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ABSTRACT

This experiment was carried out in Fish laboratory 
of National Agriculture Modernization Program, Pro-
gram Implementation Unit, Bara, Nepal to determine 
the effects of different priming agents on the germi-
nation and seedling growth parameters of spring rice 
varieties. The research was conducted in a controlled 
laboratory setting based on a 2-Factor Completely 
Randomized Design. Factor A consisted of 3 spring 
rice varieties (Hardinath hybrid-1, Sukha dhan-3 and 
Chaite-5) and factor B consisted of 7 priming agents 
(Hydro, NaCl 5%, ZnSO4 2%, FeCl3 2%, PEG 6000 
5%, Gibberellin 10 mg/L of water, and Cow urine 20 
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ml/L of water). The treatments were replicated three 
times. Parameters related to germination (germination 
percentage, germination index, mean germination 
time, germination energy) and seedling growth (root 
length, root weight, shoot length, shoot weight, root 
to shoot ratio, seedling vigor index) were recorded. 
The result showed significant variation for varieties, 
priming agents and their interactions on most of the 
germination and seedling growth parameters. Among 
the given varieties, Sukha dhan-3 performed overall 
better than others in terms of all the germination 
parameters and most of the seedling growth traits. 
Among the priming agents, gibberellin, PEG 6000 
and hydropriming improved germination indices and 
seedling growth, while Cow urine also emerges as a 
promising option, particularly for Hardinath hybrid-1. 
The interaction effect exhibited that Sukhadhan-3 
treated with gibberellin, PEG 6000 and hydro priming 
gave the best results, overall. Chaite-5 showed inferi-
or performance as a variety and for the given priming  
agents as compared to other varieties. However, hydro 
and Cow Urine priming can be considered locally to 
enhance the germination and seedling growth parame-
ters for the desired variety according to the preference  
of farmers  and  given  climatic  conditions.

Keywords   Germination, Priming, Seedling growth 
parameters, Variety.

INTRODUCTION

Nepal is considered an agricultural country where 
around two-third of the population is directly in-
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volved in the agriculture sector, and this sector is 
responsible for up to 23.5% of the country’s total 
GDP (Nepal Rastra Bank 2022). The agricultural 
landscape of Nepal is predominantly characterized 
by rice cultivation which occupies the largest share 
of arable land. The agriculture sector rose by 3.0% 
in Fiscal Year (FY) 2024 after rising by 2.8% in 
FY2023 mostly driven by increased rice production. 
The paddy yield, which holds for about 17% share 
of agriculture GDP, increased by 4.3% in FY2024, 
supported by normal monsoon, and timely availability 
of farm inputs, particularly chemical fertilizer (Asian 
Development Bank 2024). 

In Nepal, rice cultivation is practiced mainly in 
Rainy season and spring season. While most of the 
attention is given to the Rainy Season Rice, spring rice 
also holds account for backing the food security and 
maintaining the balance (Regmi et al. 2023). More-
over, its production capacity is more in comparison 
to the Rainy Season Rice even though the production 
area is low (Niraula and Baral 2024). 

Seed priming is a pre-sowing technique which 
involves soaking the seeds in water or any other de-
sirable solution for a specific period of time which 
interferes with seed germination process and enhances 
it (Ebha and Karki 2023). Seed priming influences the 
seedling development by promoting metabolic activ-
ities before the emergence of radicle and improving 
germination rate and better plant performance on the 
actual field (Amir et al. 2024). Various studies on 
this field reveal that seed priming on any crop seed 
has a positive impact on germination rate, seedling 
establishment, crop stand, plant vigor, and overall 
plant performance throughout the growing period. 

Spring rice is generally limited by poor germina-
tion and poor seedling establishment leading to a less 
vigor plant with weak crop establishment (Subedi et 
al. 2015). Germination and seedling establishment are 
two critical stages that determine the performance of 
the plant in the actual field (Dhami et al. 2024). More-
over, weak seedlings are susceptible various kinds of 
abiotic and biotic stresses. Due to gap in the canopy 
from poor germination and less vigors plant, weed 
emerges and establish itself quickly and competes 
for space, light and nutrients resulting in reduction 

of yield for the main plant (Subedi et al. 2015). Even 
crop failure might occur due to poor germination and 
poor seedling  establishment (Dhami et al. 2024). 
Seed priming technique had demonstrated to increase 
the overall germination rate, with improved agronom-
ic traits of plants in the field (Ebha and Karki 2023). 
After priming rice seed develops a strong seedling 
quality, rapid emergence and high seedling rate, all 
of which contributes to increased yield at harvest. 
Hence, this study was carried out to determine the 
potential priming agents  that enhances early vigor 
and  growth  of  popular spring  rice varieties of Nepal.

MATERIALS AND METHODS

Research site and time period

The experiment was conducted in the Fish laboratory 
of National Agriculture Modernization Program, 
Program Implementation Unit,  Bara, located at an al-
titude of 103 meters above sea level (27º 02’ 0’’ N, 85º 
0’ 0’’ E). Spanning from 19th May to 3rd July  2025, the  
study  assessed  key physiological responses under 
controlled conditions, ensuring precise observation 
of germination and early seedling growth.

