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Effect of Deficit Irrigation and Fertilization on Cucumber

Kamal H. Amer, Sally A. Midan, and Jerry L. Hatfield*

ABSTRACT

Soil water budgets are essential in determining the proper timingand amount of irrigation. Organic fertilizers can be substituted
for commercial fertilizers; however, information is sparse on the interaction of irrigation management and nutrient source on
cucumber (Cucumis sativus L.) production. This study evaluated nutrient source and irrigation management on growth and yield
of cucumber grown in the arid area of Egypt. A field experiment was conducted using cucumber grown in northern Egypt at
Shibin ElI-Kom in 2006 and 2007 to evaluate water use and fertilizer rate and type. Three irrigation deficits and seven fertiliza-
tion types were arranged in a randomized split-plot design with irrigation rates as main plots and fertilizer treatments within
irrigation rates. Irrigation treatments were a ratio of crop evapotranspiration (ET) as: 1.0 ET, 0.84 ET, and 0.64 ET. Fertilizer
treatments were applied at the recommended rate of N either as a commercial fertilizer or with organic manure. Chlorophyll
a and b, leaf area index, and yield were greatest with the lowest ratios of male to female flowers when adequate water and high
N were used (1.0 ET with chicken manure at 7 Mg/ha). Seasonal water use was 498 and 471 mm for 1.0 ET in 2006 and 2007
plantings over the 125 d growing season, respectively. The yield reduction coeflicient averaged 0.77. An optimal scheduling was
statistically developed based on crop response in deficit irrigation to achieve maximum yield for different uniformity coeflicient

variation values. Cucumber performance was significantly affected by both irrigation and nutrient deficiencies.

ATER is an essential factor in agriculture production in

Egypt. In arid regions where irrigation is required for
crop production, growers are seeking methods to save water by
increasing irrigation efficiency. Optimum irrigation scheduling
based on water use patterns and crop response to water deficit
can potentially improve water use efficiency. Trickle irriga-
tion applies less water than sprinkler and surface systems since
only a portion of the soil surface area is irrigated. Nutrients
are essential to plant growth and maximum plant growth is
achieved when the nutrient availability coincides with water
availability. Mineral fertilizers are readily available after
application, and application can be timed to meet crop needs
throughout the growing season. Nutrient release from organic
fertilizers is temperature dependent and relatively slow during
the season. Consequently, the nutrient release from organic
fertilizers may not coincide with crop needs. If the nutrient
released is mobile, like nitrate, and is not used by the crop, it
can be leached from the root zone, thereby posing a potential
environmental hazard. If organic fertilizers include a manure
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component, unsafe vegetable products can result when the
vegetable has physical contact with manure.

Cucumber is one of the most popular vegetables cultivated
in our world. It requires more water than grain crops (Li and
Wang, 2000; Mao ct al., 2003). Mao et al. (2003) found that
fresh fruit yields of cucumber were highly affected by the total
volume of irrigation water at all growth stages. The least pro-
ductive irrigation regimes were those that had water deficien-
cies during fruiting stages (Mao ct al., 2003). Variation in soil
moisture in the root zone from beginning to end of growing
season will be small under trickle irrigation due to the small
volume of wetted soil. Consequently, irrigation water applied
plus rainfall (W) which achieves the corresponding yield (Y)
can be mostly considered as plant evapotranspiration (ET)
until deep drainage occurs as in surplus irrigation application.
Optimum application water (W_) estimated to equal standard
evapotranspiration (ET ) achieves the maximum yield.

Mao et al. (2003) working on cucumber found a linear
relationship for whole growth period in greenhouses as: Y =
0.095 W + 119.6 with 72 = 0.885 where Y is in Mg/ha and W
is in mm. The cucumber maximum yield was 194 Mg/ha for
726.2 mm optimum water use. The yield reduction coefficient
(Ky ) was determined as 0.409 by applying deficit irrigation
treatments. Simseka ct al. (2005), also working in cucumber,
found that fruit yield ranged from 40 to 70 Mg/ha and was
significantly reduced as drip irrigation rate decreased from 900
to 600 mm. They found the following polynomial relationships
from their study:

Y =-0.00014 W2 + 0.268 W - 55.086, 2 = 0.91

Abbreviations: DI, drip irrigation; ET, evapotranspiration; LAI, leaf area
index; SDI, subsurface drip irrigation.
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Y =0.00032 ET2 + 0.5952 ET - 20155, 72 = 0.93

The relations were linearly correlated as Y, | = 70 Mg/ha and
W_ =ET_ =900 mm and rewritten for this study as follows:

Y =0.051 W +27.98, 7% = 0.885

Y =0.099ET - 11.68, v = 0.88

Yuan et al. (2006) studied cucumber production functions
related to irrigation water applied (W) using drip irrigation
under rain shelter for spring and autumn cucumber fruit yield
(Y) are: spring cucumber fruit yield: Y = 10.147W - 86.207
with 72 = 0.99 when W ranged from 150 to 320 mm, and
autumn cucumber fruit yield: Y = 4.46W + 730.342 with =
0.74 when W ranged from 200 to 420 mm.

