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ABSTRACT

Lysimeter experiments were carried out at Sakha Agric. Research Station in
two growing seasons (2007 and 2008) to assess a new technique of irrigation using
different water sources: fresh (Nile) water — drainage water — wastewater — well water.
This technique is alternating irrigation between those different water sources and
fresh water under soil moistures depletion (50% and 70%). Crop yield, water Uise
efficiency (WUE), soil salinity (ECe) and alkalinity (ESF) were recorded.

Sugar beet yield significantly influenced by Water sources, soil moisture
depletion and application technique. Elemental content (macro nutrienis and heavy
metals) was increased as a result of imrigation by sewage water either directly or
biended with well water. The alternative technique increased the WUE and frustrated
the saline effect of sewage water as compared to continuous one. The lowest values
of soil salinity and alkalinity were achieved under the irrigation with fresh water and
blending sewage water with well water under alternative irrigation technique,

Regarding sunflower, seeds yield was significantly affected: by the three
factors {(water source, application technigue and soil moisture depletion). Fresh water
with soil moisture depletion at 50% of available soil moisture induced the highest
vaiue of seed yield. The highest values of WUE were subjected to the treatment
irrigated with sewage water alternated with fresh water and depletion at 70%. Using
fresh water and well water induced the lowest and the highest values of ECe
respectively. Blending sewage water with well water decreased soil alkalinity (ESP)
under alternative technique compared with irrigation by well water or sewage water
separately.

INTRODUCTION

Agricultural expansion in addition to increasing population in Egypt
requires incrementally more amount of irrigation water. The annual Nile water
supply is 55.5 milliard cubic meters of fresh water, while the annual demand
is estimated to be 71.5 milliard cubic meters of water in 2000(Abd El-Dayem,
1994). This circumstance makes that increasing water a source is
tremendously needed. This gap could be accomplished through two means:
namely, increasing the usable supply of water and improving the efficiency of
water utilization. Reusing of drainage, sewage and/or well water is an
attractive solution that hopefuily helps in facing this gap between demand and
supply of water.

it was recommended in Dublin Conference (ICWE, 1992) that the
scarcity and misuse of fresh water pose a serious and growing threat to
sustainable development and protection of the environment, Human heaith
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and welifare, food security, industrial development and the ecosystem are all
in risk, unless water and land sources are managed more efficiently and
effectively in the present decade. That is echoed in the "Agenda 21 of the
United Nations Conference on Environment and Development”, (UNCED,
1992). That conference called for political commitment and involvement from
the highest level of government to the smallest community to protect the
quality and quantity of water resources. So Egypt put that commitment as a
main task and switch to find out another resources of water, that are
environmentally safe and do not lead to negative effects on the soil, plant,
animal and human maiter.

Pescod (1992) stated that alternating treated wastewater with canal
water or ground water was superior to blending from the point of view of
salinity conirol. However, an alternating application strategy will require duel
conveyance system and availability of the effluent dictated by the alternate
schedule of application. Balba (1960) and Hamdi ef. al. (1968), stated that
applying saline water increased the soil salinity, and almost doubled the initial
soil salinity. Also, Hamdi et al. (1966), and E!l-Gamal (1966) stated that
apolying saline irrigation water with different Na: Ca ratios increased the soil
alkalinity. On the other hand, Amer of al. {(1997) found that the continuous
irrigation (three years) with drainage water (1.6 dS/m) increased the salinity
of clay soil.

The objectives of the present study are to assess a new technique for
reusing the availabie sources of irrigation water (such as: drainage,
secondary treated sewage and well water). This technique is alternating the
irigation using these sources of water with fresh (Nile) water, i.e. one
frrigation with fresh (Nile) water and the next irrigation with different sources.
Also, blending some of these sources (S, W water by different ratios)
combined with different soil moisture depletions (50% and 70% of the
available soil moisture) were applied to study the effect of these factors on
some economical field crops (such as: sugar beet and sunflower) as well as
water use efficiency and some soil properties.