Climatic conditions during the research period

The climatic data from 19th May to 3rd June, 2025 
were taken to consideration for this analysis (Fig.1).

Experiment details

The details of the experiment are discussed below 
(Table 1).

Preparation of priming solutions

All the priming agent solutions were prepared in a 100 
mL solution. The calculation of priming treatments 
was done by using the following formula (Harvey  
2000):

Weight-to-volume % (%w/v) = gm solute/100 mL 
solution 

Post priming operations

After 24 hrs of priming, the soaked seeds were re-
moved and placed in a paper towel for 12 hrs until the 
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moisture absorbed by the seeds reduced to its original 
weight. Out of 20 grams of seeds that were primed, 
30 seeds were selected for each treatment.

Medium of germination

Filter paper was used as a substrate in the petri plate 
for germination. The seeds were uniformly distributed 
on the sterile petri plate to test for germination under 
controlled condition. The filter paper was changed 
every 2 days to avoid any kind of contamination. The  
petri  dishes were  remained  covered  for 5 days, after  
which  they were uncovered once more than 50%  of  
the  seeds  had  germinated.

Data collection parameters 

The number of germinated seeds was recorded daily 
from the first day until the 7th day, when germina-
tion stabilizes, with minimal variation observed on 
consecutive days. On the 12th day, root length, shoot 
length, fresh shoot weight, and fresh root weight were 
measured. Subsequently, the roots and shoots from 
each treatment were oven dried at 85ºC for 48 hrs, 
after which their dry weights were recorded (Veer-
endra et al. 2023).

Seed germination percentage (%)

The germination percentage was calculated using the 
following formula (Kader 2005):
                                      
Seed germination            Number of normal seedlings
           (%)               =    ————————————— ×100%
                               

        Total number of seeds 

 
Mean Germination Time (MGT)

The given formula was used to calculate mean ger-
mination time (Kader 2005).

                                  ∑(D * n)
               MGT   =  ———————
                                           ∑n

Where D represents the number of days counted from 
the onset of germination, and n denotes the number 
of seeds that germinated each day.

Fig. 1. Climatic data of Kalaiya, Bara from May 19th to June 3rd, 2025.

Table 1. Details of experiment.

	 Design        Two factorial complete randomized design
	
	 Factor A 	 Three spring rice varieties
		  1.	Hardinath hybrid-1 
		  2.	Sukha dhan-3
		  3.	Chaite-5
	 Factor B	 Seven priming agents
		  1.	Hydro
		  2.	Sodium chloride (NaCl) 5%
		  3.	Gibberellin 10 mg/liter of water
		  4.	Polyethylene glycol (PEG) 6000 5%
		  5.	Zinc sulfate (ZnSO4) 2%
		  6.	Ferric chloride (FeCl3) 2% 
		  7.	Cow urine 20 mL/ liter of water
	 Replication			     3
	 Total experimental plots	 63
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Germination Energy (GE)

Germination energy was calculated as (Yadav et al. 
2023)

   Germination Energy (GE) = % of seed germinated in 72 hrs 

Germination Index (GI) 

This parameter was calculated as (Kader 2005)

                                                Gi                                           GI =  ∑(———)
                                                  D

Gi = Number of seeds germinated on ith day (sum 
across replications)

                                D = ith day

Root and Shoot Length

After 12 days, 10 sample plants were carefully re-
moved from the petri dishes, and the root length was 
measured from the tip of the root apex to the root 
base and shoot length was measured from the tip of 
the shoot apex to the shoot base.

Root and Shoot Fresh weight

Twenty sample plants from each experimental unit 
were collected, and the roots and shoots were careful-
ly separated using a knife. The root and shoot portions 
were then weighed on a precision scale separately, 
and the weight was recorded in grams and averaged 
for each treatment.

Root and Shoot Dry Weight

After recording the fresh weight of the root and shoot 
portion, the roots and shoots were wrapped in alumi-
num foil separately and left to dry for 48 hrs at 85ºC 
in the hot air oven (Veerendra et al. 2023). After the 
drying period, the dry weight of the roots and shoots 
were measured.

Root to Shoot Ratio (RSR)

Root to shoot ratio was calculated using following 
formula:
                               Root length (cm)
                     RSR =  —————————
                                      

Shoot length (cm)

Seedling Vigor Index (SVI)

Seedling Vigor Index was calculated through the 
following formula (Yadav et al. 2023): 

                   Mean seedling length×Germination percentage
     SVI =  ————————————————————
                                        

          100

Statistical analysis

The recorded data were organized and tabulated in a 
Microsoft Excel version 2021. All calculations were 
performed in Excel and subsequently processed for 
analysis in R Studio version 4.4.2, and conclusions 
were drawn based on the results.

RESULTS AND DISCUSSION

Effect of variety on germination and seedling 
growth parameters

Effect on germination parameters due to variety

The analysis of variance revealed significant differ-
ences among the tested varieties for all of germination 
parameters (Table  2). Germination percentage varied 
significantly, with Sukha dhan-3 recording the high-
est value of 94.76%, which was statistically higher 
than Hardinath hybrid-1 with 86.98% and Chaite-5 
with 86.03%. Germination energy and germination 

Table 2. Effect of varieties and priming agents on germination 
parameters at Kalaiya, Bara, during 2025.

