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ABSTRACT

The effect of rate and interval of saline water application on yield, element
content of leaves and fruits as well as on soil characteristics were studied with
cucumber (Hybrid extram ) for two seasons under greenhous conditions. Cucumber
seedlings were grown in 20-liter pots filled with sandy loam soil containing 12% (v/v)
compost and irrigated firstly with fresh water and three weeks later with saline water
(EC = 3.2 dS/m) in two rates, namely 100% of IR and 125% of IR within each irrigation
rate the plants were irrigated daily, every other day and every third day. The
cucumber fruits were collected and weighed regularly. The fruit yeild increased with
increasing irrigation rate but decreased in the second season within the lower
irrigation rate. An increase in yield with the increase of irrigation interval was also
observed. Leaves and fruits analysis showed a dcrease in Na concentration with
increasing of irrigation rate. The soil analysis showed an increase in Na, Cl, EC and
SAR values in the second season, wherase these parameters decreased with
increasing the rate of irrigation water for all treatments.
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INTRODUCTION

Gaza Strip is located in the southern part of the Mediterranean coastal
and considered as a semi-arid region with a rainfall of about 430 mm/year in
the north and 230 mmi/year in the southern part near Egyptian borders. The
limited fresh water aquifer which is severely over pumped since 1948 led to
flow of salt water from the sea and salinization of a wells specially in the
southern part of region (Palestinian Water Authirity (PWA), 2000). Through
the irrigation process, salts are continually added to the soil causing a
secondary salinization of soil; this leaded to a poorer plant growth and
consequently reduction in yield. This reduction is attributed to the higher
osmotic water potential, which develops in the soil when salinity rises
(Bernstein, 1975 and Mass and Hoffman, 1977).

Several developing countries are today facing many problems such as
the huge increased population and unfavorable agricultural practices.Gaza’s
population is rapidly growing and expected to be 2.156 Million in 2020
(Palestinian Central Bureau of Stastics (PCBS), 2000).

The demand for good water quality to use for different purposes is
becomeing a more acute problem. In the situation of limited supply and
increasing demand of water, high priority would be given to domestic use,
which include drinking and sanitation requirements. The scarcity of good
water quality which has been considered as the most important factor limiting
the growth of agriculture prodution encourages the utilization of brackish
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water. Cucumber is an economical crop grows widely in open field and under
green house conditions in Gaza Strip (Ministry of Agriculture (MOA), 2000).
Ayers and Westcot (1976) classified water for irrigation uses according to
degree and kind of problems likely to be encountered when using water with
certain quality parameters. In fact the actual suitability of a given water for
irrigation depends very much on the specific condition of use (crop grown,
soil properties, irrigation management practices and climatic conditions) and
on the relative economic benefit (Rhoades and loveday 1990). Irrigation
scheduling strategies should aim for applying water at fairly routine intervals
and amounts to prevent over application of water, while minimizing yield loss
due to water shortage or drought stress (Evans et al.,1996). The irrigation
frequency for optimum plant response using saline water has not always
been agreed upon due to interaction of soil type, level of salinity and plant
salt tolerance in question (Devitt, 1989). Irrigation scheduling should allow
both goed crop yield and adequate leaching of the soil when saline water is
used. Decreasing the interval between irrigations (increasing the frequency of
irrigation) could maintain a more constant moisture content of the plant
medium (Ayers&Westcot, 1976).

Actually, little has been done in research relating to the use of saline
water in agricultural production in Gaza Strip.

The present work aimes to evaluate the effects of frequency and rate of
saline water application on cucumber yield components and on sail
characteristics under greenhouse condition in Gaza Strip.

MATERIALS AND METHODS

The soil used in the present experiment was taken from surface layer
(0-30 cm) of soil at southern part of Gaza Strip which considered as a light
textured sandy loam soil. The irrigation water applied was brought from the
southern part of Gaza Strip with an EC 3.2 dS/m. Seedlings of cucumber
(hybrid extram) were planted in plastic pots of 20-liter volume having free
drainage holes and grown in a 500 m? plastic greenhouse. Four replicates of
each treatment were irrigated initially for two weeks with fresh water, then
irrigated with saline water by drip system (4l/h) and fertilized according to
recommendations of MOA.

