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Abstract
The horned melon (Cucumis metuliferus) is mostly grown in tropical and subtropical countries, where it thrives on deep to 

shallow, well-drained soils. Seed dormancy, which causes poor and delayed germination, has remained a problem for farmers in sev-
eral African countries, including Zimbabwe, who have begun producing horned melon. Midlands State University conducted a lab-
oratory experiment to evaluate the effects of potassium nitrate on seed germination and early seedling growth of horned melon. The 
experiment was set up in a Completely Random Design (CRD) with seven different potassium nitrate (KNO3) concentrations (0 %, 
0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, and 3.0 %), each duplicated three times. The data was analyzed using a one-way Analysis of 
Variance (ANOVA) in Genstat 18th edition. The characteristics of germination and early seedling development were assessed. All 
germination and early seedling development characteristics were significantly affected by potassium nitrate. Germination %, mean 
germination rate, germination index, mean daily germination percent, synchronization of germination, peak value for germination, 
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and germination value all had a significant influence. Potassium nitrate had a significant influence on mean germination time and 
time to 50 % germination, with the lowest values obtained on seeds primed with 3 % KNO3. There was a significant difference in 
seedling height, root length, seedling length, fresh biomass, and dry weight between seeds primed with 2.5 % KNO3 and seeds not 
primed with 2.5 % KNO3. Farmers are advised to use 2.5 % KNO3 concentration for seed priming for optimal germination and early 
plant development of horned melon.

Keywords: Horned melon (Cucumis metuliferus), seed dormancy, potassium nitrate, germination, seedling.
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1. Introduction 
Cucumis metuliferus E. Mey. Ex Naudin, often known as the Kiwano or African horned 

melon, belongs to the Cucurbitaceous family native crop produced in much of Africa and predom-
inates in tropical and subtropical climates with sandy soils ranging from deep to shallow and well-
drained [1]. The crop is widespread in Africa’s central and southern semi-arid areas. Many rural 
communal farmers in Zimbabwe grow this indigenous crop mostly in Agroecological zones III, 
IV, and V [2]. These Agroecological zones are vulnerable to a variety of environmental challenges, 
including moisture and heat stress [3]. Because of its health and nutritional benefits, horned melon 
is popular among many rural farmers. The crop boasts high vitamin content, notably complex B 
vitamins and vitamin C [4–6]. Several researchers also report its high mineral content, particularly 
iron, calcium, zinc, sodium, potassium, magnesium, phosphorus, and copper. 

Horned melon is now gaining popularity in export markets, opening market opportunities 
for native growers. Communal farmers in Zimbabwe are well-positioned to benefit from such mar-
ket opportunities. To fast-track, the commercialization of horned melon by rural farmers, cheap and 
simple techniques to improve germination under environmental stress are required. Seed priming 
has been seen as a useful technique in improving seed germination and early seedling growth [7]. 
Waqas et al. [8] defined priming as a physiological strategy involving hydrating and drying seeds 
to improve the pre-germination metabolic process for quick germination, seedling development, 
and eventual yield under normal and stressful conditions. It has been effectively established that 
seed priming enhances the speed and uniformity of germination and seedling emergence in vari-
ous stressful situations, such as salt, drought, and temperature. This is especially true for seeds of 
vegetables and tiny seeded grasses [9, 10].

Various priming techniques have been developed, including halo priming, which is the soak-
ing of seeds in organic salts [7]. Various authors have shown potassium nitrate (KNO3) as an effec-
tive priming agent that improves seed germination and early crop development. Armin et al. [11] 
noted that KNO3 effectively increased the germination rate and plumule length of watermelons 
(Citrullus lanatus). Priming tomato seeds with KNO3 increased mean germination time, final ger-
mination percentage, and physiological attributes [12]. Ahmadvad et al. [7] reported a significant 
increase in germination and emergence percentages, plumule and radicle length, plant height, and 
dry seedling weight from soybean cultivars primed with KNO3. Therefore, this research evaluates 
the influence of different KNO3 concentrations on seed germination and early seedling develop-
ment of horned melons. 

2. Materials and Methods
2. 1. Study site
The experiment was carried out at Midlands State University located 19°30’57” S 29°49’58” 

E and 1457 m above sea level. The area receives an average annual rainfall of 400–600 mm and 
an annual temperature of 25 ℃. The experiment was conducted in the laboratory with a minimum 
temperature of 18 ℃ and 40 % relative humidity.

2. 2. Experimental design
The experiment was laid out in a Completely Randomized Design (CRD). It consisted of 

seven treatments that were different KNO3 concentrations (0 %, 0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, 
and 3.0 %). The treatments were replicated three times.
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2. 3. Preparation of KNO3 concentrations and priming
Different KNO3 concentrations (0 %, 0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, and 3.0 %) were 

prepared in beakers to test the influence of potassium nitrate KNO3 on germination and early 
seedling development of horned melon seeds. For a 1 % concentration, 1 g of potassium nitrate was 
mixed with 100 ml of distilled water to make the KNO3 concentration. The other KNO3 concentra-
tions were prepared using a simple proportion. The seeds were primed in various KNO3 concentra-
tions for 12 hours and thereafter air dried for 24 hours in Petri dishes. The experiment’s negative 
control (0 % KNO3) was seeds primed with distilled water. 

2. 4. Germination experiment
After drying the seeds, 20 seeds from each treatment were placed in Petri dishes with 

absorbent pads soaked with distilled water to ensure the seeds received enough moisture for 
germination. Throughout the experiment, a few drops of water were supplied daily to moisten 
the absorbent pads and ensure that the seeds had enough moisture. Daily germination data were 
accumulated until final germination was determined by observing a 1 mm protrusion of the rad-
ical. The characteristics of germination were tested and computed after 15 days.

