���P�D�U�N�H�G���L�Q�F�U�H�D�V�H��

in emergence rates compared to both control and those treated with lower concentrations 

�R�I���*�$�x�� 

 

Figure 4.3. The interaction effect of GA3 concentration and soaking duration on field 
emergence index 

Final emergence percentage (FEP) 

The ANOVA results revealed that the main �H�I�I�H�F�W���R�I���E�R�W�K���*�$�x���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���D�Q�G���V�R�D�N�L�Q�J��

duration showed high significant influence on the final emergence percentage (P < 0.001). 

However, the interaction effect between these two factors was not statistically significant 

(P > 0.05) (Appendix Table 2).  As shown in Figure 4.4, the result indicates that seeds 

treated with 225 ppm GA3 concentration showed the highest FEP of 95.37%, while seeds 

soaked with solely distilled water showed the lowest FEP of 84.72. This indicates an 

improvement of approximately 12.57% over the control treatment using solely distilled 
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water. In terms of soaking duration, seeds soaked for 24 hours achieved the highest FEP of 

92.36%, while those soaked for only 12 hours recorded the lowest FEP of 89.24% (Figure 

4.4).  

The results of this study show that a 225 ppm GA3 concentration significantly enhanced 

the final field emergence percentage. This enhancement can be attributed to gibberellin's 

role in improving the synthesis and secretion of hydrolytic enzymes from aleurone cells 

that mobilize the endosperm storage reserves that are crucial for fueling germination and 

subsequent growth (Ritchie et al., 1999). Supporting our result, Shariatmadari et al. (2017) 

�U�H�S�R�U�W�H�G���W�K�D�W���V�H�H�G���S�U�L�P�L�Q�J���Z�L�W�K���*�$�x���D�W�����������S�S�P���V�L�J�Q�L�I�L�F�D�Q�W�O�\���L�P�S�U�R�Y�H�G���H�P�H�U�J�H�Q�F�H���U�D�W�H�V���L�Q��

chickpeas compared to control and lower concentrations of GA3.  Additionally, studies by 

Ali Adam et al. (2021) and Mohammed (2023) corroborate these findings, indicating 

�L�Q�F�U�H�D�V�H�G�� �H�P�H�U�J�H�Q�F�H�� �S�H�U�F�H�Q�W�D�J�H�V�� �L�Q�� �Y�D�U�L�R�X�V�� �F�U�R�S�� �V�S�H�F�L�H�V�� �L�Q�� �U�H�V�S�R�Q�V�H�� �W�R�� �*�$�x�� �D�S�S�O�L�F�D�W�L�R�Q�� 

Regarding soaking duration,  Nadeem et al. (2017) and Sabongari and Aliero (2004) 

provide compelling evidence that a soaking duration of around 24 hours is generally 

optimal for enhancing seed germination across various species. 

Figure 4.4. The main effect of GA3 concentrations and Soaking duration on the final 
emergence percentage 

4.2.2. Effect of GA3 concentration and soaking duration on phenological parameters      
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The ANOVA indicated that both GA3 concentration and soaking duration significantly 

affected all phenological parameters; however, their interaction was not significant (P > 

0.05) (Appendix Table 3). As shown in Table 4.5, the result indicates that for the days to 

50% tasseling, seeds treated with 225 ppm GA3 resulted in the shortest duration of 62.33 

days, while seeds soaked in distilled water (control) recorded the longest duration at 74.78 

days. Similarly, in days to 50 % silking, seeds treated with 225 ppm GA3 concentration 

showed the shortest days to 50 % silking (66.56 days), while seeds soaked in distilled 

water (control) showed the longest days to 50% silking of 79.78 days. 

 In terms of maturity date, seeds treated with GA3 at 225 ppm concentration showed the 

shortest 50% maturity date of 132.33 days, whereas seeds soaked with solely distilled 

water exhibited the longest 50% maturity date of 139.44 days. This indicates that seeds 

�W�U�H�D�W�H�G�� �Z�L�W�K�� �*�$�x�� �D�W�� �������� �S�S�P�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �U�H�V�X�O�W�H�G�� �L�Q�� �D�Q�� �L�P�S�U�H�V�V�L�Y�H�� �U�H�G�X�F�W�L�R�Q�� �R�I��

approximately 12.45 days, 13.22 days, and 7.11 days in 50 % tasseling date, 50 % silking 

date, and 50 % maturity date of maize inbred line compared to the control (distilled water) 

respectively.In terms of soaking duration, seeds soaked for 24 hours resulted in the 

shortest days to 50 % tasseling (67.42 days), while seeds soaked for 12 hours showed the 

longest days to 50% tasseling (70.83 days). A similar trend was observed for days to 50% 

silking, seeds soaked for 24 hours exhibited the shortest time of 71.67 days, while those 

soaked for 12 hours showed the longest days to 50% silking (79.78 days). Finally, in 50% 

maturity date seeds soaked for 24 hours showed the shortest days to 50% maturity (134.83 

days), while seeds soaked for 12 hours showed the longest maturity time of 137.75 days 

(Table 4.5). 

