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ABSTRACT 
 

Laboratory and field experiments were conducted to study the effects of seed priming using 
different concentrations of potassium nitrate on bulb yield and seed quality of onion (Allium cepa L 
var cepa.). In laboratory experiment, factorial combination of four concentrations of KNO3 salt [(0% 

(distilled water), 1%, 2% and 3%) and four priming durations (12 hrs, 24 hrs, 48 hrs and 72 hrs), 
with one control treatment of un-primed seeds were laid out in RCBD with four replications. Field 
experiment consisted of the same combinations as set in the laboratory experiment and the 
experiment was laid out as a RCBD in a factorial arrangement with three replications. Data were 
collected on marketable bulb yield, unmarketable bulb yield, total bulb yield, standard germination, 
rate of germination, vigour index-I, vigour index –II, and seedling dry weight. Analysis of the data 
revealed that effect of concentration was significant at (p<0.05) for seed germination, seedling 
vigour and, onion bulb yield. Similarly, interaction of Concentration of the salt and priming duration 
were significant at (p<0.05) for standard germination, rate of germination, vigour index II, seedling 
dry weight, and bulb yield. These parameters were significantly increased in response to the 
priming duration of 12 hrs for standard germination, rate of germination, and vigour index. 
However, the lowest results on these parameters were recorded for the duration of 72 hrs for 
priming with the potassium nitrate salt. The treatment combination involving priming seeds with 3% 
KNO3 for 72 hrs produced the lowest standard germination, rate of germination, and vigour index. 
For the field experiment, the highest marketable bulb yield (40.78 tons/ha) and total bulb yield 
(47.78 tons/ha) were obtained in response to priming the seed with 1% KNO3 for 12 hrs compared 
to the yields obtained in the control treatment which was 35.11 tons/ha. In conclusion, priming 
onion seeds with 1% KNO3 solution for a period of 12 hrs as well as priming the seeds with distilled 
water for 72 hrs significantly enhanced onion seedling performance and the yield of marketable 
bulbs. 
.  
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INTRODUCTION 
 

Onion is by far the most important of the 

bulb crops cultivated commercially in 

nearly most parts of the world (Simon, 

1992). Onions are grown for a variety of 

purposes as fresh shoots for green ‘salad’ 

and as bulbs for consumption of uncooked 

and cooked ones; pickling; use in factory 

made food; dehydration; seed production 

and sets. Specific varieties have usually 

been developed for that purposes. Onion is 

grown in Ethiopia primarily for its bulb 

which is used for flavouring the local stew 

‘wot’. It is also widely cultivated as a 

source of income by many farmers in many 

parts of the country. Besides, onion 

contributes to the national economy through 

export products like bulbs and cut flowers 

to different countries of the world. The 

majority of onion production is found in the 

Central Rift Valley (CRV) of Ethiopia. In 

these areas, rainfall is unreliable and 

insufficient to support onion production. 
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One of the important field production 

practices is plant establishment where seed 

enhancement is the important component. 

Seed enhancement includes pre-sowing 

hydration or hydro-priming (uptake of 

water not sufficient to permit radicle 

protrusion, but sufficient to initiate early 

events of germination, followed by drying), 

seed coating technologies, seed 

conditioning and various other 

enhancement techniques (Taylor et al., 

1988). Seeds remain incomplete of 

germination, therefore, are desiccation 

tolerant and can still be dried for long term 

storage. Primed seeds germinate faster and 

more uniformly than non-primed seed, 

especially in cool soils (Bosland and 

Votava, 2000). Seed priming made a 

positive impact on farmers’ livelihoods by 

increasing the rate of seed germination, 

increasing the rate of crop development, 

reducing crop duration and raising yields 

(Bennet et al., 1992). Priming responses 

were attributed mainly to rapid seedling 

establishment, higher plant stand and earlier 

crop maturity allowing escape from end-of-

season stresses (Harris, 1996). 

 

Water availability is a major factor limiting 

the production of onion bulb in the Central 

Rift Valley of Ethiopia (Harris et al., 2001). 

