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ABSTRACT

Irrigation budget is essential in determining when to irrigate and how much water to apply.
Hence, water can be optimized to crop use to utilize water saving in agricultural extent.
Otherwise, organic fertilization has been gradually substituted in place of minerals to obtain a
high quality and quantity of crop yield. For that purpose, three irrigation deficits and seven
fertilization types were intentionally nominated and randomly accomplished for cucumber
performance. A field experiment was carried out on cucumber grown in northern Egypt at
Shibin EI-Kom in 2006 and 2007 summer planting seasons to optimize water use and select
fertilizer dose and type. Fertilization treatments consisted of recommended dose of nitrogen
(N) only or partially added with organic manures as: T1 (160 kg/ha N), T2 (80 kg/ha N with 17
Mg/ha farmyard manure), T3 (160 kg/ha N with 17 Mg/ha farmyard manure), T4 (80 kg/ha N
with 7 Mg/ha rabbit manure), T5 (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). Irrigation
treatments were a ratio from crop evapotranspiration (ET) as: 1.0ET, 0.84ET and 0.64ET using
trickle system. Chlorophylls a and b, leaf area index, and cucumber yield were highly achieved
when adequate water and high nitrogen were used (1.0ET with rabbit or chicken treatments).
The lowest values of sex ratio occurred for 1.0ET plus T7 treatment. The seasonal water use
was 498 and 471 mm for 1.0ET in 2006 and 2007 plantings in almost 125 days, respectively.
Crop coefficient was developed in four stages and seasonally averaged as 0.83. The yield
reduction coefficient averaged as 0.7745 by irrigation deficit. An optimal scheduling was
statistically developed based on crop response in deficit irrigation to achieve maximum yield
for different uniformity CV values. The optimal scheduling parameter o was recorded -1.725.
Then, amount of water could be determined in known interval. Cucumber performance was
significantly affected by both irrigation and nutrient deficiencies. Optimal vegetative growth
and management was achieved using 1.0ET with T6 treatment.

Key words.: chlorophyll, crop coefficient, crop response, cucumber, deficit irrigation,
fertilizationleaf area index, irrigation scheduling.

1. INTRODUCTION

Water is an essential factor in
agricultural scope in Egypt. Area is located
in arid regions where irrigation is required
for crop production. Growers are looking for
methods to save water by increasing
irrigation efficiency. Irrigation water should
be utilized to compensate water shortage and
embrace water saving and conservation in
agriculture.  The  optimum irrigation
scheduling can be applied based on utilizing
crop response to water deficit in order to
improve water use efficiency. Trickle

irrigation applies less amount of water than
sprinkler and surface systems since plant
area is partially wetted. But water uptake by
the crop determines how much water to
apply. Alternatively, fertilizers are essential
in plant growth. Mineral fertilizers are
readily available after application, and
application can be timed to meet crop needs,
which vary with time. Nutrient release from
organic fertilizers is temperature dependent,
and relatively slow. Consequently, the
nutrient released may not be timed correctly
to meet crop needs. If the nutrient released is
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mobile, like nitrate, and is not used by the
crop, it can be leached from the root zone
thereby posing a pollution hazard. If organic
fertilizers include a mature component, it
can result in unclean vegetable product, if
the product makes physical contact with
manure.

Cucumber is one of the most popular
vegetables cultivated in the world. It needs
more water than normal grain crops (Li and
Wang, 2000; and Mao et al., 2003). Mao et
al. (2003) found that fresh fruit yields of
cucumber were highly influenced by the
total volume of irrigation water at every
growth stage. Cucumber vyields were
decreased by increasing irrigation deficit.
Well irrigation along the whole season was a
clearly  advisable irrigation  regime.
Otherwise, the least advisable regimes were
those that lead to water deficiencies during
fruiting set stages. As a comparison of
cucumber to other vegetables, Sammis and
Wu (1986) found that total tomato yield
increased linearly with increasing water
application up to 467 mm where maximum
yield was 99 Mg/ha (ton/ha) in deficit
irrigation. When water applied was reduced
to 280 mm, the yield was decreased to 60.15
Mg/ha. Therefore, the yield reduction
coefficient was recorded as 0.98. They found
that water irrigation greater than 467 mm
resulted in no increase in yield. Mao et al.
(2003) working on cucumber and Ahmet et
al. (2004) on summer squash found that fruit
yield was significantly increased by
increasing water applied in deficit irrigation.
They found a linear relationship between
yield and water amount applied.

