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INTRODUCTION

Turkey takes place as the secondary gene centre
of melon. The total commercial acreage for melon
in Turkey is estimated around 110,000 ha with 1.7
million tons of production. China is by far the main
producing country while Turkey follows with 9.4 %
of the global production (Anonymous, 2012). 

However, some factors such as a reduction of
water resources and decrease in agricultural lands,
unfavourable conditions as if soil-borne pathogens,
salinity and aridity are restricting to take more yield
per unit area in agricultural production (Estrella et
al., 2003). This fact obligates to improve new
growing techniques. Productivity used to be
dropping off substantially in melon growing due to
these stress conditions in particular in soil. Soil-borne
pathogens (Fusarium oxysporum f.sp.melonis’in 0,
1, 1-2 races) are the main limitation on commercial
melon yield in the East Mediterranean region (Yücel
et al., 1994). In the study region, melon is commonly
irrigated by sprinkler method. This case also leads to
the development of pathogens.

On the other hand, reduction in rainfall
correlatively in water resources create a serious
problem especially in Central Anatolia Region of
Turkey as if happens in most part of the World. Due
to increasing demand for irrigation water surface
and underground water sources, the water
resources in Konya Basin are progressively depleting.
That’s why including crops with low water
requirement as melon in the crop rotation would
enable coping with the water scarcity problem in the
region. This is essential for sustainable farming and
balanced environment. 

Generally, irrigation affects yield and yield
components of melon. The most sensitive for soil
water deficit are the fruit setting and flowering
stages (Faberio et al., 2002). Hartz (1997), Sensoy et
al., (2007) and Dogan et al., (2008) reported that
more irrigation increased yield but reduced soluble
solid content compared to dry land conditions. 

Yield and quality of melon are decreased due to
water scarcity and soil-borne pathogens in the study
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Abstract

This study was carried out to determine crop response to limited water under biotic stress that was
soil-borne pathogens caused of Fusarium oxysporum f.sp. melonis and Macrophomina phaseoli. The
experiment was established in a naturally infected field as in a randomized block design with four
replications at Çumra in the Konya Plain, Turkey. Irrigation treatments were consisted of four levels: Water
amount applied to replenish the water deficit of 0-90 cm soil depth to field capacity (I1), water supply
reductions of 0.25 and 50 percent were applied for the other treatments. The highest yield (2.42 and
3.14 t da-1) was obtained from I1 treatment in both years. Other fruit quality parameters were significantly
affected by the treatments. The total irrigation water amount and water consumptive use of the same
application were 260 and 470 mm in 2011, respectively. In the second year, the total irrigation water
amount and water consumptive use of the same treatment were 334 and 501 mm, respectively. The
higher disease incidence (50.0-54.7 %) was observed in the plants subjected to drought in two-year.   
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region. This research was carried out to determine
the influence of limited water on yield, quality and
water use efficiency of melons under soil-borne
pathogens stress. Additionaly, the effect of water
stress on the development of soil-borne pathogens
was also investigated.

MATERIAL AND METHODS

Experimental site and crop management

The experiments were conducted in a field
naturally infected with Fusarium oxysporum
f.sp.melonis and Macrophomina phaseoli during the
growing season of 2011 and 2012 from May to
August at the Çumra region in the Konya Plain.  The
field experiments were established in randomized
blocks with four replications.  

Total precipitation amounts during the vegetation
period from May to August were recorded at 65 and
3 mm in 2011 and 2012, respectively.  The average
temperature was 20.6 0C and 21.4 0C in the study
years, respectively. In 2011, the soil analysed was a
clay loam that is common in soils of the region. The
soil texture contains 32 % clay, 19 % silt and 48 %
sand and soil pH is 8.4. In the second year, soil
texture was 22 % clay, 27 % silt and 51 % sand and
soil pH is 8.0. The soil has, thus, a sandy-clayey-
loamy consistency.