Once sown, seed spend significant time just 

absorbing water from the soil before 

germination. Despite the lack of formal 

seed technology related research results for 

growing such high value crops in Ethiopia, 

the practice is known to some farmers, 

especially direct seeding onion for early 

crop harvest. Soaking has, however, never 

been done on a regular basis at farmers 

level and the duration of soaking was 

highly variable (CACC, 2003). Although 

direct seeding is more economical than 

transplants or sets, irregularities and delays 

in germination result in poor plant 

establishment and yield, especially due to 

high or low temperatures. In plant species 

with small seeds and poor seed 

establishment, perhaps the most promising 

method of increasing the rate and 

uniformity of seedling establishment is seed 

priming that permits the preliminary 

process of germination but not the final 

phase of radicle emergence (Heydecker and 

Coolbear, 1977; Heydecker and Gibbins, 

1978). Limited research has been done on 

seed priming on seedling vigour of onion 

(Selvarani and Umarani, 2011). However, 

Selvarani and Umarani (2011) found that 

onion could benefited from priming with 

KNO3 for 12 hrs,but still there have been  

no detailed studies carried out to identify 

the optimum priming duration and 

concentration of KNO3 for better seedling 

performance, yield, and yield related traits 

of the crop. Therefore, objective of this 

study was to investigate the effect of KNO3 

concentrations and priming duration with 

the chemical on seed germination, bulb 

yield, and quality of onion. 
 

MATERIALS AND METHODS 
 

Field activities and laboratory work were 

conducted at Melkassa Agricultural 

Research Center (MARC), to determine the 

effects of seed priming on seedling 

performance and bulb yield in onion. 

Distilled water, and potassium nitrate salts 

(KNO3) were used for experiments as 

priming media. A seed of the onion variety 

named Bombay Red, which is widely 

cultivated by farmers in most parts of 

Ethiopia, was used for this study. This 

variety has firm bulb, light red colour and 

thick flat globe shape. The leaves are dark 

green in colour and are medium type. The 

cultivar takes 3 months for bulb harvest 

(Lemma and Shimeles, 2003).  

 

Laboratory Experiment  

 

The treatments consisted of four 

concentrations of potassium nitrate salt 

[(0% concentration (distilled water) , 1%, 

2% and 3%) and four durations of exposure 

of the seeds to the chemical (KNO3) for 

priming (12 hrs, 24 hrs, 48 hrs and 72 hrs), 

with one control treatment of un-primed 

seeds. The experiment was laid out as 

randomized complete block design 
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(RCBD) in a factorial arrangement and 

replicated four times. The un-primed seeds 

were used as control with four replications 

alone.  

 

Seed priming and re-drying 

 

Prior to the hydro-priming and KNO3 

priming treatments, the moisture contents of 

the seeds were determined using oven dry 

method (ISTA, 1985) and brought to the 

same constant moisture. Seeds were fully 

immersed in the priming media (on Petri 

Dishes) for 12, 24, 48, and 72 hrs. All seeds 

were removed from the priming media at 

the same time and then rinsed thoroughly 

with distilled water and dried at room 

temperature until they gained their original 

seed moisture content. The percent 

solutions were prepared by dissolving 0, 1, 

2, and 3 g KNO3 per 100 ml distilled water 

correspondingly. Primed seeds were washed 

out and dried under shade back to the 

original moisture content prior to sowing 

and sown in germination Petri Dishes each 

of which contained 50 seeds. The Petri 

Dishes were lined with filter paper for 

placing the seeds in a uniform distribution 

for germination and all seedlings per plot 

were used for analysis. Germination test 

was carried out in the laboratory. The seeds 

were tested in top of paper substrata 

keeping at 20 
0
C temperature. Data that 

included standard germination percentage, 

rate of germination, and vigour test, 

Seedling heights and root and shoot dry 

matter weights were measured. 