The experiment was conducted at University Research Farm using two
rates of applied irrigation water namely Q; (100%) and Q, (125%) of irrigation
requirements (IR) calculated according to Class A-evaporation pan method
(Doorenbos and Pruitt, 1992). Irrigation of plants with saline water started
after plant establishment with fresh water according to the irrigation
scheduling 1 day, 2 days and 3 days irrigation intervals (Table1), in which the
plants received the same amount of of irrigation water. The fertilization
program started when plants become one month old. The cucumber fruits
have been harvested firstly when plants became 40 days old and continued
for about 50 days to the end of growth season. '
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Analytical methods
Leave and fruit samples were collected at the end of the experiment for
analysis. Plant samples were washed with tap water followed by 0.1 N HCI
and the with distilled water. The plant samples were dried in a forced air oven
at 65 C° and ground in a mill. 0.5 gram of dried plant sample was ashed in a
muffle furnace at 550 °C for at least 4 hours, cooled and wetted with few
drops of deionized water; 5 ml of nitric acid (1:3) was added to each sample
and left to evaporate. The ash sample was then dissolved in 5 mi HCI (1:3)
and the solution was quantitavely transferred to a 50-mi volumetric flask
using hot distilled water and filtered. The concentration of Na, K and Ca were
estimated by a flame photometer and Mg concentration by using atomic
~ absorption spectrophotometer. Soil samples were air-dried, sieved and stored
in plastic bags. Soil extract of a saturated paste was prepared for chemical
analysis. EC and pH were measured using specific meters; Na was
photometricaly determined; Cl, Ca and Mg were titrimetricaly determined,
wherase SAR value was calculated.

Table (1): Irrigation scheduling.

B Irrigation frequency (days)
Irrigation rate 1 7 3 2 5 3
1S 1S 1S 1S 18 18
Q1 2S Non 2S Non 2S Non
3S Non Non 3S Non Non
1S 1S 18 1S 1S 1S
Q2 2S Non 28 Non 2S Non
38 Non Non 3S Non Non
Notes:
1S= daily, 2S = 2x1S each 2 days and 3S = 3x1S each 3 days
RESULTS AND DISCUSSION

Properties of the used soil and irrigation water are shown in Table 2.
The used soil is nonsaline — non aikali, while the water used is considered as
moderatelty saline water according to Doorenbos and Pruitt (1992), Since the
ECis 3.2 DS/m and S.A.R.value is 10.1.

Table (2): Composition of soil and water used for experiment.

pH EC Na Ca Mg cr CaCOs
Type (1:1) dS/m mefl meli meli mell % ——
Soil 7.9 22 5.4 8.9 4.6 14 4.1 2.2
Water | -— 3.2 21.3 4.4 4.4 19.8 — 10.1

Data presented in Table 3 lists the chemical analysis of soil samples
taken at the end of two seasons. Very slight reduction in pH with increasing of
irrigation rate was observed; wherase it increased in the second season
compared with the first season. EC, Na, Cl and SAR values increased
significantly in the second season due to the accumulation of salinity with
time, wherase these values decreased with increasing the rate of applied
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water in all treatments; this might be due to the probably leaching effect. The
soil irrigated with higher rate (Q2) within treatment C, in which more water
was applied every 3 days had lower salinity. This might be due to salinity
control caused by adequate leaching, which assure downward flux of water
and salts below the crop root zone as indicated by Rhoades and Loveday
(1990).

Table (3) : Some chemical properties of used soil withen and after both

of the two growing seasons.

Growth

Irrigation intervals

oil Properties . A B C
. ai Q2 Qi Qz ai Qz
PH i 7.64 7.65 7.51 7.47 7.73 7.53
1} 7.78 7.70 7.62 T1.52 7.80 7.56
eC 1 3.42 3.14 5.11 4.92 3.68 2.78
1 4.79 4.29 6.44 6.23 4.88 3.42
Na I 31.05 27.06 35.28 27.20 23.81 18.76
I} 50.11 45.25 39.08 34.05 29.31 27.20
cl I 29.00 22.80 38.40 27.70 32.30 26.80
] 39.80 36.70 41.20 36.30 38.50 36.30
Ca+Mg 1 36.10 35.21 34.41 33.81 35.14 36.32
il 40.40 34.80 36.32 37.06 34.82 36.18
SAR | 7.31 6.45 8.51 6.62 5.69 4.40
3 I 11.38 10.85 9.17 7.92 7.02 6.40
A: one day B: two days C: 3days

The yield was decreased in the second season for both irrigation rates
Q1 and Q2 (Table 4). This may be due to the increased soil salinity deposited
from the previous season. In case of lower irrigation rate (Q1), the yield
increased with increasing irrigation intervals, due to the probably leaching
effect causing by the addition of two and three folds of irrigation water in one
time. This is in accordance with Ayers and Westcot (1976), who reported that
applying more irrigation water than can be used by the crop and lost by
evaporation assure that salt removal takes place by leaching through the root
zone. At the same time, there are no differences in the cucummber yield
within the three intervais in the case of the higher irrigation rate (Q,).
Concerning average weight of fruit, data indicated that it was significantly
higher in case of the higher irrigation rate (Q,) either in the first or second
growing season (Table 4).