2. 5. Early seedling growth experiment 
The remaining seeds were sown in float trays (20 seeds per replication) for early seedling 

growth metrics, and each treatment was replicated three times. To maintain uniformity, pit sand 
was used as the growth medium. When the seedlings emerged, the float trays were transfered to a 
shade net. Watering the seedlings in float trays twice a day ensured enough moisture availability. 
Seedling growth characteristics were monitored and calculated four weeks following emergence.

2. 6. Data collection
Several morpho-physiological parameters were collected and computed as described below:
Germination percentage (G %) was determined using a formula by Ruttanaruang-

boworn, et al. [13] as follows:

         Number of germinated seedsGermination Percentage .
Total seeds sown

=   (1)

Mean Germination Time (MGT) was determined using a formula by [14] as follows:

              Mean Germination Time ,∑
=

∑
Dn
n

   (2)

where D is the number of days measured from the start of germination and n is the total number of 
seeds that germinated on day D. 

Mean Germination Rate (MGR) was determined using a formula by Ranal et al. [15] as follows: 
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where niti is the number of seeds germinated at an ith time interval, and ni is the number of seeds 
germinated at the ith time.

Germination index (GI) was determined using the formula by ISTA, [16] as follows:
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where Ti is the length of time from the experiment’s beginning to the ith time interval, Ni is the 
number of seeds that germinated during the ith time interval [as opposed to the overall number], and 
k is the total number of time intervals.



Original Research Article:
full paper

(2023), «EUREKA: Life Sciences»
Number 4

26

Agricultural and biological sciences

Synchrony of germination. It was calculated as follows:

          ,2

,2

1Synchrony of germination  ,= ∑

∑

∑
= i

i

k
i N

N

C

C
  (5)

where CNi,2 is the partial combination of the two germinated seeds from among Ni, the number of 
seeds germinated on the ith time interval estimated as CNi,2=Ni[Ni−1]/2 and CΣNi,2 is the partial com-
bination of the two germinated seeds from among the total number of seeds germinated at the final 
count, assuming that all seeds that germinated did so simultaneously.

Time to reach 50 % germination (T50 %). It was calculated on day 15 using the results re-
corded daily. It was calculated as follows [17]:
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where t50 is the median germination time, N is the final number of germinated seeds, and Ni and Nj 
are the total numbers of seeds germinated in adjacent counts at time Ti and Tj respectively, when:

              1
2
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Mean daily germination percent (MDG). It was calculated as follows:

               Mean Daily Germination ,=
k

GP
T

   (7)

where GP is the final germination percentage, Tk is the time at the kth time interval, and k 
is the total number of time intervals required for final germination.

Peak value for germination [18, 19]:

            1 2

1 2

Peak Value max  , ,   ,
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   (8)

where T1 is the time from the start of the experiment to the ith interval, Gi is the cumulative germi-
nation percentage in the ith time interval, and k is the total number of time intervals. 

Germination value (Gvalue) [18, 20]:

            Germination value ,= ×PV MDG    (9)

where PV is the maximum value, and MDG is the average daily germination rate from the time 
when germination began. By substituting MDG with the mean germination percentage per unit 
time, it may also be calculated for various periods between succeeding germination counts (GP).

Seedling height. Seedling height was measured using a ruler from the base of the main stem 
to the end of the woody growth.

Root length. Root length was measured by first dipping the seedling root zone in a beaker 
with water to remove all attached soil particles. The longest root was then measured using a ruler 
from the tip of the root to where it attaches to the main stem of the seedling. 

Fresh biomass. The fresh weight of seedlings was determined by weighing ten seedlings 
and recording the weight on an electronic scale, then getting an average by dividing by 10.

Dry biomass. Ten seedlings were dried in a hot air oven for 24 hours at 70±1 °C. The seed-
lings were then removed and placed in a desiccator for 30 minutes to cool. The weighing was done 
in grams (g) on an electronic balance scale, and the weight was divided by 10.
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2. 7. Data analysis
Data were analyzed using a one-way Analysis of Variance (ANOVA) using GenStat 18th edi-

tion software. Treatment means were separated using the least significant difference (LSD) at 5 % 
significance. 

3. Results
3. 1. Effect of KNO3 on germination percentage of horned melon seeds
There was a significant difference (P<0.05) in the germination percentage of horned melon 

seeds exposed to varied KNO3 concentrations (Table 1). Germination improved as the concentra-
tion of KNO3 increased up to 2.5 %. Priming horned melon seeds with 2.5 % KNO3 resulted in 
a maximum germination rate of 92 %, while the control had the lowest germination percentage 
of 77.0 %. Except for the control treatment, seeds primed at 0.5 %, 1.0 %, and 1.5 % KNO3 were not 
statistically (P>0.05) different from each other, and seeds primed at 2.0 %, 2.5 %, and 3.0 % KNO3 
were not statistically (P>0.05) different from each other either (Table 1).

