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Abstract

Hyperhydration is one of the most common physiological disorders in vifro conditions, leading
to specific anatomical, morphological, physiological, and metabolic alterations. This study
examines various methods to combat hyperhydration in regenerated plants derived from
cucumber anthers cultures. The experiments included reducing relative humidity in culture
vessels, decreasing the frequency of subculturing, lowering cytokinin concentrations, inducing
root formation, increasing light intensity, bottom cooling, and altering the concentration of
culture medium components. All experiments were conducted in a completely randomized
design with three replications. Results indicated significant differences among treatments at the
1% level (P < 0.01). Root induction reduced hyperhydration by 70%, decreased cytokinin
concentrations by 35%, increased light intensity by 30%, reduced subculture frequency to every
21 days by 25%, lowered relative humidity in culture vessels by 20%, bottom cooling by 2%,
and altering the concentration of culture medium components by 1%. The findings suggested
that the impact of one or multiple methods in mitigating hyperhydration may not always be
consistent and depends on the genotype and plant species.
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Introduction

Cucumber, an important plant in horticulture, is widely studied for its biological processes, including sex
determination and gene transfer. Tissue culture techniques are crucial for various biotechnological studies
but face challenges like hyperhydration, a prevalent physiological disorder in vitro cultivation.
Hyperhydration leads to anatomical, morphological, physiological, and metabolic disruptions, affecting plant
quality and acclimatization. Symptoms include altered cell structures, reduced chlorophyll, and compromised
enzymatic activity. Mitigating hyperhydration involves adjusting environmental conditions and hormonal
treatments, although not all methods are universally effective, highlighting the need for species-specific
approaches in addressing this issue.

Materials and Methods

The preliminary stages of the experiment and cucumber plant regeneration from anther culture were carried
out based on Asadi et al. (2018). After inducing regeneration, samples affected by hyperhydricity were
separated from the other explants and placed in MS with 30 g/l sucrose and a pH of 5.75, according to Table
1.

The experiment used a completely randomized design with three replications (each culture flask as one
replication). In this study, eight treatments reported in Table 1 were investigated. After applying the
treatments, the number of plants with altered status was counted and recorded. Analysis of variance
(ANOVA) was used for statistical analysis, and the least significant difference (LSD) test was applied for
comparing means. Excel 2016 and SPSS 26 software were used for data analysis.

Table 1- Different treatments to overcome the hyperhydricity in cucumbers regenerated plants by anther culture

Nu. treatments notes
1 Reducing humidity in the culture containers The agar concentration increased to 9%, and filter containers ventilated the area.
2 Reducing the number of subcultures Explants were sub-cultured every ten days, which changed to every 17 days.
. . . The plants regenerated on MS supplemented with 3 mg/L BAP and were then
3 Reducing cytokinin concentration B
sub-cultured on MS without any plant growth regulators.
4 Root induction For root induction, MS was supplemented with 0.2 mg/L TAA.
5 Increasing light intensity The regenerated plants were exposed to 50 pmol/m? light
6 Cooling from the bottom of culture containers Metal sheets were used under the cultivation containers.
7 Reducing the concentration of culture medium Substituting 1/2 MS macroelements instead of full-strength MS was
components implemented.
8 control No treatments

Results and Discussion

The experiment demonstrated significant differences among treatments used to control and improve
hyperhydricity in regenerated cucumber plantlets at a 1% significance level (P < 0.01). The comparison of
means indicated that rooting was the most effective method for significantly improving plant health.
Increasing light intensity and reducing subculture frequency also played important roles in enhancing plant
growth conditions. Decreasing BAP concentration and relative humidity inside the culture vessels also had
positive effects. Conversely, treatments such as bottom ventilation and altering other growth medium
components did not show significant effects.

Two methods were employed to reduce relative humidity: increasing agar concentration and using containers
with filter lids. These methods reduced hyperhydricity by approximately 10%, although no significant
difference was observed from the control group. Increasing the subculture frequency increased
hyperhydricity, while reducing the frequency decreased hyperhydricity rates. High concentrations of BAP
contributed to increased hyperhydricity. Regenerated plants from combinations of 3 and 4 mg/L. BAP with
0.05 mg/L NAA showed a 30% improvement when transferred to the plant growth regulator-free medium.
Rooting with 0.2 mg/L IAA significantly reduced hyperhydricity by about 70%. Increasing the light intensity
to 50 umol/m?/s reduced hyperhydricity in 30% of regenerated plants. However, bottom ventilation, while
showing improvement in 2% of samples, did not significantly differ from the control.
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Conclusion

Overall, the results indicate that inducing rooting, precise regulation of growth regulators' type and
concentration, increasing light intensity, reducing subculture frequency, and lowering relative humidity
inside the culture vessels can significantly improve hyperhydricity. However, bottom ventilation and altering
other growth medium components did not significantly impact. These findings suggest that achieving
complete elimination of hyperhydricity may require additional methods depending on the genotype and
species of the plant, necessitating further research in this area.
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Table 1- Different treatments to overcome the hyperhydricity in cucumbers regenerated plants by anther culture

Nu. treatments

notes

1 Reducing the amount of humidity in the
culture containers

2 Reducing the number of subcultures

The agar concentration was increased to 8% and for better ventilation

filter containers were used.

Explants were sub cultured every 14 days, which changed to every 21

days.

Reducing cytokinin concentrate
ion
Root induction
Increasing light intensity

Cooling from the bottom of culture containers
Reducing the concentration of culture
medium components
control

The plants regenerated on MS supplemented with 3 mg/l BAP and were
then subcultured on MS without any plant growth regulators.

For root induction MS supplemented with 0.2 mg/l IAA was used.
The regenerated plants were exposed to 50 pmol/m? light instead of 35
umol/m?

For cooling, metal sheets were used under the cultivation containers.
The substitution of 1/2 MS macroelements instead of full-strength MS
was implemented.
without treatments-based Asadi and Segui-Simarro (2021)




VBT Sl ot 5 ol gl 85l s 5L Jle ( ALS s oo

144

Ol Ol glaid 4 yle sdaslis s lsl I (gla gas— }i&

Figure 1. Hyperhydricity in regenerated plants from cucumber anther culture
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Table 2- ANOVA of different treatments to overcome the
hyperhydricity in cucumbers regenerated plants by anther
culture

S.0.V df M uf"l*‘
treatments 7 1638.7"
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Figure 2- Comparison of means of different methods to overcome the hyperhydricity in regenerated plants from cucumbers anther
culture; T1 decreases the relative humidity inside the culture containers, T2 reduces the number of times of cultivation, T3 reduces the
concentration of cytokinin, T4 root induction, Ts light intensity, Te¢ cooling from the floor, T7 changing the concentration of other

components of the culture medium and Ts control
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Figure 4- Cucumber regenerated plants from anthers culture; A- on a mesh plate and B- on a metal plate for cooling from the floor
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Fig 5- Recovery of hyperhydric cucumber plants; A- hyperhydric plants, B- partial recovery in new leaves, C, and E, production of
almost healthy stems and leaves, D- improved plant growth and lack of development in other explants, and F- completely healthy and

recovered plants
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