The purpose of the study is to utilize
irrigation  scheduling based on deficit
irrigation levels. A goal of the study is
partially substitute organic instead of
chemical fertilizers in order to obtain a high
quality and quantity of crop yield. The study
also includes the cucumber performance as
affecting applying nitrogen (inorganic and
organic) and irrigation deficiencies.

2. MATERIALS AND METHODS

Beta-alfa cucumber (Cucumis sativus)
was planted for two seasons in a 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 nursery, moved to

permanent field on 13 April, and ended on
15 August in both 2006 and 2007 summer
seasons. Replicate size which concluded
three irrigation treatments and seven
fertilization treatments was 18 x 21 m with 1
m row width and a 0.3 m spacing between
plants within rows as shown in Fig. (1). It
was unnecessary to split treatments due to
partially plant area irrigated and symmetric
treatments reserved. Plants were adequately
watered in first and second irrigations, then,
irrigation treatments were initiated at third
irrigation. Irrigation water with 0.56 dS m™
was applied using trickle system when soil
water was reduced in between 50-60% of
available water. Water applied as equivalent
to 100, 80, and 60% from crop
evapotranspiration (1.0ET) was determined
based on soil water content before and after
irrigation. These ratios were applied using
trickle irrigation. Then, irrigation treatments
were rated as 1.0ET, 0.84ET and 0.64ET
from seasonal water use. Fertilization
treatments were : T1 (160 kg/ha N), T2 (80
kg/ha N with 17 Mg/ha farmyard manure),
T3 (160 kg/ha N with 17 Mg/ha farmyard
manure), T4 (80 kg/ha N with 7 Mg/ha
rabbit manure), T5 (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. A 1.2ET
treatment was only conducted for mineral
treatment (T1) in the experiment belt to find
out the yield in surplus irrigation. Each
treatment was replicated three times.

The amount of fertilization added in the
experimental field was the recommended
dose. For mineral, 477.6 kg/ha for ammonia
nitrate (33.5% N), 715 kg/ha for super
phosphate (15.5% P,0s), 240kg/ha for
potassium sulfate (50% K,O) were applied.
For organic,17 ton/ha for farmyard manure
and 7 ton/ha for both chicken and rabbit
manures. The organic manures were applied
during soil preparation. The chemical
properties of the wused manures were
illustrated in Table (1).The total fertilizer
rates (kg/ha) in terms of N, P, and K
(inorganic plus organic) care given in Table
(2).

Soil was classified as loamy clay with
1.28 g cm™ soil bulk density. Soil particle
sizes for 0.3 m of soil profile were
distributed as 2% coarse sand, 23.5% fine
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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 farm was recorded as 2.8 m. EC and
minerals were measured in diluted soil in
three depths and sections of soil using
dilution ratioas 1 : 5.

The schedule irrigation depth d was
determined in millimeters per irrigation
interval based on average of moisture
content of soil root depth before and after
irrigation as follows:

d=(8—6;)D-P ————————- ®
where d is water applied depth in mm, O is
volumetric water content at field capacity
m®/m®, 0, volumetric water content before
irrigation in m*¥m®, D is wetted soil root
depth, and P wetted area percentage. Ten
soil samples from control treatment (1.0ET
with mineral treatment) were taken along
lateral before and after irrigation for almost
60 cm depth. A 0.3 m spacing between
emitters with 4 L/h which individually fitted
along lateral was recommended to make
0.41 m wetted strip along planting furrow
for 32 mm/h soil infiltration rate. Hence,
three soil samples from control treatment
(1.0ET with mineral treatment) were taken
each replicate along lateral before and after
irrigation for almost 60 cm. So, averages of
soil water content (6 and ©;) were
determined. The wetted root depth (D) was
taken less than 0.5 m depends on plant stage.
The cucumber root zone was almost refilled
by water until soil reached to its field
capacity.

The adequate water applied per time
each irrigation (1.0ET) by trickle system in
the experiment, when water was uniformly
applied in small area, was determined as
follows:

where Q is system discharge L/h, d is water
depth in mm, A is projected area in m?, and
T isirrigation time in h.