Table 1
Effect of KNO3 on germination percentage (G %), mean germination time (MGT), mean germination rate 
(MGR), germination index (GI), Synchrony of germination index (Z) of horned melon seeds

KNO3 concentrations 
Germination index

G % MGT MGR GI Z
0 [control] 77.0a 3.57d 0.28a 6.22a 0.23a

0.5 81.0ab 2.38bc 0.44cd 10.81c 0.36a

1.0 82.0ab 2.66c 0.39bc 8.58b 0.36a

1.5 83.0bc 2.75c 0.37b 8.63b 0.34a

2.0 91.0cd 2.07ab 0.48d 11.94c 0.63b

2.5 92.0d 2.03ab 0.50d 14.50d 0.30a

3.0 88.0bcd 1.71a 0.59e 15.29d 0.38a

Mean 84.9 2.45 0.43 10.85 0.37
P value 0.015 <0.001 <0.001 <0.001 0.001
LSD0.05 8.68 0.3848 0.06665 2.158 0.1524
CV % 6.9 10.6 10.4 13.4 27.6

3. 2. Effect of KNO3 on mean germination time of horned melon seeds
The mean germination time of horned melon seeds was substantially (P<0.05) influenced 

by KNO3. Priming seeds with 3 % KNO3 resulted in the shortest mean germination time of 1.76 days, 
whereas the control (0 % KNO3) resulted in the longest mean germination time of 3.57 days. There 
was no significant difference between seeds primed with 1 % KNO3 and 1.5 KNO3 (Table 1).

3. 3. Effect of KNO3 on the mean germination rate of horned melon seeds
Potassium nitrate had a significant (P<0.05) effect on the mean germination rate in horned 

melon seeds. Seeds primed with 3 % KNO3 had the greatest mean germination rate of 0.59, whereas 
seeds primed with 0 % KNO3 had the lowest mean germination rate of 0.28 (Table 1). The mean 
germination rate of horned melon seed primed with 2 % KNO3 and 2.5 % KNO3 concentrations 
was not significantly different (P>0.05).

3. 4. Effect of KNO3 on germination index of horned melon seeds
There was a significant difference (P<0.05) in the germination index of horned melon seeds 

primed at various levels of KNO3. Seeds primed with 3 % KNO3 had a germination index value of 
15.29, while seeds primed with 0 % KNO3 had a germination index value of 6.22. Seeds prepared 
with 1 % and 1.5 % KNO3 showed no significant difference from each other, and seeds primed with 
2.5 % and 3.0 % KNO3 did not vary substantially as well (Table 1).



Original Research Article:
full paper

(2023), «EUREKA: Life Sciences»
Number 4

28

Agricultural and biological sciences

3. 5. Effect of KNO3 on Synchrony of germination index of horned melon seeds
Potassium nitrate exhibited a substantial (P<0.05) influence on the synchrony of germina-

tion. The control (0 % KNO3) had the lowest synchrony of germination, which was not different 
from the other treatments, except for seeds treated with 2.0 % KNO3, which had the highest syn-
chrony of germination (Table 1).

3. 6. Effect of KNO3 on time to 50 % germination of horned melon seeds
The effect of KNO3 concentrations on the time required to reach 50 % germination was 

significant (P<0.05). Seeds primed with 3 % KNO3 germinated in the shortest amount of time. The 
control (0 % KNO3) had the greatest value for time to reach 50 % of germination. There was no 
difference between seeds primed with 2.0 % and 2.55 % (Table 2). There was also no difference 
between seeds stimulated with 3.0 % and the control.

Table 2
Effect of KNO3 on time to reach 50 % germination (T50 %), mean daily germination (MDG), the peak value 
of germination (Pvalue), germination value (Gvalue) of horned melon seeds

Treatment
Germination index

T50 % MDG Pvalue Gvalue

0 [control] 2.99d 5.50a 15.58a 85.60a

0.5 1.767bc 5.79ab 28.75b 168.40b

1.0 1.97c 5.86ab 23.75b 140.90b

1.5 1.98c 5.93abc 23.00b 137.30ab

2.0 1.52ab 6.50cd 39.50c 257.40c

2.5 1.41ab 6.57d 37.00c 244.30c

3.0 1.15a 6.29bcd 40.00c 251.70c

Mean 1.88 6.06 29.65 183.70
Significance <0.001 0.015 <0.001 <0.001

LSD0.05 0.4413 0.6202 7.152 53.34
CV % 16.3 6.9 16.2 19.5

3. 7. Effect of KNO3 on Mean Daily Germination percent of horned melon seeds
The effect of KNO3 treatments on the mean daily germination of horned melon seeds was 

statistically different (P<0.05). The results demonstrate that seeds primed with 2.5 % KNO3 had the 
greatest mean daily germination value (6.57), whereas the control (0 % KNO3) had the lowest mean 
daily germination value (5.50). There was no difference between seeds primed at a concentration 
of 0.5 % and 1 % KNO3 (Table 2).

3. 8. Effect of KNO3 on Peak value for germination of horned melon
The influence of KNO3 concentrations on the peak value of germination was significant 

(P<0.05), with seeds primed at 2.0 %, 2.5 %, and 3 % KNO3 having the greatest peak value of 
germination but also not statistically different from each other. Seeds primed with 0 % KNO3 had 
the lowest peak value of germination of 15.58 (Table 2). Seeds primed at a concentration of 0.5 %, 
1 %, and 1.5 % KNO3 did not differ statistically from each other.

3. 9. Effect of KNO3 on Germination value of horned melon
The germination value of the horned melon differed significantly (P<0.05). Seeds primed 

with 2 % KNO3 had the greatest germination value, whereas seeds primed with 0 % KNO3 had the 
lowest (85.60) (Table 2). Seeds primed with 2.0 %, 2.5 %, and 3 % KNO3 had the greatest germina-
tion value, for germination, with means that were not statistically different from each other. 

