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Abstract   

Carissa carandas L. is a versatile evergreen shrub of the Apocynaceae family and 

its fruit is rich in vitamins and antioxidants. It is commonly propagated by seeds, 

which are characterized by low germination rates due to the presence of a hard 

seed coat that causes physical dormancy and limits water absorption and gas 

exchange. In this study, the effects of different dormancy-breaking treatments viz., 

chemical treatment with potassium nitrate and thiourea at two concentrations 

(1% and 2%), hormonal therapy with gibberellic acid (GA3) at two concentrations 

(500 and 1000 ppm) and physical treatments (hot water and simple water 

immersion) were investigated on germination and seedling growth using a 

Randomized Block Design (RBD) with three replications and the statistical 

significance of each treatment was tested at the five percent probability level (p ≤ 

0.05). Key germination indices, seedling growth parameters and seedling vigour 

were observed. Among all treatments, 2% KNO3 was most effective in breaking 

seed dormancy that achieved significantly higher (86.33%) germination with 

accelerated completion of germination in 18 days and the highest (4.80) mean 

daily germination (MDG). Thiourea 2% attained a germination percentage of 

82.91% and MDG of 4.36 while GA3 treated seeds had a lower germination 

percentage and MDG than KNO3 and thiourea treatments. The significantly 

highest seedling length vigour index (LVI) of 1085.1 and weight vigour index (WVI) 

of 12.67 were also obtained in 2% KNO3 treated seeds which was followed by 2% 

thiourea with LVI of 1003.6 and WVI 10.12 . Both LVI and WVI were significantly 

lower in GA3 treatments compared to KNO3 and thiourea treatments. The 

significantly lowest germination percentage (61.19%), MDG (2.78), LVI (575.8) and 

WVI (3.67) were recorded in the control. This study offers valuable insights into the 

efficient techniques for seed dormancy breaking and optimizing seed 

propagation techniques for C. carandas L.  

 

Keywords   

germination capacity; pre-treatments; seed dormancy; seedling growth; 

seedling vigour  

 

Introduction   

Carissa carandas L. grows in arid and semiarid areas of the world and is found in 

forests, savannas and cultivated gardens (1). It is majorly distributed in South Asia 

and predominantly found in the Himalayas (India), Pakistan, Sri Lanka, 

Afghanistan, Malaysia, Nepal and Myanmar (2). It is popularly known as karonda, 
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karwand, Bengal currant, or Christ’s thorn. The shrub is 

primarily valued for its edible miracle fruits loaded with 

vitamins (particularly vitamin C), dietary fiber, minerals and 

phytochemicals (3). It is traditionally valued for its great 

potential health benefits and medicinal applications in treating 

ailments such as digestive disorders, skin conditions and 

diabetes (4) and used for the preparation of a range of value-

added products like pickles, jam, jellies, sauces, etc., (3, 5, 6). 

Despite its numerous benefits, one of the key challenges in C. 

carandas L. cultivation is seed dormancy, primarily due to the 

hard seed coat, which acts as a barrier to water uptake and gas 

exchange and thus significantly impedes germination rates. 

Seed dormancy leads to poor germination and emergence. 

Therefore, it is necessary to identify an effective technique to 

break seed dormancy and promote seed germination and 

seedling growth.  

 Seed pre-sowing treatments with certain chemical 

agents like nutrients, phytohormones and antioxidants could 

improve seed germination under varied environmental 

conditions (7). Various approaches of pre-sowing treatments 

have been proven to break seed dormancy and enhance the 

seed germination rate of several plant species (8). Thiourea, 

with its potential seed priming effects, may improve 

germination by boosting seed metabolic activities (9). Seed 

germination process in numerous species was enhanced when 

pre-treated with thiourea (10). Thiourea serves two main 

functions such as boosting the growth potential of the embryo 

and weakening the tissue of the layers that surround the 

embryo to remove the mechanical restraint imposed by these 

layers (11). Thiourea and nitrate compounds accelerated seed 

germination in Atriplex prostrata (12). Seed germination 

enhancement studies of Prunus avium indicated that thiourea 

treatment overcame seed dormancy and increased the 

germination rate (13). Studies in several alpine medicinal plant 

species demonstrated that pre-treatment with thiourea 

enhanced seed germination (14). 

