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Abstract: This study was conducted to determine the effects of boron levels on germination and seedling growth of melon cultivars
with different fruit characteristics under laboratory conditions. The seeds of three melon cultivars (Hasanbey 1, Kirkaga¢ 589, and
Toros Saribal) were germinated at different boron levels (0, 20, 40, 60, 80, and 100 mg L) constituted by sodium borate
(NazBg013.4H:0). Germination percentage, mean germination time, germination index, seedling growth parameters, and seedling dry
matter were investigated. The optimum and toxicity levels of boron were calculated by regression analysis. Germination percentage,
mean germination time, and germination index were not affected by increasing boron levels. A boron dose of 20 mg L-! promoted root
length, shoot length, and seedling fresh weight of melon; however, seedling growth of melon cultivars was inhibited at higher boron
levels than 40 mg L. Seedling dry weight and dry matter significantly enhanced when the boron levels were increased. Root length
was more sensitive to boron than shoot length. Melon cultivars showed different responses to boron levels and the highest seedling
growth parameters were obtained from Kirkaga¢ 589. The optimum boron level for shoot growth was calculated as 12.8 mg L-1, while
the inhibitory level of boron for root growth was 65.4 mg L-1. The toxicity of boron on the germination performance was not detected
and higher levels than 20 mg L inhibited seedling growth of melon.
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1. Introduction

Seed germination is adversely influenced by several
biotic and abiotic stress factors. The major abiotic
stresses in the seedbed are extreme temperatures,
drought, flooding, salinity, and high heavy metal
concentrations. Also, excessive or scarcity of plant
nutrients may change the germination performance and
subsequent seedling growth. Of these nutrients, boron
(B) which is a micronutrient affecting adversely or
positively plants, plays a key role in seed formation
because healthy flowers cannot be produced, and no
seeds develop in case of deficiency in B (Mozafar, 1993;
Landi et al, 2019). However, the plants grown under
increasing B concentration in the soil produce high B
seeds, which negatively affected the
germination ability (Rerkasem et al, 1997). B
concentration in the arable soil changes from 1 to 467 mg
kg1, but its concentration generally varies between 0.5
and 5 mg kg1 (Gupta, 2016). In Tiirkiye, 46.2% of the
agricultural soils suffer from B deficiencies, while 19.4%
and 3.3% of the total area had excess and toxic

content in

concentrations of B, respectively (Killioglu, 2022).
Increased B concentrations in soils resulted in an
increase in uptake by plant tissues and transportation to
the seeds. Recently, Kintl et al. (2023) showed a
significant  negative  relationship = between B

concentration in black medic seeds and germination.
Lower B levels have been used as priming agents for
improvement in germination while higher levels of B had
a toxic effect on seeds (Bonilla et al.,, 2004; Alamri et al,,
2018; Kintl et al, 2023). Nevertheless, irrigation water
contains B, which continuously causes the accumulation
of B in the soils in arid and semi-arid conditions due to
poor drainage; consequently, it can reach toxic levels
(Reid, 2007; Tanaka and Fujiwara, 2008; Landi et al,
2019).

Melon (Cucumis melo L.) is a warm-season vegetable with
juicy and sweet fruit, and it is cultivated under open
fields and greenhouse conditions. There are a lot of
melon cultivars with several fruit types (Vural et al,
2000) and they are grown on 63.000 hectares, with a
fruit production of 1.6 million tons in Tirkiye
(Anonymous, 2023). Melons are classified as moderately
boron-tolerant plants (Maas and Grattan, 1999);
however, it depends on genotypic factors and plant
growth stages. In the previous studies, the effects of B on
plant growth, physiological parameters, and yield of
melon were investigated, but germination and early
seedling growth performance of melon under boron
stress have not been reported (Goldberg et al, 2003;
Shalaby and El-Messairy, 2018). This study aimed to
determine the toxic and promoter levels of boron for
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seed germination and early seedling growth of melon
cultivars.

2. Materials and Methods

A laboratory experiment was performed to determine
the effect of boron levels on germination and seedling
growth of melon cultivars at the Seed Science and
Technology Laboratory, Eskisehir Osmangazi University
in 2023. In the study, the seeds of melon cultivars with
different fruits morphology (Hasanbey 1, Kirkagac 589,
and Toros Saribal) and (20.9%
NazBs013.4H20) Some
morphological characteristics of melon cultivars were
given in Table 1.