The average depth of water distribution
Z, by the system was determined as follows:

T n
Z,=——>Yq, ———— (3
N EQ. €)

where @; is emitter discharge in the system
(L/h) and n is emitter number in projected
area.

The schedule parameter (o) was
determined based on irrigation system as
follows:

azi(i_lj
cVvla,

where, q is scheduling of the emitter
discharge, and g, is average of the emitter
discharge.

Weather instruments were positioned 2
m above the cucumber surface and collected
data every 30 s into 24 h average using
Campbell Scientific’s CR-23X datalogger
(Campbell Scientific Inc., Logan, Utah).

Weather instruments were CS500
temperature and relative humidity probes,
03001-5 anemometer, and LI1200X

pyranometer. Datalogger was programmed
to collect daily and monthly average of
weather data (temperature, relative humidity,
wind speed, and solar radiation.

Potential evapotranspi- ration (ET,)
was determined by two methods (Table 4):
1.The FAO Penman-Monteith formula
(Allen et al. 1998) and 2. Pan evaporation
(E;) class A. Both ET, and E, were
correlated taking the average of monthly
weather data and formulated as follows:

ET, =k, .E, with r? =0.91
where k; is pan coefficient and equals 0.77
in the area.

Seventy five days from planting, plant
samples, five plants each, were taken from
each experimental unit to determine
chlorophylls a and b contents using the
methods of Wettstein (1957). In the same
samples, leaf area/plant was measured as the
leaf area index (LAI) calculated according to
Watson (1958) as follows:

Al = Leaf area per plant

~ Land area per plant

The 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). Crop coefficient was
only calculated for mineral treatment (T1) as
the ratio of potential ET to measured ET.
Fruit harvesting was almost performed
during the period from 4 June tol5 August
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in both seasons as crop response to both
water and fertilizers. Optimal irrigation
scheduling was introduced and presented in
figures using crop response model. Duncan's
method reference was statistically used to
analysis the data.

Crop response determination in deficit
irrigation.

The crop response between yield and
water under deficit irrigation was shown by
a linear response model (Doorenbos and
Kassam, 1979; Solomon, 1983; Warrick and
Gardner, Martin et al., 1984; Sammis and
Wu, 1985; Wu and Barragan, 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 of deficit
irrigation was expressed when water was
uniformly applied as follows:

1L k1)
m m

where Y., and W, represent maximum yield
and its corresponding maximum water
application; Y and W are yield and its
corresponding water application under deficit
condition; and K, is a reduction coefficient
which is considered as a constant for a crop
in deficit irrigation.

In a practical matter, irrigation systems
apply water with a degree of non-uniformity.
If schedule irrigation depth (d) is considered
in between minimum and maximum depths
of water distribution (Zmn < d < Znax), the
area wetted by irrigation system will be
divided into surplus and deficit areas. Then,
the situation will be called underirrigation
condition. When d > Z,..x, the whole area will
be deficit irrigated. When d < Z,i,, the whole
area will be surplus irrigated.

In underirrigation condition, the crop
yield will be varied in deficit areas and
maximized in adequate and surplus areas. Wu
(1988) and Wu and Barragan (2000)
formulated the relative crop yield under
trickle irrigation systems in deficit model as
follows:

1—i =K, Pp

Ym
where Pp is the percent of deficit in unity.

In underirrigation condition, the percent
of deficit in unity defined as the ratio of

water deficit to the required water into the
root zone can be formulated using linear
distribution for water applied by the
irrigation system according to Amer (2005)
as follows:

. _(L725+a)* CV 0

® 691+ CV)
where CV is system's coefficient of variation
and a is schedule parameter.

The schedule parameter (o) specifies the
deviation of any schedule irrigation depth
(d) to average of water distribution depth
(Z2) in terms of CV and can be formulated as

follows:
CviZ,
where d is scheduling water depth

expressing the plant water requirement and
Z, is average water distribution depth
applied by irrigation system. When the linear
distribution is used to express the water
profile of irrigation system, a. ranges from -
1.725 to 1.725 in underirrigation condition,
a. > 1.725 in complete deficit irrigation, and
a. > -1.725 in complete surplus irrigation.
The total relative yield in underirrigation
condition (Zmin < d < Zpax and -1.725 < a <
1.725) affected by both system's coefficient

of variation (CV) and schedule parameter (o)
of Eq. 7 by Pp in Eq. 6 as follows:
Y 1725+a) CV
=1-K, (L125+af oV 9)
Yo 6.9(1+aCV)
1.725 and d > Z., 0 deep seepage is
occurred. The percent of deficit in unity can

can be calculated by substituting the left side
In complete deficit condition, when o >
be reduced as follows:

o CV Z
=——  -]1-=2 ____(10
" 1+acVv d 10)
The relative vyield by the deficit
condition was determined as follows:
CcVv
i —Kya— -——— (1)
Yo, 1+aCV
or
Y =1-K, (1— Za J R ( 2)
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Table (1): Chemical properties of the organic manures