	 Variety	 Germina-	   Germina-	  Mean	 Germina-     
		      tion	      tion	 germina-	 tion index
		  percentage	     energy 	 tion time 
			         (%)	   (days)

	 Hardinath
	 hybrid-1		  86.98ᵇ		  85.24b		  2.08b		  43.19b	
	 Sukha dhan-3	 94.76a		  92.70a		  1.69c		  56.79a

	 Chaite-5		  86.03ᵇ		  83.17ᵇ		  2.19ᵃ		  41.03ᵇ
	 LSD (5%)		  3.11		  3.27		  0.1		  2.2
	 F-Probability	 ***		  ***		  ***		  ***
	 SEm		  2.765		  2.89		  0.15		  4.93
	 Priming agent
	 Hydro 		  93.33ᵃ		  91.11ᵃ		  1.79ᶜ		  53.06ᵇ
	 NaCl		  84.07ᵇ		  77.04ᶜ		  2.86ᵃ		  30.11ᵉ
	 Gibberellin		  92.59ᵃ		  90.37ᵃ		  1.52ᵈ		  59.34ᵃ
	 PEG 6000		  88.52ᵃᵇ		  87.41ᵃᵇ		  1.82ᶜ		  49.54ᶜ
	 ZnSO₄		  88.89ᵃᵇ		  88.15ᵃᵇ		  2.12ᵇ		  42.26ᵈ   
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index were significantly higher in Sukha dhan-3 with 
92.70% and 56.79 respectively indicating its superior-
ity in seed vigor than other two varieties. The lowest 
germination energy and germination index were re-
corded for Chaite-5 with 83.1% and 41.30 respective-

ly which were statistically similar to the germination 
energy and germination index of Hardinath hybrid-1 
with 85.24% and 43.19 respectively. Sukhadhan-3 
also observed the lowest mean  germination time with 
1.69 days indicating a faster and uniform germination 
process varying significantly with Hardinath hybrid-1 
and Chaite-5, having mean germination time of 2.08 
days and 2.19 days, respectively.

Effect on seedling growth parameters due to 
variety

Seedling growth parameters including root length, 
shoot length, root shoot ratio, root fresh weight, root 
dry weight and seedling vigor index showed signif-
icant differences while shoot fresh weight and shoot 
dry weight showed no significant differences within 
the given varieties (Table 3). Highest root length 
(5.61cm) was found in Sukha dhan-3 whereas highest 
shoot length was found in Hardinath hybrid-1 (7.57 
cm). Root to shoot ratio was significantly higher for 
Sukha dhan-3 (0.85). Root fresh and dry weight were 
significantly higher for Sukha dhan-3 while root fresh 
weight was statistically similar to that of Hardinath 

Table 2. Continued.

	 Variety	 Germina-  	 Germina-	   Mean	 Germina-     
		      tion	     tion	 germina-	 tion index
	                     percentage	   energy 	 tion time 
			       (%)	   (days)

	 FeCl₃		  85.56ᵇ		  84.07ᵇ		  2.06ᵇ		  41.35ᵈ
	 Cow urine		  91.85ᵃ	    91.11ᵃ		  1.73ᶜ		  53.40ᵇ
	 LSD (5%)		  4.74		  4.99		  0.15		  3.36
	 F-Probabi-
	 lity		  **		  ***		  ***		  ***
	 SEm		  1.34		  1.92		  0.16		  3.7
	 CV (%)		  5.59		  6.03		  7.86		  7.52
	 Grand mean		 89.26		  87.04		  1.98		  47

Note: Treatments means with distinct alphabetical letters signify 
significant differences determined by the Duncan Multiple Range 
Test (DMRT) at P ≤ 0.05. **Significant at 1% level of significance, 
***Significant at 0.1% level of significance, LSD: Least significant 
difference, SEm: Standard error of the mean, CV: Coefficient of 
variation.

Table  3.  Effect of varieties and priming agents on seedling growth parameters at Kalaiya, Bara, during 2025.

	 Variety	 Root length   Shoot length  Root : Shoot   Root fresh     Shoot fresh 	  Root dry	 Shoot dry	 Seedling 
		  (cm)	 (cm)		  weight (g)      weight (g)      weight (g)	 weight (g)	 vigor index

	 Hardinath hybrid-1	 4.54ᵇ	 7.57ᵃ	 0.59ᵇ	 0.33ᵃ	 0.31	 0.06ᵃ	 0.08	 10.54ᵇ
	 Sukha dhan-3	 5.61ᵃ	 6.53ᵇ	 0.85ᵃ	 0.34ᵃ	 0.32	 0.07ᵃ	 0.08	 11.55ᵃ
	 Chaite-5	 4.03ᶜ	 6.05ᶜ	 0.66ᵇ	 0.25ᵇ	 0.29	 0.06ᵇ	 0.08	 8.65ᶜ
	 LSD	 0.51	 0.30	 0.07	 0.08	 –	 0.01	 –	 0.75
	 F-Probability	 ***	 ***	 ***	 *	 NS	 ***	 NS	 ***
	 SEm	 0.47	 0.45	 0.08	 0.03	 0.01	 0.003	 0.001	 0.85
	 Priming agent
	 Hydro 	 5.29a	 7.08ab	 0.75a	 0.31	 0.28	 0.067	 0.09	 11.62a