The seeds were germinated at six boron levels (0, 20, 40,
60, 80, and 100 mg B L-1) which were prepared from

sodium borate

were used as materials.

sodium borate (Etidot-67). Distilled water was used for
control (0 mg L-1). Four replicated fifty seeds from each
melon cultivar were placed between three filter paper
sheets with a dimension of 20 x 20 cm and each paper
was watered with 7 mL for respective boron solutions.
Just after the filter papers were rolled, they were put into
a sealed plastic bag. The packages were incubated at 25
°C for 10 days under dark conditions. Two millimeters of
radicle protrusion was considered as the germination
criterion.  Germination  percentage (GP),
germination time (MGT), and germination index (GI)
were also calculated with the Equation 1, 2 and 3:

mean

GP (%)= (Germinated seeds at final day / Total )
seeds) x 100, (ISTA, 2018)

MGT (day)= ¥, Dn/ ¥ n, (ISTA, 2018) 2)

where, n is the seed number germinated on day D, and D
is the number of days from the beginning of the
germination test.

GI= (Number of germinated seeds + Days of the
first count) + .... + (Number of germinated seeds + (3)
Days of the final count), Salehzade et al. (2009)

On the last day, randomly selected ten seedlings from
each treatment were sampled to measure root length,
shoot length, and seedling fresh and dry weight. The
seedlings were dried in an air oven at 80 °C for 24 h.

2.1. Statistical Analysis

The experiment was set up in a two-factor factorial in a
completely randomized design with four replicates. The
data were analyzed by ANOVA and the differences were
compared by the Least Significant Differences (LSD) test

at a 5% level. The optimal boron levels for seedling
growth were estimated by a quadratic regression
equation. The independent variable (boron level) was
attained on X-axis and the dependent variable (length) on
the Y-axis. The peak value (-b/2a) from the regression
equation (y= -ax2+bx+c) in shoot length and the toxic
dose of boron which is lead to a 50% reduction in root
length was predicted from the linear regression (y= -
ax+b) (Fallahi et al, 2017; Wang et al., 2020).

3. Results and Discussion

Analysis of variance revealed that there were no
significant effects of boron levels on the germination
parameters of melon cultivars (Table 2). However, there
were statistically significant differences among melon
cultivars for germination percentage, mean germination
time, and germination index. Kirkaga¢ 589 possessed the
highest germination percentage and germination index,
while it had the shortest mean time for germination.
Because there was no information on the germination
performance of melon seeds under boron stress, the
results of the studies conducted with other crops were
considered. For instance, (1997)
reported no significant drop in the germination of
soybean due to boron levels. The findings of Kaya et al.
(2023) confirmed no significant changes in the
germination percentage of sunflower, soybean, and
poppy seeds and increased germination index up to 90
mg L-1. Contrarily, Turhan and Kus¢u (2021) determined
significant differences among B levels for germination

Rerkasem et al.

percentage, index, energy, and mean germination time in
watermelon, pepper, and eggplant, although they used
lower doses (up to 16 mg L-1) than in the present study.
Furthermore, they reported a decrease in germination
percentage and germination index, but an increase in
mean germination time. This may be explained by using
different plant species, or the germination criterion
considered.

Boron levels significantly affected the seedling growth
parameters (P<0.01) and the
interaction of cultivar x boron level was not significant
only for seedling dry weight (Table 3). Kirkaga¢ 589
produced a higher shoot and root length, seedling fresh
and dry weight, and dry matter than the other cultivars.
An increase was observed in seedling growth at a boron
level of 20 mg L-1. They were decreased by increasing
boron levels above 40 mg L-i. This result showed a
similarity with the findings of Mokhtari et al. (2022), who
reported a significant increase in shoot and root length of

of melon cultivars

sugar beet exposed to boron levels up to 1.6 ppm.

Table 1. Some fruit morphological characteristics of melon cultivars

Cultivars Skin color Flesh color Fruit shape of longitudinal section
Hasanbey 1 Green Greenish white Round-oval
Kirkagag 589 Green and black spots on yellow White Long elliptic
Toros Saribal Yellow Light yellow Long elliptic
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Table 2. Effects of boron levels on germination parameters of melon cultivars

Factor Germination percentage (%) Mean germination time (day) Germination index
Cultivar (A)

Hasanbey 1 87.8¢ 2.34a 20.1¢f
Kirkaga¢589 96.32 2.02¢ 23.9a
Toros Saribal 91.7b 2.11b 22.2b
Boron level (B)

OmgL? 91.3 2.17 21.8
20 mg L1 91.0 2.15 21.8
40 mg L1 92.8 2.12 22.5
60 mg L1 92.2 2.15 221
80 mg L1 92.2 2.15 22.2
100 mg L1 92.2 2.21 219
Analysis of variance

A k% k% k%
B NS NS NS
AxB NS x NS

**= significant at 1%, NS= non-significant, 1= Letter(s) connected with the means denote significance levels at P<0.05.

Table 3. Effects of boron levels on seedling growth parameters of melon cultivars