MATERIALS AND METHODS

A factorial experiment with four replicates was carried out in circle
Lysimeters (80 cm diameter and 120 cm height) at Sakha Agricultural
Research Station on two successive growing seasons (2007 and 2008).
Sugar beet (var. Top) was cultivated in the first season and sunflower (var.
Vidoic) was cultivated in the next season. Four sources of water were used,
namely: fresh (F), secondary treated sewage (8), drainage (D)} and weil water
(W). S and W were biended with two ratios 1:1 (S1:W1) and 2:1 (S2:W1).
Experimental Treatments:

A-  Main treatments( Water sources : 4 )
F: fresh water
D: drainage water
W: well water :
S: secondary treated sewage water
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B-Sub - treatments (Application technique: 2)

* Continuous irrigation (irrigation using the above mentioned four sources
of water all seasons time)

* Alternative irrigation (alternating the irrigation using the four sources of
water with fresh (Nile) water, i.e., one irrigation with fresh (Nile) water
and the next irrigation with different sources).

C — Sub- Sub treatments (Soil moisture depletions: 2)

*50% D

*70%D

The common agricultural practices of growing sugar beet and
sunflower plants were carried out according to local recommendations of the
Ministry of Agriculture, Egypt.

Soil chemical and physical properties were done according to
Jackson (1970}, and Page (1982), while water measurements were done
using Israelson and Hansen (1962). Statistical analysis was done according
to Cochran and Cox (1960). The chemical analysis of the soil and the used
water sources are stated in tables (1, 2 and 3).

Table (1a): Some physical and chemical properties of tested soil before
sugar beet planting.

soiL | PARTICAL SIZE SOIL MOISTURE
pEPTH, [DISTRIBUTION,%| TEXTURE | BULK ICHARACTERISTIC ec | esp
oM | SAND SILT CLASS |DENSITY, S.% pH dem”
CLAY FC W.P sm
0-60 1.87 27.93 5040 CLAY 1.22 40.44 22.88 785 530 10.53

Table (1b): Average soil elemental content (mgKg™) before sugar beet

planting, extracted by DTPA (Cottenie et al., 1982).
N P K Fe | Zn| Mn |[Cu| B | Pbi{ Co Ni { Cd [ Cr
29.0] 80 | 2200261 |6.0)18.1 135130133 [021[1.0]0.15104

Table (2): Chemical and biological properties of different water sources
according to Jackson {1970) and Greenberg et al. (1985).

Water EC, SAR | COD, | BOD, | NH,, | NO;, | Suspended Dissolved
sources [ dS/m Mg/l Mg/l Mg/ | Mg/l | solids, mgN | solids, Mg/l |
F 0.53 1.45 23 9 1.3 5.5 240 530
S 1.25 4.65 127 75 17 38 920 1250
D 1.55 3.95 45 23 12 29 410 1540
W 3.10 10.10 4] 0 1.9 3.5 25 3000

Table (3);: Elemental content (ppm) of different water sources,
according to Greenberg et al. (1985).

Water

sources N P Ki2n| Mn | Fe | Cu | Cd Pb ] Co {Ni|] B | Cr

1.36 10,315} 6.34 | 0.00 {0.028 0.025]0.0050.0023|0.032 0.004
7.854.85032.60.090.094|0.3310.019]0.0084|0.084 | 0.025
4 10.418]17.3[0.01]0.045:0.2130.00910.0040{0.04110.016
0.42[0.235(1.02]0.02{0.020{0.110/0.004 {0.0018;0.025 { 0.001

0.06 10.03
0.03 ;0.06
0.02 10.03
0.00 10.02

=olwn
w
F-9

olo|o|e

9093



Gazia, E. A. E. et al.

The quantities of water for each irrigation was calculated according to
the following equation { Israelson and Hansen, 1962):
Q=RxDxBdx(F.C-SM1)/100

Where:
Q : The quantity of water, m?
R : Area that wouid be irrigated,m’

D : The soit depth requu'ed to be irrigated, m
Bd  : Soil bulk density, g/ cm’
F.C :Field capacity %
S.M.I: Soil moisture percentage just before wragatlon
Water utilization efficiency (W.U.E) was computed according to
Michael, 1978.
W.U.E = vield (kg / fed.} / Amount of water applied {cubic meter /fed.)

RESULTS AND DISSCUSSION

Sugar beet crop:
1 —Yield and its components:
1.1 - Sugar beet yield (kg/Lysimeter):

Data in Table {4) elucidated that the sugar beet yield was highly
significantly affected by water source and was significantly affected by soil
moisture depletion and application technique. Also, data indicated that sugar
beet yield. with irrigation at 50% depletion surpassed that at 70% depletion.
Concerning water sources, it could be observed that irrigation with fresh
water induced the highest value of sugar beet yield, followed by treated
sewage; drainage and then well water.

