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an Arid Region
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ABSTRACT

High groundwater salinity, a high water table and secondary soil salinization are
dominant conditions in eastern Isfahan Province, Iran. This region has a low annual
rainfall, high annual evaporation demand, saline soils and limited fresh water supplies. To
investigate the effects of irrigation deficit and salinity on cantaloupe (Cucumis melo L.
var. cantalupensis) production, a field experiment was performed at the Salinity and
Drainage Research Station of Rudasht, 65 km East of Isfahan. Irrigation treatments were
T65, T80 and T95 (irrigation after 65, 80 and 95 percent of cumulative evaporation from
Class A pan, respectively), each having three replicates. EC of irrigation water was 5.25
dS m’; irrigation water depth for the whole growing period was 300, 342 and 384 mm, for
T65, T80 and T95 treatments, respectively. The results showed that T65 and T80
irrigation treatments significantly reduced fresh yield, number of fruit, fruit weight per
plant and water use efficiency. Fresh-fruit yield was 31.73, 38.48 and 54.34 ton ha™', and
water use efficiency was 10.58, 11.25 and 14.16 kg m™ in T65, T80 and T95 irrigation
treatments, respectively. A second order polynomial equation was fitted (R’= 0.99) for
production function (yield vs. irrigation water depth). The relationship between water use
efficiency and irrigation water depth was also a second order polynomial equation (R’=
0.97). Nitrogen and potassium content of fruits in T65 treatment was higher than T80 and
T95 treatments. Effect of irrigation regimes was not significant on P and Na content of
fruits, but was significant on CI" content (P< 0.05). Overall results showed that cantaloupe
is a crop sensitive to soil moisture stress.
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INTRODUCTION

The declining availability of fresh water
has become a worldwide problem, which
promotes the development of alternative,
secondary quality water resources for
agricultural use. Salinity can negatively
impact plants through osmotic, nutritious,
and toxic stresses. Growth and yield of most
cultivated crops tend to decline when
exposed to salinity (Maas and Hoffman,
1977). However, the response pattern of

many crop species may substantially change
due to environmental conditions (e.g., soil
properties and weather) as well as by
agricultural  practices (e.g., irrigation
methods) (Shannon and Grieve, 1999).
Considerable yields were obtained using
saline irrigation water (4-12dS m™) in
crops that had been previously defined as
moderately sensitive to salt stress (Pasternak
and De Malach, 1995; Bustan et al., 2004).
Muskmelon (Cucumis melo L.), an
important horticultural crop that is often
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irrigated in semiarid or arid regions, has
been examined under saline irrigation water
(Shannon and Francois, 1978). In agreement
with Maas and Hoffman's (1977)
classification, most reports define melons as
a moderately sensitive crop (salinity
threshold of 1 dS m™" and 8.4% yield decline
per dS m_l) (Mangal et al., 1988; Maas and
Grattan, 1999). Several research studies
have been performed growing melons with
saline water. These reports indicate that
yields decline due to a significant reduction
in fruit size, but salt stress caused an
increase in parameters of fruit quality, such
as total soluble sugars (Medlinger, 1994).
However, safe and efficient use of saline
water for irrigation requires proper
management (such as trickle irrigation in
deep sandy soils) to prevent development of
excessive  soil salinization for crop
production (Wang et al., 2007).

Brackish irrigation water strongly reduced
vegetative growth and plant size in melons
(Medlinger and Fossen, 1993), as compared
to fresh-water grown plants. Bustan er al.
(2005) tested the use of fresh irrigation
water (1.2dSm™) during the early
vegetative phase and application of brackish
water (7dSm™") during the reproductive
phase in melons. Indeed, the combination of
fresh and brackish irrigation water increased
the yield level to that of fresh water plants.
Along side fruit quality improvement as
typically seen in plants irrigated with
brackish water, frequent daily regimes of
trickle irrigation reduced the negative effect
of salinity on fruit size.

There are different production functions
which relate the amount of water applied to
yield components. Water use efficiency
(WUE) relates yield or dry mass production
to applied water (Yuan et al, 2003 and
2004). Fabeiro et al. (2002) used drip
irrigation in controlled deficit irrigation of
melons. Based on their study of 9 treatments
including different water requirement levels
(60 to 100 percent of reference crop
evapotranspiration) at three growing stages
(flowering, fruit setting and fruit maturity),
they concluded that the best mathematical
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equation which fits yield and applied water
is a second order polynomial (R’= 0.95).
The relationship between irrigation water
and WUE was represented by a second order
equation with R’= 0.87.

