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ABSTRACT 
 

Seed germination is the most important aspect for raising the nursery for successful seedling 
production of papaya. The research was carried out at the Faculty of Agriculture, Guru Kashi 
University, Talwandi Sabo, Bathinda (Punjab) during 2023 to evaluate the impact of different pre-
soaking chemicals on seed germination and vigour of papaya seedling. The experiment was laid out 
Randomized block design with three replications and included ten different treatments., namely T1 
(Control- double distilled water), T2 (GA3 @ 50 ppm), T3 (GA3 @ 100 ppm), T4 (GA3 @ 200 ppm), 
T5 (Kinetin @ 25 ppm), T6 (Kinetin @ 50 ppm), T7 (Kinetin @ 75 ppm), T8 (KNO3 @ 500 ppm), T9 
(KNO3 @ 1000 ppm), T10 (KNO3 @ 1500 ppm), were soaked for 24 hours. The seeds were sown 
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in a blend of sand, soil and vermiculite with a ratio of 2:1:1 and maintained under controlled 
polyhouse condition. Among the treatments, T3 (GA3 @100 ppm) demonstrated the most rapid 
seed germination, highest percentage of germination (56.20) and maximum survival percentage 
(53.44) and the T4 (GA3 @ 200 ppm) resulted in the lowest days to first emergence of seedling 
(3.66), maximum plant height (32.33), maximum number of leaves (8.66) and highest girth of 
seedling (5.86) at 60 days after sowing. In Conclusion, the most effective approach for enhancing 
seed germination in papaya involved pre-treating the seeds with GA3 @ 200 ppm in var. Red lady.  
 

 
Keywords: Gibberellic acid; papaya (Carica papaya); red lady; randomized block design; seed 

germination. 
 

1. INTRODUCTION  
 

Papaya, scientifically known as Carica papaya 
L., is a crucial tropical fruit plant belonging to the 
Caricaceae family. It is a notable member of the 
Carica genus, the Carica genus includes 22 
species and is the only member of the 
Caricaceae family that is specifically cultivated as 
a fruit tree, while the other three genera are 
mainly grown for their ornamental appeal [1]. 
Papayas originated in the Caribbean coastal 
region of Central America, spanning from 
Argentina and Chile to southern Mexico [2]. This 
is believed to have occurred through natural 
crossbreeding between Carica peltata and 
another wild species [3]. The introduction of 
papaya to India dates back to the 16th century, 
and it has since emerged as a vital crop in 
numerous tropical and subtropical areas across 
the globe. Widely consumed as a fresh fruit, 
papaya also finds diverse applications in culinary 
preparations, including desserts, preserves, 
baked goods, beverages, and even as an 
ingredient in winemaking [4,5,6]. Moreover, 
unripe green papaya fruits can be prepared and 
consumed as a vegetable [7]. Papain, a white 
milky fluid with proteolytic properties, is present 
in the fruits and other parts of the plant. It is 
effective in addressing dyspepsia and can also 
be utilized to tenderize meat and clarify beer 
(Wilson, 1974). Papaya seeds are employed for 
managing jaundice and urinary issues, while the 
leaves are utilized for their helminthic, 
antibacterial, and anti-amoebic properties [8,9]. 
 

Internationally, India is recognized as the leading 
producer of papaya, with the largest cultivation 
area and highest production output. Papaya 
cultivation in India covers an expansive area of 
97.7 thousand hectares, resulting in a significant 
production of 5.95 million MT [10]. While Andhra 
Pradesh takes the lead in papaya production, the 
cultivation of papaya is also widespread in 
various other states including Karnataka, 
Gujarat, Orissa, West Bengal, Assam, Kerala, 
Maharashtra, and Madhya Pradesh. 