Total organic matter | PH EC N P K
Manure Fert (%) (dS/m) (%) (%) (%)
Farmyard 39.20 6.20 3.40 0.50 0.51 0.60
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 (2): Total fertilizer rates in kg/ha for N, P, and K in treatments.

Fert. T1 T2 T3 T4 TS5 T6 T7
N 160.0 165.0 245.0 | 199.0 279.0 234.0 314.0
P 48.4 135.1 135.1 | 131 131 1324 132.4
K 99.6 201.6 2016 | 1731 173.1 150.0 150.0

Table (3): Soil chemical properties in soil solution for the experimental site

Soluble ions meg/L

Depth pH EC Cations Anions
cm dS/m

Cca® | Mg® | Na' K* CO;% | HCOy cr 50,2
030 | 7.73 051 | 652 | 448 | 986 | 064 | 0.00 6.53 9.98 | 4.99
30-60 | 7.85 042 | 538 | 627 | 627 | 038 | 0.00 4.10 806 | 6.14
60-90 | 7.92 045 | 576 | 781 | 461 | 013 | 0.00 3.10 793 | 7.28

Table (4): Meteorological data at Shibin EI-Kom, Egypt during the two growing seasons.

* Month Tavg Trnax Thin RHayq U, Rs R ET, Ep
°C °C °C % m/s MJ/m?/d MJ/m?d  mm/d___mm/d

April 20.9 28.7 14.2 53.4 0.92 23.0 12.5 4.1 5.0

2006 May 24.1 325 16.3 49.3 0.87 24.7 14.1 4.9 6.1

season June 27.2 35.1 19.9 51.6 1.12 25.9 155 5.7 7.1

July 27.8 35.1 21.8 61.9 0.86 23.2 144 5.0 6.8

Aug. 28.9 35.6 23.1 63.6 1.20 21.3 13.2 4.9 6.4

April 215 30.3 14.2 55.1 0.85 194 10.7 3.6 4.5

May 23.8 32.4 16.1 51.9 1.09 21.1 12.2 4.4 55

2007 June 274 35.9 19.6 53.8 0.89 24.1 14.6 5.2 7.0

season July 28.3 36.3 21.1 61.1 0.96 22.7 14.1 5.0 6.8

Aug. 28.2 36.0 21.5 63.5 1.02 20.6 12.7 4.6 6.2

* Tavg: Tmax and Tmin @are monthly average, maximum, and minimum temperatures, respectively, RHa,4 is monthly average
relative humidity, U, is monthly average wind speed, Rs is monthly average solar radiation, R, is monthly average net
radiation determined according to Allen et al. (1998) , ET» is monthly average potential evapotranspiration (Allen et al. 1998),
and Ep is monthly average of measured pan evaporation class A.
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When a relationship is drawn between
relative yield Y/Y and schedule parameter
(a) using eqs. 9 and 11, it will significantly
be affected by system's coefficient of
variation. for a relationship between relative
yield and relative scheduling irrigation depth
(Z./d) as in eq.12, the coefficient of variation
which represents the uniformity will be
insignificant when a is larger than 1.725. in
case of cv = 0, the relative irrigation depth
will be unity for optimal scheduling and d
will equal z,.

The storage efficiency (Es) was
determined as follows:

E, =100(1-Pp) @3)

In complete surplus irrigation condition
(o <-1.725 and d < z;,), the whole area
should be surplus irrigated. In complete
surplus  irrigation  condition,  storage
efficiency will be 100% because the root
zone is fully irrigated (pg = 0). but
application efficiency, E,, will be taken a
value less than 100% depends on uniformity
cv values. application efficiency was
determined using the following equation:

E, =100(1-P,) @4
where ps is the percent of deep seepage in
unity.

