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Summary
The global popularity of horned melon highlights the need of sound crop establishment processes, since uniform and 

quick seed germination has a substantial inf luence on crop yield and quality. Using a Completely Randomised Design (CRD) 
with a factorial structure, the effects of hydro priming durations (0, 8, 16, 24, 32, and 40 h) on seeds of two horned melon 
landrace (L1&L2) were investigated. Hydro priming had significant (P>0.05) inf luence on several germination indices (germi-
nation percentage, relativized percentage, mean germination rate, germination index, synchronization, duration to 50 % ger-
mination, mean daily germination, peak value, and germination value). Among the germination indicators tested, landrace (L2) 
exhibited a considerably stronger germination response than L1. The findings also reveal a curvilinear relationship between 
priming length and germination percentage, with 24 hours being greatest proportionately. The mean germination rate, germi-
nation index, mean daily germination, peak value of germination, and germination value all rose as the hydro priming duration 
increased. Primed seeds germinated more quickly than unprimed ones. With increasing priming duration, the synchronization 
index fell linearly. The interaction between landraces and hydro priming was not significant (P>0.05) for final seed germi-
nated, relativized germination, and synchronization indices, but it had a significant impact on all other indices. Because the 
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efficacy of hydro priming tends to lessen with extended soaking, we recommend using it for a maximum of 32 hours. Future 
study should concentrate on alternative priming chemicals and the applicability of various priming solutions for various agro-
ecosystems.

Keywords: Horned melon (Cucumis metuliferus), hydro priming, germination, landraces, seeds, commercialization, 
domestication.
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1. Introduction
Horned melon (Cucumis metuliferus E. Mey. Ex Naudin) is endemic to the semi-ar-

id sub-Saharan African region, where the locals eat it as a supplement. In Israel, Kenya, and 
New Zealand, C. metuliferus is grown as an ornamental plant however, its market is expanding 
as a new vegetable crop [1, 2]. In addition, C. metuliferus is nutritionally superior to its Cucumis 
relatives [2] making it a viable candidate for commercialization and the export.

Proper germination environment is key to the successful propagation of plants from 
seed. For non-dormant seeds, temperature and moisture are crucial environmental factors in-
f luencing germination [3]. Single or in combination, these two important factors influence 
germination percentage and rate. In addition, contemporary agricultural practices rely heavily 
on technological advances to overcome yield barriers and achieve superior crop productivity 
[4]. As a result, several seed enhancement techniques have been devised to ensure uniform 
germination.

Priming is an approach that involves treating seeds with different organic or inorganic 
chemicals and or with high or low temperatures [5]. Seed priming is also associated with more 
synchronized germination, seedling growth, and the establishment of multiple crops under var-
ious conditions. For improved seed germination and crop yield, various seed pretreatment tech-
niques such as thermopriming, chemopriming, osmopriming, hydro-priming, and biopriming 
(controlled hydration of seeds via the application of microbes or their biological compounds) have 
been applied on several crops [6]. Examples include mustard turkey berry [7], eggplant [8, 9], 
hairy nightshade [10], faba bean [11], chickpea [12], and maize [13]. Seed hydropriming is an 
effective pre-sowing technique that involves soaking the seeds in water (hydration) and then 
drying them, resulting in faster germination when the seeds are reimbibed [14, 15]. The process 
partially hydrate seeds in a monitored environment followed by drying to induce the germination 
process, but with no radicle emergence [6, 16]. Hydropriming is a popular technique to improve 
seed germination uniformity, rate, and percentage in most crops with germination challeng-
es [16, 17].

C. metuliferus is a potential domestication and commercialization candidate, and the ex-
panding export market necessitates the development of effective and rapid propagation tech-
niques. C. metuliferus is propagated by seed in Zimbabwe and is grown at the subsistence lev-
el, and the country has a large number of landrace. Regrettably, most communal farmers face 
irregular rainfall patterns, which typically result in uneven germination, crop stand patterns, 
and yield. This is a setback for communal farmers who want to commercially grow this fruit. 
Furthermore, there is little research on the effects of hydropriming on C. metuliferus germina-
tion parameters. As a result, the current study aimed to improve the germination parameters of 
common C. metuliferus landraces in Zimbabwe by using hydropriming.