In India's mild sub-tropical regions, papaya 
thrives in temperatures ranging from 22 to 26 ºC 
and is suitable for cultivation up to 1,000 m 
above mean sea level. Prolonged exposure to 
nighttime temperatures below 12–14 ºC during 
winter adversely affects plant growth and 
productivity. Frost, strong winds, and 
waterlogging also have significant detrimental 
effects. Crucial to its growth are a well-developed 
root system with root ramifications and a primary 
napiform root, as noted by Costa and Pacova 
[11]. 
 
Traditionally, papayas are generally propagated 
through seeds [12]. The germination process of 
papaya seeds is commonly described as slow, 
unpredictable, and incomplete [13]. Various 
factors, such as seed quality, treatments, 
substrate type, and weather conditions, impact 
the vigor of seedlings [14]. The gelatinous 
sarcotesta of papaya also acts as a germination 
inhibitor. Papaya growers often face challenges 
related to slow, irregular, and incomplete 
germination of seeds, as well as high initial 
seedling mortality due to these issues. This has 
prompted researchers to explore the effects of 
hormones, growing medium, bacteria, and other 
factors on increasing the percentage of seeds 
that germinate and produce healthy seedlings. 
 
The impact of chemical treatment using 
potassium nitrate, sodium thiosulphate, thiourea, 
and gibberellic acid on plant growth and 
development, particularly in breaking dormancy 
and promoting seed germination, has been 
documented [15]. Pre-treatment or priming of 
seeds has been proven to boost the germination 
of papaya. Additionally, a category of seeds with 
intermediate characteristics has been identified 
[16]. The role of plant growth regulators in 
influencing fruit yield and quality, flowering and 
fruiting, plant development, and seed 
germination has been extensively researched 
across various crop species. Gibberellic acid is a 
plant growth regulator, is recognized for its ability 
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to stimulate rapid stem and root growth and 
enhance seed germination rates in certain plant 
species [17].  
 

2. METHODS AND MATERIALS 
 

2.1 Local of Study  
 

The current investigation was carried out in the 
summer of 2023 at the experimental site of Guru 
Kashi University research farm in Talwandi Sabo 
(Bathinda). The farm is positioned at an elevation 
of 213 meters above sea level, with coordinates 
of 29°57'N latitude and 75°7'E longitude. 
Bathinda, located in the southwest region of 
Punjab, has a climate characterized by extremely 
hot summers, a brief wet season, and severe 
winter conditions. The monsoon typically begins 
in the first half of July. 
 

2.2 Experimental Details  
 

The experiment included ten treatments: T1 
(Control- double distilled water), T2 (GA3 @ 50 
ppm), T3 (GA3 @ 100 ppm), T4 (GA3 @ 200 
ppm), T5 (Kinetin @ 25 ppm), T6 (Kinetin @ 50 
ppm), T7 (Kinetin @ 75 ppm), T8 (KNO3 @ 500 
ppm), T9 (KNO3 @ 1000 ppm), T10                     
(KNO3 @ 1500 ppm). Each treatment was 
replicated three times using a Randomized block 
design. 
 

2.3 Sowing of Seeds  
 

Seeds were immersed in solutions with varying 
concentrations of GA3, kinetin, and potassium 
nitrate for 24 hours. Subsequently, they were 
washed and transferred onto petri plates with 
damp filter paper in a laboratory environment.0n 
August 12, 2023, the treated seeds were placed 
carefully in rows in the trays Particular focus was 
placed on avoiding excessive planting depth, 
with a maximum soil depth of approximately 2 
cm. Furthermore, a fine layer of topsoil was 
delicately added to cover the seeds, reflecting 
precise care in the sowing procedure.  
 

2.4 Parameter Observed  
 

Following observation was recorded  
 

2.5 Germination Attributes 
 

2.5.1 Days to first emergences of seedling 
 

The number of days taken for the first papaya cv. 
Red lady seed to germinate was recorded under 
selected growing conditions. 

2.5.2 Days to 50% germination (days) 
 

The number of days taken place for 50% of 
germination was recorded under selected 
growing conditions. 
 