Melon seedlings (Cucumis melo cv. Edalı F1)
were supplied by the YASA Seedling Company
(Antalya, Turkey). They were planted at a 2.0 m inter-
row width, and given 0.75 m spacing on May 20,
2011, and May 18, 2012, respectively. The
dimensions of the plot were 9 m × 8 m (72 m2). A
total of 150 kg N ha-1, 100 kg P2O5 ha-1, and 100 kg
K2O ha-1 fertilizers were applied during the growing
season. Half of nitrogen and the whole of
phosphorus and potassium were applied to the soil
before the seedlings were planted. The remaining
nitrogen fertilizer was applied via drip irrigation
system fertigation during the growing period.
Harvests occurred on Aug. 8, 2011 and Aug. 9,
2012, respectively.  

Irrigation applications

The irrigation method was drip irrigation. A
dripper lateral was use for each melon row.
Irrigation times were determined according to the
growth stages of the plants (early vegetative, late
vegetative, flowering, fruit setting and ripening). The
amount of irrigation water required to fill the soil
depth of 0-90 cm to field capacity was applied to the
treatment (I1). In addition, 75 and 50 % of the

treatment I1 was applied I2 and I3, respectively. The
irrigation was not applied for the treatment I0. The
percentage of wetting area was determined as far
as the growth period of plant. The wetted area was
used to calculate the amount of irrigation water
applied, thus it considered as 40 % and 30 % for
flowering and the later periods, respectively.  

Irrigation duration was determined by dividing
the total irrigation amount by the number and total
discharge of the emitters in the plots. These amounts
were applied trough water flow meter in the plot.
Soil moisture content was determined by gravimetric
method. The moisture available in the soil layer of 0-
90 cm of treatment with most favourable moisture
conditions (I1) was used in the calculation procedure
of the irrigation water amount.  

Evapotranspiration (ET) of the treatments was
determined using the equation 1 (James, 1988).

ET= I + P + Dp ± Roff ± ΔS (1)

Where, ET is water consumptive (mm), I is
irrigation water (mm), P is the rainfall (mm), Dp is the
deep percolation (mm), Roff is the runoff (mm) and
ΔS is the change of moisture content in the root
depth (mm).

Statistical Evaluation

Experimental results related to fruit yield and crop
quality were subjected to a variance analysis
according to a procedure described by Yurtsever
(1984) and the Duncan mean separation test
procedure. The mean percent disease values from
all plants, per treatment, were calculated after
harvest. 

Fruit yield and quality, irrigation water use
efficiency (IWUE) and water use efficiency
(WUE) 

Fruit yield was calculated from matured fruit at
harvest time as t da-1. Some characteristics of the fruit
were investigated after harvest. Single plant yield
(SPY-kg plant-1), number of fruit per plant (NFP-
number plant-1), mean fruit weight (MFW-g), fruit
diameter (FD-mm, with a compass at the middle of
fruit), height of the core (CH-cm), diameter of the
core (CD-cm), fruit coat thickness (FCT-cm) and fruit
flesh thickness (FFT-cm) were noted for
approximately eight fruits per plot, randomly
collected as subsamples for quality assessment. The
fruits were then homogenized in a blender, and
portions of the homogenate analyzed to evaluate
the pH (determined by the pH-meter), total soluble
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solids (TSS) (%, determined by the refract meter),
sucrose, and total and inverted sugar content (%).
They were measured by the titration method (Ekinci
and Dursun, 2006). 

Irrigation water use efficiency (IWUE, kg m-3)
and water use efficiency (WUE, kg m-3) were
calculated from the fruit yield (kg ha-1) and amount
of applied water (I, m3) and water use consumptive
(ET, m-3) (Howell, 1990).  