Hossieni-Yazdi (1997) studied the effects
of 50, 75 and 100 percent evaporation from
Class A pan with drip and furrow irrigation
methods on Charlston Gray watermelon.
The results showed that WUE of the drip
system was three times more than that for
furrow irrigation.

Sensoy et al. (2007) studied the most
suitable irrigation frequency and quantity for
field-grown melon. Four different irrigation
treatments  employing two  different
irrigation intervals (6 and 12 days) and two
plant-pan coefficients (0.60 and 0.90) were
tested. Total irrigation quantities, plant water
consumption and melon yields varied from
405 to 549 mm, 481-637 mm and 18.0—
32.4 Mg ha™", respectively. The highest yield
was obtained from the treatment employing
the greatest frequency and quantity of
irrigation.

Ertek et al. (2006) studied the most
suitable irrigation frequency and quantity in
cucumber grown under field conditions.
Irrigation treatments consisted of two
irrigation intervals (4 and 8 days), and three
plant-pan coefficients (0.50, 0.75 and 1.00).
Irrigation quantities applied to the treatments
varied from 320 to 509 mm; seasonal
evapotranspiration of irrigation treatments
varied from 391 to 597 mm and the
cucumber yield varied from 17.99 to
4520tonha™'. The highest yield was
obtained from a 8-day irrigation interval and
pan coefficient of 1.0

In an experiment by Tingwu et al. (2003),
saline groundwater, ranging in salinity from
3.3 dS m™ in the early season to 6.3 dS m”
at the harvest time, was used in a drip
irrigation system. Four irrigation treatments
(control, 30, 60 and 90 percent of
evaporation from a Chinese Evaporation
Pan) were used. The control treatment was
not irrigated throughout the season. The
yield of watermelons was increased and the
quality improved under drip irrigation, as
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compared with the control, with the highest
increases in both yield and quality in the
60% treatment. The results suggested that
drip irrigation of watermelon with saline
water was feasible.

The purpose of this research was to
investigate the effects of deficit irrigation
using saline water from a drip system on
cantaloupe production in Rudasht region,
East of Isfahan, Iran.

MATERIALS AND METHODS

To investigate the effects of deficit
irrigation and saline water (EC= 5.25
dSm™) on cantaloupe (Cucumis melo L.
var. cantalupensis)‘Garmak’ production in
Rudasht region, which is located about 65
km East of Isfahan, Iran. Mean annual
temperature is 16.8°C, annual rainfall is <
100 mm, and annual evaporation demand is
> 2000 mm. Based on De Martonne’s
classification, the climate in this region is
arid. Because of intrinsic salinity and a high
water table, soils are saline (EC of 50 to 200
dS m' in the uncultivated lands) and
available fresh water supplies are very
limited. Nevertheless, farmers manage to
grow cantaloupe, watermelon, cotton and
other salt-tolerant crops in this region and
irrigation is therefore a requirement for crop
production in this region. The soils are
Aridisols and classified as Typic Salorthids,
Fine Mixed and Thermic.

A trickle irrigation experiment with a
complete randomized block design was
selected. The irrigation treatments were T65,
T80 and T95 (irrigation in each event
applied 65, 80 and 95 percent of cumulative
evaporation from Class A pan, respectively)
in three replicates.

The experiments were conducted from 12
April to 22 July, 2003. Soil was ploughed
and disked to the depth of 30 cm. The field
was divided into 27 irrigation units. Each
experimental plot was 6x5 m and the whole
field was 22x53 m. Each unit consisted of
six laterals, spaced 1 m apart; the units were
spaced 2 m apart. Each lateral had 11
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emitters, spaced 0.5 m apart. The emitters
were long-path type with discharge of 4 L h’
! operating at the pressure of 1 atm.

Five cantaloupe seeds were planted next to
each emitter. To ease germination and
prevent crusting, the seeds were put in small
holes filled with fine sand. After
germination, the number of seedlings was
reduced to two. After fruit setting, one fruit
was kept for each plant so that there were
two fruits next to each emitter.

Before the application of irrigation water
treatments, to make sure that the seeds grow
properly, 16 irrigation events (a total of 115
mm of water) were applied uniformly, until
the 50" day (31 May, 2003). After that, 21
irrigation events were applied non-
uniformly. There was no precipitation
during the growing period. An irrigation
interval was selected based on 30+3 mm
cumulative evaporation from a Class A pan.
The pan was located about 200 m from the
experimental site.