The percent of deep seepage in unity was
determined wunder linear distribution as
derivative in this work using the basic
analyses done by amer (2005) as follows:

In undeirrigation

1.725—-a)’ CV

P, _( o) (15
6.9

in surplus irrigation

P =—0LCV=1—Zi —-——— (16)

a

3. RESULTS AND DISCUSSION
3.1.Chlorophyll

Chlorophylls a and b in 2006 season
were obtained in cucumber leaves as shown
in Table (5). both chlorophylls a and b
decreased significantly by increasing water
deficit. the highest values were achieved
when adequate water was applied (1.0et)
within fertilization treatment. chlorophylls a
and b were significantly increased when
nitrogen was highly used. the high values
were obtained when chicken manure was
used in combination with the recommended
n and half-n doses (t7 and t6). these

treatments were followed by rabbit manure
in combination with both mineral n doses.
results could be explained as the chicken and
rabbit manures contain much more organic
nitrogen. nitrogen was also reported by
mardanov (1985) on squash and mitchell et
al. (1991) on lettuce to increase chlorophyll
content in plant leaves. for using half dose of
n, significant difference was found in
chlorophyll a between using chicken or
rabbit manures. a significant difference was
found in chlorophyll a among rabbit manure,
farmyard manure, and mineral treatments.
chlorophyll b insignificantly varied among
all treatments except t5 against t6 and t6
against t7. Treatments shared in the same
letter had no significant differences and vice
versa in Table (5).
3.2.Leaf Area Index

Leaf area index (LAIl)  was
insignificantly larger for 2007 growing
season that had less radiation compared to
2006 planting (Table 6). LAl which was
measured in full growth stage showed
significant differences among irrigation
treatments at 2.5% level for the same
fertilization treatment. It was insignificant
between 1.0ET and 0.84ET treatments and
significant  between was significant
between 1.0ET and 0.84ET treatments and
significant between 0.64ET and 0.64ET at
5% level within fertilization treatment. The
highest leaf area indices were achieved when
water was adequately applied (1.0ET
treatment). Obtained results are in harmony
eith those of Saleh and Ibrahim (2007) on
cantaloupe plants .LAI showed also
significant differences at 5% level for
mineral and farm yard manure treatments
(T1, T2, and T3) that achieved the lesser
vegetative than the chicken manure with
both nitrogen doses treatments (T6 and T7)
within irrigation treatment. The half dose of
nitrogen with farm yard manure (T2)
achieved minimum value. Recommended
dose of nitrogen with chicken manure
achieved the maximum leaf area indices
within irrigation treatment. LAI
insignificantly varied among rabbit and
chicken treatments. The highest LAI was
achieved in mid-season in both growing
season under interaction between T7 and
1.0ET treatment. Results could be explained
that organic fertilizations especially chicken
and rabbit manures achieved the high values
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Table 5: Chlorophylls a and b of cucumber plants in 2006.

Fertilization Chlorophyll a (mg/100g F. Wt) Chlorophyll b (mg/100g F. Wt)
treatment | 1.0ET 0.84ET 0.64ET | Mean | 1.0ET 0.84ET 0.64ET | Mean
T1 0.99 0.69 0.24 0.64a 0.14 0.1 0.04 0.09a
T2 0.98 0.68 0.23 0.63a 0.13 0.09 0.03 0.08b
T3 1.00 0.70 0.25 0.65a 0.16 0.12 0.05 01lc
T4 1.07 0.79 033 0.69b 0.22 0.16 0.11 0.16d
T5 115 0.85 0.40 0.8 bc 0.24 0.18 0.14 0.19e
T6 119 0.89 0.44 084c 0.25 0.2 0.15 0.2 ef
T7 1.30 1.00 0.55 0.95d 0.26 0.21 0.16 0.21f
Mean 110a _ 0.80b 0.35¢ 020a  0.15b 0.10c
Table (6): Cucumber leaf area index (LAI) in full coverage stage.
Fertilization Summer 2006 Summer 2007
treatment 1.0ET 0.84ET 0.64ET Mean | 1.0ET 0.84ET 0.64ET Mean
T1 885  8.10 723 |806ab | 912 852 750 | 8.38ab
T2 843 795 7.05 78la | 876  8.40 7.35 8.17a
T3 873 825 735 | 81lab | 9.06 855 7.65 | 8.42ab
T4 921 870 7.80 | 8.6abc | 9.54 9.00 8.10 | 8.88abc
T5 9.60  9.00 8.10 89bc | 9.90 9.30 8.40 | 9.20hbc
T6 9.75 9.15 8.25 9.05c | 10.05 9.5 8.55 9.35¢
T7 10.17  9.57 8.67 9.47c | 1047 9.87 8.97 9.77¢c
Mean 9.25a 8.67ab 7.78¢c 8.57 |9.56a 9.0l1ab 8.07c 8.88