Factor Shoot length Root length Seedling fresh Seedling dry weight Dry matter
(cm) (cm) weight (mg plant-1) (mg plant1) (%)

Cultivar (A)

Hasanbey 1 6.35b 6.26P 208b 21.0¢ 11.1b¢

Kirkaga¢ 589 7.342 6.532 25542 26.02 10.9v

Toros Saribal 5.67¢ 6.17b 213b 24.4b 12.4a

Boron level (B)

0mg L1 7.77¢ 9.73b 272b 22.3¢ 8.19¢

20 mg L1 9.052 10.562 298 23.1be 7.76¢

40 mg L1 8.24b 8.13¢ 265P 23.8abe 9.064

60 mg L1 6.13d 4.804 211¢ 23.8abe 11.37¢

80 mg L1 4.42¢ 291e 1734 25.02 11.42b

100 mg L1 3.11f 1.78f 134e 24.0ab 17.92a

Analysis of variance

A k% k% k% Kk k%

B kk kk k% kk kk

AXB kk )k k% NS kk

**= significant at 1%, NS= non-significant, 1= Letter(s) connected with the means denote significance levels at P<0.05.

The interaction of cultivar x boron level on seedling
growth parameters was shown in Figure 1. The shoot
length of melon cultivars was changed by boron levels.
Boron levels of 20 and 40 mg L-! induced the shoot
length, but higher levels inhibited it considerably (Figure
1A). Kirkagag¢ 589 gave the highest shoot length under all
boron levels. At the highest boron level, the shoot length
was reduced in Hasanbey 1 by 56%, in Kirkaga¢ 589 by
61%, and in Toros Saribal by 62%. Similar results were
announced in sugar beet by Mokhtari et al. (2022) who
reported an increase in seedling length in sugar beet
exposed to boron levels up to 1.6 ppm. Habtamu et al.
(2014) recorded a constant reduction in the shoot length
of safflower at higher boron levels than 1 mg L-t. The
root length was depressed by boron levels except for 20
mg L-1 at which it was promoted (Figure 1B). Hasanbey 1
had the shortest length of root at boron levels of 60 and
80 mg L, while no significant differences among

cultivars were observed at 100 mg L-1. The root growth
was more sensitive to boron levels, and it declined by
81%. This result was confirmed by the findings of
Habtamu et al. (2014) and Kaya et al. (2023) in safflower.
Depending on shoot and root depletion, the seedling
fresh weight was changed. Although Kirkaga¢ 589 had
the highest fresh weight at all levels of boron, the
minimum decrease was obtained from Toros Saribal by
48.8%, followed by Hasanbey 1 by 49.6% and Kirkagag
589 by 50%. A boron level of 20 mg L supported
seedling fresh weight, but higher levels caused a
significant decline (Figure 1C). Cikili et al. (2013)
demonstrated a drastic diminish in shoot and root dry
weight in cucumber because they grow the plants at
maturity under increasing boron levels of 20 mg kg-1. On
the other hand, the dry matter of melon seedlings
increased under increasing boron levels (Figure 1D). Dry
matter indicates the ratio of dry weight to fresh weight,
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and it gives a more precise result than dry wights. In the
study, a significant enhancement in dry matter was
determined in Toros Saribal at 40 mg L-! and higher
boron levels caused an enhancement in dry matter.

The relationship between boron levels and shoot and
root length was calculated by quadratic and linear
regression equations, respectively. The peak value of
shoot length was calculated at a boron level of 12.8 mg

0.0007x2+0.0179x+8.2771, with the significant
determination coefficient R2=0.935** (Figure 2). The
shoot length gradually decreased at higher boron levels.
However, the significant relationship between root
length and boron levels was determined in linear
regression, and the toxic dose of boron causing a 50%
reduction in root growth was identified as 65.4 mg Lt
which was calculated by the equation of y=

L1 by means of the quadratic equation of y=- 0.0943x+11.036, R2= 0.924** (Figure 3).
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Figure 1. Changes in shoot length (A), root length (B), seedling fresh weight (C), and dry matter (D) of melon cultivars

under different boron levels.
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Figure 3. The linear regression between boron levels and mean root length of melon cultivars.

4. Conclusion

The study demonstrated that the germination
characteristics of melon cultivars were not adversely
influenced by boron levels up to 100 mg L-1. However,
increased boron levels depressed the seedling growth,
and the inhibitory effects on shoot length were identified
at 40 mg L-L. The sensitivity of seedling parts of melon
was different and root growth was much more affected
by boron levels than shoot growth. It was concluded that
the positive effect of boron on seedling growth was up to
12.8 mg L1, but the detrimental impact was at 65.4 mg
L-1 during the early seedling development of melon.
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