In comparing cucumber to other vegetables, Sammis and
Wu (1986) found that tomato (Lycopersicon esculentum Mill.)
fruit yield increased linearly with increasing application up to
467 mm where maximum yield was 99 Mg/ha. When water
applied was reduced to 280 mm, the yield decreased to 60.15
Mg/ha. Therefore, the yield reduction coefficient was recorded
as 0.98. They found water irrigation greater than 467 mm
resulted in no significant increase in yield.

Expressing yield and application of water or ET in relative
terms by dividing yield (Y) by maximum yield (Y, ) and ET by
ET, and subtracting from one results in a relative deficit water
production function:

1—i=0.98 1—E
Y ET

m m

The coefhicient of 0.98 is a crop deficit coefficient and relates
the relative reduction in yield to the relative reduction in ET.

Hanson et al. (2003) working on gatlic (4/fium sativum L.)
found that yield significantly responded to water that was
applied between 100 and 350 mm in a linear relationship
under sprinkler irrigation and insignificantly responded to N
applications in a range of 112 to 449 kg/ha. The linear relation
was found in the 2000 growing season as: Y = 0.03W + 10
with 72 = 0.91. Enciso et al. (2007) working on onion ‘Cougar’
(hybrid, yellow short day sweet onion; Alium cepa L.) during
the 2006-2007 fall-spring growing season with subsurface
drip irrigation found that onion yield was 36.4, 39.2, and 42.5
Mg/ha for 313, 353, and 393 mm water use (water applied
plus 133 mm rainfall) using an ET-based irrigation scheduling
approach, respectively. Yield was 43.6,42.2, and 34.4 Mg/ha
for 413, 363, and 323 mm water use using a direct soil moisture
monitoring based approach. The data were correlated in this
study as follows:

Y =0.087 W + 8.142 with »% = 0.85

1—l=0.733 1—K with > =0.83
Y W

m m

Ahmet et al. (2004) using furrow irrigation on summer
squash (Cucurbita pepo L.) also found that fruit yield was sig-
nificantly increased in a linear relationship by increasing both

irrigation water and water consumptive use in a range of 250
to 530 mm with deficit irrigation where no deep seepage has
occurred as follows:

Y =0.076 I + 3.835 with 72 = 0.79
Y =0.0939 ET- 7.9448 with 72 = 0.92

Al-Omran et al. (2005) studied squash (Cucurbita pepo L.)
using both DI and SDI in sandy soils with three clay deposits
also found that fruit yield was a linear relationship to increas-
ing irrigation water level for each season within the same treat-
ment. They found that fruit yields significantly increased with
clay deposits compared with control. The differences between
SDI and DI on fruit yields were also significant.

The purpose of the study was to evaluate irrigation schedul-
ing based on deficit irrigation levels and to evaluate cucumber
performance under varying irrigation regimes and combina-
tions of N from either commercial or manure sources. One
goal of the study was to evaluate combinations of organic and
chemical fertilizers on cucumber yield and performance.

MATERIALS AND METHODS

Beta-alfa cucumber was grown for two seasons in loamy clay
soil located at an arid site in northern Egypt (Shibin El-Kom
area, 17.9 m above sea level, 30°32" N, 31°03" E). The crop was
planted on 1 March in a nursery, transplanted to the field on
13 April, and terminated on 15 August in both the 2006 and
2007 seasons as planned. A randomized split-plot design with
irrigation treatments as main plots and nutrient source as ran-
dom treatments within an irrigation treatment and three repli-
cates of each treatment was established for the 2006 and 2007
scasons (Fig. 1). The same design was used in the 2007 season
in a new site near the 2006 site. Block size was 18 by 21 m with
1-m row width and a 0.3-m spacing between plants within
rows as shown in Fig. 1. Plants were adequately watered in first
and second irrigations and irrigation treatments were initiated
at the third irrigation. Irrigation water with 0.86 dS/m was
applied using a trickle system when soil water was reduced to
between 50 and 60% of available water in the upper 1 m of the
soil profile. Water was uniformly distributed by using good
quality drippers, drippers grouping, and individually irrigat-
ing the treatments. By using this arrangement, lateral length
was short enough to ensure uniform distribution within a row.
Water applied was equivalent to 100, 80, and 60% based on
crop evapotranspiration (1.0 ET) determined from soil water
contents before and after irrigation. Irrigation treatments were
rated as 1.0 ET, 0.84 ET, and 0.64 ET from seasonal water use.

Fertilization treatments imposed for this study were:

T1 (160 kg/ha N), T2 (80 kg/ha N with 17 Mg/ha farm-

yard manure), T3 (160 kg/ha N with 17 Mg/ha farmyard
manure), T4 (80 kg/ha N with 7 Mg/ha rabbit manure), TS
(160 kg/ha N with 7 Mg/ha rabbit manure), T6 (80 kg/ha N
with 7 Mg/ha chicken manure), and T7 (160 kg/ha N with 7
Mg/ha chicken manure) in 2006 and 2007 summer seasons.
Chemical analysis of the manure sources are given in Table 1.
The commercial fertilizer source was ammonia nitrate and total
amounts of N, P, and K applied are shown in Table 2. A 1.2 ET
treatment was only conducted under mineral treatment (T1) in
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Fig. . Experimental layout of the cucumber experiment in 2006 and 2007.

the experiment to determine cucumber yield under surplus irri-
gation. This treatment was replicated three times. The amount
of nutrients added to the experimental field was the recom-
mended rate for cucumber production in this area.