Table (7): Sex ratio (male/female flowers) of cucumber in 2006 and 2007
summer seasons.

Fertilization Summer 2006 Summer 2007
treatment 1.0ET 0.84ET 0.64ET Mean 1.0ET 0.84ET 0.64ET Mean
T1 3.50 3.90 4.50 420 a 4.52 5.10 6.07 5.59a
T2 3.20 3.65 4.20 3.93ab 4.10 4.75 5.70 5.23 ab
T3 3.20 3.60 4.25 3.93ab 4.05 4.78 5.61 5.20 ab
T4 3.00 3.45 4.00 3.73 bc 3.90 4.50 5.50 5.00 be
T5 2.90 3.25 3.82 3.54 cd 3.60 4.15 5.20 4.68 cd
T6 2.60 2.95 3.60 3.28d 3.40 4.00 4.95 4.48 d
T7 2.55 2.90 3.55 3.23d 3.40 3.85 4.80 4.33d
Mean 3.07a 3.47b 4.06 c 3.95a 457b 554 ¢
Table (8): Cucumber yield reduction coefficient, K, in two growing seasons.
Seasons Fertilization treatments
T1 T2 T3 T4 T5 T6 T7 Average
2006 0.72 0.7 0.8 0.85 0.844  0.726 0.78 0.774
2007 0.75 0.71 0.86 0.83 0.82 0.727 0.73 0.775
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of LAI due to increasing the capacity of soil
to reserve water and containing a high
amount of nitrogen which was essential
element to cucumber vegetative growth. LAI
was insignificantly higher in 2007 season
than that obtained in 2006 planting at 5%
level. But it at 1% level.
3.3.Sex Ratio

Sex ratio (male/female) was calculated
in summer 2006 and 2007 seasons as shown
in Table (7). Significant differences in sex
ratios were found by increasing irrigation
water deficit. The highest values of sex ratio
were achieved when 64% from adequate

water was applied (0.64ET) within
fertilization  treatment. Water  deficit
decreased sex ratio as it increased

carbohydrates accumulation. The relation
between carbohydrates and sex ratio was
previously mentioned by Mardanov (1985).
Sex ratio was significantly decreased when
nitrogen was highly used within irrigation
treatment. The lowest values were obtained
by applying recommended dose of nitrogen
mixed with chicken manure treatment (T7)
followed by applying half nitrogen dose plus
chicken manure (T6), then came rabbit
manure in combination with studied mineral
nitrogen doses within irrigation treatment.
The less value of sex ratio meant an increase
in female flowers and this appeared logic as
nitrogen was frequently reported to
positively affect female flowers in
cucumbers. These results are in harmony
with those of Abd El-Fattah and Sorial
(2000) on squash and El-Dakish (2004) on
cucumber. It is obvious that sex ratio was
decreased with increasing the  use of
nitrogen. A significant difference occurred
between mineral treatment (T1) against
chicken and rabbit manure treatments (T4,
T5, T6, and T7). There were insignificant
differences among T5, T6, and T7. It is
obvious from Table (7) that the treatments
shared in the same letter had no significant
differences and vice versa.
3.4.Crop coefficient