RESULTS

Fruit yield and some quality characteristics

of melon

The yield data of the treatments are given in
Table 1. There were significant differences among
the treatments for both years (p<0.01). The
maximum yield was obtained from I1 applications in

both years, reaching 2.42 t da-1 in 2011 and 3,14 t
da-1 in 2012. However, there were no significant
differences between treatment I1 and I2 in 2011. The
lowest yield was obtained from the treatment I0
(0.67-1.22 t da-1) for each year (Table 1). 

The effects of the treatments on some quality
characteristics of melons are presented in Table 2
and 3. During the 2-years, irrigation did not have
any effect on CH, CD, FCT and FFT. However, SPY,
NFP, MFW and FD were significantly affected by
treatments (p<0.05).  The highest SPY was obtained
from the I1 (3.6-5.4 kg plant-1) treatment, while
the highest NFP was recorded as 2.1-2.7 number
plant-1 and obtained from the I1 application in both
years. The highest mean fruit weight was
determined as 2.8-3.0 kg recorded for (I1)
treatment, respectively. However, there were no
significant differences among I1 and I2 (2.7 kg), I3
(2.7 kg), in the first year. The highest FD (51.1-51.8
cm) was obtained from I1 treatments, in both years.
Fruit diameter was also reduced significantly by
water stress.

Irrigation treatments did not significantly affect
pH and sugar content, but TSS was affected by
treatments in both years. The highest TSS content
(10 %) was obtained from the I0 - I3 applications in
the first year.  In the second year, I0 application had
the highest TSS content as % 9 (Table 4).
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Table 1. Fruit yield obtained from treatments 

Table 2. The effect of treatments on some quality characteristics 

* values followed by the same letter do not differ significantly at p<0.05 by Duncan test, ns: non significant
FD-fruit diameter, CD-diameter of the core, FCT-fruit coat thickness, FFT-fruit flesh thickness 

* values followed by the same letter do not differ significantly at p<0.05 by Duncan test, ns: non significant SPY-Single
plant yield, NFP-number of fruit per plant, MFW-mean fruit weight, CH-height of the core

Table 3. The effect of treatments on other quality characteristics 

        

 

Treatments 
Yield (t da-1)* 

Mean 
2011 2012 

I0
 0.67cd 1.22d 0.94 

I1 2.42a 3.14a 2.78 
I2 2.23ab 2.41b 2.32 
I3

 1.39c 2.14c 1.76 
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Treatments 
SPY (kg plant-1)* NFP (number plant-1)* MFW (kg)* CH (cm)ns 

2011 2012 2011 2012 2011 2012 2011 2012 

I0
 0.9c 1.8c 1.0c 1.2c 1.5b 1.6c 15.5 14.0 

I1 3.6a 5.4a 2.1a 2.7a 2.8a 3.0a 13.1 12.8 
I2 3.1ab 3.6b 1.6b 2.0b 2.7a 2.0b 13.2 12.3 
I3

 
2.2b 3.5b 1.8b 1.7b 2.7a 2.1b 13.8 14.1 
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s  
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Treatments 
FD (cm)* CD (cm)ns FCT (cm)ns FFT (cm)ns 

2011 2012 2011 2012 2011 2012 2011 2012 

I0
 34.9c 42.8b 3.6 4.5 1.0 0.8 3.0 3.0 

I1 51.1a 51.8a 5.6 6.5 1.5 1.4 4.3 5.3 
I2 48.8a 51.1a 6.0 6.3 1.1 1.1 4.0 5.2 
I3

 
44.1ab 47.2b 4.6 5.3 1.2 0.8 3.5 4.1 

 

                         ns: non 

s  

             

 

 

*values followed by the same letter do not differ significantly

at p<0.01 by Duncan test
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The disease incidence

During the 2-year, environmental factors were
favourable for the development of infection
caused by Fusarium oxysporum f.sp.melonis and
Macrophomina phaseoli, which resulted in 50.00-
54.69 %, respectively (Table 5).