Soil was classified as loamy clay with 1.28 g/cm3 soil bulk
density. Soil particle sizes for 0.3 m of soil profile were distrib-
uted as 2% coarse sand, 23.5% fine sand, 37.7% silt, and 36.80%
clay. Chemical analyses of the soil are shown in Table 3. The
volumetric water content values were measured using pressure
membrane as 58, 47.5, and 21.1% at saturated, field capacity,
and wilting points, respectively. The water table in the farm was
recorded as 2.8 m. Electrical conductivity (EC) and minerals
were measured in diluted soil in three depths and sections of
soil using a dilution ratio of 1:5.

The amount of irrigation, , to be applied was determined
in millimeters per irrigation interval based on the average of
volumetric moisture content of soil root depth before and after
irrigation as follows:

d=(6-6)DxP 1]

Table I. Chemical properties of the manures used in the study.

where d is water applied depth in mm, 8, is volumetric water
content at field capacity m3/m3, 6, is volumetric water content
before irrigation in m3/m?3, D is wetted soil root depth, and P is
wetted area percentage. Ten soil samples from control treat-
ment (1.0 ET with mineral treatment) were taken along the lat-
eral before and after irrigation to the 60-cm depth. The 0.3-m
spacing between 4 L/h emitters combined to create a 0.41-m
wetted strip along planting line for the 32 mm/h soil infiltra-
tion rate. Three soil samples from control treatment (1.0 ET
with mineral treatment) were taken from each replicate along
the lateral before and after irrigation to determine the averages
of soil water content (8 and 6,). The cucumber root zone was
refilled by water until soil reached field capacity. The water
table was greater than 2.8 m. Only samples from 1.0 ET were
used to determine irrigation scheduling and water use ratios for
0.84 ET and 0.64 ET. Deficit irrigation with no rainfall and
ground water contributions can be considered as crop ET ina
deficit situation per irrigation interval. At the experimental site
there was no rainfall or ground water contribution during the

study period.

Table 2. Total fertilizer rates the treatments for N, P, and K.

Total Fertilizer TI T2 T3 T4 T5 Té6 T7
Manure  organic ke/ha
fertilizer ~matter  pH EC N P K §
. . N 160.0 1650 2450 199.0 279.0 2340 3140
% ds/m P 484 1350 1351 1310 1310 1324 1324
Farmyard 3920 620 340 050 051 060 K 99.6 201.6 201.6 173.1 173. 150.0 150.0
Rabbit 41.40 6.18 3.30 1.70 1.18 1.05
Chicken 44.40 6.15 3.28 2.20 1.20 0.72
Table 3. Soil chemical properties for the experimental site used in this study.
Soluble ions
Cations Anions
Depth pH EC Ca?* Mg?* Na* K* co,> HCo,~ cr- SO~
cm dS/m meg/L
0-30 7.73 0.51 6.52 4.48 9.86 0.64 0.00 6.53 9.98 4.99
30-60 7.85 0.42 5.38 6.27 6.27 0.38 0.00 4.10 8.06 6.14
60-90 7.92 0.45 5.76 7.81 4.61 0.13 0.00 3.10 7.93 7.28
1558 Agronomy Journal <+ Volume 101, Issue 6 <+ 2009



Water applied for each irrigation (1.0 ET), was determined
as follows:

_da 2
Q—T 2]

where Q is system discharge L/h, d is water depth in mm, A is

projected area in m?

,and T is irrigation time in h.
The average depth of water distribution Z_ by system was

determined as follows:

T n
Z = > g (3]
a AXP pr qt

where g, is emitter discharge in the system (L/h) and 7 is num-

ber of emitters in the projected area.
The scheduling parameter () was determined based on
irrigation system as follows:

a:L[i_j [4]
CVliyg,

where CV is the system’s coefficient of variation, g is schedul-
ing of the emitter discharge, and ¢, is average of the emitter
discharge.

Meteorological instruments were positioned 2 m above the
cucumber canopy and collected data every 30 s into 24 h aver-
age using Campbell Scientific’s CR-23X! datalogger (Campbell
Scientific Inc., Logan, UT). Weather instruments were CS500
temperature and relative humidity probes, 030015 anemome-
ter, and LI200X pyranometer. The datalogger was programmed
to collect daily and monthly average of weather data (tempera-
ture, relative humidity, wind speed, and solar radiation. These
data were used to determine potential evapotranspiration
(ETP) by two methods (Table 4): the FAO Penman—Monteith
formula (Allen et al., 1998) and Class A pan evaporation (EP)
Both ET_and E_were correlated using the average of monthly
weather data ang formulated as follows:

_ : 2 _
ETP = kp X EP’ with 7 = 091
where £_ is a pan coeflicient and recorded as 0.77 in the area.

Crop coefficient was calculated only for treatment (T1) as the
ratio of potential ET to measured ET.

Seventy-five days after transplanting in 2006 growing sea-
sons, five plants were sampled from each experimental unit to
determine chlorophyll 2 and & contents using the methods of
Wettstein (1957) in 2006 and 2007 growing seasons. The same
leaf samples were used to determine the leaf area/plant and
leaf area index (LAI) from the method described by Watson
(1958). Male and female flowers were counted during the
intensive flowering period from 30 June to 15 July 2006 and
2007 seasons to estimate sex ratio (male/female flowers). Fruit
harvesting was performed during the period from 4 June tol5
August in both seasons. The statistical analysis of experimental
data was performed using the Statistical Analysis System (SAS
Institute, 2003). Measured data were analyzed by ANOVA.
Duncan’s method was statistically used to find out the differ-
ences among means. Significance evaluation was hypothesized
based on 5% significant level (p < 0.05).