	 NaCl	 5.34a	 6.76b	 0.79a	 0.41	 0.34	 0.064	 0.08	 10.24bc

	 Gibberellin	 5.22a	 6.75b	 0.78a	 0.32	 0.32	 0.066	 0.07	 11.08ab

	 PEG 6000	 5.44a	 6.75b	 0.81a	 0.30	 0.32	 0.064	 0.08	 10.82ab

	 ZnSO₄	 2.31c	 5.23c	 0.46b	 0.23	 0.30	 0.057	 0.07	 6.68d

	 FeCl₃	 3.74b	 7.51a	 0.50b	 0.26	 0.28	 0.065	 0.08	 9.60c

	 Cow urine	 5.74a	 6.92b	 0.84a	 0.36	 0.33	 0.070	 0.08	 11.68a

	 LSD (5%)	 0.78	 0.46	 0.11	 –	 –	 –	 –	 1.15
	 F-Probability	 ***	 ***	 ***	 NS	 NS	 NS	 NS	 ***
	 SEm	 0.47	 0.27	 0.06	 0.02	 0.01	 0.002	 0.002	 0.66
	 CV (%)	 17.27	 7.22	 16.21	 42.88	 22.17	 14.43	 19.49	 11.75
	 Grand mean	 4.73	 6.72	 0.70	 0.31	 0.31	 0.06	 0.08	 10.25

Note: Treatments means with distinct alphabetical letters signifies significant differences determined by the Duncan Multiple Range 
Test (DMRT) at P ≤ 0.05. *Significant at 5 % level of significance, ***Significant at 0.1 % level of significance, NS: Non-significant, 
LSD: Least significant difference, SEm: Standard error of the mean, CV: Coefficient of variation.
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hybrid-1. The seedling vigor index varied significant-
ly where Sukha dhan-3 produces the highest value 
(11.55) superior to Hardinath hybrid-1 (10.54) and 
Chaite-5 (8.65).

Effect of priming agents on germination and seed-
ling growth parameters

Effect on germination parameters due to priming 
agents

Different priming agents showed significant variation 
for the germination parameters (Table 2). Hydro 
priming showed the highest germination percent-
age (93.33%) which is statistically similar with the 
germination percentage obtained with gibberellin 
(92.59%) and cow urine (91.85%). Germination 
energy varied significantly, where hydro and cow 
urine priming obtained the highest value of 91.11% 

which is statistically similar to the value observed 
for gibberellin (90.37%). Gibberellin showed the 
lowest mean germination time (1.52 days), while 
those primed with NaCl showed the highest mean 
germination time (2.86 days). Germination index also 
showed a significant variation among different prim-
ing agents, where gibberellin (59.34) outperformed 
other priming agents followed by cow urine (53.40) 
and hydro priming (53.06) which were statistically 
similar to each other. 

Effect on seedling growth parameters due to 
priming agents

Seedling growth parameters varied markedly among 
different priming agents (Table 3). Cow urine pro-
duces maximum root length (5.74 cm) which was 
statistically similar to that of PEG 6000 (5.44 cm), 
NaCl (5.34 cm), hydro (5.29 cm) and gibberellin 

Table  4.  Effect of interaction between varieties and priming agents on germination parameters at Kalaiya, Bara during 2025.

	 Variety	 Priming agent	  Germination 	  Germination             Mean germination 	 Germination index
			    percentage	  energy (%)	      time (days)