 

Field experiment 

 

The treatments consisted of the same 

combinations described for laboratory 

experiment. The primed and un-primed 

seeds were sown and seedlings raised in a 

nursery on seed-beds. The experiment was 

laid out as a randomized complete block 

design (RCBD) in factorial arrangement 

with three replications. The area of single 

plot, which consisted of 4 double rows of 

20 cm apart, was 3 m x 2.2 m with furrows 

at 40 cm apart. Inter and intra-row spacing 

of 20 and 5cm respectively were used. Plots 

and blocks were separated by 1 m and 2 m 

respectively. Seedlings in the middle two 

rows were harvested for data collection, 

leaving aside those at the border rows as 

well as those at both ends of each row to 

avoid edge effects. 

 

Nursery bed preparation and  

Transplanting 

 

Onion seeds were sown on nursery beds in 

order to raise seedlings for field 

transplanting. Raised beds of size of 1 m x 

5 m with 10 cm inter-row spacing were 

prepared. About 0.5 m distance was kept 

between two beds to facilitate watering, 

weeding, etc. To avoid mortality of 

seedlings due to damping off, beds were 

drenched with Bavistin (15-20 g/10 litres of 

water).At 3 to 4 leaf stage; seedlings were 

transplanted into the experimental field. 

The seedlings were hardened by 

withholding irrigation water for one week 

before transplanting. 

 

Data collection and analysis 

 

Germination percentage: Four replicates of 

50 seeds were placed on filter paper 

moistened with distilled water in Petri 

Dishes and kept in germination room for 12 

days. The numbers of normal and abnormal 

seedlings were counted and scored on the 

12
th

 day and germination percentage was 

calculated (ISTA, 1985). 

 
Rate of germination: Four replicates of 50 

seeds were sown on Petri Dishes and kept 

in germination room for 12 days. Each day 

normal seedlings were counted starting 

from 6
th

 day at predetermined size until all 

seeds capable to produce normal seedlings. 

An index was calculated by dividing the 

number of seedlings counted each day by 

the number of days in which they were 

counted (Maguire, 1962). The seed lot 

having greater germination index were 
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considered as more vigorous. Thereafter a 

rate of germination (SPG) was computed by 

using the following formula: 

 
Seedling vigour: The lengths of five 

randomly selected seedlings per Petri 

Dishes were measured in cm using a ruler. 

Shoot and root of the seedlings were dried 

in an oven (at 80
0
C for 24 hrs) to constant 

weight and their dry matter was determined. 

Seedling vigour was determined by two 

methods: Vigour Index I= Germination 

Percentage x Seedling Length (cm) (shoots 

length + root length). Vigour Index II= 

Standard Germinations Percentage x 

seedling dry weight (mg). Marketable Bulb 

yield(ton/ha): This refers to the bulb yield 

of marketable category, which included 

bulbs weighing greater than 30 gram, being 

free from diseases and blemishes. This was 

determined by weighing using a digital 

balance. Unmarketable bulb yield(ton/ha): 

This refers to the bulb yield of 

unmarketable category, which included 

bulbs weighing less than 30 gram or bulbs 

with diseases and blemishes. This was 

determined also by weighing using a digital 

balance. 

Total bulb yield (ton/ha): This refers to the 

total weight of marketable and 

unmarketable bulbs, and was determined by 

weighing using a digital balance. Finally, 

all measured variables were subjected to the 

analysis of variance for RCBD using SAS 

software. The least significance difference 

(LSD) at 5% was used to separate 

significantly differing treatment means. 

 

RESULTS AND DISCUSSION 

 

Laboratory Experiments 

 

The analysis of variance revealed 

significant (p≤0.05) differences in 

germination percentage due to the main 

effect of concentration of KNO3, priming 

duration, and the interaction of KNO3 

concentration and priming duration (Table 

1). 

The maximum standard germination 

(87.5%) was recorded in response to 

priming the seed with 1% KNO3 for 12 hrs. 

However, this maximum value of standard 

germination was in statistical parity with 

standard germination values obtained in 

response to priming the onion seeds with 

distilled water for 12, 24 and 48 hrs, with 

1% KNO3 for 24 hrs, with 2% and 3% 

KNO3 for 12 and 24 hrs as well as with 

standard germination recorded for the un-

primed seeds (control treatment). The 

lowest standard germination occurred in 

response to priming the onion seeds at all 

three concentrations of KNO3 for 72 hrs. 