3. 10. Effect of KNO3 on the seedling height of horned melon
There was a significant difference (P<0.05) in the seedling height of horned melon subject-

ed to different KNO3 concentrations (Fig. 1). Seedling height increased with an increase in con-
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centration up to 2.5 % KNO3. Priming horned melon with 2.5 % potassium nitrate had the highest 
seedling height whilst the control recorded the least seedling height. Seeds primed at 1.0 % and 
1.5 % were not statistically different, while those primed at 1.5 %, 2.0 %, 2.5 %, and 3.0 % did not 
differ statistically (Fig. 1).
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Fig. 1. Effect of KNO3 concentrations on the seedling height of horned melon

3. 11. Effect of KNO3 on root length of horned melon
There was a significant difference (P<0.05) in the root length of horned melon subjected to 

different KNO3 concentrations (Fig. 2). Root length increased with an increase in concentration up 
to 2.5 % KNO3. Priming horned melon with 2.5 % potassium nitrate had the highest root length 
whilst the control recorded the least root length. Seeds primed at 1.5 %, 2.0 %, and 3.0 % were not 
statistically different from each other, and also those primed at 1.0 %, 1.5 %, 2.0 %, and 3.0 % did 
not differ statistically (Fig. 2).
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Fig. 2. Effect of KNO3 concentration on root length of horned melon

3. 12. Effect of KNO3 on fresh biomass of horned melon seedlings
Different potassium nitrate concentrations caused a significant (P<0.05) effect on the fresh 

biomass of horned melon seedlings. Seedling fresh biomass increased with an increase in concen-
tration up to 2.5 % KNO3. Seeds primed with 2.5 % KNO3 showed the highest biomass, whilst the 
control (0 % KNO3) had the least biomass (Fig. 3). Horned melon seed primed with 2 % KNO3, 
2.5 % KNO3, and 3.0 % KNO3 concentrations had statistically similar seedling fresh biomasses. 
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Seeds primed with 1.0 % and 1.5 % had seedling fresh biomasses that were not significantly dif-
ferent (Fig. 3).
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Fig. 3. Effect of KNO3 concentration on fresh biomass of horned melon

3. 13. Effect of KNO3 on the seedling dry weight of the horned melon
There was a significant difference (P<0.05) in the dry weight of horned melon seedlings of 

seeds primed with different KNO3 concentrations (Fig. 4). Seedling dry weight increased with an 
increase in concentration up to 2.5 % KNO3. Priming horned melon with 2.5 % potassium nitrate 
had the highest dry weight (0.0532g), whilst the control recorded the least (0.0121 g). Seeds primed 
with 0.5 %, and 1.0 % were not statistically different from each other and also, those primed with 
2.5 % and 3.0 % KNO3 did not differ statistically (Fig. 4). Seed primed at 2.0 % and 3.0 % were 
also statistically similar.
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Fig. 4. Effect of KNO3 concentration on the seedling dry weight of the horned melon

4. Discussion
4. 1. Effect of KNO3 on germination indices of horned melon 
The gradual increase in germination percentage showed the efficacy of KNO3 in seed priming 

of horned melon because of an improvement in water imbibition by the seeds due to the presence 
of KNO3, which is essential at the beginning of the germination process. This can be attributed to the 
potential of KNO3 in breaking seed dormancy [21] as potassium nitrate inhibits the action of abscisic 
acid (ABA) in seeds which reversibly arrests embryo development at the brink of radicle growth 
initiation, inhibiting the water uptake which accompanies embryo growth [22]. Results in this study 
corroborated with the findings of Dhillon et al. [23], who found that tomato seed priming with 2 % 
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KNO3 improved seed germination by 3–4 % compared to unprimed seeds. The results of this study 
are also in agreement with the findings of Mohammadi [24], who noted that soybean seeds primed 
with 1 % KNO3 for 1 day had a higher emergence percentage compared to untreated seeds. 

A gradual decrease in the mean germination time of primed seed with different potassium 
nitrate concentrations shows the effectiveness of KNO3. Seeds primed with 3 % KNO3 had the least 
mean germination time, while unprimed seeds had the highest mean germination time, due to the 
quick release of ABA in the seeds paving the way to seed germination in a short period unlike 
where KNO3 was not applied. Thus potassium nitrate minimized the time taken for the seeds to ger-
minate. This study’s results agree with the results obtained by Kaya et al. [25] on seed priming of 
melon seeds which showed an overall decrease in mean germination periods suggesting that KNO3 
has a positive influence on melon seed germination times in general. The results of this study also 
authenticate with Dev et al. [26] findings that the application of 0.5 % KNO3 greatly reduces the 
time it takes for germination to begin (4 days). Asaadi [27] also observed that potassium nitrate 
caused Lepidium latifolium seeds to emerge from their physical dormancy faster. 

The influence of potassium nitrate on the mean germination rate of horned melon could be 
attributed to improved water uptake by the seed hence quickening germination process. The po-
tassium component could have contributed to the activation of enzymes which are responsible for 
germination hence, the presence of KNO3 resulted in the quickening of germination. The results in 
this study are also in line with the results found by Kanatas et al. [28] in a study on Achillea mille-
folium L. Seed priming with potassium nitrate enhanced the germination rate. Results from this 
study also agree with Hoseini et al. [29], whose study results showed that seeds primed with KNO3 
had the greatest observed germination rates.

Horned melon seeds primed with 3.0 % KNO3 had the highest germination index when com-
pared to the ones primed with 0 % KNO3. Potassium nitrate affected the synchrony of germination 
index where seeds primed with 2.5 % KNO3 concentration recorded the highest synchrony of ger-
mination. This could be attributed to the speeding up of the germination process by potassium ni-
trate; hence per given time interval, the germination index was high for seeds primed with potassi-
um nitrate. Theresults of this present study are in agreement with those of Thongtip et al. [30], who 
found that potassium nitrate improved the germination index of three varieties of holy basil seed.