Crop response between yield and water use under deficit irri-
gation was determined by a linear response model (Doorenbos
and Kassam, 1979; Martin et al., 1984; Warrick and Gardner,
1983; Solomon, 1983; Sammis and Wu, 1985; Wu and Bar-
ragan, 2000). The linear model showed a sloped straight line in
the deficit water application and a horizontal line for the crop
response for surplus applications indicating no yield reduction
by overirrigation. The crop response to deficit irrigation was
expressed when water was uniformly applied as follows:

Yk [lﬁj 5
Y ' w

m m

where Y and W represent maximum yield and its corre-
sponding maximum water application, Y and W are yield and
its corresponding water application under deficit conditions,
and K_is a reduction coeflicient which is considered as a con-
stant gor a crop in deficit irrigation.

In practicality, irrigation systems apply water with a degree
of nonuniformity. If irrigation amount applied (<) is consid-
ered between minimum and maximum depths of water distri-
bution (Z nin < d<7 o ax), then the area wetted by irrigation
system will be divided into surplus and deficit areas. Then, the
situation will be called underirrigation conditions. When >
Z_, the whole area will be deficit irrigated. For d < Z i the

max
whole area will be surplus irrigated.

Table 4. Meteorological data at Shibin EI-Kom, Egypt during the 2006 and 2007 growing seasons.{

Month Tavg Tmax Tin RHavg U, Rs R, ETp Ep
°C % m/s MJ/m2/d mm/d

2006 season
April 20.9 28.7 14.2 534 0.92 23.0 12.5 4.1 5.0
May 24.1 325 16.3 49.3 0.87 247 14.1 49 6.1
June 27.2 35.1 19.9 51.6 1.12 25.9 15.5 5.7 7.1
July 27.8 35.1 21.8 61.9 0.86 23.2 14.4 5.0 6.8
August 28.9 35.6 23.1 63.6 1.20 21.3 13.2 49 6.4

2007 season
April 21.5 30.3 14.2 55.1 0.85 19.4 10.7 3.6 4.5
May 238 324 16.1 51.9 1.09 211 12.2 4.4 55
June 27.4 359 19.6 53.8 0.89 24.1 14.6 52 7.0
July 28.3 36.3 21.1 61.1 0.96 22.7 14.1 5.0 6.8
August 28.2 36.0 21.5 63.5 1.02 20.6 12.7 4.6 6.2
T Tave Tmax 2Nd T, are monthly average, maximum, and minimum temperatures, respectively; RHavg is monthly average relative humidity; U, is monthly average wind
speeé; R is monthly average solar radiation; R is monthly average net radiation determined according to Allen et al. (1998); ETp is monthly average potential evapotrans-

piration (Allen et al. (1998); and E;, is monthly average of Measured Pan Evaporation Class A.
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In underirrigation conditions, the crop yield will be varied in
the deficit areas and maximized in adequate and surplus areas.
Wu (1988) and Wu and Barragan (2000) formulated the rela-
tive crop yield under trickle irrigation systems as follows:

1- YL =K yPD [6]
where P is the deficit percentage expressed as whole number.
In underirrigation conditions, the deficit percentage is
defined as the ratio of water deficit to the required water into
the root zone and can be formulated using linear distribution
for water applied by the irrigation system according to Amer
(2005) as follows:

_(1725+a)’ CV
T 69(1+aCV) 7]

The schedule parameter («) specifies the deviation of any
schedule irrigation depth () to average of water distribution
depth (Z,) in terms of CV and can be formulated as follows:

o :L(i_lj 8]
cvlz

where d is the water depth expressing the plant water
requirement and Za is average water distribution depth
applied by irrigation system. When the linear distribution is
used to express the water profile of the irrigation system, a
will range from —1.725 to 1.725 in underirrigation condi-
tions, o > 1.725 in deficit irrigation, and & < =1.725 in
surplus irrigation.

The total relative yield in the underirrigation conditions
(Z, insd<Z, . and —-1.725 < a < 1.725) is affected by the
system’s coefficient of variation (CV) and schedule param-
cter (@) and can be calculated by substituting the left side of
Eq. [7] by Pp in Eq. [6] as follows:

1.725+a) CV
lzl_K\yﬁ 9]
Y ¥ 69(1+0.CV)

m

Table 5. Means and standard deviations of chlorophyll a and b
values in the 2006 growing season.