 Gibberellic acid (GA3) is a plant hormone known to 

stimulate seed germination by breaking down dormancy 

barriers (15, 16). GA3 influences the physiological and also 

metabolic activities of seeds that enhance the germination (17). 

GA3 improves seed germination by promoting the production 

of the hydrolytic enzymes and stimulating the synthesis of 

proteins and other needed metabolites for the embryo (18). 

Gibberellins regulate the mobilization of starch during the 

respiration process (19) and also increasing the mineral 

availability and thus enhancing the germination process. GA3 

has been reported to promote the seed germination of P. 

acinose (20). The previous studies have reported that GA3 

improves seed germination potential in several economically 

important species (21). The function of GA3 in breaking 

physiological dormancy and as a germination enhancer has 

been widely known in a broader spectrum of plant species (22). 

 Potassium nitrate acts as an osmotic agent that 

enhances water uptake by seeds and consequently facilitates the 

germination process (23, 24). In several plant species, KNO3 and 

GA3 have been identified as functional chemical substances that 

improve seed germination and enhance enzyme activity (25, 26). 

Inorganic salts including KNO3, KH2PO4 and CaCl2 increase 

nitrogen and some other nutrients required for protein synthesis 

during the seed germination process. KNO3 regulates the seed 

hormones and consequently, it reduces the germination 

inhibitors like abscisic acid (27). KNO3 acts as a nutrient source 

and aids in stimulating the growth of plant tissues (19). Seeds 

treated with KNO3 had increased germination percentage in 

Phytolacca acinosa and Silphium integrifolium (20). Soaking 

seeds in hot water and plain water are traditional methods 

employed to break dormancy and encourage germination (28). 

Water soaking of seeds assists in softening the seed cover, 

eliminating inhibitors decreases the time needed for germination 

and escalates the germination percentage (29). 

 Given the varied role of different pre-sowing techniques 

to break seed dormancy by altering the permeability or 

physiology of seed coat and metabolic activities of seed, thus 

improving seed germination, it is prudent to test the 

effectiveness of various pre-sowing treatments including 

chemical, hormonal and physical treatments on seed dormancy 

breaking, germination and seedling growth parameters. There is 

limited or no information available on the promising pre-sowing 

techniques with an optimum dose of chemicals and hormones 

to break the seed dormancy effectively and improve seed 

germination and seedling vigour in C. carandas L. The study 

aimed to standardize the seed dormancy-breaking treatments 

with optimum concentration of chemicals or hormones for 

enhancing seed germination potential and augmenting seedling 

growth and vigour of C. carandas L. Therefore, this study aimed 

to determine the effect of various seed treatments, including 

potassium nitrate, thiourea and gibberellic acid (GA3) with 

different concentrations, hot water and simple water soaking 

treatments, on germination, seedling growth and vigour and 

improve the seed germination and seedling growth in                              

C. carandas L.  

 

Materials and Methods 

Plant material, experimental design and treatments 

The present investigation was carried out at the college 
orchard and laboratory, Department of Fruit Science, 

Horticultural College and Research Institute, TNAU, 

Coimbatore in 2024. The seed extraction process adopted in 

the study is depicted in Fig. 1. C. carandas L. seeds were 

selected based on uniform size and appearance. The cleaned 

and sorted seeds were used for the experiment. Seeds of C. 

carandas L. are recalcitrant, desiccation-sensitive and lose their 

viability in a shorter period. Therefore, seeds were subjected to 

different pre-sowing treatments soon after extracting from 

fruits and then treated seeds were sown in portrays. The 

experiment was laid out using a randomized block design 

(RBD) and each treatment was replicated three times. 