The effect of potassium nitrate on the time taken to reach 50 % germination of horned melon 
could be attributed to quick germination induced by potassium nitrate that enhances the release of 
ABA, which retards germination; hence less time was taken for a 50 % germination to be reached. 
This study’s results corroborate Miladinov et al. [31] on soya bean seeds, where the highest T50 % 
values were observed on unprimed seeds, whereas the least were recorded on seeds primed with 
potassium nitrate. 

The effect of potassium nitrate on the mean daily germination of horned melon, with seeds 
primed with 2.5 % KNO3 recording the highest value for mean daily germination and the control 
recording the least, could be attributed to the quick germination rate of seeds primed with potas-
sium nitrate. Germination and Peak values also showed a significant effect on seeds primed with 
KNO3 compared to those primed with 0 % KNO3. This could be attributed to the high germination 
percentage induced by potassium nitrate, thereby also quickening the germination rate.

Moreover, exogenous KNO3 was demonstrated to boost the gene expression associated with 
in nitrogen and carbon metabolism as well as energy synthesis [32]. Induction of nitrate reductase is 
also linked to antioxidative reactions and N assimilation [21, 33]. Seeds absorb a growing quantity 
of oxygen during imbibition, resulting in the production of reactive oxygen species [ROS] and a 
change in the redox state [34]. The scientific literature is replete with evidence of ROS’s stimulato-
ry effect on germination and seedling development processes [35–42]. The authors demonstrated in 
these articles that regulated ROS formation during seed absorption of water may have a signaling 
function during germination as well as the dormancy release process. Uncontrolled ROS buildup, 
on the other hand, might delay or even prevent seed germination [42]. This might explain why, at 
higher doses of KNO3 (3 %), there was a dramatic decrease in germination indices of horned melon 
seeds in this current study.
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4. 2. Effect of KNO3 on early seedling growth of horned melon
The efficacy of potassium nitrate on the seedling height of horned melon, with 2.5 % KNO3 

recording the highest, could be attributed to nitrogen in potassium nitrate, which induces and 
speeds vegetative growth. The results from this study agree with the findings of Oliveira and 
Steiner [43] in an experiment on cucumber seed priming. The hypocotyl length rose from 59.0 to 
62.8 mm when the seeds were primed with KNO3. The results of this study are also in parity with 
the results obtained by Gupta et al. [44] in a seed priming experiment of pearl millet with potassium 
nitrate where the seedling height of KNO3 primed seeds was 38.17 cm compared to seeds primed 
with water which recorded 36.72 cm.

The significant effect on the root length of horned melon seedlings, with seeds primed with 
2.5 % KNO3 recording the highest could be attributed to the increase of root length developed 
by the potassium and nitrate in KNO3 as it favors the initiation and ramification of the seedling 
root system. The results from this study tally with the results found by Badu et al. [45]. The root 
length of cucumber seeds (Cucumis sativus L) demonstrated a substantial effect of KNO3 priming 
treatments over unprimed seeds. The results of the present study are also in parity with the results 
obtained by Pradhan et al. [46] that potassium nitrate had a significant impact on root and shoot 
length in cowpea seed variants primed with potassium nitrate.

Potassium nitrate proved to affect the fresh biomass of horned melon. This could be attribut-
ed to the role of nitrogen in KNO3 in increasing plant biomass and reducing water loss through 
regulation of the closing and opening of the horned plants. The results from this study corroborate 
with results found in an experiment on chickpeas seeds (Cicer arietinum L.). Seeds primed with po-
tassium nitrate obtained the highest fresh biomass compared to unprimed seeds. This study agrees 
with the results observed in a study by Hernández et al. [47]. Maximum seedling fresh weight in 
pea seedlings was noted with 0.25 mM KNO3. Thus, priming pea seeds in potassium nitrate result-
ed in a 15 % increase in fresh weight.

The effect of KNO3 on the dry weight of horned melon seedlings could be because of plant 
development due to the nitrogen in KNO3, leading to more build-up of the plant biomass. Results 
from this study are in parity with the results obtained by Kanatas et al. [28]. Earlier studies demon-
strated that, the dry biomass of the seedlings was substantially increased after seed priming of 
Achillea millefolium L with KNO3 The results of this study also are in agreement with the results 
obtained where seed priming increased the dry weight of soybean seedlings [48].

Excess supply of KNO3 was found to inhibit growth of the horned melon seedlings and this 
result is consistent with other findings by Xu et al. [49] and Hernández et al. [47]. Xu et al. [49] 
found that for a certain range, with the increase of K supply, GS activity of roots and NR activity of 
leaves of seedlings gradually increased, which promoted the assimilation of NO3

–. However, when 
the K supply is too high, the activity of these enzymes will decrease, which may be related to the 
inhibition of photosynthesis and the reduction of energy supply. High K levels were not conducive 
to NO3

– transport from root to leaf, which was consistent with previous studies [50]. 

5. Conclusions
Results from this study indicate that seed priming with potassium nitrate affects seed ger-

mination and early seedling growth of horned melon. Priming with KNO3 increased germination 
percentage, mean daily germination, germination index, germination value, peak value, synchrony 
of germination index as well as mean germination rate. Mean germination time was reduced. Seed 
priming with 2.5 % KNO3 concentration increased seedling height, root length, and fresh and dry 
weight as well as seedling length. Farmers who are into horned melon production are recommended 
to use a seed priming concentration of 2.5 % KNO3. Further research on other concentrations of 
potassium nitrate is necessary for priming and also on different horned melon varieties. 

Conflict of interest
The authors declare that there is no conflict of interest in relation to this paper, as well as 

the published research results, including the financial aspects of conducting the research, obtaining 
and using its results, as well as any non-financial personal relationships.



Original Research Article:
full paper

(2023), «EUREKA: Life Sciences»
Number 4

33

Agricultural and biological sciences

Financing 
The study was performed without financial support.