Mean t SE
Treatments Chlorophyll a Chlorophyll b
Irrigation
0.64 ET 0.349 + 0.002C+ 0.097 £ 0.002C
0.84 ET 0.800 + 0.002B 0.151 +0.002B
I.OET 1.097 £ 0.002A 0.200 + 0.002A
Fertilizer 0.730 + 0.003G
TI 0.640 + 0.003F 0.093 + 0.003F
T2 0.630 + 0.003G 0.083 + 0.003G
T3 0.650 + 0.003E 0.110 £ 0.003E
T4 0.690 + 0.003D 0.163 + 0.003D
T5 0.800 + 0.003C 0.187 £ 0.003C
3 0.840 + 0.003B 0.200 + 0.003B
T7 0.950 * 0.003A 0.210 + 0.003A

1 Treatment means with the same letter are not significant at the p < 0.05 level.

In complete deficit conditions, when e > 1.725 and d > VA
no deep seepage has occurred. The deficit percentage can be
described as follows:

aCV Z

P = =] 10
" 1+aCV d (10}

Relative yield by the deficit conditions can then be deter-
mined as follows:

L_ : aCV [11]
Y "1+aCV
or
Y ik (1_23) (12]
Y, ' d

When a relationship is drawn between relative yield Y/Y, |
and schedule parameter («) using Eq. [9] and [11], it will be
affected by system’s coefficient of variation. In the relationship
between relative yield and relative scheduling irrigation depth
(Z,/d) as shown in Eq. [12], the coefficient of variation will be
insignificant when « is larger than 1.725. In the case of CV =0,
the relative irrigation depth will be unity for optimal schedul-
ingand d will equal Z.

The storage efficiency (E ) was determined as:

E,=100(1-P,) [13]

In complete surplus irrigation conditions (¢ < —1.725 and
dsZ

min
surplus irrigation conditions, storage efficiency will be 100%

), the whole area will be surplus irrigated. In complete

because the root zone is fully irrigated (Pp, = 0). But applica-
tion efficiency, E,, will have a value less than 100% depending
on uniformity CV. Application efficiency can then be deter-
mined using the following equation:

E =100(1-P) [14]

where P is the percentage of deep seepage in unity.

The percentage of deep seepage can be described using a
linear distribution as derivative in this work following the basic
analyses by Amer (2005) as follows:

In underirrigation,

_ (1.725—(1)2 CvV [15]
’ 6.9

In surplus irrigation,

P= _acv=1- 4 16]
Z

a

RESULTS AND DISCUSSION

Chlorophyll
Chlorophyll 2 and 4 values obtained during the 2006 season
are shown in Table 5. The F value in Table 6 showed highly
significant differences within either irrigation or fertilizer
treatments. It showed no significant interaction between
ET and fertilizer treatments. Both chlorophyll 2 and & were

1560
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Table 6. Mean square, F value, and probability for chlorophyll
aand b in 2006 season.

Table 7. Means and standard error for cucumber yield, sex
ratio, and leaf area index (LAI).

Mean square F value and probability

Chlorophyll Chlorophyll Chlorophyll Chlorophyli
b

Items a b a
ET 5.96708571 0.1112 29835.43* 556*
Fertilizer 0.78737143 0.151886 1312.286* 253.14*
ET x fertilizer 0.00051429 0.0012 0.42857143 I nst
Exp. error 0.0042 0.0042

* Significant at the p < 0.05 level.

T ns = nonsignificant.

significantly decreased with increasing water deficit. The high-
est chlorophyll values were achieved when adequate water was
applied (1.0 ET) within a fertilizer treatment. Chlorophyll 2 and

b significantly increased when N amounts increased (Table 5).

The high chlorophyll values were obtained when chicken manure
was used in combination with the reccommended N and half-N
doses (T7 and T6). These treatments were followed by rab-

bit manure (TS and T4) in combination with both mineral N.
These results were explained by the chicken and rabbit manures
containing more organic N, which was available later in the
growing season. Nitrogen was reported by Mardanov (1985) on
squash and Mitchell et al. (1991) on lettuce (Lactuca sativa L.) to
increase chlorophyll content. In the treatments with a half rate of
N in combination with the chicken or rabbit manure there was a
significant difference in chlorophyll 4. A significant difference was
found in chlorophyll 2 among rabbit manure, farmyard manure,
and mineral treatments. Chlorophyll 4 differences were significant
among all treatments. Higher chlorophyll 2 and & produced higher
fruit yields. The cucumber fruit yield (Y in Mg/ha) related to chlo-
rophyll 2 and & (mg/100 g fresh wt.) within irrigation treatments
in 2006 growing season were linearly correlated as follows:

Chlorophyll 2 was found to be in the range of 0.23 to
1.3 mg/100 g fresh wt.

100% irrigation Y = 40.70 2 -9.235 with r* = 0.90.

84% irrigation Y = 41.31 2 + 2.379 with % =092.

64% irrigation Y = 36.07 2 + 18.15 with 7% = 0.93.

Chlorophyll 4 was in the range of 0.03 to 0.26
mg/100 g fresh wt.

100% irrigation Y = 92.11 b + 17 with r?> = 0.95.

849% irrigation Y = 78.79 b + 23.07 with 72 = 0.95.

64% irrigation Y = 106.2 b + 19.34 with 2 = 0.98.