Seed pre-treatment with chemicals and reagents 

 In the hormonal treatments, the seeds were soaked in GA3 
solutions at two concentrations (500 ppm and 1000 ppm) for                

1 h. In the chemical treatments, the seeds were soaked in KNO3 

at two concentrations (1% and 2%) and similarly in thiourea at 

two concentrations (1% and 2%) for 1 h. The seeds were 

subjected to physical treatment including overnight soaking in 

simple water and 50 °C hot water soaking for 10 min.  
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Statistical analysis 

The data collected from the experiment were subjected to 

statistical scrutiny by employing the SPSS statistical software 

package version 20. Statistical analysis was carried out using 

analysis of variance (ANOVA) and wherever the treatment 

differences were found significant critical differences were 

worked out at 5% probability level (p ≤0.05). 

Germination indices 

The days to germination, 50% germination and complete 

germination were observed. The days to initiation of germination 

were recorded when the first seeds exhibited visible germination 

(emergence of the radicle) after sowing. Days to 50% 

germination was defined as the number of days needed for 50% 

of the seeds in a treatment to germinate. The days required for 

complete germination were indicated by the number of days 

taken until seed germination reaches a constant number and 

thereafter no germination takes place in a treatment.  

 Germination percentage was calculated as the 

percentage of seeds that successfully germinated compared to 

the total number of seeds sown, measured till the completion of 

germination. The germination indices were calculated using the 

following equations (30-33): 

Germination percentage (GP) =Ng/Ns×100 

Ng- Total number of seeds germinated, Ns- total number of 

seeds sown 

Mean daily germination (MDG) = FGP/D  

FGP - Final germination percentage, D- Number days to 
completion of germination 

 During the seed germination phase, the average 

maximum and minimum temperature recorded were 36.49°C 

and 24.13°C respectively and the average relative humidity that 

prevailed was 60.15%. 

Growth and biomass measurements 

Shoot and root length 

Both shoot and root length were measured 20, 30 and 40 days 

after sowing (DAS) and expressed in centimetres. The height of 

each seedling was recorded from the base of the seedling to 

the tip of the shoot using a standard ruler. To measure root 

length, the longest root of each seedling was carefully 

extracted from the soil and its length was measured from the 

base of the seedling to the tip of the root using a ruler.  

Seedling fresh and dry weight  

The fresh weight of the seedlings was recorded after removing 

soil that adhered to the root. Dried the seedlings in the oven at 

70°C until they reached a constant weight. Once seedlings 

dried, dry weight was taken using a precision balance. The dry 

weight of seedlings was recorded 40 DAS and expressed in 

grams. Both fresh and dry weights of the shoot and root were 

also recorded separately.  

Seedling vigour Index  

The seedling length vigour Index and weight vigour index were 

calculated using the following equations (33). 

Seedling Length Vigour Index (SLVI) = Seedling length × 

Germination percentage                                                   

Seedling Weight Vigour Index (SWVI) = Seedling dry weight × 

Germination percentage 

Relationship between seed germination potential and seedling 

growth traits  

Correlation analysis was performed to determine the 

relationship between germination indices and seedling growth 

traits. The correlation coefficient (CC) is used as a statistical 

measure to study the strength and direction of linear 

association between two variables. The CC is denoted by r, 

which ranges from -1 to +1. Higher values indicate a stronger 

correlation while lower values indicate a weak correlation, -1 

signifies an absolute negative correlation, +1 signifies an 

absolute positive relationship and 0 signifies no relationship 

between the variables (34). Significance of correlation was 

tested at 0.01% probability level (p < 0.001), 1% probability 

level (p < 0.01) and 5% probability level (p < 0.05). 

 

 

 

 

Fig. 1. Seed extraction for sowing. 
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Results  

Effect of various dormancy-breaking treatments on seed 

germination 

Results obtained from the investigation on the effect of 

different dormancy-breaking treatments on seed germination 

capacity indicate that dormancy-breaking treatments had 

significantly ≤  influenced the C. carandas L. seed 

germination potential. The initiation of germination was most 

rapid in 2% KNO3, which occurred 8 days after pre-sowing 

treatment (Fig. 2). 2% KNO3 achieved 50% germination in 13 

days and reached 100% germination rapidly in 18 days. 2% 

thiourea also expedited the seed germination process and 

exhibited better performance next to 2% KNO3 treatment. In 

control, germination got delayed and took 9 days for initiation 

of germination, 15 days for 50% germination and 22 days for 

completion of germination. 