	 Hardinath hybrid-1	 Hydro	 94.44ᵃᵇᶜ	 91.11ᵃᵇᶜ	 2.04ᶜᵈᵉᶠ	 48.16ᶜᵈ
		  NaCl	 86.67ᵇᶜᵈᵉ	 85.56ᵇᶜᵈᵉ	 2.61ᵇ	 33.47ⁱ
		  Gibberellin	 87.78ᵇᶜᵈᵉ	 84.44ᶜᵈᵉ	 1.75ᶠᵍ	 50.95ᵇᶜ
		  PEG 6000	 81.11ᵈᵉᶠ	 80.00ᵈᵉ	 2.06ᶜᵈᵉ	 40.53ᵉᶠᵍʰ
		  ZnSO₄	 85.56ᶜᵈᵉᶠ	 84.44ᶜᵈᵉ	 2.22ᶜᵈ	 38.61ᵍʰⁱ
		  FeCl₃	 78.89ᵉᶠ	 77.78ᵉ	 1.90ᵉᶠᵍ	 41.34ᵉᶠᵍʰ
		  Cow urine	 94.44ᵃᵇᶜ	 93.33ᵃᵇᶜ	 1.95ᵈᵉᶠᵍ	 49.27ᶜ
	 Sukha dhan-3	 Hydro	 97.78ᵃ	 96.67ᵃ	 1.40ʰ	 64.95ᵃ
		  NaCl	 88.89ᵃᵇᶜᵈ	 78.89ᵈᵉ	 2.84ᵇ	 32.46ⁱ
		  Gibberellin	 95.56ᵃᵇ	 95.56ᵃᵇ	 1.13ʰ	 70.83ᵃ
		  PEG 6000	 97.78ᵃ	 96.67ᵃ	 1.38ʰ	 65.61ᵃ
		  ZnSO₄	 92.22ᵃᵇᶜ	 91.11ᵃᵇᶜ	 1.89ᵉᶠᵍ	 47.96ᶜᵈ
		  FeCl₃	 95.56ᵃᵇ	 94.44ᵃᵇᶜ	 1.97ᵈᵉᶠᵍ	 47.05ᶜᵈᵉ
		  Cow urine	 95.56ᵃᵇ	 95.56ᵃᵇ	 1.21ʰ	 68.66ᵃ
	 Chaite-5	 Hydro	 87.78ᵇᶜᵈᵉ	 85.56ᵇᶜᵈᵉ	 1.93ᵈᵉᶠᵍ	 46.06ᶜᵈᵉᶠ
		  NaCl	 76.67ᶠ	 66.67ᶠ	 3.13ᵃ	 24.40ʲ
		  Gibberellin	 94.44ᵃᵇᶜ	 91.11ᵃᵇᶜ	 1.69ᵍ	 56.26ᵇ
		  PEG 6000	 86.67ᵇᶜᵈᵉ	 85.56ᵇᶜᵈᵉ	 2.03ᵈᵉᶠ	 42.47ᵈᵉᶠᵍ
		  ZnSO₄	 88.89ᵃᵇᶜᵈ	 88.89ᵃᵇᶜᵈ	 2.21ᶜᵈ	 40.14ᶠᵍʰ
		  FeCl₃	 82.22ᵈᵉᶠ	 80.00ᵈᵉ	 2.32ᶜ	 35.65ʰⁱ
		  Cow urine	 85.56ᶜᵈᵉᶠ	 84.44ᶜᵈᵉ	 2.01ᵈᵉᶠ	 42.27ᵈᵉᶠᵍ
	 LSD (5%)		  8.22	 8.64	 0.26	 5.83
	 F-Probability		  *	 ***	 ***	 ***
	 SEM		  1.36	 1.67	 0.12	 2.71
	 CV (%)		  5.59	 6.03	 7.86	 7.52
	 Grand Mean		  89.25	 87.04	 1.98	 47

Note: Treatments means with distinct alphabetical letters signify significant differences determined by the Duncan Multiple Range 
Test (DMRT) at P ≤ 0.05. *Significant at 5% level of significance, ***Significant at 0.1% level of significance, LSD: Least significant 
difference, SEm: Standard error of the mean, CV: Coefficient of variation.
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(5.22 cm). FeCl3 showed highest shoot length (7.51 
cm) which was statistically similar to that obtained 
from hydro (7.08 cm) which is also statistically 
similar with shoot length observed from cow urine 
treatment (6.92 cm). Highest root to shoot ratio was 
obtained with cow urine priming (0.84) which is 
statistically similar with the ratio observed with PEG 
6000 (0.81). Biomass indicating parameters which 
include root and shoot dry and fresh weights were 
found to be non-significant  with the given priming 
agents. Seedling vigor  index  showed considerable 
variation within the given priming agents with cow 
urine (11.68) having highest value which was statis-
tically similar to that of hydro priming  (11.62), while 
ZnSO4  (6.68) showed the lowest value.

Effect of interaction between varieties and prim-
ing agents on germination and seedling growth 
parameters

Effect on germination parameters due to inter-
action

The interaction effects of rice varieties with different 
priming agents showed significant differences in 
germination parameters (Table 4).

Germination percentage was highest for Sukha 
dhan-3 (97.78%) when hydro and PEG 6000 priming. 
However, Sukha dhan-3 performed consistently for 
most of the treatments like gibberellin, FeCl3 and cow 
urine, giving similar results (95.56%) while priming 
with NaCl showed the lowest germination percentage 
(88.89%), which was not significantly different. Har-
dinath hybrid-1 performed better with hydro and cow 
urine (94.44%) priming, whereas Chaite-5 only per-
formed well when primed with gibberellin (94.44%).

Germination energy was highly significant, 
where Sukha dhan-3 gave the highest value (96.67%) 
when primed with hydro and PEG 6000. Gibberellin 
(95.56%), cow urine (95.56%), FeCl3 (94.44%), and 
ZnSO4 (91.11%) also showed statistically similar re-
sults, while NaCl (78.89%) showed the lowest germi-
nation energy for Sukha dhan-3. Hardinath hybrid-1 
observed the highest germination energy (93.33%) 
when primed with cow urine, and hydro priming 
(91.11%) also showed statistically similar results. 

The lowest value for germination energy in Hardi-
nath hybrid-1 was observed with FeCl3 (77.78%). 
Chaite-5 observed the highest germination energy for 
gibberellin (91.11%) and lowest with NaCl (66.67%).

Mean germination time was highly significant 
for the interaction effect of rice varieties and priming 
agents. Sukha dhan-3 observed lowest mean germina-
tion time (1.40 days) with hydro priming which was 
statistically similar to PEG 6000 (1.38 days), cow 
urine (1.21 days) and gibberellin (1.13 days) whereas 
highest mean germination time for Sukha dhan-3 was 
observed with NaCl (2.84 days). Hardinath hybrid-1 
obtained lowest mean germination time for gibber-
ellin (1.75 days) and highest with NaCl (2.61 days). 
Similarly, Chaite-5 showed lowest mean germination 
time with gibberellin (1.69 days) and highest with 
NaCl (3.13 days).