These results indicate that priming onion 

seeds with potassium nitrate salt or distilled 

water did not improve standard germination 

compared to the standard germination of the 

un-primed seed.  Moreover, the results 

revealed that standard germination declined 

with increase in both concentration of the 

salt and duration of priming for both KNO3 

and distilled water. The results further 

revealed that priming onion seeds at any 

concentration with the KNO3 salt for 72 hrs 

led to drastic reductions in standard 

germination. The result also revealed that 

priming onion seeds with distilled water for 

more than 48 hrs led to lowered standard 

germination (Table 3). The results indicated 

that priming seeds for longer durations has 

negative effect on germination percentage. 

This could be attributable to over priming 

of the seeds, oxygen deficiency due to 

impermeable testa, or build-up of inhibitors 

during priming as well as  salinity (toxic 

effect) of the chemical (KNO3). Consistent 

with the results of this study, it was 

reported that hydro priming for 16-18 hrs 

resulted in the highest germination percent 

of onion (Singh et al., 2004 as cited by 

Selvarani and Umarani, 2011). The author 

observed that halo-priming with 3% KNO3 

for 3 days (72 hrs) damaged the seed as it 

deteriorated in terms of final germination 

percent. Corroborating the results of this 

study, Haigh and Burlow (1987) reported 

that solutions were found  
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to be toxic to sorghum seeds and thus not 

suitable for priming. Consistent with the 

results of this study, Elkoca et al (2007) 

reported that hydro-priming resulted in the 

highest germination in seed of chickpea. 

The analysis of variance for germination 

rate showed highly significant (P  0.001) 

differences due to priming duration and 

significant (P   0.05) differences due to 

concentration and the interaction effect of 

the two treatments (Table 1). 

 

Table 1: Mean square values for seed quality parameters of onion 
 

Source of 

variation 

Df Seed quality parameters 

Standard 

germination 

Rate of 

germination 

Vigour 

index-I 

Vigour 

index-II 

Seedling 

dry weight 

Replication 3 45.23ns 1.12ns 22562.90ns 123891.67ns 32.23ns 

Concentration (A) 3 470.56** 4.35* 62311.30ns 202575.00ns 29.73ns 

Priming duration (B) 3 2599.06*** 20.41*** 418683.54*** 628075.00** 4.73ns 

AXB 9 171.56* 2.72* 27667.66ns 560447.22*** 59.45* 

Error 45 81.94 1.19 28620.12 115936.11 21.34 

CV  12.39 17.68 22.47 31.22 30.99 

*, ** and *** indicate significant differences at 5%, 1% and 0.1% probability level respectively;  

ns= non-significant; Df = Degrees of freedom; A x B=Concentration x Priming duration. 

 

Table 2: Mean squares for bulb yield of onion 

Source of variation Df Yield parameters 

Marketable bulb yield Unmarketable yield Total yield  

Replication 2 86.74* 5.79ns 118.15* 

Concentration (A) 3 114.77** 23.46ns 35.90ns 

Priming duration(B) 3 37.88ns 7.80ns 42.23ns 

AxB 9 127.89*** 23.19* 84.92* 

Error 30 23.78 9.90 32.49 

CV  17.11 28.07 14.35 

*, ** and *** indicate significant differences at 5%, 1% and 0.1% probability level respectively; ns=non 

significant; Df = Degrees of freedom; A x B = Concentration x Priming duration.  

 

All values of the germination rate were high 

and in statistical parity except the 

germination rates recorded in response to 

priming with 1% KNO3 for 72 hrs and in 

response to priming with 2 and 3% KNO3 

for 72 hrs. The result showed that 

germination rates of onion seeds decreased 

with increase in priming durations (Table 

3). Moreover, the results indicated that 

prolonging the duration of hydro-priming 

and priming with KNO3 consistently 

reduced the rate of germination. This might 

be attributed to the possible negative effect 

of too long priming on seed germination. 

