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Abstract 
Poor crop establishment is one of the major constraints to obtain the higher potential of rice, 

particularly in areas prone to environmental stresses. Therefore, present study was conducted to evaluate 

the effects of potassium nitrate on germination dynamics, seedling growth and associated physiological 

and biochemical events of two rice cultivars. For this purpose, various seed priming treatments were tested 

in lab and greenhouse. The percent concentrations of potassium nitrate were 0.25, 0.50, 0.75, 1.0 and 1.25 

in both lab evaluation and greenhouse experiment. Non-primed seeds were maintained as a control for 

comparison. The results depicted that soaking rice seeds at higher concentrations of KNO3 could delay 

emergence time and final emergence (%) in both cultivars under lab and greenhouse conditions. Seed 

priming with 0.75% KNO3 significantly increased the stand establishment and seedling vigor attributes of 

both cultivars compared with other concentrations and naked rice seeds both in lab evaluation and 

greenhouse screening. Similarly, highest values for photosynthesis rate, evaporation rate and CO2 index 

were observed in experimental units receiving primed seeds with 0.75% KNO3 under greenhouse 

screening. Interestingly, no variance was observed among both rice cultivars. Overall, higher seed 

emergence, seedling vigor and associated biochemical attributes due to seed priming with 0.75% KNO3 

was associated with decrease in alcohol dehydrogenase (ADH) and pyruvate decarboxylase (PDH) 

activities in lab and greenhouse screening.  
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Introduction 

Rice is an important cereal crop that serve 

as staple food for almost half of the world 

population (Chun et al. 2020; Zafar et al. 

2020). Its germination is affected under 

various environmental stresses which causes 

poor yield (Zafar et al. 2015; Zafar et al. 

2018). Poor germination is the problem often 

faced by different farmers of rice, especially 

when the seed is broadcasted in dry condition. 

Under unfavorable and harsh environmental 

condition, seed priming method is the best 

technique which help the seed to germinate 

easily. It enhances the germination chances 

and boost up the process (Ahmed et al., 2019), 

and is a cheaper solution to overcome poor 

stand establishment (Farooq et al., 2009; 

Harris et al., 1999). It has been reported that 

the seed priming is very helpful in improving 

germination rate of many crops i.e., rice, 

wheat, maize and canola (Basra et al., 2005). 

The germination percentage and dry weight of 

seedlings of safflower was increased by seed 

priming (Razaji et al., 2012). It has been 

reported that the inferior quality of wheat 

could also grow well after seed priming 

(Hussian et al., 2013). Increase in germination 

rate, uniformity in process, improved plant 

growth and yield, and better physiological 

performance are included in the beneficial 

aspects of seed priming (Farooq et al., 2007; 

Ruan et al., 2002). The seed priming principle 
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is based on the behavior of seed towards water 

absorption; water is very important factor for 

seed germination and growth. The water intake 

of seed is divided into three phases. First phase 

includes the intake of water by seed and 

activation of enzymes. In 2nd phase, after 

activation of enzymes, several processes such 

as food deprivation, cell membrane 

restructuring and biosynthesis of starch occur 

to support seedling and root growth. In final 

phase, the growth of root and shoot organs i.e., 

radicle and plumule takes place (Bewley et al., 

2013). There are three categories of seed 

priming techniques; (1) hydro-priming – 

priming with simple water, (2) solid-matrix 

priming – priming with solid organic material 

and (3) osmopriming – priming with priming 

solutions e.g., potassium nitrate (KNO3), 

potassium chloride (KCl) and polyethylene 

glycol (PEG) (McKersie, 2002; Mohammadi, 

2009). PEG and KNO3 are commonly used in 

priming studies, but PEG is more expensive 

than KNO3. In a previous study, it was 

demonstrated that the osmopriming of seed of 

soybean with KNO3 at the concentration of 6 

g/L increased the germination percentage and 

dry weight of seedling (Ahmadvand et al., 

2012). Similarly, seed priming with 1.0% 

KNO3 for 24 h at 20°C enhance the 

germination rate and improved the 

physiological quality of soybean 

(Mohammadi, 2009). Moreover, it has also 

been reported that the seed priming could 

improve the protein synthesis during early 

growth of embryo (Xu et al., 2009). Here in 

this study, the aim was to evaluate the effect of 

seed priming with different concentrations of 

KNO3 (0.25%, 0.50%, 0.75%, 1.0% and 

1.25% (w/v) KNO3 for 1 day at 25°C) on the 

stand establishment, seedling vigor, 

physiological and biochemical attributes of 

two rice cultivars. 