2. Materials and Methods
2. 1. Description of the study site 
The experiment was carried out in the Biology Laboratory for the Department of Agron-

omy and Horticulture at Midlands State University in Gweru, Zimbabwe, situated at coordinates 
19°45’ S and 29°84’ E. The location is in Agro-Ecological Region III, which receives 500–750 mm 
of rain per year. The average annual temperature range for this location is 18–22 °C. The soils are 
fersialitic sandy-loam with a high concentration of kaolinite clay minerals [18].
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2. 2. Collection and preparation of planting material
C. metuliferus fruits were purchased from a conveniently selected Fruit & VegeTable Market, 

Sakubva Market in Mutare, put in well-labeled plastic bags, and brought to the laboratory for seed ex-
traction. First, the fruits were left to over-ripen before pulping was done. Then, the seeds were washed, 
placed on filter paper to dry for 24 hours, and kept in a glass jar with a lid under room temperature.

2. 3. Experimental design and treatments
A Complete Randomized Design (CRD) set up in a 6*2 factorial structure was used in this 

experiment. The first factor was hydro-priming periods with 6 levels (0, 8, 16, 24, 32, and 40 hours) 
with no soaking (zero) as a control. The second factor was the landraces with two levels (L1 and L2), 
the most common landraces in the country, and treatments were replicated four times. 

2. 4. Experimental procedure
The hydro priming periods and incubation temperature were based on previous similar 

studies and pilot trials. Twenty (20) seeds per treatment were immersed in distilled water for dif-
ferent periods and then air dried for 24 hours under a shaded area. Seeds were placed on two sheets 
of filter paper in 9 cm Petri dishes and placed in an incubator (Scientific 40 L Digital Incubator 
Model No. 225,  Scientific Manufacturing CC) at 30 °C The filter paper was continuously kept 
moist by adding to each respective treatment a few drops of distilled water. Seeds were considered 
as germinated when 1 mm of the radical was protruded. Recording of all germinated seeds was 
done everyday for 14 days. 

2. 5. Methods of calculations of germination parameters
Parameters analyzed included:
a) final germination percentage (G, %) [19]:

             1Germination percentage ,
l

ii
n

N
== ∑    (1)

where ni is the number of seeds germinated on the ith day and N is the total number of seeds used;
b) relativized percentage (R) [20]:

        
Actual percentage% 100;

The highest percentage among the group of data
R = ×  (2)

c) mean germination rate (MGR) [21]:
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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 on the ith time;

d) germination index (GI) [22]:
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where ni – the number of seeds that sprouted in the ith time, ti – the time taken for seeds to sprout 
at the ith count;

e) synchronization of Germination (Z) [23]:

                ,2
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1 ,i
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l
i n

n

C
Z

C
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∑
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=     (6)

where; Cni,2=ni[ni−1]/2 combination of seeds germinated in the ith time, two by two, and ni is the 
number of seeds germinated on the ith time. When all seeds germinate simultaneously, the number 
Z equals one. Moreover, at least two seeds can sprout simultaneously when Z is zero.

f) time to 50 % germination (T50) [24]:
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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

;i i
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g) mean daily germination rate (MDG) [25]:

     Total number of germinated seeds ;
Total number of days

MDG =   (8)

h) peak value for germination.
Pvalue is the accumulated number of seeds germinated at the point on the germination curve 

at which the germination rate starts to decrease. It is computed as the maximum quotient obtained 
by dividing successive cumulative germination values by the relevant incubation time [25];

i) germination value [26]:

          ,Gvalue MDG PV= ×    (9)

where MDG is the mean daily germination, and PV is the peak value or largest quotient obtained 
when all the cumulative germination percentages are divided by the respective time interval.

2. 6. Data analyses
Data recorded were analyzed with a two-way variance analysis (ANOVA) using Gen-

STAT 18th edition. Also, a simple regression analysis was performed to investigate any signif-
icant relationships between priming durations and germination parameters. Interaction effects 
were compared using the least significant difference (LSD) test at a 5 % probability level. Any 
treatment means found to be significantly different were separated using Fischer’s protect-
ed LSD0.05.

3. Results 
3. 1. Effect of the interaction between landraces ecotype and hydro priming duration 

on the germination characters of horned melon seeds
There was a significant (P<0.05) interaction between landraces and priming duration for 

MGR, GI, T50, MDG, Pvalue, and Gvalue germination parameters of horned melons (Table 1). The 
highest and lowest means for MGR, GI, Pvalue, and Gvalue were obtained with L2 after 32 hours 
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of priming and L1 after 8 hours of priming, respectively. L1 had the highest mean for T50 (5.715) 
and MDG (6.161) under 8 h and 24 h priming, respectively, while L2 had the lowest mean for 
T50 (2.531) and MDG (5.268) under 32 h and 8 h priming, respectively. In contrast, the following 
germination parameters, G %, R %, and Z, were not affected differently (P>0.05) with increasing 
priming duration.