Supporting the results of this study, 

Mekonnen (2005) also reported that beyond 

the priming duration of 16 hrs, loss of 

seedling vigour of sorghum 
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Table 3: Interaction effects of concentration of potassium nitrate and priming duration on 

seed quality parameters of onion 

Means within the same column followed by different letter are significantly different at P ≤ 0.05 

 

began to demonstrate itself for all cultivars 

as expressed by slower germination rate, 

which was either equivalent or slower than 

the germination rate of seeds in the control 

treatment. 

 

In agreement with the results of this study, 

Khan (1992) also reported an increase in 

time to 50% germination (decrease in 

germination rate) of sorghum seeds due to 

over priming beyond the optimal priming 

time. In agreement with the results of this 

study, Venkatasubramanium and Umarani 

(2007) revealed that for tomato seeds, 

hydro priming for 48 hrs was optimum. 

However, Nirmala and Umarani (2007) 

found that for beetroot, hydro priming (12 

hrs in double the volume of seed) was 

found to be the best.  
 

Significant differences (P   0.05) were 

observed due to the interaction effect of 

concentration and  priming duration on 

seedling dry matter weights of onion (Table 

1). 

 

The highest seedling dry weights were 

recorded for seedlings of onion seeds 

primed with distilled water for 48 and 72 

hrs, with 1% KNO3 for the duration of 12 

hrs, with 2% KNO3 for all durations, and 

with 3% KNO3 for the durations of 12, 24, 

and 72 hrs. The lowest seedling dry 

weights, on the other hand, were obtained 

from seedlings raised from seeds primed 

Treatments Standard 

germination 

Rate of 

 

Germination 

Seedling 

dry 

weight(mg) 

Vigour 

index II Concentration Priming 

duration 

0%(distilled water) 12 hrs 81.5abc 6.90ab 12.5bc 1015cdefg 

 24 hrs 84ab 6.67ab 10c 840efg 

 48 hrs 83.5ab 7.57a 17.5ab 1430abc 

 72 hrs 73.5bcd 6.60ab 17.5ab 1290abcde 

 

1% KNO3 

 

12 hrs 

 

87.5a 

 

7.58a 

 

20a 

 

1750a 

 24 hrs 76.5abcd 6.52ab 10c 765fg 

 48 hrs 70dc 5.85bc 12.5bc 885defg 

 72 hrs 53.5e 4.32cd 12.5bc 665g 

 

2% KNO3 

 

12 hrs 

 

82.5abc 

 

6.49ab 

 

15abc 

 

1230bcdef 

 24 hrs 80abcd 6.54ab 20a 1600ab 

 48 hrs 74bcd 6.36ab 17.5ab 1285abcde 

 72 hrs 51e 3.97d 15abc 775fg 

 

3% KNO3 

 

12 hrs 

 

85.5ab 

 

7.56a 

 

15abc 

 

1285abcde 

 24 hrs 75.5abcd 6.88 ab 17.5ab 1330abcd 

 48 hrs 68d 5.63bc  11c 675g 

 72 hrs 42e 3.29d 15abc 630g 

Un-primed 

(control) 
 79.5abcd 7.16a 12.5bc 975cdefg 

LSD (Con.* D) 

(5%) 
 12.89 1.55 6.58 484.93 

CV (%)  12.39 17.68 30.99 31.22 
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with distilled water for 12 and 24 hrs, with 

1% KNO3 for the durations of 24, 48, and 

72 hrs, with 3% KNO3 for the durations of 

48 hrs, as well as from seedling raised from 

un-primed seeds. In general, seedling dry 

weights did not show clear and consistent 

trends of increase or decrease in response to 

increased concentration of KNO3 as well as 

duration of priming. It appeared that 

priming onion seeds with distilled water for 

longer durations (48 and 72 hrs), with 1% 

KNO3 for the shorter duration of 12 hrs, 

with 2% KNO3 for all durations of priming, 

as well as priming with 3% KNO3 for 12, 

24, and 72 hrs led to the production of 

higher seedling dry weights (Table 3). 
 