Data availability
Data will be made available on reasonable request.

References
[1] Bester, S. P., Condy, G. (2013). Cucumis metuliferus E. Mey. Ex Naudin. Flowering Plants of Africa, 63, 56–64. 
[2] Nyamadzawo, G., Wuta, M., Nyamangara, J., Gumbo, D. (2013). Opportunities for optimization of in-field water harvesting 

to cope with changing climate in semi-arid smallholder farming areas of Zimbabwe. SpringerPlus, 2 (1). doi: https://doi.org/ 
10.1186/2193-1801-2-100

[3] Mandumbu, R., Nyawenze, C., Rugare, J. T., Nyamadzawo, G., Parwada, C, Tibugari, H.; Leal Filho, W. et al. (Eds.) (2021). 
Tied Ridges and better cotton breeds for climate change adaptation. African handbook of climate change adaptation. Springer 
Nature Switzerland AG, 1–15. doi: https://doi.org/10.1007/978-3-030-42091-8_23-1

[4] Ferrara, L. (2018). A fruit to discover: Cucumis metuliferus E.Mey Ex Naudin(Kiwano). Clinical Nutrition and Metabolism, 
1 (2). doi: https://doi.org/10.15761/cnm.1000109

[5] Romero-Rodriguez, M. A., Vazquez-Oderiz, M. L., Lopez-Hernandez, J., Simal-Lozano, J. (1992). Physical and analytical 
characteristics of the kiwano. Journal of Food Composition and Analysis, 5 (4), 319–322. doi: https://doi.org/10.1016/0889-
1575(92)90065-r

[6] The Plants Database. United States Department of Agriculture – Natural Resources Conservations Service. Available at: http://
plants.usda.gov Last accessed: 15.03.2023

[7] Ahmadvand, G., Soleimani, F., Saadatian, B., Pouya, M. (2012). Effect of seed priming with potassium nitrate on germination 
and emergence traits of two soybean cultivars under salinity stress conditions. American-Eurasian Journal of Agricultural & 
Environmental Sciences, 12, 769–774. 

[8] Waqas, M., Korres, N. E., Khan, M. D., Nizami, A. S., Deeba, F., Ali, I., Hussain, H. (2019). Advances in the concept and 
methods of seed priming. Priming and pretreatment of seeds and seedlings. Singapore: Springer, 11–41. doi: https://doi.org/ 
10.1007/978-981-13-8625-1_2

[9] Habibi, A., Abdoli, M. (2013). Influence of salicylic acid pre-treatment on germination, vigor and growth parameters of garden 
cress (Lepidium sativum) seedlings under water potential loss at salinity stress. International Research Journal of Applied & 
Basic Sciences, 4 (6), 1393–1399. Available at: https://api.semanticscholar.org/CorpusID:53060570  

[10] Chunthaburee, S., Sanitchon, J., Pattanagul, W., Theerakulpisut, P. (2014). Alleviation of Salt Stress in Seedlings of Black 
Glutinous Rice by Seed Priming with Spermidine and Gibberellic Acid. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 
42 (2), 405–413. doi: https://doi.org/10.15835/nbha4229688

[11]  Armin, M., Asgharipour, M., Razavi-Omrani, M. (2010). The Effect of Seed Priming on Germination and Seedling Growth 
of Watermelon (Citrullus Lanatus). Advances in Environmental Biology, 4 (3), 501–505.

[12] Moaaz Ali, M., Javed, T., Mauro, R. P., Shabbir, R., Afzal, I., Yousef, A. F. (2020). Effect of Seed Priming with Potassium 
Nitrate on the Performance of Tomato. Agriculture, 10 (11). doi: https://doi.org/10.3390/agriculture10110498

[13] Aryal, K., Shrestha, A., Subedi, R. (2020). Effect of Various Seed Priming Methods on Germination Characteristics of Black 
Gram. Protein Research & Bioinformatics, 2. doi: https://doi.org/10.24966/prb-1545/100009

[14] Ruttanaruangboworn, A., Chanprasert, W., Tobunluepop, P., Onwimol, D. (2017). Effect of seed priming with different con-
centrations of potassium nitrate on the pattern of seed imbibition and germination of rice (Oryza sativa L.). Journal of Integra-
tive Agriculture, 16 (3), 605–613. doi: https://doi.org/10.1016/s2095-3119(16)61441-7

[15] Ranal, M. A., Santana, D. G. de, Ferreira, W. R., Mendes-Rodrigues, C. (2009). Calculating germination measurements and or-
ganizing spreadsheets. Revista Brasileira de Botânica, 32 (4), 849–855. doi: https://doi.org/10.1590/s0100-84042009000400022

[16] Chapter 7: Seed health testing (2015). International Rules for Seed Testing. Bassersdorf. doi: https://doi.org/10.15258/ista-
rules.2015.07 

[17] Hsu, F. H., Nelson, C. J., Matches, A. G. (1985). Temperature Effects on Germination of Perennial Warm-Season Forage Grass-
es1. Crop Science, 25 (2), 215. doi: https://doi.org/10.2135/cropsci1985.0011183x002500020005x 

[18] Czabator, F. J. (1962). Germination value: An index combining speed and completeness of pine seed germination. Forest Sci-
ence, 8 (4), 386–396.

