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Introduction

Water deficit is an important constraint to melon production, particularly in regions where irrigation water
is limited. The effects of water shortage may vary with both genotype and developmental stage, and
reproductive stages can be especially sensitive because water availability directly affects flowering and fruit
set. ldentifying melon accessions that can maintain physiological function and reproductive development
under limited water may therefore contribute to more efficient irrigation management and drought-tolerance
breeding. This study evaluated the physiological, biochemical, and reproductive responses of two Iranian
melon accessions to deficit irrigation imposed at flowering and fruit development stages.

Materials and Methods

The experiment was conducted at the Research Farm of the Faculty of Agriculture, University of Zanjan,
using a split-plot arrangement based on a randomized complete block design with three replications. Two Iranian
melon accessions, Khatooni and Ivan-e-Key, were evaluated under three irrigation levels corresponding to 100,
80, and 60% of crop evapotranspiration (ETc). Deficit irrigation was imposed at flowering and 20 days after
flowering, representing the fruit development stage. Stomatal conductance, leaf relative water content (RWC),
total chlorophyll content, proline concentration, and antioxidant enzyme activity were measured. Male and
female flower numbers and fruit number per plant were also recorded.

Results and Discussion

Deficit irrigation affected both physiological and reproductive traits, with the strongest effects occurring
under 60% ETc. Stomatal conductance, RWC, and total chlorophyll content decreased as water availability
declined, indicating deterioration of plant water status and physiological performance under severe water
limitation. The reduction was particularly pronounced when stress was imposed at flowering, which appeared to
be the more sensitive developmental stage. The 60% ETc treatment at flowering produced the lowest values for
several physiological and reproductive traits, including stomatal conductance, RWC, chlorophyll content, male
and female flower numbers, and fruit number per plant. In contrast, proline concentration and antioxidant
enzyme activity increased under deficit irrigation. These changes suggest that the plants activated biochemical
responses as water availability decreased. However, these responses should be interpreted as indicators of stress
adjustment rather than, by themselves, direct measures of tolerance. The overall response differed between the
two accessions, and Ivan-e-Key showed greater resistance to water deficit across the measured traits. The
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reproductive response was particularly important. Water deficit during flowering reduced male and female
flower production and subsequently decreased fruit number per plant. Stress imposed 20 days after flowering
also reduced fruit number, but the reduction was less pronounced than that observed when stress occurred during
flowering. This indicates that maintaining adequate water availability during flowering is especially important
for reproductive development. Across irrigation levels, Ivan-e-Key maintained a higher fruit number than
Khatooni. Under full irrigation, lvan-e-Key produced 3.99 fruits per plant, compared with 3.61 fruits per plant in
Khatooni; fruit number declined with increasing water deficit in both accessions.

Conclusions

The response of melon to deficit irrigation depended on both the severity and timing of water limitation.
Flowering was the most sensitive stage, and 60% ETc at this stage caused the greatest reductions in
physiological and reproductive traits. The increase in proline and antioxidant enzyme activity indicates the
activation of biochemical responses to water deficit, while the maintenance of physiological and reproductive
performance provides a more meaningful basis for comparing tolerance. Overall, lvan-e-Key showed better
performance and greater resistance to water deficit than Khatooni, suggesting that it may be a useful genetic
resource for further studies on drought tolerance and water-saving irrigation strategies in melon.
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Table 1. Physical and chemical properties on the site of experimental field.

. Nitrogen Sodium  potassium  Calcium  Organic matter
Soil texture EC (dS.m-1) pH o0 (gr-kg-1) (gr.kg-1) (gr-Kg-1) o
Clay loam 1.49 7.4 0.07 0.20 0.12 0.94
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Table 2- Average climatic parameters of Zanjan Synoptic station during the growth season (2017)

Meteorological

22 May-21 June 22 June-22 July

23 July- 22 August

23 August- 22 23 September- 22

parameter September October
Rain (mm) 0.01 111 5.00 0.00 0.02
Average Eér)”perat”re 22,94 25.71 27.68 24.79 15.73
Minimum
temperature (C) 11.29 16.8 17.61 14.68 7.89
Maximum 32.47 33.96 36.82 35.12 25.05
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Table 3- Analysis of variance for effect of deficit irrigation treatment at different growth stages on physiological response two Iranian
melon accessions.