Germination index was found to be highly signif-
icant for the interaction effect. Highest germination 
index was observed for Sukha dhan-3 when primed 
with gibberellin (70.83) which was statistically sim-
ilar with cow urine (68.66), PEG 6000 (65.61) and 
hydro (64.95) priming while lowest value for Sukha 
dhan-3 was observed when primed with NaCl (32.46). 
Whereas for Hardinath hybrid-1 highest value of 
germination index was obtained with gibberellin 
(50.95) and the lowest with NaCl (33.47). Likewise, 
for Chaite-5, the highest germination index was 
obtained with gibberellin (56.26) and lowest with 
NaCl (24.40).

Effect on seedling growth parameters due to in-
teraction

Seedling germination parameters did not show a sig-
nificant difference for the interaction effect of spring 
rice varieties and priming agents, except for root dry 
weight (Table 5). Although a non-significant result, 
numerically the highest root length was observed for 
Sukha dhan-3 when primed with PEG 6000 (7.13 
cm), and the lowest root length was observed for 
Hardinath hybrid-1 when primed with ZnSO4 (1.76 
cm). Similarly, the highest shoot length was seen in 
Hardinath hybrid-1 when primed with FeCl3 (8.47 
cm) and the lowest was observed for Chaite-5 when 
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primed with ZnSO4 (4.71 cm).  

For root to shoot ratio, the highest value was ob-
served in Sukha dhan-3 with PEG 6000 (1.07) and the 
lowest was observed for Hardinath hybrid-1 (0.29).

 
In case of root fresh weight, the highest value 

was obtained for Sukha dhan-3 in priming with NaCl 
(0.56 g) and lowest value was obtained for Chaite-5 
in priming with ZnSO4 (0.18 g). 

For shoot fresh weight, Sukha dhan-3 showed 
the highest value with gibberellin (0.37 g) and lowest 
value was observed in Chaite-5 with hydro (0.24 g) 
priming. 

Root dry weight showed a significant difference 
for the interaction effect where Hardinath hybrid-1 
showed highest root dry weight when hydro priming 
(0.08 g) which is statistically similar with the dry 
weight obtained for Sukha dhan-3 when primed with 
PEG 6000 (0.08 g), FeCl3 (0.08 g) and cow urine 
(0.08 g). The lowest root dry weight was obtained for 
Hardinath hybrid-1 when primed with ZnSO4 (0.05 g). 

For shoot dry weight the value for the interac-
tion effect ranges from 0.09 g to 0.06 g, showing no 
significant differences. 

Lastly, the seedling vigor index is non-significant 
with the interaction effect, although the highest value 

Table 5.  Effect of interaction between varieties and priming agents on seedling growth parameters at Kalaiya, Bara, during 2025.

	 Variety	    Priming 	 Root        Shoot length       Root:	  Root fresh    Shoot fresh	 Root dry	 Shoot dry	  Seedling	
		   agent	 length	 (cm)             Shoot	  weight (g)     weight (g)    weight (g)   weight  (g)	  vigor	
			    (cm)								        index
	
	 Hardinath-	 Hydro	 5.3	 7.89	 0.67	 0.35	 0.32	 0.08ᵃ	 0.08	 12.46	
	 hybrid-1	
		  NaCl	 5.6	 7.29	 0.77	 0.4	 0.34	 0.07ᵃᵇᶜᵈᵉ	 0.07	 11.14
		  Gibberellin	 5.29	 7.77	 0.68	 0.37	 0.29	 0.06ᵇᶜᵈᵉ	 0.07	 11.45
		  PEG 6000	 5.37	 7.85	 0.7	 0.36	 0.34	 0.06ᵈᵉ	 0.08	 10.7
		  ZnSO₄	 1.76	 5.99	 0.29	 0.2	 0.3	 0.05ᵉ	 0.08	 6.61
		  FeCl₃	 3.44	 8.47	 0.4	 0.24	 0.26	 0.06ᵈᵉ	 0.08	 9.36
		  Cow urine	 4.98	 7.73	 0.64	 0.41	 0.33	 0.06ᵇᶜᵈᵉ	 0.09	 12.03
	 Sukha dhan-3	 Hydro 	 6.47	 6.71	 0.97	 0.32	 0.3	 0.06ᶜᵈᵉ	 0.09	 12.89
		  priming
		  NaCl	 6.07	 6.52	 0.93	 0.56	 0.34	 0.07ᵃᵇᶜᵈᵉ	 0.07	 11.29
		  Gibberellin	 5.71	 6.57	 0.86	 0.33	 0.37	 0.07ᵃᵇᶜᵈ	 0.06	 11.77
		  PEG 6000	 7.13	 6.68	 1.07	 0.33	 0.35	 0.08ᵃᵇ	 0.09	 13.51
		  ZnSO₄	 2.94	 4.98	 0.6	 0.31	 0.31	 0.06ᵇᶜᵈᵉ	 0.06	 7.3
		  FeCl₃	 4.27	 7.25	 0.59	 0.25	 0.26	 0.08ᵃᵇ	 0.09	 10.97
		  Cow urine	 6.71	 6.99	 0.96	 0.36	 0.34	 0.08ᵃᵇᶜ	 0.07	 13.08
	 Chaite-5	 Hydro 
		  priming	 4.1	 6.64	 0.61	 0.26	 0.24	 0.06ᵈᵉ	 0.09	 9.49
		  NaCl	 4.33	 6.48	 0.67	 0.28	 0.34	 0.06ᶜᵈᵉ	 0.08	 8.29
		  Gibberellin	 4.67	 5.92	 0.79	 0.26	 0.29	 0.06ᶜᵈᵉ	 0.07	 10.01
		  PEG 6000	 3.8	 5.73	 0.66	 0.2	 0.27	 0.06ᵈᵉ	 0.08	 8.24
		  ZnSO₄	 2.22	 4.71	 0.48	 0.18	 0.3	 0.06ᵈᵉ	 0.08	 6.14
		  FeCl₃	 3.52	 6.81	 0.52	 0.29	 0.31	 0.06ᶜᵈᵉ	 0.08	 8.48
		  Cow urine	 5.53	 6.05	 0.91	 0.3	 0.31	 0.07ᵃᵇᶜᵈ	 0.07	 9.93
	 LSD (5%)		  –	 –	 –	 –	 –	 0.01	 –	 –
	 F-Probability		  NS	 NS	 NS	 NS	 NS	 *	 NS	 NS
	 SEM		  0.31	 0.21	 0.04	 0.02	 0.01	 0.002	 0.002	 0.47
	 CV (%)		  17.27	 7.22	 16.21	 42.88	 22.17	 14.43	 19.49	 11.75
	 Grand mean		  4.73	 6.72	 0.70	 0.31	 0.31	 0.06	 0.08	 10.25  