Table 1
Effect of landrace and hydro priming duration on the germination characteristics of horned melon seeds

Treatment 
Seed germination parameters

G % (%) R % (%) MGR (day-1) GI (day) Z (no units) T50 (day) MDG (%) Pvalue (day-1) Gvalue 

Landrace (L)
L1 78.33a 92.16a 0.2120b 2.286b 0.1663b 4.563a 5.446a 12.24b 69.3b

L2 77.08a 85.65b 0.2667a 4.815a 0.1864a 3.291b 5.506a 14.27a 79.0a

Pvalue 0.301 <0.001 <0.001 <0.001 0.005 <0.001 0.645 <0.001 0.020
LSD 2.420 2.738 0.01394 0.2746 0.0137 0.2505 0.2608 1.021 8.04

Hydro priming (P)
0 h (Control) 73.75a 84.35a 0.1855a 2.809ab 0.1972b 5.249c 4.509a  9.16a 44.2a

8 h 75.00a 85.83a 0.1925a 2.720a 0.1758ab 4.879c 5.446b 11.09b 60.6b

16 h 77.50ab 88.60ab 0.2337b 3.224bc 0.1654a 3.852b 5.625bc 13.22c 74.7c

24 h 82.50c 94.40c 0.2430b 3.499c 0.1756ab 3.582b 5.982c 13.94cd 83.4c

32 h 81.25bc 92.97bc 0.2947c 4.695d 0.1899b 3.042a 5.848bc 16.93e 99.1d

40 h 76.25a 87.25a 0.2865c 4.355d 0.1542a 2.958a 5.446b 15.16d 82.9c

Grand Mean 77.71 88.90 0.2393 3.550 0.1764 3.927 5.476 13.25 74.20
Pvalue <0.001 <0.001 <0.001 <0.001 0.010 <0.001 <0.001 <0.001 <0.001
LSD 4.192 4.743 0.0241 0.4756 0.0237 0.4338 0.4516 1.769 13.93

Interaction (L*P)
Pvalue 0.763 0.729 0.029 <0.001 0.144 <0.001 0.001 0.009 0.018
CV % 5.30 5.20 9.90 13.20 13.20 10.90 8.10 13.10 18.50

Note: * – mean within columns with the same letters is not significantly different at 5 % level; G % – germination percentage; 
R % – relativized germination; MGR – mean germination rate; GI – germination Index; Z – synchronization index; T50 – days to 
50 % germination; MDG – mean daily germination; Pvalue – peak value for germination rate; Gvalue – germination value).

3. 2. Effect of landrace ecotype on the germination of horned melon seeds
Analysis of variance revealed no statistically significant differences (P>0.05) between the 

landraces on final germination percentage (G %age) L1 had higher (92.16 %) relativized germi-
nation percentage (R %) than L2 (Table 1). L2 had a higher synchronization index (Z) among the 
germination indices measured (P<0.05) than L1 (Table 1).

3. 3. Effect of hydro priming duration on the germination characteristics of horned 
melon seeds

Hydro priming duration was significant (P<0.05) for G % and R % at 24 h hydro priming, 
increasing by 11.86 % and 11.91 %, respectively, compared to the control. Averaged effect of hydro 
priming on final seed germination percentage was 78.5 % and 73.75 % in primed seeds and control 
respectively. Relativized germination reached 89.81 % and 84.35 % in primed seeds and control, 
respectively (Table 1). Curvilinear (Fig. 1) response to priming duration for G %, with hydro prim-
ing for 24 h provided the highest percentage (82.50 %) (Fig. 1). Except for the control treatment, 
the lowest figure for Z was obtained after 40 hours of hydro priming (0.1542). The synchronization 
index decreased linearly with priming duration (Fig. 2). Germination synchrony was 12.7 % higher 
in primed seeds than in non-primed seeds.
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Fig. 1. Regression equations between priming duration and germination percentage (G %)

Fig. 2. Regression equations between priming duration and synchronization index

4. Discussion
Seeds are dormant at first because of their low moisture content. Nonetheless, pre-sowing 

hydro priming increases water imbibition, which leads to enzyme activation, translocation, and 
usage of stored food materials. This current research provides valuable data about horned melon 
seed germination under hydro priming conditions. Hydro priming enhanced germination parame-
ters in horned melon seeds, consistent with previous research on other crop species; chickpea [27], 
sunflower [28], rice [29], cowpea [30], and maize [31].