 Dormancy-breaking treatments demonstrated a 
significant ≤ effect on seed germination percentage 

(Table 1). 2% KNO3 showed the significantly highest 

germination percentage (86.33%), which was followed 

(82.91%) by 2% thiourea. GA3 treated seeds had a lower 

germination percentage than KNO3 and thiourea treatments. 

Hot water soaking treatment recorded a lower germination 

percentage compared to chemical and hormonal treatments. 

Mean daily germination (MDG) under various dormancy-

breaking treatments 

The results indicate that seed treatment with 2% KNO3 resulted 

in a significantly ≤ higher MDG (4.80) over other 

treatments (Fig. 3). Thiourea 2% attained an MDG of 4.36 which 

was lower than the 2% KNO3 treatment. 1% KNO3 had an MDG 

of 3.82 and 1% thiourea showed 3.66 MDG. It was observed that 

MDG increased with an increase in KNO3 and thiourea 

concentrations. GA3 had less effect on MDG compared to 

chemical treatments. MDG slightly varied between GA3 1000 

ppm (3.35) and GA3 500 ppm (3.30). All chemical and hormonal 

treatments were found to have higher MDG than overnight 

night water soaking (3.11) and hot water soaking (3.04) 

treatments. Control exhibited the least MDG (2.78) compared to 

all treatments.  

Effect of various dormancy-breaking treatments on Length 

Vigour Index (LVI) and Weight Vigour Index (WVI) 

Dormancy-breaking treatments significantly ≤ improved 

the seedling Length Vigour Index (LVI) as shown in Table 1. 

Among all treatments, 2% KNO3 was more effective on LVI 

(1085.1) than the control (575.8). After 2% KNO3 treatment, 2% 

thiourea significantly increased the LVI (1003.6) compared to 

the control. The effect of both KNO3 and thiourea on LVI was 

reduced with the 1% concentration compared to 2%. However, 

KNO3 and thiourea at 1% obtained higher LVI than GA3. GA3 

effect on LVI was found to be less than chemical treatments. 

Water soaking treatments also boosted the LVI but the effect 

was significantly lower compared to chemical treatments. 

 Results of the seedling Weight Vigour Index (WVI) 
revealed significant ≤ differences between the 

treatments (Table 1). KNO3 and thiourea chemical treatments 

followed the same trend for WVI with the highest WVI of 12.67 in 

2% KNO3 and 10.12 in 2% thiourea treated seeds. KNO3 and 

thiourea at 1% concentration exhibited a lower WVI than at 2%. 

On the other hand, chemical treatments at both 1% and 2% 

showed a significant increase in WVI compared to GA3. WVI was 

significantly higher with GA3 1000 ppm than overnight water 

soaking while GA3 500 ppm obtained a WVI on par with 

overnight water soaking. The WVI was lower in the hot water 

soaking treatment compared to other treatments. The lowest 

WVI of 3.67 was observed in control. 

 

Fig. 2. Response of seed germination to dormancy-breaking treatments in Carissa carandas L. 

Fig. 3. Effect of dormancy breaking treatments on Mean daily germination 
(MDG) in Carissa carandas L. 
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Growth performance of seedlings under various dormancy-

breaking treatments 

Shoot length, root length and seedling length 

The longest shoot length was observed in 2% KNO3 and 2% 
thiourea which were on par with each other at all times of 

observation (20, 30 and 40 DAS). The shoot length of seedlings 

of 2% thiourea treated seeds was 3.86, 4.24 and 5.62 cm and 

under 2% KNO3 was 3.71, 4.46 and 5.43 cm at 20, 30 and 40 DAS, 

respectively. All the pre-sowing treatments had a positive effect 

on shoot length and increased the shoot length more than the 

control (Fig. 4). The shortest shoot lengths of 2.13, 3.12 and 3.92 

cm were recorded at 20, 30 and 40 DAS, respectively in the 

control.   