[19] Bonner, F. T. (1967). Ideal sowing depth for sweetgum seed. Tree Planters’ Notes, 18 (1), 1–1.
[20] Brown, R. F., Mayer, D. G. (1988). Representing Cumulative Germination. 1. A Critical Analysis of Single-value Germination 

Indices. Annals of Botany, 61 (2), 117–125. doi: https://doi.org/10.1093/oxfordjournals.aob.a087534

https://api.semanticscholar.org/CorpusID:53060570


Original Research Article:
full paper

(2023), «EUREKA: Life Sciences»
Number 4

34

Agricultural and biological sciences

[21] Lara, T. S., Lira, J. M. S., Rodrigues, A. C., Rakocevic, M., Alvarenga, A. A. (2014). Potassium Nitrate Priming Affects the 
Activity of Nitrate Reductase and Antioxidant Enzymes in Tomato Germination. Journal of Agricultural Science, 6 (2). doi: 
https://doi.org/10.5539/jas.v6n2p72

[22] Schopfer, P., Bajracharya, D., Plachy, C. (1979). Control of Seed Germination by Abscisic Acid. Plant Physiology, 64 (5), 
822–827. doi: https://doi.org/10.1104/pp.64.5.822

[23] Dhillon, B. S., Kumar, V., Sagwal, P., Kaur, N., Singh Mangat, G., Singh, S. (2021). Seed Priming with Potassium Nitrate and 
Gibberellic Acid Enhances the Performance of Dry Direct Seeded Rice (Oryza sativa L.) in North-Western India. Agronomy, 
11 (5), 849. doi: https://doi.org/10.3390/agronomy11050849

[24] Mohammadi, G. R. (2009). The effect of seed priming on plant traits of late-spring seeded soybean (Glycine max L.). American-Eur-
asian Journal of Agriculture & Environmental Science, 5, 322–326. Available at: https://api.semanticscholar.org/CorpusID:83450666 

[25] Kaya, Ç., Sarıyer, T., Şahin, E. (2022). Effects of Some Priming Applications on Quality Parameters of Melon (Cucumis 
melo L.) Seeds Under KNO3 Stress. International Journal of Food, Agriculture and Animal Sciences, 2 (1), 8–14. Available at: 
https://dergipark.org.tr/tr/pub/ijfaa/issue/73004/1188079 

[26] Dev, R., Dayal, D., Sureshkumar, M. (2020). Gibberellic Acid and Potassium Nitrate Promote Seed Germination and Growth 
of Grey-leaved Saucer-berry (Cordia Sinensis Lam.) Seedlings. International Journal of Fruit Science, 20 (2), S937–S954. doi: 
https://doi.org/10.1080/15538362.2020.1774465 

[27] Asaadi, A. M. (2017). Effects of Different Treatments on Improving Seed Germination Characteristics in Medicinal Species 
of Origanum vulgare and Thymus transcaspicus. Journal of Medicinal plants and By-product, 6 (2), 191–200. doi: https:// 
doi.org/10.22092/JMPB.2017.113542 

[28] Kanatas, P., Dellaportas, V., Kakabouki, I., Papastylianou, P. (2020). Seed priming effects on germination and first growth 
of the medicinal plant Achillea millefolium L. Journal of Phytology, 12, 20–23. doi: https://doi.org/10.25081/jp.2020.v12.6324

[29] Hoseini, M., Kouchebagh, S. B., Jahandideh, E. (2013). Response of Fennel to Priming Techniques. Annual Review & Re-
search in Biology, 3 (2), 124–130. Available at: https://journalarrb.com/index.php/ARRB/article/view/24656 

[30] Thongtip, A., Mosaleeyanon, K., Korinsak, S., Toojinda, T., Darwell, C. T., Chutimanukul, P., Chutimanukul, P. (2022). Pro-
motion of seed germination and early plant growth by KNO3 and light spectra in Ocimum tenuiflorum using a plant factory. 
Scientific Reports, 12 (1). doi: https://doi.org/10.1038/s41598-022-11001-5

[31] Miladinov, Z., Balešević-Tubić, S., Đukić, V., Ilić, A., Čobanović, L., Dozet, G., Merkulov-Popadić, L. (2018). Effect of prim-
ing on soybean seed germination parameters. Acta Agriculturae Serbica, 23 (45), 15–26. doi: https://doi.org/10.5937/aas-
er1845015m

[32] Matakiadis, T., Alboresi, A., Jikumaru, Y., Tatematsu, K., Pichon, O., Renou, J.-P. et al. (2008). The Arabidopsis Abscisic Acid 
Catabolic GeneCYP707A2Plays a Key Role in Nitrate Control of Seed Dormancy. Plant Physiology, 149 (2), 949–960. doi: 
https://doi.org/10.1104/pp.108.126938

[33] Vidal, A., Cantabella, D., Bernal-Vicente, A., Díaz-Vivancos, P., Hernández, J. A. (2018). Nitrate- and nitric oxide-induced 
plant growth in pea seedlings is linked to antioxidative metabolism and the ABA/GA balance. Journal of Plant Physiology, 230, 
13–20. doi: https://doi.org/10.1016/j.jplph.2018.08.003

[34] Rosental, L., Nonogaki, H., Fait, A. (2014). Activation and regulation of primary metabolism during seed germination. Seed 
Science Research, 24(1), 1–15. doi: https://doi.org/10.1017/s0960258513000391

[35] Barba-Espin, G., Diaz-Vivancos, P., Clemente-Moreno, M. J., Albacete, A., Faize, L., Faize, M. et al. (2010). Interaction be-
tween hydrogen peroxide and plant hormones during germination and the early growth of pea seedlings. Plant, Cell & Envi-
ronment, 33 (6), 981–994. doi: https://doi.org/10.1111/j.1365-3040.2010.02120.x

[36] Barba-Espín, G., Diaz-Vivancos, P., Job, D., Belghazi, M., Job, C., Hernández, J. A. (2011). Understanding the role of H2O2 

during pea seed germination: a combined proteomic and hormone profiling approach. Plant, Cell &amp; Environment, 34 (11), 
1907–1919. doi: https://doi.org/10.1111/j.1365-3040.2011.02386.x