Cucumber crop coefficient (Kc) under
trickle irrigation was determined as the ratio
of actual (ET;) to potential (ETp)
evapotranspiration for 1.0ET treatment with
mineral fertilization (T1) as illustrated in
Fig. (2) in both seasons. The average length
of both growing seasons was almost 125
days. The seasonal amount of actual water

use which applied in 26 irrigations was 498
and 471 mm in 2006 and 2007 plantings,
respectively. K¢ was almost initialed as 0.32
to 0.37 for 22 days when cucumber ground
cover ranged from 1.5 to 8%, respectively,
due to evaporation from soil partially wetted
area by trickle irrigation and transpiration
from a few leaves surfaces. By increase
plant age, K¢ showed rapid increases in early
growth stages from almost 0.37 to 0.98 when
ground cover reached 100% in 30 days. In
full vegetative stage, K¢ was fluctuated in
between 0.98 to 1.15 for 50 days. K¢ was
insignificant higher in 2007 season because
vegetative growth was larger compared to
the 2006 planting. K¢ decreased in maturity
stage in 23 days from 0.98 to almost 0.65
and 0.6 at the end of both 2006 and 2007
seasons, respectively, because of senescing
leaves in the beginning part of the canopy. It
was lower during 2007 planting that had
more senescing leaves than 2006 planting.
3.5.Crop response

Cucumber yield as affected by different
types of fertilization in deficit irrigation is
shown in Figs. (3) and (4) in 2006 and 2007
seasons, respectively. Cucumber maximum
yields (Y.,) were averaged in both seasons
for 1.0ET treatment as 30.26, 29.25, 32.30,
36.57, 37.16, 41.47, and 41.90 Mg/ha
(ton/ha) for T1, T2, T3, T4, T5, T6, and T7,
respectively. The yield was achieved 30.8
and 31.04 Mg/ha for 1.2ET with T1
treatment in 2006 and 2007, respectively.
Cucumber yield was significantly decreased
in linear relationship by increasing water
deficit within fertilization treatment. But, it
was insignificantly changed by excessive
water applied more than 1.0ET. The bars in
Figs. (3) and (4) clarify the error range using
5% percentage level. The high values of
yield were achieved when water was
adequately applied as in 1.0ET treatment.
Similar results were obtained by Mao et al.
(2003) on cucumber and Saleh and Ibrahim
(2007) working on cantaloupe. On the other
hand, cucumber vyield was significantly
increased using rabbit or chicken manures
(T4, T5, T6, and T7) compared to mineral
treatment (T1) within irrigation treatment.
Yield was insignificantly achieved among
T1, T2, and T3 (mineral and farmyard
manure fertilizations). The highest values of
yield were achieved using chicken manure
and significantly increased compared to the
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other fertilization treatments. The minimum
value of cucumber yield was achieved using
half dose of mineral with farmyard manure
(T2) which had less nitrogen and slower N
release from organic manure than other
treatments. Results could be explained as a
result of high organic nitrogen added from
chicken and rabbit manures caused to
achieve the high values of cucumber yield
because nitrogen was an essential element to
cucumber flowering and fruiting. Chicken
manure was also applied by Ahmed (2004)
to increase bulbs yield of onion. The organic
particles that added into soil from chicken
and rabbit manures increased the capacity of
soil to reserve water whereof plants could
obtain the adequate water so high yields
were achieved. The organic rabbit and
chicken manures were found by El-Dakish
(2004) to positively affect female flowers
and consequently fruit yield of cucumber.
Cucumber yield was slightly increased in
2007 season because vegetative growth is
insignificantly higher compared to the 2006
planting. A fertilizer treatment (T6) resulted
in a different pattern of yield increase with
increasing amount of water to well-watered
condition than other fertilizer treatments.
Yield reduction coefficient (K,) in deficit
irrigation within the fertilization treatment is
given Table (8). Crop response to water was
smoothly changed according to amount of
water applied, but Crop yield response to
nitrogen showed inconsistencies relationship
due to varying nitrogen sources. Reduction
coefficient was determined using Eq. 1. The
yield for 1.0ET treatment was used within
each fertilization treatment to express the
maximum value (Y.). The mean reduction
coefficient was 0.7745 in deficit. It had no
reduction in surplus irrigation.
3.6.0ptimal Irrigation Scheduling

The cucumber relative yield was related
to schedule parameter o for different
uniformity CV values as shown in Fig. (5).
Relative yield Y/Y, in underirrigation
situation (using Eq. 9) was determined when
a-values were in between £1.725. In
complete deficit (o > 1.725), Eq. 9 was
reduced to Eqg. 11 showing the relationship
between relative yield and the schedule
parameter o  beyond  underirrigation
conditions. Based on study by Amer (2001)
in Egypt when irrigation system's CV was
less than 30%, complete overirrigation was

desired  because  water  cost  was
insignificantly important compared with
return yield. Consequently, the optimal
scheduling was derived from the

maximization of yield. Figure (4) shows the
optimal scheduling parameter o was reported
as -1.275 for any system's CV. The results
showed that overirrigation (o0 > -1.725) did
not reduce the yield. Maximum vyield was
achieved for all CV values as the water
applied was  excessively  adequate.
Therefore, the relative optimum scheduling
depth which achieved maximum yield could
be expressed as: (1-1.725CV). On the
contrary, relative yield was reduced when
water applied was shortly insufficient. It was
evident that the yield was significantly
affected by both o and CV in underirrigation
and complete deficit situations.