The volume of irrigation water per plot
was calculated as:

V,=E XK XSXPXAXC (1)

pan pan

where V;, is the volume of water per plot
(liters); E,,, is cumulative evaporation from
the pan (mm); K, is the pan coefficient; S is
the canopy shading coefficient; P is the
wetted-area coefficient (which is different
from canopy shading coefficient); A is the
area of each plot (30 m?) and C is the
irrigation coefficient (0.65, 0.8 and 0.95).
Based on a wind speed of 2 m along with
high, relative humidity and green fetch
around the pan, the pan coefficient was
calculated as 0.85 (FAO, 1998). The volume
of irrigation water was measured using a
flow-meter.

To calculate the canopy shading
coefficient, it was assumed that each plant is
a circle with an average diameter of d (in m)
and, so, for later stage-irrigations (50 to 102
days after planting the seeds):

g = axn

2
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Table 1. Physical properties of the soil in the experimental site.

Soil particles (%) Bulk density Field Permanent
Depth (cm) Clay  Silt Sand Soil texture (g m?) capacity (%) wilting Point (%)
0-30 32 37 31 Clay loam 1.47 30 14
30-60 37 44 19 Silty clay loam 1.46 27 14

Table 2. Chemical properties of the soil before running the experiments.

Cations (meq Lh

Depth (cm) EC (dSm™) pH Na Ca + Mg SAR ESP
0-30 1.48" 7.49 8.53 7.11 4.52 5.11
30-60 171 7.49 9.9 8.45 4.87 5.6

“ Each number is average of three replicates.

Table 3. Chemical properties of irrigation water.

) Cations and Anions (meq Lh
EC(dSm") pH

Na Ca + Mg CO;” HCO; Cr SO, SAR

5.25 7.52 41 17.72 0.49 4.53 35.78 16.92 13.1

sulfate at the start of applying the irrigation
treatments) and pest control were performed
_mwXd g uniformly for all treatments and based on
4 G) local recommendations.  Fruits  were
harvested on 15 to 23 July 2003, counted
and weighed separately. From each plot, two
cantaloupes were taken to a laboratory for
measurements of their N, K, Na, P, Cl, EC,
pH, total dry matter and total soluble
materials.
Water wuse efficiency (WUE) was

a

where a is the shading area of each plant
and n is the number of plants per plot.
Parameter d was measured in the field and
averaged for each plot.

In dry regions, the wetted-area coefficient
(P in equation 1) changes from 33 to 50
percent of the cultivated area. Therefore, N 8 |
some soil surface remains dry between the calculated by dividing fresh-fruit Welg3ht
plants; this may save some water (Abu- (kg) by the volume of irrigation water (m”).
Awwad, 2001). The wetted-area coefficient The SPSS.11 software was used to analyze
and canopy shading coefficient were the data and the averages were compared by
increased as a result of plants growth during Duncan’s multiple range test.

the growing season. On this basis, the Some of the physical and chemical
wetted-area coefficient was considered as properties of the soil are presented in Tables
33% in the early stage of irrigation 1 and 2. Soil samples were collected at the

treatments and as 50% at the later stages of end of the experiment for EC measurement.
growing season Chemical properties of irrigation water are

Fertilization (120 kg ha urea at the first- shown in Table 3. According to Wilcox’
stage irrigations and 60 kg ha’ potassium diagram, irrigation water is classified as
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C4S4. As it is seen from Table 2, the soil
profile is not saline down to 60 cm.

RESULTS AND DISCUSSION

Applied Water and Cantaloupe Yield

In 37 irrigation events (from the beginning
to the end of the experiments), a total of 300,
342 and 384 mm of water was applied in
irrigation treatments T65, T80 and T95,
respectively.  Therefore, in irrigation
treatments T65 and T80, about 22 and 11
percent water was saved, as compared with
the irrigation treatment T95. Total
evaporation from the pan was 283 mm from
31 May to 22 July 2003.

Analysis of variance and comparison of
the averages of yield components are shown
in Tables 4 and 5. Table 4 shows that the
effect of total irrigation depth on fresh-fruit
yield, yield per unit area and number of
fruit; water use efficiency is significant at
1% probability level.