Mean = SE
Items Yield Sex ratio LAI
Year
2006 30.655 + 0.031B* 3.459 + 0.006B 8.567 £ 0.013B
2007 30.789 £ 0.031A 4.619 £+ 0.006A 8.881 £ 0.013A
Irrigation
0.64 ET 25.954 + 0.039C 3.202 + 0.008C 7.926 £ 0.015C
0.84 ET 30.651 +0.039B 4.706 + 0.008A 8.844 £ 0.015B
1.0ET 35.560 £ 0.039A 4.209 £ 0.008B 9.403 £ 0.015A
Fertilizer
TI 26.197 £ 0.059F 3.577 £ 0.012G 8.220 £ 0.024E
T2 25.550 £ 0.059G 3.583 + 0.012F 7.990 + 0.024F
T3 27.598 + 0.059E 3.903 + 0.012E 8.265 + 0.024E
T4 31.318 £ 0.059D 4.283 £ 0.012B 8.725 £ 0.024D
T5 31.882 £ 0.059C 4.638 £ 0.012A 9.050 £ 0.024C
Té 36.095 £ 0.059B 4.083 £ 0.012D 9.200 + 0.024B
T7 36.413 + 0.059A 4203 £ 0.012C 9.620 + 0.024A

* Treatment means with the different letter are significant at the p < 0.05 level.

Leaf Area Index

Leaf area index (LAI) differences were significant between

the two growing seasons even though there was less solar
radiation in 2007 compared to 2006 (Tables 7 and 8). Leaf
area index, measured at full growth, showed significant dif-
ferences among irrigation treatments at the 5% level for the
same fertilizer treatment. Leaf area index showed significant
differences among fertilizer treatments (Table 7) but not
between T1 against T2. The results in Table 8 showed no
interactions among year, fertilizer, and irrigation treatments.
Leaf area index was significantly different amongall irrigation
treatments within a fertilizer treatment. The highest LAIs were
obtained when water was adequately applied (1.0 ET treat-
ment). These results are in agreement with those of Saleh and
Ibrahim (2007) working on cantaloupe (Cucumis melo L.).
There were significant differences at the 5% level for mineral
and farmyard manure treatments (T1, T2, and T3) with less
vegetative growth than the chicken manure with both N rates
(T6 and T7) within an irrigation treatment. The half rate of
N combined with farmyard manure (T2) had the lowest LAI
values in both years (Table 7). The recommended rate of N
combined with chicken manure had the largest LAI in both
years (Table 7). Differences in LAI were significant among rab-
bit and chicken treatments for all irrigation levels. The highest
LAI was found in both growing seasons in the T7 and 1.0 ET
treatment. These results could be explained by organic fertiliz-
ers, especially chicken and rabbit manures, having contributed

Table 8. Mean square, F value, and probability for cucumber yield, sex ratio, and leaf area index (LAI) in 2006 and 2007 seasons.

Mean square

F value and probability

Items Yield Sex ratio LAI Yield Sex ratio LAI
Year 0.56 42.42 3.1 8.96* 16968.48* 311.14*
ET 968.99 24.65 23.34 15503.82* 9858.2* 2333.7%
Fertilizer 359.84 2.663 6.42 5757 4% 1065.2* 641.74*
Year x ET 0.681 3.571 0.0051 10.891* 1428.2%* 0.508nst
Year x fertilizer 0.621 0.0006 1 0.0021 9.9328* 0.2428ns 0.208ns
ET x fertilizer 4715 0.00074 0.0145 75.44% 0.294ns 1.45ns
Year x ET X fertilizer 0.32 0.00074 0.0028 5.141* 0.2944ns 0.275ns
Exp. error 0.0625 0.0025 0.0l
* Significant at the p < 0.05 level.
1 ns = nonsignificant
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Fig. 2. Cucumber crop coefficient during both the 2006 and
2007 growing seasons.

to cucumber vegetative growth by causing the soil to store
water and by adding large amounts of N.

Sex Ratio

Significant differences in sex ratios (male/female flowers)
occurred with increasing irrigation water deficit (Tables 7 and 8).
The Fvalue in Table 7 showed significant differences among
treatments in irrigation, fertilizer, or year with no interaction
among them. The highest values of sex ratio were achieved when
64% of adequate water was applied (0.64 ET) within a fertil-
izer treatment. Water deficit increased sex ratio as it increases
carbohydrate accumulation according to Randhawa and Singh
(1972), who found lower carbohydrates and higher N contents
in cantaloupe plants resulted in the induction of female flowers.
The relation between carbohydrates and sex ratio was previously
observed in squash by Mardanov (1985). Cucumber sex ratio
significantly decreased when N application increased within
an irrigation treatment. The lowest values were obtained for a
recommended rate of N supplemented with chicken manure
(T7) followed by half N rate plus chicken manure (T6), followed
by rabbit manure in combination with N rates within irrigation
treatments (Table 7). Decreasing sex ratio meant an increase
in female flowers and this appeared logical as N was frequently
reported to positively affect female flowers in cucumbers.

These results are in agreement with those of Abd El-Fattah and
Sorial (2000) on squash and El-Dakish (2004) on cucumber.

A significant difference occurred between mineral treatments
(T1) compared with chicken and rabbit manure treatments (T4,
TS, T6, and T7). There were significant differences among T5,
T6, and T7. Decreasing sex ratio leads to a greater potential fruit
yield because of the increase in the number of female flowers
per plant, which develop into fruit compared with male flowers,
which provide the pollen for fertilization. Average fruit yield in
both growing seasons increased linearly as sex ratio decreased in
arange of 3.7 to 4.9 as in the following equation:

Y(Mg/ha) = -10.09 X + 74.16 > = 0.882

where X is sex ratio.