Figure (6) shows the relationship between
cucumber relative yield (Y/Y,,) and relative
depth (d/Z, =1+o CV) for different
uniformity CV values. The curves started at
the end of overirrigation stage when storage
efficiency achieved 100% when o was -
1.725. Optimum relative irrigation depths
(d/z,) that achieved maximum vyield were
1.0, 0.828, 0.655, and 0.483 for the CV
values as 0.0, 0.1, 0.2, and 0.3, respectively.
Then, application efficiency was recorded as
100, 82.8, 65.5, and 48.3%, respectively.
The curves were diverged in underirrigation
situations and concluded that the yield was
significantly affected by both d/Z, and CV.
Hence, application efficiency was increased
and storage efficiency decreased by
increasing water deficit and vice versa.
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 for the CV
values as 0.0, 0.1, 0.2, and 0.3, respectively.
Consequently, storage efficiency was
calculated as 100, 85.3, 74.3, and 65.9%,
respectively. The curves were coincided in
complete deficit irrigation meaning that
the uniformity was insignificant when too
little amount of water was applied. In case of
CV = 0.3, the significant of uniformity was
only in a range of d/Z, between 0.483 and
1518 and beyond that range it was
insignificant at all for the relative yield.
Results concluded that the optimum
irrigation scheduling depth under different
irrigation system uniformities could be
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taken as a ratio from adequate water
treatment (1.0ET). In condition of water cost
was insignificant important compared with
return yield and the yield was affected only
by deficit irrigation, the ratios (Z,/d) could
be determined by either dividing 1.0ET by

(1-1.725CV) 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 is completely overirrigated

when schedule depth (d) equal minimum
applied depth (Zmin). Obtained conclusion
was easier by the presented statistical model
and was in agreement with those of Wu and

Gitlin (1983) and Wu and Barragan (2000)

using mathematical model and many others

working on the same field.

Conclusions
Cucumber as grown in optimal weather

and soil conditions needs both water and
mineral deposits. Irrigation system is an
essential parameter to apply water. Water
should be optimized to crop use. Organic
fertilizations have been used to save most
minerals. On the other hand, chemicals are
simply used to be the dominant these days
without keeping the environment clean and
obtaining the high quality of crop vyield.
Therefore, growers turned partially to
substitute organic fertilizations rather than
chemicals. This study was focused on
cucumber performance as affected by both
water and nitrogen deficiencies. The
following results were obtained:

1- Maximum chlorophylls a and b and leaf
area indices were achieved when water
was adequately applied (1.0ET) and
nitrogen fertilization was highly used
(T7).

2- The seasonal cucumber water use was 498
and 471 mm using 1.0ET with T1
treatment in 125 days for 2006 and 2007
plantings, respectively.

3- The lowest value of sex ratio occurred for
1.0ET with T7 treatment.

4- Crop coefficient was seasonally averaged
as 0.83 and developed in four stages
initialed in 22 days, stated for early
growth in 30 days, staged in full growth
in 50 days, and matured in 23 days.

5- Maximum vyield was achieved by
adequate  water  applied  within
fertilization treatment and high nitrogen
used within irrigation treatment.

6- The vyield reduction coefficient averaged
as 0.7745 in deficit irrigation.

7- Optimal irrigation scheduling was found
as ratios from crop ET in case of yield
was only changed by deficit irrigation.
As a result, complete irrigation could be
applied in known interval.

In case of optimum management, the
treatment with 238.8 kg/ha ammonia nitrate,
715 kg/ha super phosphate and 240kg/ha
potassium sulfate added with 7 ton/ha
chicken manure under adequate water
applied was recommended to achieve
optimum vegetative growth and yield.
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