Blending sewage water and well water at ratio of 1:1 or 2:1
decreased the harmful effect of high salinity and alkalinity of well water.
These results may be attributed to the high salinity of well water as well as
sugar best plant is very low tolerant to salinity at the germination stage and
medium salt tolerant of established plants. (Franzen ef al, 1994). These
results are in good agreement with Pescod (1992).

1.2) Average root weight:

Data in Table {4} indicated that, the water application technique
insignificantly affected the root yieid, while the irrigation at 70% depletion
increased the average root weight of sugar beet compared to irrigation at
50% depletion. Concerning water sources, it could be observed that
continuous irrigation using treated sewage water gave the highest values of
root weight. This result may be due to the high content of macro and micro
nutrients of sewage water. On the other hand weli water gave the lowest
values of root weight; this result may be attributed to the high salinity of well
water as it is shown in Table (2).

1.3) Sucrose percentage:

Data in Table (4) elucidated that the highest value of sucrose (%)
was obtained under irrigation with fresh water while the lowest value was
obtained under treated sewage water irrigation. This result may be attributed
to the high content of sewage water with nitrogen which increase amino
nitrogen concentration in roots plant and consequently decrease sugar
percentage because plant divert more energy from sucrose storage to
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metabaolism in growth of roots. The same conclusion was obtained by (Buorac
et al.,, 1985 and Abd Allah 1998).

Aiternative irrigation technique increased sugar percentage compared to the
continuous irrigation, while soil moisture depletion showed a significant effect
on sucrose %. Since 50% depletion surpassed that of 70%. This resuit may
be due to that the more depietion the more root weight and hence decrease
the percentage of sucrose.

Table (4): Average yield, root weight, sugar yield and sucrose % as
affected by water source, application technique and soil
moisture depletion.

Water sources I( Average yield |[Average root weight| Sugar yield Sucrose
kg/Lysim.) kg/Lysim. { kg/Lysim.) %%
Water source (W)
F 2.25 1.02 0.192 18.85
D 2.46 1.40 . 0.261 18.65
w 212 1.1 0.189 18.75
S 2.60 1.55 0.275 17.73
51:W1 2.27 1.10 0.199 18.10
S2:w1 2.56 1.45 0.260 17.93
F-test b * * Ns
LSDQ.05 0.18 0.23 0.05 -
0.01 0.39 - - -
Application technique (P)
Continuous 2.34 1.22 0.220 18.02
Alternative 2.42 1.29 0.241 = 18.66
F-test v Ns ns Ns
Depletion (D)
50% D 2.42 1.19 0.220 18.50
70% D 2.36 1.32 0.240 18.20
F-test * * ns *
interaction
wxP * * * -
WxD * * Ns Ns
PxD * * Ns Ns
WxPxD * * * *

1.4) Sugar yield:

The presented data in Table (4) show that the water sources
significantly affected sugar yield. The centinuous irrigation by treated sewage
water induced the highest yield (0.275kg/Lysimeter), while the lowest values
were achieved with well water (0.189 kg / Lysimeter). Data also revezled that
there is insignificant effect due to application water technique and soil
moisture depletion.

1.5) Elemental content of sugar beet root:

Data in Table (5) showed that the concentration of elements was
within the normal limits and less than the recorded critical limits found in
plants as given by Mengel and Kirkby, (1987). Elemental content was
increased as a result of irigation by sewage water and blending sewage
water with well water at ratic of 2:1. The lowest concentration was achieved
with irrigation by fresh water. The effect of water sources on the elemental
content could be arranged in descending order as follows: S > SZw1 >
STW1>D>F>W
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Table (5): Elemental content of sugar beet root { macro nutrients as % and micro
elements as ppm) as affected by soil moisture depletion, application technique and