Crop Coefficient

The cucumber crop coefficient (K-) under trickle irrigation was
determined as the ratio of actual (ET) to potential (ET ) evapo-
transpiration for 1.0 ET treatment with mineral fertilization (T1)
as illustrated in Fig. 2 in both seasons. The average length of both
growing seasons was 125 d. The seasonal amount of actual water

o
n
1

—%— 1.0ET —o—0.84ET —a—0.64ET
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=
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Fig. 3. Cucumber yield vs. fertilization treatments at 5% level
in 2006.
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Fig. 4. Cucumber yield vs. fertilization treatments at 5% level
in 2007.

use applied in 26 irrigation events was 498 in 2006 and 471 mm
in 2007. The initial values of K- ranged from 0.32 to 0.37 for 22 d
when cucumber ground cover ranged from 1.5 to 8%, respectively,
due to evaporation from the partially wetted soil area by trickle
irrigation and a small amount of transpiration from the small leaf
area. As the crop developed, K- showed a rapid increase from the
carly growth stages from almost 0.37 to 0.98 when ground cover
reached 100% in 30 d. At the full vegetative stage, K fluctuated
between 0.98 to 1.15 for 50 d. The cucumber crop coefhicient

was insignificantly higher in 2007 season even though vegetative
growth was larger compared to the 2006 season. The cucumber
crop coefficient decreased during the senescence phase in less than
23 d from a value of 0.98 to almost 0.65 at the end of the 2006
season and 0.6 at the end of 2007, because of senescing leaves.

Crop Response

Cucumber yield was affected by fertilizer form within an
irrigation regime in both growing scasons (Fig. 3 and 4). Maxi-
mum cucumber yields (Y, ) averaged across seasons for the 1.0 ET
irrigation treatment were 30.26, 29.25, 32.30, 36.57, 37.16, 41.47,
and 41.90 Mg/ha for T1, T2, T3, T4, TS, T6, and T7, respectively.
Yield for the 1.2 ET with T1 treatment was 30.8 Mg/ha in 2006
and 31.04 Mg/ha in 2007. A nonsignificant difference was found
between cucumber yield obtained by both 1.0 ET and 1.2 ET
treatments with mineral treatment (T1). Cucumber yield signifi-
cantly decreased in linear relationship with increasing water deficit
within fertilizer treatment. However, it was not significantly
changed by water applied above 1.0 ET. The bars in Fig. 3 and 4
and the standard deviations in Table 7 clarify the error range using
5% percentage level. The highest yields were achieved with the 1.0
ET treatment. Similar results were obtained by Mao et al. (2003)
on cucumber and Saleh and Ibrahim (2007) on cantaloupe. The F
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Table 9. Cucumber yield—water function coefficients (m and c) and deficit reduction coeffi-

cient (Ky) in two growing seasons.

changed according to the amount
of water applied; however, the yield

Fertilization treatments

response to N showed inconsisten-

Coefficientst TI T2 T3 : T4 T5 Té T7 Avg. cies due to varying N sources. The
2006 Growing season ducti Fci
m 0050 0047 006l 0075 0076 0069 0079 00653 |canreductioncocinclent was
0.77 with deficit irrigation.
c 9.368 9.538 6.713 6.011 6.15 12.94 9.73 8.636
K, 0.72 0.7 0.8 0.85 0.844 0.726 0.78 0.774 Optimal Irrigation
r2 0.99 0.986 0.99 0.99 0.97 0.974 0.96 0.978 Scheduling

2007 Growing season

m 0.043 0.039 0.052 0.06 0.06
4 7.726 9.19 6.113 6.174 7.003
Ky 0.75 0.71 0.86 0.83 0.82
r2 0.962 0.977 0.97 0.99 0.986

0.054 0.057 0.0521

Relative cucumber yield was
related to irrigation schedule param-

13.33 12.89 8.92 eter, o, for different uniformity CV
0.727 0.73 0.775 values as shown in Fig. 5. Relative
0.961 098 0.975 yield Y/Y, in the underirrigation

T K., reduction coefficient; m and c are, respectively, slope and intercept in linear regression equation, Y = mW + ¢,

where Y is yield in Mg/ha and W is water applied in mm.

values in Table 8 showed a significant effect of manure source on
cucumber yield with yields highly increased with rabbit or chicken
manures (T4, TS, T6,and T7) compared with treatment (T1)
within irrigation treatment. Yield was insigniﬁcant among T1, T2,
and T3 (mineral and farmyard manure fertilizers treatments). The
highest yields were achieved using chicken manure compared with
the other fertilizer treatments. The minimum value of yield was
achieved using half rate of N with farmyard manure (T2), which
had less N and slower N release from organic manure than other
treatments. Chicken manure was reported by Ahmed (2004) to
increase bulb yield of onion. Rabbit and chicken manures were
found by El-Dakish (2004) to positively affect female flowers

and consequently fruit yield of cucumber and a similar result was
observed in this study. Cucumber yield was significantly higher

in the 2007 season since vegetative growth was significantly lower
in the 2006 season. The fertilizer treatments (T6 and T7) showed
an increase in yield across all irrigation treatments in both years
(Table 7; also see Fig. 3 and 4). Results showed that year, irrigation,
and fertilizer effects on cucumber yield were significant (Table 8)
and interaction actually existed among them.