The disease incidence was significantly affected by
irrigation treatments. The disease incidence decreased
with increasing irrigation rates. The maximum
irrigation water treatment (I1) observed lower disease
incidence (28.12 %) than other irrigation levels.
Moreover, melon yield increased proportionally to a
decrease in the disease incidence (Figure 1).

Amount of applied irrigation water (IW),
water consumptive use (ET), and irrigations
efficiencies IWUE and WUE

The amount of irrigation water,
evapotranspiration and efficiencies are given Table
6. The total amount of irrigation water and water
consumptive use of I1 were determined as 260 and
470 mm in 2011, respectively.  In 2012, the total
applied irrigation water and water consumptive use
of the same treatment were 334 mm and 501 mm,
respectively.  Total precipitation amounts during the
vegetation period from planting to harvest were
recorded as 65 mm in 2011 and 3 mm in 2012.  As
far as the subject water application, a fix total water
of 26 mm and 62 mm was applied in the first and
the second experimental years, respectively.

Influence of Limited Water Stress on Yield and Fruit Quality of Melon under Soil-Borne Pathogens 

* values followed by the same letter do not differ significantly at p<0.05 by Duncan test, ns: non significant

              

Treatments 
pHns TSS (%)* 

Sugar (%) ns  

Total Invert Sucrose 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 
I0

 
3.0 3.0 10.0a 9.0a 7.1 6.9 3.7 3.8 3.2 2.9 

I1 4.3 5.3 6.9c 6.3c 6.8 6.2 3.9 3.4 2.7 2.6 
I2 4.0 5.2 9.1b 6.3c 7.4 7.0 3.6 3.8 3.6 3.2 
I3

 
3.5 4.1 10.0a 7.3b 7.5 7.2 3.7 3.6 3.2 3.4 

 

 

                          n   

 

         

 

 

 

 

         

T              

           

Table 4. pH, total soluble solids (TSS) and sugar content obtained from treatments

              

 

 

                          n   

 

         

 

Treatments 
Disease plant Healthy plant Disease incidence (%) 

2011 2012 2011 2012 2011 2012 

I0
 24.0 26.25 24.0 21.75 50.00 54.69 

I1 13.5 12.5 34.5 35.50 28.12 26.04 

I2 15.5 15.75 32.5 32.25 32.29 32.81 
I3

 
22.0 19.0 26.0 29.0 45.83 39.58 
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Table 5. Disease incidence of treatments   
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Figure 1. Relations between yield and disease incidence 
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IWUE values ranged from 9.3 (I1) to 11.4 (I2) and
from 9.4 (I1) to 12.8 (I3) kg m-3 for the first and
second experimental years, respectively. Water use
efficiencies (WUE) ranged from 2.7 (I0) to 5.3 (I2) kg
m-3 and 5.6 (I2) to 6.2 (I1) kg m-3 depending on the
treatments and experimental years. The maximum
WUE value was 5.3-6.2 kg m-3 water applied in the
treatments I2-I1 according to years, respectively
(Table 6).

As a result, IWUEs differ considerably among the
treatments and generally tends to increase with a
decline in irrigation (Figure 2). As mentioned above,
this might be attributed to differences in the amount
of irrigation water or fruit yield obtained due to
climatological and soil conditions. As the results in
this study, irrigation scheduling can improve water
use efficiency along with efficient irrigation
scheduling management.

DISCUSSION

The fruit yield was affected by irrigation
treatments. In 2011, yield obtained from treatment
containing application of 75% of full irrigation
water did not differ from the yield recorded for
most irrigated I1 treatment. These results suggest
that the crop is not very sensitive to moderate
water deficits up to 25 %. While severe water stress
due to irrigation water reduction by 50% or non-
irrigation lead to yield decreases up to 42 % and
72 %, respectively. These results were similar to
data of Alizadeh et al., (1999), Lei et al., (2003) and
Yıldırım et al., (2009). Thus, the treatment of limited
irrigation water may improve the yield compared
to full irrigation application.   