water source.
Dep{ Ap | W.So N 4 K | Zn (Cd | Pb| Co | Ni B {Mn| Fe | Cr | Cu
pl.
Y% C F 1.6 013 |16 | 2953020140 101 {213 ) 153! 37 [ 683 [ 1.13 ] 2.6
0 e D 1.8 10441 1.3 1286|027 {141 1128 {298} 1.45] 38 | 612 | 298| A1
% n W 1.6 {011 1.1 {23.4]021 | 149|128 |298 {136 34 | 643 (264 [ 2.8
t S 1.6 {015 | 1.4 (324|037 [ 218 | 1.87 | 493|238 47 | 833 | 391 | 4.7
d i S1: W1 1.9 | o141 1.2 | 2811024157 ) 1.36 | 3.74 | 1.62 40 | 697 13233 A2
e n S2: W1 1.7 10141 1.3 | 309026 | 1.67 153|408 ) 1.79 | 41 T3 | A3 A6
II’ a mean 1.7 014 1.2 [289] 026 | 1.62}1.58 [ 347 | 1.69 | 40 | 700 | 287 | 3.3
[+]
e u
[} [
0 A F 1.7 013 | L0 | 218019139 | 1.03 |264|162| 34 | 693 | 1.79 | 2.1
n 1 D | 18 014) 1.3 [288]021{1.40]128}|3.06}i136[ 38 | 723 | 272 | 2.7
t w 1.7 1042 1.1 {234 | 020 13911191272 | 145 34 | 714 | 264 | 2.4
e ) 24 [018)] 1.5 [316{023 [ 1.92 1 1.62 468|230 ! 43 799 1357 3.8
r S1:W1 20 1004 F 1.3 | 282019158 | 1451374 | 1.37) 38 | 731 [ 298 ) 29
n S52:W1 22 1014 1.4 (299|021 {50153 408213} 39 7 332 33
: mean 20 {014 13 {273 | 0211521352349 | 1L,79 | 38 735 | 284 29
i
v
e
7 C F 1.9 (001 | 1.1 | 384020 [ 149 | 1.13 | 247|179 | 36 | 708 | L15| 3.1
0 L] D 1.9 | 013 F 1.4 | 384 (1022|167} 189|323 | 1.53 | 39 744 | 2.04 | 3.7
% n W 28 1091 1.1 {345 (02111467121 1264 11531 34 | 731 | 179 33
t S 25 10161 1.6 [ 4721028 | 257 | 231 | 561 [2.64 ] 47 | 833 | 459 55
d i 51: W1 21 014} 1.5 | 379|022 [ 1.66 | 207 | 383 [1.87 | 39 774 | 3.57 | 4.1
e n §2:W1 22 (0.4 | 1.4 {422 | 0.25 ] 1,91 | 225 { 4.17 1 247 | 42 808 | 417 § 4.4
‘l, a mean 21 |0.13] 1.4 1398]023 | 1.79| 1.81 [ 366 [ 1.97 | 40 766 [ 2.839 | 4.0
0
-] u
ti s
o A F 2.3 (004} 1.1 | 369|019 142 | L.I5 [ 2.64 | 1.62 | 33 502 | 0.98 | 3.1
n 1 D 21 ]0.14 | 1.3 {401 |0.22 | 1.55] 1.45 (298] 1.79 | 38 672 | 1.79 | 4.2
t W 20 1042 | 1.1 | 3881020 1.55]) 132 ] 281 145] 31 663 | .79 1 3.3
e S 26 1019 1. [ 504)026]232|2.04[6.12 12817 41 | 782 12981 59
r S1:W1 22 | 0.15 ] 14 | 350|024 | 1.63 | 1.62 [ .83 | 2.04 [ 36 639 | 2.04 | 43
o S2:W1 22 10171 14 ;4131024 | 1.534 1163 1434 ) 2471 39 1 731 | 247 | 48
: mean 22 (05| 13 (404 [ 023 | 1.72 | 154 [ 379|203 ] 36 | 673 [ 1.T1| 4.3
i
v
e

2 - Water measurements:

2 — 1~ Water applied depth:
' Data in Table.(6) indicated that the frrigatibn at S0% depletion received
hlgher depth of irrigaticn water than 70%. Regarding the water source, data
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The alternative-technique of different water sources with fresh water
decreased the contents of heavy metals. On the other hand, irrigation with
different water sources at 70% depletion increased the concentration of
macronutrients as well as heavy metals as compared to 50% depletion. The
increase of the elemental contents in sugar beet roots may be attributed to
that the high content of sewage water with different nutrients and heavy
metals consequently increase the amount of heavy metals taken up by the
plants from the more dried soils. These results stood in similar interpretation
with those obtained by Marshner, (1898).