In irrigation treatments T65 and T80, yield
reduction was 42 and 29 percent as
compared to irrigation treatment T95. Fresh-
fruit yield increased from 95 kg per plot in
T65 to 163 kg per plot in T95 (Table 5).
Although two fruits were kept next to each
emitter in all the irrigation treatments, the
number of fruit ranged from 21,667 (in T65
irrigation treatment) to 37,000 (in T95
irrigation treatment) at the end of the
experiments. The reason for this reduction of
fruit number was water stress that resulted
from applying deficient irrigation. The
cantaloupe plants could not get enough
water to grow marketable fruits. This
happened even in the T95 irrigation
treatment. High salinity of irrigation water is
another reason for low fruit number.

Most vegetables are rather shallow rooted,
and stresses of even short periods of two to
three days can hurt marketable yield.
Irrigation is likely to increase size and
weight of individual fruit (Sanders, 1997).
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According to Table 4, the effect of irrigation
level on fruit weight per plant was
significant (P< 0.05). Although there was no
significant difference between fruit weight
per plant in T65 and T80 irrigation
treatments (Table 5), but they were different
from T95 treatment (P< 0.05). This
parameter was 1.47, 1.47, and 1.61 kg per
plant, respectively. There was a linear
relationship between the number of fruits
and fruit yield (R*= 0.999), which shows
that yield increase is a function of both
fresh-fruit weight and number of fruits:

FFW =1.468FN +95.18 “)

where FFW= Fresh fruit weight (kg ha™)
and FN= Number of fruits per hectare.

Cantaloupe yield was found to be 31.73,
38.48 and 54.34 ton ha for T65, T80 and
T95 irrigation treatments, respectively. The
effect of amount of irrigation on yield was
significant (P< 0.01) and differences
between mean yields were significant at a
5% probability level (Tables 4 and 5). This
relationship could be depicted as a second-
order polynomial (R* = 0.99):

Y =0.0026AW* — 1.496AW +248.24  (5)

where Y= Yield (ton ha') and AW=
Applied saline irrigation water depth (mm).

Although previous studies (Kemble and
Sanders, 2000; Maas and Grattan, 1999)
have reported that threshold level of EC for
cantaloupe production is about 1 dS m™, it is
seen that we could obtain a yield of 31,735
kg ha' for the least irrigation treatment
(T65) using an EC of 5.25 dS m™”. This
could be considered as a significant outcome
of this study, which shows that tolerance of
plants against salinity is not the same for
different growing conditions.

Soil EC changed with the emitters’
location outward and downward. For
example, in the T80 irrigation treatment, EC
changed from 3 to 15 dS m™ (3 dS m™ is for
the soil sample under the emitters and 15 dS
m” is for the surface soil sample 30 cm
away from the emitters). The EC at the 60
cm depth below the emitters was about 4 dS
m’'. Similar results were obtained for the
other two irrigation treatments. This
observation shows that salts have moved
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away from the plants and gathered at the rim
of the wetted areas. Proper soil management
is needed at the beginning of the next
growing season.

Irrigation Water Use Efficiency

Effect of irrigation depth on water use
efficiency (WUE) was significant at a 1%
probability level (Table 4). Irrigation
treatments T65, T80 and T95 had WUE of
10.58, 11.25 and 14.14 kg m>, respectively;
the increase in WUE could be related to
yield. The average values of WUE in
irrigation treatments T65 and T80 were not
significantly different (Table 5). A second-
order polynomial equation (R’= 0.97) was
found to relate WUE as a function of applied
saline irrigation water:

WUE = 0.0006AW* —0.3896AW +70.59 (6)

where WUE= Water use efficiency (kg m’
) and AW= Applied irrigation water depth
(mm). This relationship shows that
cantaloupe is very sensitive to irrigation
deficit. Similar results were obtained by
Fabeiro et al. (2002) who worked on
muskmelon.

Chemical Constituents of Fruits

The results of ANOVA and means for
constituents and chemical parameters of the
cantaloupe fruits are shown in Tables 6 to 9.
The Effect of applied saline irrigation water
on nitrogen content of fruits is significant at
1% (Table 6); the difference between the
means of nitrogen content was also

Mousavi et al.

significant (Table 7). The mean nitrogen
content of fruits was 0.13% for T65 and
0.11% for T80 and T95 irrigation
treatments. Less leaching of fertilizers in
T65 irrigation treatment is thought to be the
reason for higher nitrogen values. If leached
values of N and the N content in soil are
measured, calculation of the N balance
would be more precise. Measurement of N is
important because (1) N serves as a
constituent of proteins and nucleic acids, (2)
nitrogen alters plant composition much more
than any other mineral nutrient, and (3) an
increase in the N supply delays senescence,
stimulates growth, and changes plant
morphology (Marschner, 1986).