2.5.3 Germination percentage (%) 
 

The number of plants was observed from 
seedling to record the germination percentage. 
The germination percentage was calculated by 
counting the number of seeds that sprouted in 
each treatment and replication until no further 
germination was observed, and then 
documented as the percentage of germination. 
 

Germination percentage=(Total number of 
seed germination/ Total number of seed 
sown) X100 

 

2.5.4 Survival percentage (%) 
 

The number of seedlings survive was recorded 
under selected growing conditions . 
 

Survival%=(Total number of surviving 
seedlings/ Total number of seed 
germinated) X100 

 

2.6 Growth Attributes 
 

2.6.1 Plant height (cm) 
 

Plant height was gauged using a scale and 
recorded in centimeters, with measurements 
taken from the soil surface to the growing tip of 
the plant. This method was adopted to maintain 
precision and uniformity in assessing the 
plants' vertical development. The height of five 
seedlings from each treatment and replication 
was measured from ground level to the growing 
tip. After calculating the mean, the 
measurements were recorded as the height of 
the seedlings in centimeters at30, 60 and 90 
days after sowing. 
 

2.6.2 Number of leaves  
 

The count of leaves per seedling was conducted 
on 10 selected seedlings from each treatment 
and replication. Following the computation of the 
mean, the outcome was recorded as then 
number of leaves per seedling at 30, 60 and 90 
days after sowing. 
 

2.6.3 Seedling girth (cm) 
 

The average polar diameter is measured                   
with the help of scale and measured in 
centimeters. 
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2.6.4 Leaf area (cm2) 
 
Five fully grown leaves were randomly selected 
from 10 tagged seedlings in each treatment and 
replication. The leaf area was measured with the 
help of image analysis software 30, 60 and 90 
days after sowing and after calculating the mean, 
it was recorded as square centimeters per 
seedling. 
 
2.6.5 Days required for completion of 

germination 
 
The number of days taken to give 100 % 
germination was recorded under selected 
growing conditions. The time taken for 
germination to complete in each treatment and 
replication was carefully noted, with 
observations ending when no additional 
germination was observed, and the data were 
recorded as whole numbers. 
 

2.7 Statistical Analysis 
 
The collected data were subjected to statistical 
analysis using MVM Statistical and MS-Excel 
methods, following the guidelines outlined by 
Gomez and Gomez (1983). The treatment 
averages were compared using the Critical 
Difference (C.D.) at a significance level of 5%. 
 

3. RESULTS AND DISCUSSION  
 
Seed germination parameters: In the present 
study the observation (Table 1) of Seed 
germination parameters of (Carica papaya) var. 
Red lady as influenced by various chemical 
treatments of GA3, kinetin, potassium nitrate at 
different concentrations (ppm) resulted in positive 
and significant changes in seed germination.  
 
The treatments taken minimum time for the initial 
emergence of seedlings was recorded as 3.66 
days with T4: GA3 at 200 ppm and in contrast, 
the control group (T1) required 10.66 days for the 
first emergence of seedlings under the specified 
polyhouse conditions .Furthermore, Zanotti et al. 
[18] documented higher germination rates for 
seeds treated with KNO3 or KNO3 in combination 
with GA3 after a 14-day observation period. The 
time taken for 50% germination was the shortest 
with T4: GA3 at 200 ppm (6.33 days), followed by 
T2: GA3 at 50 ppm (6.66 days) and T3: GA3 at 
100 ppm (7.33 days) respectively. In contrast, 
the control group (T1) required a longer time for 
50% germination under the specified growth 
conditions. Similarly, Singh et al. [19] found that 

treating seeds with GA3 at 100 ppm for 48 hours 
reduced the time required for 50% germination.  
 