Materials and Methods 
Seed Source: Seed of Indica rice (Oryza 

sativa L.) cultivars viz., Basmati-515 and 

Basmati-385 were obtained from Rice 

Research Institute, Kala Shah Kaku, Punjab, 

Pakistan. The initial germination and seed 

moisture content prior to seed treatment was 

˃80% and 12% respectively on dry weight 

basis.  

Seed Priming Treatments: Rice seeds were 

primed with 0.25%, 0.50%, 0.75%, 1.0% and 

1.25% (w/v) KNO3 for 24 h at 25°C. Pre-

weighed seeds (5g) were placed on two blotter 

papers in 9-cm diameter petri dishes saturated 

with appropriate concentration of osmotic 

solutions followed by covering of dishes with 

aluminum foil. Non-primed rice seeds were 

maintained as control for comparison. Seeds 

were stored at -4°C in paper bags, prior to 

experimentation. 

Experimental Site and Conditions: Lab 

experiment was conducted in the growth 

chamber of Seed Preservation Lab, National 

Agricultural Research Centre, Islamabad, 

Pakistan during September 2019 to October 

2019. While, greenhouse experiment was 

conducted at the research station of National 

Agricultural Research Centre, Islamabad, 

Pakistan during September 2019 to November 

2019. Well pulverized soil was collected from 

the field of research station and each plastic 

pot 35cm×25cm×15cm in size was filled with 

6kg of soil. After leveling the soil surface in 

each pot, moisture was applied up to field 

capacity. In each pot, 40 seeds were equally 

sown on the soil surface in both experiments. 

Both experiments were laid out in a 

completely randomized design with four 

replications. For lab screening, all the trays 

were placed in the growth chamber with a 

constant temperature of 25°C and a light 

period of 12h. The relative humidity during the 

complete execution of lab experiment was 

maintained at 65%. For greenhouse 

experiment, all the trays were placed in 

greenhouse under natural environmental 

conditions. Moisture was applied to each try 

when declined.  

Stand Establishment: Emergence was 

recorded on daily basis until a constant was 

achieved. Final emergence (%) was taken at 

the end of experiment (AOSA, 1990). Mean 

emergence time (days) was recorded as per the 

equation of ISTA (2015). 

Seedling Vigor: Seedling length of five 

randomly selected from each treatment was 

measured with the help of measuring tape and 
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averaged to get mean length. Similarly, fresh 

and dry weight of these plants was measured 

on a weighing balance. For dry weight, plants 

were dried at 70°C till constant weight in an 

oven (Zafar et al., 2015). 

Physiological Parameters: Measurements of 

CO2 index (µmol mol-1), net photosynthetic 

rate (µmol CO2 m
-2 s-1) and evaporation rate 

(µmol H2O m-2 s-1) were made on a fully 

expanded leaf from top by using an open 

system LCA-4 ADC (USA) portable infrared 

gas analyzer. 

Biochemical Attributes: To determine the 

activities of alcohol dehydrogenase and 

pyruvate decarboxylase, seedling samples 

were ground and detected by an alcohol 

dehydrogenase assay kit and a pyruvate 

decarboxylase test kit.  

Statistical Analysis: The data from growth 

chamber and greenhouse experiments are 

presented as the mean value ± standard error 

of four replicates. By using Statistix 9.0, 

analysis of variance for all the treatments was 

performed. Graphical presentation of data was 

performed by using SigmaPlot 14.0. 