Vigour index II was significantly 

influenced by both the main effect of 

priming duration as well as its interaction 

with concentration of the priming salt 

(KNO3) (Tables 1). Increasing the 

concentration of the potassium nitrate salt 

as well as the priming duration resulted in 

significantly decreasing trend in vigour 

Index II. Thus, the highest vigour index II 

was recorded for seedlings raised from 

seeds primed with distilled water for 48 and 

72 hrs, seeds with 1% KNO3 for only 12 

hrs, with 2% KNO3 for 24 and 48 hrs and 

with 3% for 12 and 24 hrs. The lowest 

values of vigour Index II were recorded for 

seedlings raised from seeds primed with 

distilled water for only 12 and 24 hrs, with 

1% KNO3 for 24, 48, and 72 hrs, with 2% 

KNO3 for 72 hrs, with 3% KNO3 for 48 and 

72, as well as for seedlings raised from un-

primed seeds (Table 1). Vigour index II was 

reduced as priming durations were 

increased. This could be ascribed to the 

negative effect of priming seeds for longer 

periods than necessary, which may  result in 

the development of inhibitors and salinity 

(toxic) effects of the chemical (KNO3). In 

agreement to this result Selvarani and 

Umarani (2011) reported that the results on 

halo priming with KNO3 for a range of five 

durations of soaking proved that onion 

seeds could benefit from halo priming for 

12 hrs with 3% KNO3 concentration. 

Priming duration significantly (P   0.01) 

affected vigour index I. The highest value 

of vigour index I (936.91) was obtained for 

the priming duration of 12 hrs. Increasing 

the priming duration consistently decreased 

the value of vigour index I. However, the 

value of vigour index I of seedlings raised 

from seeds primed for 12 hrs was in

 

Table 4: Main effects of concentration and priming duration on vigour index I of onion. 

 
Treatment Vigour index-I 

Concentration 

0% (distilled water) 844.40 

1% KNO3 718.88 

2% KNO3 740.75 

3% KNO3 708.11 

Un-primed (Control) 848.65 

Significant Level ns 

LSD (5%) -- 

Priming duration  

12 hrs 936.91a 

24 hrs 785.89b 

48 hrs 744.99b 

72 hrs 544.35c 

Un-primed(control) 848.65ab 

Significant Level *** 

LSD (5%) 120.47 

CV (%) 22.47 

                                  CV indicates Coefficient of variation; ***= highly significant  

difference at 0.1% probability level, and ns= non-significant.
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statistical parity with the value of seedling 

vigour index I of un-primed seeds. On the 

other hand, the lowest value of vigour index 

I (544.35) was obtained for the priming 

duration of 72 hrs. Vigour index I was 

reduced as priming durations were 

increased (Table 4). 

 

Field Experiments 
 

Bulb yields 
 

The main effect of concentration of the 

KNO3 salt significantly (P   0.01) affected 

only marketable bulb yield. The main effect 

of priming duration did not affect any of the 

yield parameters. The main effects of both 

KNO3 concentration and priming duration 

did not influence non-marketable and total 

bulb yields. However, the analysis of 

variance revealed that KNO3 concentration 

and duration of priming interacted to 

significantly influence marketable bulb 

yield ((P   0.01)), non-marketable bulb 

yield (P   0.05), and total bulb yields (P   

0.05) (Table 2). 

 

The highest marketable bulb yields were 

obtained in response to priming the onion 

seeds with distilled water for 72 hrs, and 

with KNO3 salt at the concentrations of 1% 

for 12 hrs and at the concentration of 2% 

for 24 and 72 hrs, respectively. The entire 

marketable bulb yields obtained in response 

to the above combined treatments were in 

statistical parity. The lowest marketable 

bulb yields were obtained from onion seeds 

primed with distilled water for 12 hrs, and 

with KNO3 salt at the concentration of 1% 

for 48 hrs, at the concentration of 3% for 12 

and 72 hrs as well as from the control 

treatment (un-primed seeds), all these 

values were in statistical parity (Table 5). 