Note:  NaCl: Sodium Chloride, PEG: Polyethylene glycol, ZnSO4: Zinc sulphate, FeCl3: Ferric chloride. Treatments means with distinct 
alphabetical letters signifies significant differences determined by the Duncan Multiple Range Test (DMRT) at P ≤ 0.05. *Significant at 
5% level of significance, LSD: Least significant difference, SEm: Standard error of the mean, CV: Coefficient of variation.
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for seedling vigor index was observed for Sukha 
dhan-3 when primed with PEG 6000 (13.51), and the 
lowest value was obtained for Chaite-5 when primed 
with ZnSO4 (6.14).

DISCUSSION

Discussion on effects of varieties on germination 
and seedling growth parameters

Among the three rice varieties (Hardinath hybrid-1, 
Sukha dhan-3, and Chaite-5), Sukha dhan-3 per-
formed consistently better than the other two in 
terms of germination and seedling growth param-
eters, which occurred because the inherent drought 
tolerance of this variety was complemented by the 
optimum conditions provided. Previous studies have 
also reported that Sukha dhan varieties were more re-
sponsive to different priming agents compared to the 
moderate response of Hardinath hybrid-1 (Devkota 
et al. 2023; Poudel et al. 2023; Subedi et al. 2015). 
Chaite-5 relatively showed lower performance in all 
aspects which may be due to the genetic makeup of 
the variety (Regmi et al. 2023).

Discussion on effects of priming agents on germi-
nation and seedling growth parameters

Priming agents significantly improved the germi-
nation and seedling growth parameters. Gibberellin 
priming showed the highest germination index, low-
est mean germination time and better germination 
percentage and energy which aligns with previous 
research findings (Dhami et al. 2024). Moreover 
previous study also suggested hormonal priming ac-
celerates metabolic activities and promotes uniform 
germination (Amir et al. 2024). PEG 6000 primed 
seed displayed good seed and seedling vigor due to 
controlled hydration, reduced reactive oxygen species 
accumulation and protecting cells from oxidative 
damage (Amir et al. 2024). Hydro priming also 
displayed better results for most of the germination 
and seedling parameters, supported by findings from 
Dhami et al. (2024) suggesting simple water soaking 
is effective in activating enzymatic processes.  Cow 
urine on the other hand also significantly improved 
germination and seedling growth parameters which 
may be due to presence of nutrients like nitrogen and 

potassium (Ebha and Karki 2023). Nutrient priming 
with ZnSO4 and FeCl3 showed mixed responses where 
zinc priming majorly contributed for the biomass re-
lated trait, consistent with previous findings (Devkota 
et al. 2023). Moreover, priming with NaCl delayed 
the germination in comparison with other priming 
agents, but the root to shoot ratio was relatively high, 
reflecting increased tolerance for stress conditions and 
for effective nutrient uptake.

Discussion on effects of interaction between variety 
and priming agents on germination and seedling 
growth parameters

The interaction effects showed that different varieties 
respond differently to priming agents. Sukhadhan-3 
performed relatively better with PEG 6000,  gibberel-
lin, and hydro priming in contrast with other priming 
agents (Poudel et al. 2023; Subedi et al. 2015). Har-
dinath hybrid-1 responded well with cow urine, gib-
berellin and hydro priming by showing improvement 
in seedling vigor (Devkota et al. 2023). As Hardinath 
hybrid-1 variety is getting popular for spring season 
cultivation, the application of readily available local 
resources as priming agent could be beneficial for 
proper seed germination and better seedling establish-
ment. Chaite-5 showed poor response to most of the 
priming agents yet cow urine, gibberellin and hydro 
priming can be considered to relatively increase the 
germination and better seedling establishment instead 
of using unprimed seeds directly. 