Means
squares
. Catalase Peroxidase Fruits
SO.V df Stomatal RwWC Chlorophyll Proline enzyme enzyme number per
conductance content content g 2
activity activity plant
Replication 2 4.90™ 0.009™  0.0003™ 0.0005 "™ 0.0002 ™ 0.0009 ™ 0.0008 ™
Irrigation 2 134117 44897 0.145" 097" 1350 0.420" 1.156
4 8.99" 0.030™  0.0007"™ 0.002" 0.0002 ™ 0.001™ 0.0009 ™

Errora
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Means
squares
. Catalase Peroxidase Fruits
S.0.V df Stomatal RwWC Chlorophyll Proline enzyme enzyme number per
conductance content content 2. 2.
activity activity plant
Stress stage 1 996™ 6.57" 0.016™ 0.192" 0.471" 0.015" 0.112"
'”'gats'fag’;s”ess 2 250™ 235" 0.004™ 0.064™ 0.250" 0.003™ 0.057"
Error b 6 5.16™ 0.004™  0.0002"™ 0.0002"™ 0.0006 ™ 0.001™ 0.0003"™
accession 1 2926™ 9.69™ 0.184" 1.05™ 0.108"" 0.057" 1.235"
'”'ga“?:nxaccess 2 6.68" 552"  0.0002"™ 0.048" 1.96" 0.012" 0.001"™
Stress stagex 4.23m™ 0.846™  0.0001™ 0.019™ 0.006" 0.00001"™ 0.001"™
accession
IrrigationxStress ., 2351 0359  0.0002™ 0.005™" 0.003™  0000002™  0.001™
Stagex accession
CV (%) 0.54 0.15 181 107 0.60 .04 0.73
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#%ns: non-significant difference, *, *: Significant difference at the 5% level , **: Significant difference at the 1% level
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Table 4. Comparison of the mean for effect of deficit irrigation treatment at different growth stages on physiological response two
Iranian melon accessions.

Irrigation levels Stomatal Leaf relative water roline content
accession  Stress stage ?% ETO) conductance content P (Mg & PW)
(mmol m?s™?) (%) 99
100 272.52+3.04 76.39+0.13 1.24+0.02
_ Flowering 80 241.93+1.96 74.3420.12 1.4+0.02
Khatooni

60 196.64+1.61 70.07+0.14 1.75+0.03
Fruit Set 100 272.52+3.04 76.39+0.13 1.2+0.02
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. Irrigation levels Stomatal Leaf relative water proline content
accession  Stress stage (% ETo) conductance content (mg g FW)
(mmol m?%s) (%) 99
80 253.43+1.63 75.37£0.14 1.36+0.03
60 214.65+1.26 72.52+0.09 1.54+0.03
100 290.79+1.48 74.29+0.12 1.44+0.02
Flowering 80 254.6042.4 73.070.09 1.79+0.03
60 217.74+1.75 71.25+0.07 2.32+0.02
lvan-e-Key
100 290.79+1.48 74.29+0.12 1.44+0.02
Fruit Set 80 273.63+1.82 73.63+0.09 159+0.03
60 232.34+1.91 72.33+0.07 1.94+0.02
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Table 5. Comparison of the mean for effect of deficit irrigation treatment at different growth stages on physiological response of two
Iranian melon accessions.

Stress stage Irrigation levels

Chlorophyll content

Catalase enzyme activity = Number of fruits per

(% ETc) (mg g-1 FW) (umol H202.9-1 FW.min-1) plant

100 1.39+0.08 5.03+0.56 3.8+0.21

Flowering 80 1.28+0.08 6.34+0.1 3.66£021

60 1.1420.07 7224031 3.08£021

100 1.39+0.08 5.03+0.56 3.8+0.21

20 days after 80 1.33+0.08 5.79+0.09 3.73+02
flowering

60 1.21+0.08 7.00£0.24 3.35£0.17

Lol (FSE) olailow! glas cusaoylis w9 Caudio polio g dosimd ST dw (1SSl ool

Values were the means of three replicates and bars represent the standard errors (n = 3).
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Table 6. Comparison of the mean for effect of deficit irrigation treatment at different growth stages on physiological response of two
Iranian melon accessions.

Accession Irrigation levels catalase enzyme activ_ity peroxidase enzyme _activity (units
(% ETc) (umol H202.g-1 FW.min-1) g-1 FW.min-1)
100 4.52+0.03 0.28+0.02
Khatooni 80 6.15+0.31 0.4+0.04
60 7.41+0.11 0.6+0.04
100 5.54+0.03 0.286+0.02
Ivan-e-Key 80 5.97+0.29 0.53+0.03
60 6.89+0.04 0.71+0.06

el (ESE) o ylaibow! glas oucao i i 9 Caudio polio g addwd Hl ST dw (1 Silo Woo1d

Values were the means of three replicates and bars represent the standard errors (n = 3).
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Figure 1. The effect of different levels of irrigation in the
flowering stress stage on male to female flowers ratio of Khatoni
and lvan-e-Key melon accessions
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Figure 2. The effect of different levels of irrigation on the number of fruits per plant in Khatouni and lvan-e-Key melon accessions
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