[37] Barba-Espin, G., Nicolas, E., Almansa, M. S., Cantero-Navarro, E., Albacete, A., Hernández, J. A., Díaz-Vivancos, P. (2012). 
Role of thioproline on seed germination: Interaction ROS-ABA and effects on antioxidative metabolism. Plant Physiology and 
Biochemistry, 59, 30–36. doi: https://doi.org/10.1016/j.plaphy.2011.12.002

[38] Diaz-Vivancos, P., Barba-Espín, G., Hernández, J. A. (2013). Elucidating hormonal/ROS networks during seed germination: 
insights and perspectives. Plant Cell Reports, 32 (10), 1491–1502. doi: https://doi.org/10.1007/s00299-013-1473-7

[39] Gomes, M. P., Garcia, Q. S. (2013). Reactive oxygen species and seed germination. Biologia, 68 (3), 351–357. doi: https:// 
doi.org/10.2478/s11756-013-0161-y

[40] Ishibashi, Y., Kasa, S., Sakamoto, M., Aoki, N., Kai, K., Yuasa, T., Hanada, A., Yamaguchi, S., Iwaya-Inoue, M. (2015). A Role 
for Reactive Oxygen Species Produced by NADPH Oxidases in the Embryo and Aleurone Cells in Barley Seed Germination. 
PLOS ONE, 10 (11), e0143173. doi: https://doi.org/10.1371/journal.pone.0143173

https://api.semanticscholar.org/CorpusID:83450666
https://dergipark.org.tr/tr/pub/ijfaa/issue/73004/1188079
https://journalarrb.com/index.php/ARRB/article/view/24656


Original Research Article:
full paper

(2023), «EUREKA: Life Sciences»
Number 4

35

Agricultural and biological sciences

[41] Wojtyla, Ł., Lechowska, K., Kubala, S., Garnczarska, M. (2016). Different Modes of Hydrogen Peroxide Action During Seed 
Germination. Frontiers in Plant Science, 7. doi: https://doi.org/10.3389/fpls.2016.00066

[42] Bailly, C. (2019). The signalling role of ROS in the regulation of seed germination and dormancy. Biochemical Journal, 
476 (20), 3019–3032. doi: https://doi.org/10.1042/bcj20190159

[43] Oliveira, C. E. S., Steiner, F. (2017). Potassium nitrate priming to mitigate the salt stress on cucumber seedlings. Scientia 
Agraria Paranaensis. 

[44] Gupta, N. K., Gupta, S., Singh, J., Garg, N. K., Saha, D., Singhal, R. K. et al. (2022). On-farm hydro and nutri-priming increas-
es yield of rainfed pearl millet through physio-biochemical adjustments and anti-oxidative defense mechanism. PLOS ONE, 
17 (6), e0265325. doi: https://doi.org/10.1371/journal.pone.0265325

[45] Badu, R., Malla, S., Rawal, S., Thapa, S. (2022). Effect of Seed Priming on Germination and Seedling Parameters of Cucumber 
(Cucumis sativus L.) in Lamjung, Nepal. Turkish Journal of Agriculture - Food Science and Technology, 10 (10), 1997–2000. 
doi: https://doi.org/10.24925/turjaf.v10i10.1997-2000.5209

[46] Pradhan, N., Moaharana, R. L., Ranasingh, N., Biswal, K. A., Bordolui, S. K. (2022). Effect of seed priming on different phys-
iological parameters of Cowpea (Vigna unguiculata L. Walp) seeds collected from Western Odisha. The Pharma Innovation 
Journal, 11 (6), 2338–2343.

[47] Hernández, J. A., Díaz-Vivancos, P., Acosta-Motos, J. R., Barba-Espín, G. (2021). Potassium Nitrate Treatment Is Associated 
with Modulation of Seed Water Uptake, Antioxidative Metabolism and Phytohormone Levels of Pea Seedlings. Seeds, 1 (1), 
5–15. doi: https://doi.org/10.3390/seeds1010002

[48] Jassal, R. K., Singh, H. (2018). Effect of seed priming and its duration on seed germination and vigour of soybean. Agricultural 
Research Journal, 55 (4), 745–748. doi: https://doi.org/10.5958/2395-146x.2018.00135.7

[49] Xu, X., Du, X., Wang, F., Sha, J., Chen, Q., Tian, G. et al. (2020). Effects of Potassium Levels on Plant Growth, Accumulation 
and Distribution of Carbon, and Nitrate Metabolism in Apple Dwarf Rootstock Seedlings. Frontiers in Plant Science, 11. doi: 
https://doi.org/10.3389/fpls.2020.00904

[50] Coskun, D., Britto, D. T., Kronzucker, H. J. (2016). The nitrogen-potassium intersection: membranes, metabolism, and mech-
anism. Plant, Cell & Environment, 40 (10), 2029–2041. doi: https://doi.org/10.1111/pce.12671

© The Author(s) 2023
This is an open access article  

under the Creative Commons CC BY license 

Received date 15.05.2023
Accepted date 25.07.2023
Published date 31.07.2023

How to cite: Mutetwa, M., Mafukidze, B. P., Makaure, B. T., Mubaiwa, T. C., Dendera, O., Tovigepi, E., Mtaita, T., Ngezimana, W., Chai-
bva, P. (2023). Priming seeds with potassium nitrate is associated with modulation of seed germination and seedling growth ecology of 
cucumis metuliferus. EUREKA: Life Sciences, 4, 23–35, doi: http://doi.org/10.21303/2504-5695.2023.003030