Results 
Lab Screening 

Stand Establishment: Seed priming 

treatments maximally improved the final 

emergence (%) of both rice cultivars under 

well-controlled conditions. Highest values for 

final emergence (%) were recorded in 

experimental units (Cultivar 1 (V1)=96%, 

Cultivar 2 (V2)=98%) receiving rice seed 

primed with 0.75% KNO3 as compared to 

control. Seed priming with 1% KNO3 was also 

proved to be beneficial in both cultivars 

(V1=89%, V2=90%) for improving final 

emergence (%). No variance in final 

emergence was observed among experimental 

units receiving rice seed primed 0.50% and 1% 

KNO3 in V2 cultivar (Fig. 1a). Similarly, 

minimum mean emergence time (MET) was 

recorded in rice seeds primed with 0.75% 

followed by 1% KNO3. Highest values for 

MET was recorded in control in both cultivars 

(Fig. 1b). Collectively, statistical analysis of 

data revealed that seed primed with KNO3 

proved better in improving stand 

establishment of both rice cultivars as 

compared to control. 

Seedling Vigor: Seedling length of both rice 

cultivars is graphically presented in Fig. 2a and 

data revealed that maximum seedling vigor in 

both cultivars was achieved in rice seeds 

primed with 0.75% (V1=8.10cm, V2=8.24cm) 

followed by 1% (V1=7.88cm, V2=7.91cm) 

and 0.50% (V1=7.43cm, V2=7.69cm) KNO3 

solutions as compared to control (V1=6.83cm, 

V2=6.71cm) (Fig. 2a). Seed priming with 

KNO3 also proved effective in improving the 

seedling fresh and dry weight, nonetheless 

effect of different cultivars was not 

pronounced. Plants in both cultivars raised 

from seeds treated with 0.75% KNO3 depicted 

highest values for seedling fresh 

(V1=34.45mg, V2=37.67mg) (Fig. 2b) and 

dry weight (V1=18.12mg, V2=19.01mg) as 

compared to other treatments and control (Fig. 

2c). No apparent difference in seedling fresh 

and dry weight was observed among rice seed 

treated with 0.50% and 1.0% KNO3 in both 

cultivars. 

Greenhouse Screening 

Stand Establishment: A variable trend of 

primed and non-primed final emergence (%) 

was observed in both cultivars under 

greenhouse screening. Rice seed in both 

cultivars treated with 0.75% KNO3 steadily 

depicted highest values for final emergence 

(V1=95%, V2=98%), while an opposite drift 

was examined in control (V1=77%, V2=80%). 

Rice seeds treated with 1% KNO3 also proved 

to be successful in both cultivars (V1=88%, 

V2=91%) for improving final emergence (%) 

under greenhouse conditions. No variance in 

final emergence was observed among 

experimental units receiving rice seed primed 

0.50% and 1% KNO3 in both cultivars (Fig. 

3a).  However, minimum mean emergence 

time (MET) was recorded in rice seeds primed 

with 0.75% followed by 1% KNO3 in both 

cultivars compared to other treatments and 

control. In addition, both cultivars showed 

highest values for MET in experimental units 

receiving control (Fig. 3b).  
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(Fig. 1a) 

Figure 1a and b. Effect of seed priming with KNO3 on stand establishment of two cultivars of 

rice in growth chamber. 

V1=Basmati-515, V2=Basmati=385: T0=Control, T1=0.25% KNO3, T2=0.50% KNO3, 

T3=0.75% KNO3, T4=1.0% KNO3, T5=1.25% KNO3. 

(Fig. 1b) 

(Fig. 2a) 
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Seedling Vigor: Statistical analysis of data 

pertaining to seedling vigor depicted that the 

effect of seed priming treatments was 

significant in both cultivars. However, both 

cultivars did not exhibit pronounced effect on 

seedling vigor. All priming treatments 

significantly improved the seedling length in 

both cultivars, whereas maximum seedling 

was achieved in rice seed primed with 0.75% 

(V1=7.90cm, V2=8.09cm) followed by 1% 

(V1=7.65cm, V2=7.74cm) KNO3 solutions. 