CONCLUSION 

The study showed significant differences among vari-
eties, priming agents and their interaction for germi-
nation and seedling growth parameters. Germination 
and seedling growth parameters were enhanced for 
hydro, gibberellin, PEG 6000 and cow urine primed 
seeds. Cow urine gave statistically similar results 
as of gibberellin and hydro priming particularly in 
Hardinath hybrid-1 which suggests a low-cost method 
for the enhancement of germination and seedling 
growth parameters. Sukha dhan-3 consistently 
performed better for the germination and seedling 
growth parameters among the varieties. The inter-
action effects revealed all of the varieties performed 
better under gibberellin, PEG 6000, cow urine and 
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hydro priming which suggests any of these priming 
agents can be used to enhance germination and 
seedling performance for the desired variety. Hence, 
the findings indicate that priming is an effective and 
low-cost environmentally friendly technique for early 
germination and growth of seedlings in spring season 
rice to ensure better crop establishment and overall 
performance on the field.

ACKNOWLEDGMENT
 

I would like to extend my immense pleasure and pro-
found acknowledgment to Agriculture and Forestry 
University, Faculty of Agriculture, Rampur, Chitwan, 
National Agriculture Modernization Program, Pro-
gram Implementation Unit, Bara, all my mentors, 
friends and family whose synergistic efforts have 
helped me to work out this experiment.

REFERENCES 

Amir, M., Prasad, D., Khan, F. A., Khan, A., Ahamd, B., & Astha.
(2024). Seed priming: An overview of techniques, mecha-
nisms and applications. Plant Science Today, 11 (1), 
553—563. 
https://doi.org/10.14719/pst.2828

Asian Development Bank. (2024). Macroeconomic Update: 
Nepal. Asian Development Bank, 12 (1), 1—36. 
https://www.adb.org/documents/macroeconomic-up
date-nepal-september-2024

Devkota, P., Yadav, S. P., Bhattarai, S., & Bhujel, S. (2023). Eff-
ect of Seed Priming on Germination, Seedling Emergence
and Development of Spring Rice Var. Hardinath-1. SAARC
Journal of Agriculture, 21 (2), 81—93.
https://doi.org/10.3329/sja.v21i2.62917

Dhami, A., Limbu, A. K., Karki, M., Kshetri, K., Subedi, K., &
Gaire, A. (2024). The Impact of Various Priming Treatments

on Rato Basmati Rice Variety. International Journal of App-
lied Sciences and Biotechnology, 12 (4), 187—193. 
https://doi.org/10.3126/ijasbt.v12i4.71041

Ebha, D.,  & Karki, A. (2023). Seed Priming and its Future Pros-
pect: A Review. Reviews In Food and Agriculture (RFNA),
4 (1), 1—3. 
http://doi.org/10.26480/rfna.01.2023.01.03       

Harvey, D., & DePauw, U. (2000). Modren analytical chemistry. 
McGraw-Hill Higher Education, 816.

Kader, M. A. (2005). A comparison of seed germination calcula-
tion formulae and the associated interpretation of resulting
data. Journal and Proceedings of the Royal resulting Society
of New South Wales, 138 (3–4), 65—75. 
https://doi.org/10.5962/p.361564

Nepal Rastra Bank. (2022). Current Macroeconomic and 
Financial Situation of Nepal (Based on Annual Data of 
2021/22). 1—11.

Niraula, S., & Baral, T. (2024). Status and Constraints of Spring
Rice Production in Kanchanpur, NepaL. I TECH MAG, 6,
70—74.

Poudel, B., Pangeni, A., Baral, A., Bhatt, A., Neupane, A., & Pou-
del, S. (2023). Effect of Different Seed Priming Methods on
Rice (Oryza Sativa L.) Cv Sukkha Dhan-3. Food & Agribu-
siness Management, 4 (2), 77—81. 
https://doi.org/10.26480/fabm.02.2023.77.81

Regmi, N. R., Bhandari, M. K., Ghimire, P., & Panthi, B. (2023).
Status and Prospects of Spring Rice in Nepal: A Review.
I TECH MAG, 5 (November 2022), 01—05. 
https://doi.org/10.26480/itechmag.05.2023.01.05

Subedi, R., Maharjan, B., & Adhikari, R. (2015). Effect of diffe-
rent priming methods in rice (Oryza sativa). Journal of Agri-
culture and Environment, 16 (June), 152—160.
https://doi.org/10.3126/aej.v16i0.19848

Veerendra, M., Srinivasulu, K., Sreedevi, B., Kumara, S. R., & Rao,
V. S. (2023). Optimisation of Seed Priming Techniques in
Paddy. International Journal of Environment and Climate
Change, 13 (11), 1727—1737. 
https://doi.org/10.9734/ijecc/2023/v13i113328

Yadav, S. P. S., Adhikari, R., Paudel, P., Shah, B., Pokhrel, S., Puri, 
S., Adhikari, R., & Bhujel, S. (2023). Effect of different che-
mical priming agents on physiological and morphological
characteristics of rice (Oryza sativa L.). Heliyon, 9(11),
e22389. 