The results revealed that priming onion 

seeds with KNO3 at the relatively lower 

concentration of 1% for a relatively shorter 

duration of twelve hrs or priming onion 

seeds with distilled water for a relatively 

longer duration of 72 hrs increased onion 

bulb yield remarkably. For example, 

seedlings raised from seeds primed with 

distilled water for 72 hrs and seedlings 

raised from seeds primed with KNO3 at the 

concentration 1% for just 12 hrs resulted in 

additional bulb yield increments of 50 and 

84% respectively, compared to the bulb 

yield obtained from seedlings raised from 

un-primed seeds (Table 5). The results 

further showed that the marketable onion 

bulb yield markedly increased in response 

to increased duration of priming with 

distilled water whereas it decreased in 

response to increased concentration as well 

as duration of priming with the potassium 

nitrate salt. Thus, the marketable bulb yield 

obtained from seeds primed with distilled 

water for 72 hrs significantly exceeded the 

bulb yield obtained from seeds primed with 

distilled water for only 12 hrs by additional 

increment of 58% (Table 5). Similarly, 

increasing the concentration of potassium 

nitrate from 1% to 3% and priming the seed 

reduced marketable bulb yield by about 

100%. Likewise, increasing the duration of 

priming onion seed with 1% potassium 

nitrate salt from 12 hrs to 72 hrs reduce 

bulb yield by about 55%. This signifies that 

priming onion seeds with distilled water for 

a few days’ time and with KNO3 at lower 

concentrations for about a half or less 

number of days may equally enhance onion 

bulb yields. In agreement with this result, 

Muhammad et al., (2008) reported that 

grain yield decreased with the extended 

seed priming durations. The authors found 

that the seed primed for 6 hrs produced the 

highest grain yield of soybean as compared 

to seed primed for 12 hrs and 18 hrs. The 

highest total bulb yields were obtained in 

response to planting seedlings raised from 

seeds primed with distilled water for 48 and 

72 hrs, 1% KNO3 for 12 and 24 hrs, 2% 

KNO3 for 12, 24, and 72 hrs, and 3% KNO3 

for 24 and 48 hrs. In general, the lowest 

total bulb yields were obtained from 

seedlings raised from seeds primed with 

distilled water for only 12 and 24 hrs as 

well as seedlings raised from seeds primed 

with higher concentrations of KNO3 for  
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Table 5: Interaction effects of concentration of potassium nitrate and priming duration on 

bulb yields of onion  

 

Treatment Parameters 

Concentration Priming 

duration 

Marketable bulb 

yield (ton/ha) 

Non-marketable 

bulb yield 

(ton/ha) 

Total yield 

bulb (ton/ha) 

0%(distilled water) 12 hrs 21.06def 13.78ab 34.84cd 

 24 hrs 29.44bc 8.43cde 37.87bcd 

 48 hrs 28bcde 12.22abcd 40.22abc 

 72 hrs 33.33ab 10.08abcde 43.41abc 

 

1% KNO3 12 hrs 40.78a 6.94e 47.72a 

 24 hrs 29.33bc 13.61abc 42.94abc 

 48 hrs 24.17cdef 12.66abc 36.83bcd 

 72 hrs 26.39bcde 9.50abcde 35.89bcd 

 

2% KNO3 12 hrs 30.22bc 14.20a 44.42ab 

 24 hrs 34ab 9.44abcde 43.44abc 

 48 hrs 28.56bcd 6.98de 35.54bcd 

 72 hrs 33.11ab 8.89bcde 42abc 

 

3% KNO3 12 hrs 20.39ef 14.61a 35bcd 

 24 hrs 31.67bc 11.92abcde 43.59abc 

 48 hrs 29.33bc 12.33abc 41.66abc 

 72 hrs 16.22f 13.78ab 30d 

Un-primed(control)  22.22def 12.89abc 35.11bcd 

LSD (5%)  8.13 5.25 9.50 

CV (%)  17.11 28.07 14.35 
Means within the same column followed by different letter are significantly different at P ≤ 0.05 

 

longer durations (72) hrs (Table 5). These 

results also indicate that priming onion 

seeds with distilled water for 72 and with 

KNO3 salt at relatively lower concentration 

of 1% for about 12 hrs markedly increased 

total onion bulb yields. The highest 

unmarketable bulb yields were obtained in 

response to priming the onion seeds with 

1% KNO3 for 24, 48 and 72 hrs, 2% KNO3 

for 12 and 24 hrs, 3% KNO3 for all 

durations of priming as well as with 

distilled water for 12, 48, and 72 hrs. On the 

other hand, the lowest unmarketable yield 

was obtained in response to priming onion 

seeds with 1% KNO3 for 12 hrs. These 

results indicate that increasing the 

concentration of KNO3 and duration of 

priming with the potassium nitrate salt 

indeed led to significant increases in 

unmarketable bulb yield, which is 

consistent with the inverse relationship that 

would exist with the decrease observed in 

both marketable and total bulb yields. 