Furthermore, lowest vales for seedling length 

in both cultivars was observed in control 

(V1=6.41cm, V2=6.51cm) (Fig. 3a). Plants in 

both cultivars raised from seeds treated with 

0.75% KNO3 depicted highest values for 

seedling fresh (V1=33.45mg, V2=36.54mg) 

(Fig. 3b) and dry weight (V1=16.78mg, 

V2=19.99mg) as compared to other treatments 

and control (Fig. 3c). Overall, statistical 

analysis of data revealed that seed priming 

with 0.75% KNO3 proved successful in 

improving seedling vigor of both rice cultivars 

as compared to other treatments and control.  

Physiological and Biochemical Attributes: 

Analysis of variance of data showed that seed 

priming treatments significantly improved the 

physiological and biochemical attributes of 

both cultivars, while effect of cultivars was not 

significant. Highest photosynthesis rate, 

evaporation rate and CO2 were observed in 

rice seeds treated with 0.75% KNO3, whereas 

lowest values were examined in non-treated 

control. Statistical analysis of data 

demonstrated that PDH and ADH activities 

Figure 2a,b and c. Seedling vigor attributes of two cultivars of rice under the influence of seed 

priming with KNO3 in growth chamber. 

V1=Basmati-515, V2=Basmati=385: T0=Control, T1=0.25% KNO3, T2=0.50% KNO3, 

T3=0.75% KNO3, T4=1.0% KNO3, T5=1.25% KNO3. 

(Fig. 2c) 

(Fig. 2b) 
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were significantly influenced by seed priming 

treatments. Though all the seed priming 

treatments proved successful for improving 

the biochemical attributes however lowest 

values were observed in experimental units 

receiving rice seed treated with 0.75% KNO3 

under greenhouse screening. Highest values 

for PDH and ADH activities were observed in 

control (Table 1). 

 

 

Figure 3. Effect of seed priming with KNO3 on stand establishment of two rice cultivars in 

greenhouse. 

V1=Basmati-515, V2=Basmati=385: T0=Control, T1=0.25% KNO3, T2=0.50% KNO3, T3=0.75% 

KNO3, T4=1.0% KNO3, T5=1.25% KNO3. 

Seedling Vigor: Statistical analysis of data 

pertaining to seedling vigor depicted that the 

effect of seed priming treatments was 

significant in both cultivars. However, both 

cultivars did not exhibit pronounced effect on 

seedling vigor. All priming treatments 

significantly improved the seedling length in 

both cultivars, whereas maximum seedling 

was achieved in rice seed primed with 0.75% 

(V1=7.90cm, V2=8.09cm) followed by 1% 

(V1=7.65cm, V2=7.74cm) KNO3 solutions. 

Furthermore, lowest vales for seedling length 

in both cultivars was observed in control 

(V1=6.41cm, V2=6.51cm) (Fig. 4a). Plants in 

both cultivars raised from seeds treated with 

0.75% KNO3 depicted highest values for 

seedling fresh (V1=33.45mg, V2=36.54mg) 

(Fig. 4b) and dry weight (V1=16.78mg, 

V2=19.99mg) as compared to other treatments 

and control (Fig. 4c). Overall, statistical 

analysis of data revealed that seed priming 

with 0.75% KNO3 proved successful in 

improving seedling vigor of both rice cultivars 

as compared to other treatments and control.  

 
  (c) (Fig. 3a) 

(Fig. 3b) 
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Figure 4. Seedling vigor attributes of two cultivars of rice under the influence of seed priming with 

KNO3 in greenhouse. 

V1=Basmati-515, V2=Basmati=385: T0=Control, T1=0.25% KNO3, T2=0.50% KNO3, T3=0.75% 

KNO3, T4=1.0% KNO3, T5=1.25% KNO3.