Cucumber yield-water function was a linear relationship
within fertilizer treatment. Crop yield (Mg/ha) increased by
increasing irrigation water applied (mm)ina range of 260 to
406 mm in 2006 and 321 to 502 mm in 2007. The cucumber
production function is shown in Table 9. Yield reduction coef-
ficient (K; ) derived from Eq. [5] from deficit irrigation within the
fertilizer treatments is provided in Table 9. Crop response to water

14 CV =0.0
0.9 4
z
=
0.8 4
0.7 T T T T T T T 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

o-value

Fig. 5. Cucumber relative yield (Y/Y, ) vs. irrigation schedule
parameter (22).

situation (Eq. [9]) was determined
when o values were between +1.725.
In complete deficit (« > 1.725),

Eq. [9] reduced to Eq. [11] showing the relationship between
relative yield and o beyond underirrigation conditions. Based on a
study by Amer (2001) in Egypt when irrigation system CVs were
less than 30%, complete overirrigation was desired because water
cost was insignificant compared with return yield. Consequently,
optimal scheduling was derived from the maximization of yield.
Figure 5 shows the optimal scheduling parameter « was reported
as —1.725 for any system’s CV. These results show that overirriga-
tion (« < ~1.725) did not reduce the yield by testing 1.2 ET in this
study and based on Doorenbos and Kassam (1979) and Sammis
and Wu (1986) for vegetables. Maximum yield was achieved for
all CV values as the water applied was adequate. Therefore, relative
optimum scheduling depth that achieved maximum yield could
be expressed as: (1-1.725 CV). On the contrary, relative yield was
reduced when water applied was insufficient. It was evident that
the yield was significantly affected by both « and CV in underir-
rigation and complete deficit situations.

The relationship between cucumber relative yield (Y/Y, ) and
relative depth (d/Z, = 1 + & CV) for different uniformity CV
values is shown in Fig, 6. The curves started at the end of the overir-
rigation stage when storage efficiency was 100% and when o was
~1.725. Optimum relative irrigation depths (#/Z,) that achieved
maximum yield were 1.0, 0.828, 0.655, and 0.483 for CV values
0f0.0,0.1, 0.2, and 0.3, respectively. The resultant application
efficiency was found to be 100, 82.8, 65.5, and 48.3%, respectively.
The curves diverged in underirrigation situations and demonstrate

that yield was significantly affected by both #/Z, and CV. Hence,

0.3 02 041 0.0 cv

0.5 0.75 1 1.25 1.5 1.75 2
diZ,

Fig. 6. Cucumber relative yield (Y/Y, ) vs. relative irrigation
depth (d/Z)).
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application efficiency increased and storage efficiency decreased by
increasing water deficit. Relative irrigation depth values at the start
of complete deficit (when application efficiency achieved 100%)
were recorded as 1.0, 1.173, 1.345, and 1.518, and for the CV values
as0.0,0.1,0.2,and 0.3, respectively. Consequently, storage effi-
ciency was calculated to be 100, 85.3, 74.3, and 65.9%, respectively.
These curves coincided in complete deficit irrigation, meaning that
the uniformity was an insignificant parameter when too little water
was applied. In the case of CV = 0.3, the significance of uniformity
was only in a range of /7 , between 0.48 and 1.52, and beyond
that range was insignificant. Optimum irrigation scheduling depth
under different irrigation system uniformities could be taken asa
ratio from adequate water treatment (1.0 ET). Water cost was of
insignificant importance compared with return yield, and when
yield was affected only by deficit irrigation, the ratios (Z, /) could
be determined by cither dividing 1.0 ET by (1-1.725 CV) or 100%
ET by application efficiency and resulted in 1.0, 1.21, 1.53,2.07

ET at system’s uniformity CV as 0.0, 0.1, 0.2, and 0.3, respectively.
Consequently, the whole area was completely overirrigated when
schedule depth () equalled minimum applied depth (Z, . ). These
conclusions are in agreement with those of Wu and Gitlin (1983)
and Wu and Barragan (2000) using mathematical models.

CONCLUSION

Cucumber grown in optimal weather and soil conditions
requires both water and nutrient availability. Irrigation systems
are essential to apply water in arid regions; however, optimal use
of water to meet crop requirements is essential to achieve maxi-
mum water use efficiency. Organic fertilizers offer the potential
to recover nutrients from animal operations but are not used as
frequently with the availability of commercial fertilizers. Growers
are becoming interested in using animal manures as substitutes
for commercial fertilizers and there is little information about
the combinations of commercial fertilizer and manures under
different irrigation management regimes. This study focused on
cucumber growth and yield as affected by both water and N man-
agement. Maximum cucumber yield was obtained with adequate
water applied within fertilizer treatment and with increasing
amounts of N applied. Leaf chlorophyll 2 and 4 and LAT were
greatest when irrigation amounts were maintained as 1.0 ET and
when high rates of N (314 kg/ha) were applied with a combination
of commercial fertilizers and manures. The ratio of male/female
flowers, which is the primary factor reducing cucumber yield,
increased with decreasing amounts of N and water. Cucumber
yield was not increased by surplus irrigation treatment. Results
showed that year, irrigation, and fertilizer could individually or
together significantly improve the cucumber yield. Management of
cucumber for maximum yield requires optimizing irrigation water
supply in combination with N management.
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