The findings indicate that 225 ppm GA3 concentration and 24 hours soaking duration 

significantly reduced tasseling, silking, and maturity dates of maize inbred lines. This can 

be attributed to GA3's ability to enhance seed germination and stimulate rapid vegetative 

growth, thereby facilitating a quicker transition from vegetative to reproductive phase 

(Mutasa-Göttgens and Hedden, 2009; Shah et al., 2023). Moreover, GA3 modulates plant 

hormones that regulate flowering time, shifting the balance toward earlier flowering while 

improving photosynthetic efficiency and resource allocation to reproductive 

structures(Evans and Poethig, 1995; Ramwant and SK, 2013; Abbas et al., 2020). These 

findings are consistent with Husnain (2014), who reported that seeds treated with GA3 at a 

concentration of 225 ppm significantly reduced days to 50% flowering and days to pod 
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maturity in chickpeas compared to the control. Furthermore, Ayaz et al. (2019) indicated 

that seeds treated with GA3 at 60 mg/L reduced the first flowering date of bitter gourd 

compared to control with lower concentrations of GA3. In addition, Dawadi et al. (2023) 

and Budhathoki et al. (2024) also reported that seed priming shortened the tasseling date 

and silking date of maize compared to untreated seeds. 

The influence of soaking duration on tasseling, silking, and maturity dates indicates that 

optimal soaking conditions enhance GA3 absorption, leading to improved physiological 

responses. Specifically, a soaking period of 24 hours allows seeds sufficient time to absorb 

an adequate amount of GA3, optimizing its effects on growth and development (Yayat et 

al., 2017; Setiawan, 2022). In support of this result, Ayaz et al. (2019) reported that bitter 

gourd seeds soaked in GA3 for an extended time (18 hours) reduced the first flowering 

date compared to control and seeds soaked for 6 hours and 12 hours. 

Table 4.5. The main effect of GA3 concentration and soaking duration on phenological 

parameters  

GA3 Conc. DT 

(Days) 

DS 

(Days) 

DM 

(Days) 

 0 ppm (DW) 74.78 a 79.78 a 139.44 a 

75 ppm 73.33 a 78.22 a 138.56 b 

150 ppm 65.33 b 70.33 b  136.22 c  

225 ppm  62.33 c 66.56 c 132.33 d 

SEM ( ±) 1.05 1.08 0.27 

LSD (0.05) 3.0676 3.1812 0.8058 

P Value < 0.001 < 0.001 < 0.001 

Soaking Durations 

12 hours  70.83 a 75.42 a 137.75 a 

18 hours  69.33 ab 74.08 ab 137.33 a 

24 hours  67.42 b 71.67 b 134.83 b 

SEM( ±) 0.91 0.94 0.24 

LSD (0.05) 2.6567 2.755 0.6978 

P value < 0.05 < 0.05  < 0.001 

G Mean  69.19 73.72 136.64 
CV (%) 4.53 4.41 0.6 
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Note: - GA3 = Gibberellic Acid, ppm = part per million, DW = Distilled Water, LSD = List 

Significant Difference Test, SEM = Standard Error of Mean, CV = Coefficient of Variation, DT = 

Days to 50 % Tasseling, DS= Days to 50% silking, DM = Date of 50 % Maturity. 
4.2.3.Effect of GA3 concentration and soaking duration on yield and yield components 

maize inbred line 

Ear height (EH) and Plant height (PH) 

The results of this study indicated that the main effect of GA3 concentration and soaking 

duration significantly influenced ear height and plant height, however, the interaction 

between GA3 concentration and soaking duration was insignificant (P > 0.05) (Appendix 

Table 4) . As illustrated in Figures 4.5 & 4.6 the result indicates GA3 concentrations 

positively influenced both ear height and plant height. Notably, seed treated with 225 ppm 

GA3 concentration showed the longest ear height of 95.38 cm and plant height of 180.33 

cm, while seed soaked in solely distilled water exhibited the shortest ear height of 76.33 

cm and plant height of 153.51 cm.  Additionally, soaking durat






































