(Fig. 4a) 

(Fig. 4b) 

(Fig. 4c) 
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Table 1. Variations in physiological and biochemical attributes of two rice cultivars under the influence of seed priming with KNO3 in lab. 

Cultivars Treatments 

Physiological attributes Biochemical attributes 

Photosynthesis rate 

(µmol CO2 m-2 s-1) 

Evaporation rate 

(µmol H2O m-2 s-1) 

CO2 index 

(µmol mol-1) 

Alcohol 

dehydrogenase  

(Ug-1 FW) 

Pyruvate 

decarboxylase 

(U g -1 FW) 

Basmati-515 

T0 10.67±0.05 c 0.91±0.09 c 120.33±5.5 d 1.72±0.09 a 1.62±0.09 a 

T1 12.67±0.08 bc 1.09±0.09 bc 131.33±6.2 cd 1.44±0.07 ab 1.33±0.05 ab 

T2 14.83±0.06 abc 1.31±0.08 b 148.33±5.2 bc 1.29±0.06 bc 1.17±0.08 bc 

T3 17.67±0.04 a 1.72±0.06 a  172.00±5.3 a 1.11±0.08 c 1.02±0.04 c 

T4 15.83±0.06 ab 1.40±0.06 ab 154.33±4.8 ab 1.33±0.06 bc 1.24±0.07 bc 

T5 14.00±0.07 abc 1.33±0.08 b 142.67±4.8 bc 1.54±0.09 ab 1.43±0.06 ab 

LSD at p≤0.05 1.23 0.31 18.71 0.31 0.29 

Basmati-385 

T0 9.69±0.05 c 1.02±0.08 c 122.33±5.12 c 1.82±0.08 a 1.73±0.08 a 

T1 11.63±0.08 bc 1.19±0.06 bc 132.67±5.98 bc 1.51±0.09 abc 1.42±0.09 abc 

T2 13.89±0.06 abc 1.39±0.09 b 152.33±4.82 ab 1.40±0.08 bc 1.29±0.08 bc 

T3 16.64±0.04 a 1.81±0.05 a 174.00±5.83 a 1.22±0.05 c 1.10±0.05 c 

T4 14.88±0.06 ab 1.51±0.07 ab 155.33±4.89 ab 1.43±0.06 bc 1.31±0.06 bc 

T5 13.01±0.07 abc 1.40±0.05 b 144.00±5.01 bc 1.65±0.07 ab 1.56±0.07 ab 

LSD at p≤0.05 1.03 0.34 28.00 0.32 0.31 
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Discussion 
Osmopriming of seed by KNO3 affected 

the seed emergence and the speed of seed 

germination. Osmopriming induces the 

reduction in intake of water in phase-I of 

germination, causing prolonged duration of 

phase-2, resulting commencement of major 

event before the emergence of radicle 

(Nonogaki and Nonogaki, 2016). This major 

event includes metabolic changes such as 

repair of DNA and increase in biosynthesis of 

RNA (Bray, 2017), and enhancement in the 

respiration process of seed (Singh et al., 2013). 

It indicates that the time of seed imbibition is 

very important for osmopriming. For the study 

of osmopriming of rice (Oryza sativa L.) seed 

with different levels of KNO3, therefore it is 

important to know about the emergence 

percentage and mean emergence time (MET). 