Germination % at 30 DAS was found significantly 
maximum (56.20%) in T3 (GA3 @ 100 ppm) and 
minimum (17.86%) was recorded under T1 
Control. Pratibha et al. [20] documented that the 
lowest duration of seed germination (12.33 
days), the highest germination percentage 
(88.89%), and germination index (2.90) were 
achieved in seeds treated with gibberellic acid at 
300 ppm for 24 hours. The highest survival 
percentage was observed in T3: GA3 at 100 ppm 
(53.44%), followed by T4: GA3 at 200 ppm 
(46.10). In comparison, the control group T1 
recorded a survival percentage of 8.44% under 
the specified growth conditions. Chauhan et al. 
(2015) documented that seeds treated with 200 
ppm gibberellic acid achieved the maximum 
survival percentage of 78.78% along with the 
highest germination percentage of 82.22. Lay et 
al. [21] noted that higher germination rates were 
achieved in papaya with GA at 300 ppm for 12 
hours and KNO3 at 2% for 24 hours (93.00% and 
91.00% respectively).  
 

The duration required for complete germination 
was found to be the shortest in T4: GA3 @ 200 
ppm (32.66 days) Conversely, T1: control (48.00 
days) exhibited the longest duration for 
completing germination under the polyhouse 
conditions. This aligns with the findings of 
Chacko and Singh [13] regarding the enhanced 
germination rate in papaya seeds treated with 
GA3. 
 

Growth attributes: Analysis of observation as 
presented in Table 2 exhibited that the 
application of chemical GA3, kinetin, potassium 
nitrate has a substantial effect on the growth. The 
results demonstrate that chemical treatments of 
these growth regulators revealed at any 
concentration which significantly enhanced in the 
plant height, numbers of leaves, seedling girth, 
leaf area. 
 

Maximum plant height (cm) at 30, 60 and 90 
days after sowing was recorded in T4 GA3 at 200 
ppm (14.33, 32.33, 46.33 cm respectively) and 
the minimum plant height was observed in 
control (8.00, 16.33 and 22.33 cm). Prasad et al. 
[22] observed similar outcomes for papaya seeds 
treated with GA3 and KNO3, resulting in 
improved plant height. The tallest seedlings and 
the maximum number of leaves were observed in 
papaya seeds after an 8-hour treatment with 200 
ppm GA3, as reported by Sen et al. in [23]. 
These results are in line with similar findings in 
cowpea, as noted by Anitha et al. [24]. 
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Table 1. Effect of Gibbrellic acid, kinetin and potassium nitrate on seed germination of papaya (Carica papaya L.) cv. Red lady 
 

Treatments   Days to first emergence 
of seedling  

Days to 50 % 
germination  

Germination% at 
30 DAS 

Survival percentage (%) Days required for the completion of 
germination  

T1-control  10.66 14.30 17.87 8.44 48 
T2-GA3 @ 50 ppm  4.66 6.66 47.10 32.66 33 
T3-GA3 @ 100 ppm  5.33 7.33 56.20 53.44 33.66 
T4- GA3 @ 200 ppm  3.66 6.33 51.10 46.10 32.66 
T5-kinetin @ 25ppm  7.66 10.00 30.86 24.44 39 
T6-kinetin @ 50 ppm  6.33 8.66 41.96 29.99 39.66 
T7-kinetin @ 75 ppm  7.33 9.66 34.96 25.66 41 
T8-KNO3 @ 500 ppm  5.66 7.66 50.43 34.44 36.33 
T9-KNO3 @ 1000 ppm  6.66 9.33 38.96 28.33 36 
T10-KNO3 @ 1500 ppm  8.33 12.33 26.10 16.33 44.66 
SE(m)  0.32 0.29 0.24 0.24 0.62 
C.D. at (5%) 0.98 0.87 0.73 0.74 1.87 

 
Table 2. Effect of Gibbrellic acid, kinetin and potassium nitrate on seed germination of papaya (Carica papaya L.) cv. Red lady 