The maximum marketable and total bulb 

yields as well as minimum non-marketable 

bulb yields were obtained when seeds were 

primed with 1% KNO3 concentration for 12 

hrs as compared to the other treatments. 

Although it resulted also in a high 

unmarketable bulb yield, priming onion 

seeds with distilled water for 72 hrs also led 

to the production of significantly higher 

marketable and total bulb yields (Table 5). 

The improvement in bulb yield of primed 

seed may be due to early, uniform and 

improved emergence, and vigour stand 
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establishment, which are the results of 

improved yield contributing factors i.e. 

higher plant population, weight of 

marketable bulb, and higher nutrient uptake 

of seedlings raised from seeds primed with 

lower concentration of KNO3 but sufficient 

to afford the necessary nutrient in the 

priming treatments that ultimately resulted 

in the higher yield. Similar findings were 

reported by Harris et al. (1999), and Harris 

et al. (2000). The authors reported that the 

resulting improved stand establishment due 

to priming increased drought tolerance 

reduced pest damage and increased crop 

yield. The increase in yield of primed seed 

may be due to the fact that primed seed 

emerged faster and more uniformly and 

seedlings grew more vigorously, leading to 

a wider range of phenological and yield 

related benefits (Harris et al., 2000). Harris 

et al., (1999) further reported that primed 

crops did produce higher yields than non-

primed crops. 

 

On the other hand, priming seeds with 

KNO3 salt for longer durations led to 

increased unmarketable bulb yield possibly 

due to the production of inhibitors and toxic 

effect of the chemical on seedlings 

established from higher concentration of 

KNO3. However, priming seeds with 

distilled water for longer durations 

increased yield. This could be because 

distilled water may be able to enhance 

seedling emergence, seedling vigour and 

establishment of uniform stand when 

priming is done with it for sufficient time 

that is enough to trigger seed germination 

and seedling development. Moreover, it can 

be concluded that primed seed germinated 

faster and more vigorously, leading to 

better crop stands, faster development and 

increased yield. In agreement with this 

study, Byrum and Copeland (1995) reported 

that more vigorously growing crops from 

primed seeds were able to capture more 

nitrogen than crops grown from non-primed 

seeds, perhaps before the nitrogen became 

unavailable due to leaching or 

volatilization. The results obtained in this 

study corroborate also the results obtained 

by other workers. Accordingly, Adugna 

(2008) reported that priming hot pepper 

seed with sodium chloride (NaCl) increased 

marketable yield by about 6% compared to 

the un-primed seeds. Taylor and Harman 

(1990) found that in the low external input 

system like fertilizers, in Bihar and West 

Bengal of India, primed plots of chickpeas 

out-yielded non-primed plots in 41 trials 

with an average yield increase of about 

13%. Mubshar et al. (2006) also concluded 

that seed priming with 0.5% KON3 could 

enhance seedling establishment, yield, and 

quality of hybrid sunflower.    
 

CONCLUSION  

 

Results of the present study indicated that 

yield and seed quality parameters were 

significantly affected by the treatments or 

their interaction effects. Accordingly, 

priming onion seeds with KNO3 at the 

relatively lower concentration of 1% for a 

relatively shorter duration of twelve 

remarkably increased standard 

germination, germination rate, vigour 

index, seedling dry weight and both 

marketable and total onion bulb yields 

whereas seedling performance and bulb 

yield of onion was poor with regard to 

standard germination, germination rate, 

vigour index, and both marketable and total 

onion bulb yields when onion seed is 

primed with higher concentration of 3 % 

for long duration of 72 hrs. 
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