 All the treatments augmented the root length of                          

C. carandas L. (Fig. 5). The maximum root length of 5.49 cm at             

20 DAS, 6.13 cm at 30 DAS and 7.34 cm at 40 DAS was obtained in 

2 % KNO3. The root length observed in 2% thiourea was also on 

par with the 2 % KNO3 at all the times of observations. GA3 

treatment had less effect on shoot and root length than chemical 

treatments. The control showed the lowest root length of 3.27, 

4.31 and 5.13 cm at 20, 30 and 40 DAS, respectively.  

 The length of the seedlings raised under different 

dormancy-breaking treatments was measured at 40 DAS and it 

was found that all the treatments positively influenced the 

seedling length (Fig. 6). The seedling length was significantly 

higher (12.57 cm) in 2 % KNO3 which remained on par with the 

2% thiourea (12.1 cm). GA3 also increased the seedling length 

but exhibited less effect than KNO3 and thiourea. The lowest 

seedling length (9.41cm) was observed in control. 

 

Effect of various dormancy-breaking treatments on biomass 

production 

The seedlings of the 2% KNO3 treated seeds had the significantly 
≤ highest shoot  and root fresh weight (0.587 g and 0.1967 

g) as compared to control (0.215 g and 0.0726 g). 2% thiourea 

produced the seedlings with the fresh shoot weight of 0.452 g and 

root weight of 0.1527 g (Table 2). Similar to the fresh weight of 

shoot and root, 2 % KNO3 had the highest dry shoot (0.108 g) and 

root (0.039 g) weight which was followed by 2% thiourea (0.092 g 

and 0.0306 g). Hormonal treatments had a moderate effect on 

shoot and root weight and stood next to the chemical treatments. 

Among the treatments, hot water soaking showed a little 

improvement in both fresh and dry root and shoot weight. 

Control recorded the lowest fresh as well as dry shoot and root 

weight.  

 The results of the fresh and dry weight of seedlings 

indicate that 2% KNO3 had a significant ≤ effect on 

seedlings fresh (0.784 g) and dry weight (0.147 g) and after this 

treatment, 2% thiourea was the effective treatment (0.605 g and 

Fig. 5. Effect of dormancy-breaking treatments on root length of Carissa 
carandas L. 

Treatments Germination capacity (%) Length Vigour Index (LVI) Weight Vigour Index (WVI) 

Control 61.19h 575.8g 3.67g 
GA3 500 ppm -1h soaking 67.15f 709.8e 6.038ef 

GA3 1000 ppm -1h soaking 71.51e 770.9de 6.54e 
KNO3 1% -1h soaking 80.14c 924.0c 8.76c 
KNO3 2% -1h soaking 86.33a 1085.1a 12.67a 

Thiourea 1% -1h soaking 76.83d 897.4c 7.78d 
Thiourea 2% -1h soaking 82.91b 1003.6b 10.12b 
Overnight water soaking 68.35f 794.9d 5.51f 

50°C hot water soaking -10 min 63.84g 640.3f 4.37g 
SEm ± 1.103 30.05 0.435 

Table 1. Effect of dormancy breaking treatments on germination potential and seedling vigour index of Carissa carandas L. seed 

Mean data are presented. Mean data within a column with different letters(a-h) represent significant differences (p ≤ 0.05) and the same letters indicate that they 
aren’t significantly different. 

Fig. 4. Effect of dormancy-breaking treatments on shoot length of Carissa 
carandas L. 

Fig. 6. Effect of dormancy-breaking treatments on seedling length of Carissa 
carandas L. 
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0.122 g). GA3 effect on the biomass production of seedlings was 

less than the chemical treatments. The hot water treatment 

showed a minimal effect on seedling biomass production 

compared to other treatments. 