The potassium content of fruits was 0.24,
0.23 and 0.25 percent, respectively, for
irrigation treatments T65, T80 and T95
(Table 7). The difference between K values
of T65 and T95 treatments was significant
(P< 0.05). Since potassium is very stable in
soil, lower potassium uptake in T65
irrigation treatment is thought to be the
reason for higher K values as compared to
the other two irrigation treatments.
Potassium functions in osmoregulation, pH
stabilization, protein synthesis, maintenance
of electrochemical equilibria in cells,
drought tolerance, and regulation of enzyme
activities (Suelter, 1970; Wyn Jones et al.,
1979).

The effect of irrigation regimes was not
significant on P and Na of the fruits, though
small differences were observed between the
treatments. Phosphorus serves as a
constituent of proteins and nucleic acids
(Marschner, 1986). The effect of irrigation
regimes on chloride content of fruits was

Table 8. Comparison of means of EC, pH, TDM and TSM of fruits. *

Irrigation treatment EC (dSm™) pH TDM (%) TSM (%)
T65 56a 56a 6.4a 44a
T80 542 ab 56a 56b 36D
T95 523b 550 54b 3.0¢c

“ Means followed by the same letter are not significantly different at 5% probability level, based on

Duncan Multiple Range Test.
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significant (P< 0.05). The average values of
CI were significantly different (Table 7); the
CI' values were 627.5, 624.2 and 695.6 ppm
for T65, T80 and T95 irrigation treatments.

Irrigation regimes had no significant
effects on EC and pH of the fruits, but there
were some differences between these
treatments (Table 8). The EC of fruits
decreased from 5.6 to 5.23 dS m” in T65
and T95 irrigation treatments, respectively.
The pH decreased from 5.6 to 5.5 in T65 and
T95 irrigation treatments, respectively. Total
dry matter (TDM) percentage of the fruits
was affected by irrigation regimes, and the
mean values were different for irrigation
treatments (P< 0.05). An increased applied
irrigation depth decreased TDM from 6.4 to
5.4 percent of total fruit weight in T65 and
T95 irrigation treatments, respectively
(Table 8). The low TDM of the fruits is
probably due to the local variety of the
cantaloupe and salinity. Cantaloupe plants
which received more saline irrigation water
produced less TDM and were juicier.

Increasing applied irrigation  water
significantly decreased (P< 0.05) the total
soluble materials (TSM) of the fruits (Table
8). This parameter, which is an indication of
the fructose content of the fruits, was 4.42,
3.57 and 2.97 percent for the T65, T80 and
T95 irrigation treatments, respectively.
Therefore, sugar content of the cantaloupe
fruits decreased by applying more irrigation
water. Sanders (1997) also reported that
irrigation reduces soluble solids in
muskmelons and capsicin in hot peppers if
applied during fruit development.

CONCLUSIONS

In an arid region East of Isfahan, Iran,
cantaloupe yields were found to be directly
related to deficit irrigation. Increasing
applied saline irrigation water significantly
increased yield components and irrigation
water use efficiency. The fresh-fruit yield
was reduced by irrigation deficit. Saline
irrigation water depths of less than 95% of
cumulative evaporation from a Class A pan
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is not recommended for production of
cantaloupe in this arid region. Although
melons are defined as moderately sensitive
crops and the threshold value of salinity for
them is 1 dS m™', these experiments showed
that irrigation water salinity of 5.25 dS m™
could be used for cantaloupe production in
arid regions. Several research studies have
been performed on growing melons with
saline water. These reports indicate that
melon yields decline due to a significant
reduction in fruit size, but salt stress causes
an increase in parameters of fruit quality,
such as total soluble sugars. In the present
experiments, a higher amount of applied
saline  irrigation  water  significantly
decreased the total soluble materials of the
fruits. However, safe and efficient use of
saline water for irrigation requires
appropriate practices to prevent
development of excessive soil salinization
for crop production. In this regard, many
factors should be considered in making
management strategies such as crops, crop
cultivars, local climate, soil type, salinity
levels, irrigation method, and water
management practices.
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