Hydro priming has been demonstrated to promote germination and growth parameters, 
including germination percentage [32, 33], germination time [28], germination speed [33], time 
to 50 % germination [32], synchronization index [11]. Similarly, hydro priming seeds have been 
shown to improve germination under unfavorable environments [15, 34–36]. In this study, hydro 
priming induced germination to varying degrees in the horned melon landraces. The two landraces 
did not significantly vary in their response to germination percentage and mean daily germination. 
An assessment of the relativized germination means shows that L1 has better germination than L2. 
The variables, MGR and T50 can then be used to compare the dispersion of germination between 
these horned melon landraces. The significantly lower MGR for L2 compared to L1 implies that 
when both landraces are planted in the soil at the same time, L1 may germinate before L2, which 
has the shortest time to achieve 50 % of maximum germination (T50). L1 had more homogeneous 
germination over time, as evidenced by a lower synchronization index than L2 probably genetically 
influenced. In this study, the germination index (GI) was used to determine the speed and percent-
age of germination, and the results show that there were major differences in the responses of the 
landraces to germination (Table 1). A greater value for such a measure shows a better germination 
rate [37], implying that L2 has a higher germination rate than L1. Greater Gvalue and Pvalue values 
indicate that L2 is superior to L1.
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The importance of hydro priming in the germination of horned melon is evidenced by the in-
dex values (Fig. 1 and Table 1). G %, R %, MGR, GI, Z, MDG, T50, Pvalue and Gvalue were statistical-
ly influenced by both long and short periods. An increase in values with a corresponding increase 
in the priming period indicates improved germination. Hydro priming increases G %, R %, and 
MDG germination up to a peak (24 h), after which it begins to decline, indicating that prolonged 
priming has a detrimental impact on germination. Prolonged priming results in excess water inside 
the seed embryo and this causes a substantial decrease in oxygen availability in the embryo [38]. 
A decrease in Z values and T50 values in hydro primed treatments indicates faster and even more 
uniform germination. Higher mean values for Pvalue and Gvalue, on the other hand, indicated faster 
cumulative germination. Lower days to 50 % germination and mean germination time values ob-
tained in hydro-primed seeds indicated more uniform and rapid germination. 

As seed germination is divided into three stages: 
I) imbibition; 
II) lag phase; 
III) radicle growth and emergence [39], priming is used to extend the lag phase, which 

permits some pre-germinative biochemical and physiological processes to occur and yet precludes 
germination [40]. 

In our germination tests, the outcomes for the interaction effect of soaking duration 
and horned melon landrace (Table 1) revealed significant distinctions between the treatment 
means. Other researchers have found that seed priming treatment increases seed germina-
tion [41, 42]. Enhanced germination indices for treated seeds may be related to their rapid uti-
lization in synthesizing numerous amino acids and amides [43], which may cause an increased 
germination rate. The higher the germination index, the quicker a seed lot germinated, as the 
germination index is an attribute that integrates the germination percentage and time of ger-
mination. Several of the distinction obtained among priming treatments have been marginal. 
However, suppose germination indices for germination rate and lag time were faster and short-
er, respectively, these advantages become relevant for nursery practices [44] because even 
minor changes in germination parameters may shorten seedling permanence in the seedbed, 
greenhouse, or shade house [45]. The mean values for Pvalue and Gvalue, representing cumulative 
germination, were highest after 36 hours of priming and then declined, reducing germination. 
The decrease in germination due to longer priming duration might be believed to be due to 
excess water inside the seeds, which causes a substantial decrease in O2 availability towards 
the embryo.

5. Conclusions
Each landrace responded differently to hydro priming, with L2 appearing to have a bet-

ter response to germination than L1, registering a higher germination rate together with higher 
values for germination and peak germination values. As both landraces germinated better than 
in the control treatment, hydro priming appears important at long and short time scales. On aver-
age, hydro priming enhanced germination index values across priming duration treatments. As 
the influence of hydro priming seems to be more likely to decline with prolonged soaking, it is 
recommended that hydro priming be implemented for 32 hours in light of the results of the cur-
rent study. Because hydro priming is a simple technique, evaluating its efficacy in various envi-
ronmental conditions is critical for optimizing this hydro priming technique. While seed priming 
is a viable technology for increasing crop yield, future research should focus on other priming 
agents and the suitability of various priming options for different agroecosystems. The effect of 
germinating media and seedling vigor of these species deserves further investigation too. 
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