Relationship between seed germination potential and seedling 

growth traits  

Correlation analysis between germination indices and seedling 
growth traits indicates that germination indices viz., seed 

germination capacity and MDG rate were positively correlated 

with the seedling growth parameters such as shoot and root 

length, seedling fresh and dry weight, seedling LVI and seedling 

WVI. All the parameters exhibited a strong positive correlation 

with an r-value of more than 0.8 (Fig. 7). Germination capacity 

demonstrated a significantly positive linear relationship with 

seedling growth traits by having r values of 0.91, 0.93, 0.97, 0.97, 

0.98 and 0.99 with seedling length, root dry weight, shoot dry 

weight, seedling dry weight, WVI and LVI respectively. Similarly, 

MDG also proved to have a significantly positive relationship 

(>0.8) with the seedling growth traits.  

 

Discussion 

Among the treatments, KNO3 had a maximum germination 

percentage of 86.33% and showed considerable improvement 

in seed germination capacity by 25.14% compared to 

untreated control seeds. The significant positive effect of KNO3 

on germination potential observed in the present study (Fig. 7) 

is in agreement with the findings of previous studies which 

reported that KNO3 enhances cell wall permeability and 

increases water absorption, which augments the enzyme 

activity and cellular metabolism that promote germination (25, 

26). The higher germination percentage might be because 

KNO3 helps stimulate metabolic processes in the seeds (35) and 

modulates the ABA metabolism or signaling in seed 

development (36, 37).   

 Seed treatments with chemicals such as KNO3 and 

thiourea showed better results on seed germination and 

seedling growth traits at a dose of 2% compared to 1%. These 

results indicate that 2% is the optimum dose of KNO3 and 

thiourea for seed treatment to markedly improve the seed 

germination and seedling growth of C. carandas L. 

 GA3 treatment also showed a favorable role in 

germination but its effect in improving seed germination was 

found to be lower compared to KNO3 and thiourea. GA3 can 

break the seed dormancy and improve the germination (38, 

39). GA3 at a higher concentration (1000 ppm) had a higher seed 

germination percentage compared to a lower concentration 

(500 ppm). The previous studies indicated that physiological 

dormancy in seeds hampers radicle protuberance, delaying 

seed emergence until changes occur in GA3 and ABA levels (40-

42). Changes in chemicals are taking place due to hormone 

imbalance of growth regulators such as GA3 and growth 

inhibitors like ABA (43, 44). Dormant seeds contain high 

amounts of ABA while GA3 is present at low levels. Thus, 

treating the seeds with a high dose of GA3 promotes seed 

emergence (44). It has been reported that GA3 might overcome 

the seed dormancy and result in an improvement in seed 

emergence (45). The previous research highlighted that GA3 

induces metabolic processes in the embryo, which are needed 

to instigate the emergence process (35). 

 Pre-sowing treatments had a favorable effect on both 

shoot and root length. Among all treatments, 2% KNO3 and 2% 

thiourea had the maximum shoot, root length and seedling 

vigour index. Accelerated seed germination under KNO3 and 

thiourea might have increased the rate of cell division and 

elongation and consequently increased seedling length. KNO3 

has an advantageous effect on seed germination and seedling 

growth (39, 46). They pointed out that the enhanced seed 

germination and seedling growth might be due to faster seed 

germination and increased enzyme activity with KNO3 

application. KNO3 priming has been shown to increase the 

shoot length in tomatoes (47).  

Table 2. Effect of various dormancy-breaking treatments on biomass production of Carissa carandas L. (40 Days after sowing) 

Treatments 
            Fresh weight (g) Dry weight (g) 

Fresh weight 
(g) Dry weight (g)   