In the second year, the yield was decreased
with reducing irrigation rates. An irrigation level
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Treatments 
(IL x F) 

 

2011 2011 2012 2012 

I 
(mm) 

ET 
(mm 

IWUE 
(kgm-3) 

WUE 
(kgm-3) 

I 
(mm) 

ET 
(mm) 

IWUE 
(kgm-3) 

WUE 
(kgm-3) 

I0 - 240 - 2.7 - 208 - 5.8 
I1 260 470 9.3 5.1 334 501 9.4 6.2 
I2 195 413 11.4 5.3 251 430 9.6 5.6 
I3 130 362 10.6 3.8 167 362 12.8 5.9 

 
 
 

 

             

Table 6. Irrigation water amount (I), seasonal evapotranspiration (ET), irrigation water use efficiency (IWUE) and water
use efficiency (WUE) according to the experimental years

 
 
 

 

             
Figure 2. Melon yield and water use efficiency (average values for 2-year)  
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reduce of 25, 50% of I1 and non-irrigation
decreased melon fruit yield by 23, 31 and 61%,
respectively. Kirnak et al., (2005), Sensoy et al.,
(2007) and Cabello et al., (2009) found that melon
crop showed a negative response to irrigation
deficit. Besides, Dogan et al., (2008) determined
that under semiarid climatic conditions, any
reduction in irrigation amount from about 83-92%
of class A pan evaporation values would result in
reduced melon yield. Yıldırım et al., (2009)
investigated melon plants which were drip-irrigated
at 50 %, 75 % and 100 % of full irrigation water.
Yield in I75 and I100 was found similar.

In this study, some quality characteristics (SPY,
NFP, MFW, FD and TSS) increased with the
application of no water stress, in both experiment
years. Application of lower irrigation increased total
soluble solids of fruit. Full irrigation water treatment
resulted in bigger and heavier fruits. Similar results
were found by Sensoy et al., (2007), Dogan et al.,
(2008) and Cabello et al., (2009). Faberiro et al.,
(2002) stated that fruit yield and its components
were highly influenced by the total volume of
irrigation water. The treatments with a deficit
decreased both yield and quality. Yıldırım et al.,
(2009) determined that TSS content increased with
decreasing irrigation level. Al-Mefleh et al., (2012)
stated that fruit diameter and weight was increased
with increasing irrigation water amounts. But, the
authors found out that fruit sugar content was
decreased with irrigation levels.     

The pathogens generally increased with
decreasing soil moisture content. At low soil
wetness, development of Fusarium wilt was
increased (Ben-Yephet and Frank, 1985; Martyn
and Gordon, 1998). 

Treatments with lower amounts of water have
generally higher IWUE values. On the other hand,
WUEs usually increases with increasing in irrigation
(Howell, 2006). Similar results have been reported
by Kirnak et al., (2005), Sensoy et el., (2007) and
Cabello et al., (2009) in melon.

CONCLUSIONS

According to results obtained from the 2-year
study, melon yield and some quality characteristics
(single plant yield, number of fruit per plant, mean
fruit weight, fruit diameter and total soluble solids)
are strongly affected by irrigation levels. These
parameters were increased at the optimum
irrigation water amount. In both years, the

maximum yield was obtained from I1 applications,
reaching 2.42 t da-1 in 2011 and 3.14 t da-1 in
2012. The total water consumptive use of I1
application was 470 and 501 mm, respectively. 

Besides, the disease incidence changed
depended on soil moisture content. The disease
incidence increased with decreasing of soil
moisture content. In plants subjected to drought
showed the highest disease incidence. The highest
disease incidence (50.0-54.7 %) was observed in
the plants subjected to drought in two-year.   

These results suggest that moderate deficit
irrigation does not decrease IWUE, while WUE
usually increases with increasing in irrigation. On
the contrary, high IWUE is obtained from severe
water stress. 
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