 
Treatments   Plant 

height at 
30 DAS 

Plant 
height at 
60 DAS  

Plant 
height at 
90 DAS 

Number of 
leaves at 30 
DAS 

Number of 
leaves at 
60 DAS  

Number of 
leaves at 
90 DAS 

Leaf area 
at 30 DAS 

Leaf area 
at 60 DAS  

Leaf area 
at 90 DAS 

Girth of 
seedling (mm) 
at 60 DAS 

T1-control  8 16.33 22.33 2.66 3.66  5.33 11.00  22.2 26.2 2.6 
T2-GA3 @ 50 ppm  12.66 29.66 42.66 7.00 8.00  8.66  22.00  44.26 53 5.54 
T3-GA3 @ 100 ppm  13.66 30.33 45.33 7.33 8.33  9.33  20.00  40 50 5.24 
T4- GA3 @ 200 ppm  14.33 32.33 46.33 7.66 8.66  9.66  26.00  48 56.2 5.86 
T5-kinetin @ 25ppm  9.33 24.33 32.33 4.66 5.66  6.33  15.00  32 42.2 4.94 
T6-kinetin @ 50 ppm  8.00 26.66 37.66 5.66 7.33 7.66  16.00  34 44.2 3.94 
T7-kinetin @ 75 ppm  11.33 24.66 33.66 5.00 6.33  6.66 15.00  30 40 3.84 
T8-KNO3 @ 500 ppm  10.33 28.33 39.66 6.66 7.66 8.33 14.00  28 36.2 4.23 
T9-KNO3 @ 1000 ppm 12.33 25.66 35.66 5.33  6.66 7.33 13.26  26.26 32.4 4.52 
T10-KNO3 @ 1500 ppm  10.66 19.66 26.66 4.33  5.33 6.00 12.26  25.26 30.26 3.44 
SE(m)  0.30 0.31 1.57 0.28 0.29 0.30 0.037  0.089 0.091 0.038 
C.D. at (5%) 0.89 0.93 0.96 0.86 0.88 0.92 0.11  0.26 0.38 0.11 
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Maximum Number of leaves per plant at 30, 60, 
and 90 days after sowing, indicating enhanced 
vegetative growth followed by T4 with GA3@ 200 
ppm (7.66, 8.66 and 9.66) and minimum number 
of leaves (2.66, 3.66 and 5.33).  Consistent 
findings regarding the maximum number of 
leaves with KNO3 priming on seeds were also 
documented by Maneesha and Priya [25] and the 
Similar findings were reported by Anjanawe et al. 
[26] for papaya seeds treated with 200 ppm of 
GA3. 

 
GA3 @ 200 ppm (T4) recorded the maximum leaf 
area (48.00 cm2) and girth of seedlings (5.86 
mm) at 60 days after sowing, suggesting 
improved photosynthetic capacity and stem 
robustness. The study's findings align with those 
reported by Malshe and Parab [27], who similarly 
noted increased leaf area with GA3 pre-soaking 
treatment and similar findings of increased leaf 
area with pre-sowing GA3 treatment in papaya, 
as reported by Ramteke et al. [28]. This effect on 
stem girth is consistent with the findings of 
Dhankhar and Singh [29] in Anola, suggesting 
that GA3 application stimulates cambium and its 
immediate cell progeny. Anjanawe et al. [26] and 
Meena and Jain [30] reported similar outcomes 
regarding the increased stem girth resulting               
from GA3 pre-soaking treatments in papaya             
[31-34]. 

 
4. CONCLUSION  
 
In conclusion, among all the treatments, the 
application of GA3, especially at a concentration 
of 200 ppm (T4) has demonstrated a pronounced 
positive effect on the germination and early 
growth parameters of papaya seedlings and 
significantly influenced the growth and 
germination attributes in papaya remaining on at 
par with treatment GA3 @ 50 ppm (T2), while the 
control conditions resulted in poor performance 
of the cultivar. 
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