              Shoot Root    Shoot Root   Seedling Seedling 

 Control 0.215g 0.0726g 0.041h 0.0187f 0.2876g 0.0600h 

GA3 500ppm -1h soaking 0.319e 0.1043e 0.070e 0.0204d 0.4233e 0.0899e 

GA3 1000ppm -1h soaking 0.327e 0.1060e 0.070e 0.0214d 0.4330e 0.0915e 

KNO3 1% -1h soaking 0.418c 0.1341c 0.083c 0.0268c 0.5521c 0.1094c 

KNO3 2% -1h soaking 0.587a 0.1967a 0.108a 0.0393a 0.7837a 0.1468a 

Thiourea 1% -1h soaking 0.374d 0.1287d 0.076d 0.0257c 0.5027d 0.1013d 

Thiourea 2% -1h soaking 0.452b 0.1527b 0.092b 0.0306b 0.6047b 0.1221b 

Overnight water soaking 0.298ef 0.0953f 0.060f 0.0203d 0.3933e 0.0806f 

50°C hot water soaking -10 min 0.280f 0.0943f 0.050g 0.0189f 0.3743f 0.0684g 

SEm ± 0.016 0.0010 0.002 0.0012 0.0198 0.0039 

Mean data are presented. Mean data within a column with different letters represent significant differences (p ≤ 0.05) and the same letters indicate that they 
aren’t significantly different 

Fig. 7. Association between seed germination potential and seedling growth. 
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 Thiourea application has been reported to enhance plant 
growth (48). Thiourea actively regulates a series of physiological, 
developmental and biochemical processes in plants (49). 
Followed by KNO3 and thiourea, GA3 increased the shoot and root 
length. The increase in shoot length could be attributed to the 
inherent ability of GA3 to enhance cell division and elongation 
(50). GA3 signaling might increase calcium and protein content 
and result in increased root growth (51).  

 It is evident from the results that 2% KNO3 has 
substantially increased the fresh and dry biomass of seedlings 
compared to the control. Seeds treated with 2% thiourea also 
showed a significant improvement in seedling weight. KNO3 and 
thiourea can enhance the metabolic activities of cells and 
subsequently increase biomass accumulation in the seedlings 
(46). Increased seedling dry weight might be due to an increase in 
shoot and root length (52). The results of seedling dry weight 
corroborate the findings of a previous study (53). Exogenous 
application of GA3 raised the auxin amount in the roots which 
promoted root cell elongation as well as nutrient uptake. This led 
to an increase in root length and secondary fibrous roots and 
thereby enhanced the seedlings fresh and dry weight (54). KNO3 
treated seeds have the highest vigour index because KNO3 
participates in catalytic activity and conversion of complex sugar 
to simple glucose (52). The high vigour index of KNO3 treated 
seeds could be attributed to high germination percentage, shoot 
and root length. KNO3 might have facilitated the assimilation and 
efficient dispersal of nutrients in the seedling, thus resulting in a 
high seedling vigour index compared to other pre-sowing 
treatments.    

 The relationship between seed germination potential 
and seedling growth was found to be significantly positive. This 
indicates that the pre-sowing treatment with higher germination 
potential could enhance seedling growth and emphasise the 
vital role of appropriate pre-sowing technique in improving the 
seedling growth and vigour.    

 

Conclusion 

The study investigated the effect of different dormancy breaking 

treatments viz., chemical treatment with KNO3 and thiourea at 

two concentrations (1% and 2%), hormonal treatment with GA3 

at two concentrations (500 and 1000 ppm) and physical (hot 

water and simple water soaking) treatments to identify the 

effective treatment for breaking seed dormancy, improve 

germination potential and seedling growth in C. carandas L. The 

results obtained from the study indicate that 2% KNO3 is the best 

treatment for seed dormancy-breaking over all other pre-sowing 

techniques. The seeds treated with 2% KNO3 had shortened 

germination time, increased seed germination percentage and 

improved seedling growth, vigour index and biomass 

accumulation, compared to other treatments. The GA3 

application showed less effect on seed dormancy-breaking, seed 

germination, seedling growth and vigour compared to chemical 

treatments. The effect of hot water treatments on the examined 

traits was comparatively lower than both chemical and 

hormonal treatments. The findings of the study can be applied 

for effective seed propagation and enhancement of seedling 

growth in C. carandas L. Seed germination is pivotal for the 

formulation of conservation strategies and sustainable use of 

plant species. Further research on evaluating the efficacy of 

various dormancy-breaking methods in various genotypes of C. 

carandas under diversified environmental conditions will pave 

the way for enhancing seed germination potential, sustainable 

utilization and large-scale cultivation of various C. carandas 

genotypes. 
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