The results of present study indicate that the 

performance of osmopriming of both cultivars 

of rice with 0.75% KNO3 was appreciable in 

lab screening as well as greenhouse (Fig. 1 and 

3). The pattern of seedling emergence (%) and 

MET was almost same in both cultivars as well 

as both sites (lab and greenhouse). The time of 

water intake by the seed during priming can 

very within the cultivars which can affect the 

performance of osmoticum (KNO3) (Kiers et 

al., 2008), but in our study the difference 

between the performance of both cultivars was 

non-significant. Emergence of the seed is the 

stage where it is determined that either the 

seedling will further grow or not. The 

emergence percentage is calculated from the 

number of emerged seedlings from number of 

primed seeds sown (International Seed Testing 

Association, 2015). The data shown in figure 

1 and 3 depicts that the osmopriming of rice 

seed with 0.75% KNO3 is better than all other 

treatments in term of emergence percentage 

and MET. Our study is in correspondence with 

another study who revealed that emergence 

percentage of wheat seed was decreased with 

the increase in KNO3 concentration (Shafiei 

Abnavi and Ghobadi, 2012). This indicates 

that the KNO3 concentration above than a 

certain level may not be appropriate for 

cereals. Osmopriming with 1% KNO3 was 

found useful in term of emergence percentage 

in sorghum (Shehzad et al., 2012). Besides, 

soybean seed priming with 1% KNO3 for 1 day 

enhanced the emergence percentage as 

compared to untreated seeds, both in lab and 

field experiments (Mohammadi, 2009). 

Seedling vigor is the combine result of the 

emerged seeds in a wide range of biotic and 

abiotic factors (International Seed Testing 

Association, 2015). Seedling vigor is not a 

single measurable entity, but it is a sum of 

many growth parameters such as seedling 

length, seedling fresh weight and seedling dry 

weight (International Seed Testing 

Association, 2015). Maximum vigor was 

observed when seed priming with 0.75% 

KNO3 was done (Fig. 2 and 4). Our study is in 

line with another study in which seedling vigor 

of wheat was improved by the priming with 

KNO3 (Shafiei Abnavi and Ghobadi, 2012). 

Similar results were found in corn when the 

osmopriming of seed was done with 1% KNO3 

(Hadinezhad et al., 2013). Our findings are 

similar with other studies, in which the shoot 

length of tomato and watermelon was 

increased by the osmopriming with KNO3 

(Demir and Van De Venter, 1999; Mirabi & 

Hasanabadi, 2012). Seed priming with KNO3 

can cause significant increase in seedling vigor 

of wheat crop as compared to hydro-priming 

or dry broadcasting (Basra et al., 2003). The 

growth and development of plant is based 

upon a process; photosynthesis. While its 

performance is mostly dependent on the 

opening/closing of stomata, causing decrease 

in photosynthetic rate, respiration rate and CO2 

index (Shu et al., 2016). The results of present 

study revealed that the maximum 

photosynthesis rate, evaporation rate and CO2 

index was observed in the rice seeds which 

were primed with 0.75% KNO3 (Table 1). 

Whereas the seedlings of control treatments 

showed inferior results as compared to other 

osmopriming treatments. Our study is in 

corroboration with another study in which the 

increased photosynthetic rate, respiration rate 

and CO2 index of cucumber seedlings as the 

result of seed priming with KNO3 was reported 

(Anwar et al., 2020). Photosynthesis rate of the 

seedlings has a positive correlation with the 
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growth of seedling (Anwar et al., 2020). A 

previous study indicated that the leaf nitrogen 

and chlorophyll contents have a positive 

correlation, and can derive the photosynthesis 

rate being a key molecule  for photosynthesis 

(De Castro et al., 2014). The results of present 

study revealed that the biochemical attributes 

e.g. alcohol dehydrogenase (Ug-1 FW) and 

pyruvate decarboxylase (Ug-1 FW) of rice 

were suppressed by osmopriming of seed with 

KNO3. Maximum suppression was observed 

in those seedlings who were treated with 

0.75%% KNO3, while minimum suppression 

was seen in non-primed seedlings. A previous 

study expressed that seed priming with 

potassium nitrate (KNO3) improved the 

biochemical indices of Chicory (Cichorium 

intybus L.) (Dehkordi et al., 2012). 

Conclusion 
Good quality seed is always in demand by 

the farmers and seed industry. Therefore, 

present study was conducted to improve the 

rice seed quality by seed priming with KNO3. 

The results depicted that seed priming with 

0.75% KNO3 proved successful in improving 

stand establishment, vigor and physiological 

attributes. The improved performance might 

by linked with better activities of ADH and 

PDH. Therefore, present research provides 

basis for further 

transcriptomics/metabolomics/proteomics 

basis of primed seeds with KNO3. 
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