Table (4): Yield and average weight of one fruit in the two growing

seasons "
Growth Yield (Kg) Average weight of one fruit, {g)
Treatment season Q1 Q2 Q1 Q2
1 34.59, 4409 58.2 66.2
W (1.77) (2.14) (1.84) (2.60)
i 23.15 31.79 63.9 89.2
(1.37) (0.90) (1.75) (1.05)
41.15 43.25 56.3 61.4
B 1 (1.85) (1.74) (1.80) (1.71)
n 27.76 32.86 60.2 68.4
(1.47) (1.78) (2.94) (2.64)
42.31 4272 55.6 58.3
¢ i (1.37) (1.47) (1.44) (2.07)
I 26.45 31.90 61.1 70.5
(1.42) (1.61) (2.33) (2.47)

* standard deviaticn
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Table (5): Elemental conceniration. (%) of cucumber leaves in the two
_growing seasons

Growth Na K Mg Ca
Trentrent Season |Gz | Qi |Qz ol oz ol ] az
| 1.05 | 0.89 1.48 1.40 1.84 152 | 555 | 5.03
A (0.08) | (0.11) | (0.12) | 0.14) | (0.15) | (0.07) | (0.24) | (0.29)

" 084 | 078 | 1.06 | 1.04 | 279 | 2.89 | 7.42 | 7.09
(0.12) | (0.15) | (0.02) | (0.17) | (0.17) | (0.15) | (032) | (0.33)

112 | 112 | 147 | 147 | 162 | 1.38 | 5.16 | 4.25
o (0.13) | (0.19) | (0.11) | 0.20) | (0.16) | (0.16) | (0.22) | (0.30)
0.93 | 079 | 0.99 | 0.94 | 3.07 | 3.07 | 7.96 | 7.64

(0.12) | (0.05) | (0.06) | (0.08) | (0.05) | (0.05) | (0.27) | (0.41)
120 | 0.87 | 134 | 158 | 164 | 144 | 510 | 5.02
(0.03) | (0.04) | (0.01) | (0.03) | (0.17) | (0.20) | (0.07) | (0.20)
0.97 | 0.78 | 1.02 | 0.98 | 284 | 2.75 | 7.50 | 7.45
0.09) | (0.05) | (0.10) | 0.07) | (0.21) | (0.12) | (0.30) | (0.39)

C

* standard deviation

Table (5) lists the eiemental analysis of cucumber leaves for two
seasons. The results clearly demonstrate that Na and K contents decreased
in the second season, where Ca and Mg content increased compared with
the first season. No considerable differences were noticed among the
different treatments. Regarding the elemental analysis of the fruits, the results
of Table (6) showed that markedly increase in Na-content in the second
season was observed and Na was higher for treatmenis B and C than for
treatment A. The analysis of Mg showed a slight increase, wherase a slight
decrease in Ca concentration has been noticed in the second season. The
application of high rate of irrigation water (Q,) reduced the concentration of
Na in leaves and fruits for the two growth seasons, which is clearly
associated with soil analysis shown in Table (3). Ca and Mg accumulations
were markedly higher in leaves than fruits, wherase the opposite trend was
occurred for K. There was no difference in K concentration due to increasing
amount of irrigation water applied.

Na/K- and Na/Ca-ratios in leaves and fruits are illustrated in Figs. 1-
4. These results showed an increase in Na/K-ratio in the second season
compared with the first season. The Na/Ca-ratio in fruits showed the same
phenomenon. Na/Ca-ratio in leaves decreased in the second season. It is
also, noticed that the Na/K- and Na/Ca —ratio in leaves and fruits decreased
with increasing irrigation rate.

Table (6): Elemental concentration (%) of cucumber fruits

Growth Na K Mg Ca
Treatment | (. con [@1 | @2 | @ | @z | a1 | @2 | ai | @2
| 0.96 0.92 276 3.12 0.33 0.23 0.38 0.36
A (0.11) | (009 | ©27) | 045 | 003 | ©02 | 003 | 0.05
i 1.37 1.18 3.36 2.74 0.34 0.45 0.36 0.33
©15) | ©14) | ©37) | (0.24) | 003 | 0.06) | 0.04) | 007
1 1.19 1.13 2.29 3.75 0.26 0.31 0.39 0.42
" 0.06) | 011) | 013) | 004) | 001) | 001) | 005 | 0.03
I 1.36 1.30 3.09 3.40 0.31 0.34 0.35 0.39
040) | 013) | ©11) | 015 | 001) | 001) | 002 | 004
! 1.10 1.01 3.43 3.71 0.25 0.32 0.32 0.44
& 010) | 0.03) | 014 | 022 | 001 | 005 | 003 | 0.06)
I 1.37 1.36 3.38 3.25 0.29 0.33 0.31 0.43
023) | (044) | 039 | 035 | 002 | 001) | 004 | 003
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