2 Water measurements:
2.1 - Water applied depth:

Data in Table (6) indicated that the irrigation at 50% depletion.
received higher depth of irrigation water than 70%. Regarding the water
sources, data revealed that the irrigation by fresh water recorded the highest
value of water depth, while the lowest one was obtained when sewage water
was used in irrigation at depletion 70%. Also, the alternative irrigation
technique received higher depth of water than the continuous one. This resuit
may be due to the irrigation with sewage water decreased the permeability of
the soil and hence decreased the water depth,

Table (6): Applied Water depth, cm as affected by application technique,
water sources and soil moisture depletion under sugar beet

crop.

Water Continuous Alternative

source 50% 70% Mean 50% 70% mean
F 85.7 82.7 84.2 85.7 82.7 84.2
D 80.1 75.9 78.0 82.0 79.5 30.8
w 81.5 77.2 79.4 83.9 79.9 81.9
8 77.0 72.9 74.9 80.7 78.6 797

51:W1 79.8 77.0 78.4 80.9 77.3 79.1

s2:w1 79.4 77.1 78.3 83.2 80.5 81.9

mean 80.6 T7.4 78.9 82.7 79.8 81.3

2.2 — Water Utilization Efficiency (WUE):

Data in Table (7} showed that the alternative technique increased the
water utilization efficiency as compared to continuous one, however the
irrigation at 50% depletion surpassed the irrigation at 70% in increasing water
utilization efficiency.

Table (7): Water utilization efficiency (kg/m’} as affected by application
water technique, water sources and soil moisture depletion
under sugar beet crop.

Water Continuous Alternative
source 50% 70% Mean 50% 70% Mean
F 0.98 0.92 0.950 1.02 1.08 1.050
D 1.04 1.03 1.035 1.09 1.03 1.060
W 1.02 0.99 1,005 1.07 1.02 1.045
] 1.07 1.06 1.065 1.10 1.07 1.085
51:wW1 0.93 0.87 0.800 1.10 1.11 1.110
S2wW1 0.82 0.85 0.840 0.92 0.88 0.900
mean 0.98 0.95 0.97 1.05 1.03 1.040
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3 - Soil salinity and alkalinity:

Data in Table (8) elucidated that the irrigation with fresh water
continuously or alternatively with sewage water gave the lowest values of soil
salinity (5.3 and 5.7 dSm™ respectively).whereas the highest values were
recorded with the continuous and alternative irrigation by well water (8.4 and
7.3 dSm™ respectively)

Also, the lowest value of exchangeable sodium percentage (ESP) was
obtained by irrigation with fresh water (10.5), while, the highest vaiues were
obtained by continuous and alternative irrigation by well water (16.93and
15.12respectively), this may be due to the high content of sodium salts {SAR)
in well water. For soil moisturé depletion levels, it is worthy to mention that
there is no clear difference between ECe or ESP values under the depletion
rate.

:l'abie (8): Soil salinity (ECe, dSm™) and aikalinity (ESP) as affected by
application technique, water sources and soil moisture
depletion under sugar beet crop. )

Water ECe, dSm" ESP
source Cont. Alter. Mean Cont. Alter. Mean
F 5.3 5.3 5.30 10.50 10.50 10.50
D 6.7 6.5 6.60 11.63 10.80 11.22
w 8.4 7.3 7.85 16.93 15.12 16.03
] 6.0 5.7 5.65 14.35 12.46 13.41
S1:W1 6.9 6.3 6.60 13.01 11.54 12.28
S2:W1 6.2 59 6.05 11.91 11.48 11.70
mean 6.58 6.25 6.42 13.06 12.26 12.52
50% 6.45 6.85 6.62 14.59 13.60 14.10
70% 6.20 6.95 6.58 12.75 11.48 12.12

Sunflower Crop:

1 - Sunflower seed yield:
Table (9) showed that seed yield of sunflower was significantly affected by all
treatments. The effect of water sources on seed yield could be arranged in
descending order as follows: F > D > S22W1 > S1.W1>W > S,
This trend means that blending sewage water with well water increased
sunflower yield more than the separate use of each water source. This result
was in good agreement with Ayers and Westcott, (1985). Regarding
application technique, it could be noticed that the alternative technique
surpassed the continuous one. On the other hand the irrigation with different
water sources at 50% depletion increased the yield of sunflower seeds
compared with soil moisture depletion at 70%.
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Table (9): Sunflower seed yield (gm/Lysim.) as  affected by water
sources, application technique and soil moisture

depletion.
Water sources Sunflower seed yield {gm/Lysim.)
F 148.6
D 125.9
W 100.5
S 73.0
S1:LWH1 104.9
S2:W1 112.3
F-test *
LSD 0.05 3.2
Continuous irrigation 109.2
Alternative irrigation 112.7
F-test
50% Depletion 114.93
70% Depletion 106.9
F-test *
WxP *
WxD *
PxD *
WxPxD b

2 - Elementat content of sunflower seeds:

Data in Table {10} indicated that the irrigation with sewage water
resulted in increasing the concentration of elements followed by irrigation with
sewage water blended with well water at ratio 2:1 or 1:1. On the other hand
the irrigation by well water caused the lowest concentration of elements. It is
observed from the data that the irrigation at 70% depletion increased the
elemental content as compared with irrigation at 50% depletion. Regarding
the application technique, it is noticed that the alternative irrigation decreased
the elemental content as compared to continuous irrigation. It could be
concluded that irrigation by sewage water at 70% soil moisture depletion
increased the elemental content in sunflower seeds. Also the alternative
irrigation decreased the macronutrients (N, P and K) and the micronutrients
as well as heavy metals (.i e. Zn, Mn, Ni, Fe....}. This result may be due to
that the high content of sewage water from both macro and micro-elements
which increased them in the soil solution consequently increased its uptake
by plants and seeds content of those elements,
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Table (10): Elemental content (macro nutrients as % and micro elements ,ppm) of
sunflower as affected by soil moisture depletion, application technique and water

source.
De | Ap | W.So N P K | Za {Cd} Pb | Co | Ni B Mn | Fe | Cr [ Cu
p | pl % % %
%| C F 24 (014 14 [353]021 } 10701 L7 | 3.8 | 1.5 | 37 [ 503 1 1.33 ] 35
0 o D 25 | 916 1.6 [322 1031 | 241 ] 2.1 ) 40 | 28 | 39 | 560 { 3.50 | 55
%| n w 21 913 ] 13 1312|019 |165| 1.6 | 29 | 1.6 33 | s 1l 30
ti 5 27 1016 | 1.7 1392041 251 ] 2.6 | 44 | 31 41 | 640 | 430 | 8.1
d n 51:W1 25 1015 0.5 |382/033 1223 | 24 135 | 27| 2% | 550 320 6.2
e | v I"52:Wi | 2.6 |0.15| 0.6 [38.2 | 0.36 | 2.33 | 2.4 | 3.9 | 2.7 | 37 | 570 | 3.60 | 7.1
:’ ¢ mean |25 | 0.1 1.5 357030 (214 |21 {38 |24 138 556. [ 2.9 |56
u
¢ s
t A r 23 1004 14 |[343 (022 {170 151 36 1.6 35 [ 540 | 140 3.3
i It D 22 | 014 | 1.6 (342023 1225 1.6 | 3.4 | 24 36 [ 515|390 45
o e w L9 013} 1.3 1292 025|163 | 14 | 2.7 1.7 31 [ 560 | 131 [ 29
n r § 26 |0.16 | 1.6 1371|027 {242 ]| 1.9 | 39 | 2.8 | 39 | 640 | 5.20 | 7.2
n S1:W1 | 23 |0.15 ]| 1.6 {352 | 022|231 | 4.8 | 3.2 § 26 | 37 | 540 | 430 51
a 52:W1 23 1014) 1.6 1362 (023222 1.6} 3.6 3 25 35 [ 470 | 460 { 6.2
ti mean |23 | 0143115 |344 (1024|209 k6 |34 |23 |36 544. | 3.45 | 49
v
e
7 C F 24 10.14] 1.4 (364|023 150 ] 1.6 | 42 | L7 | 36 | 530 | 1.50( 34
0 o D 26 1015 1.6 (381025163 ] 1.9 { 43 | 2.1 38 | 615 | 450 | 5.2
% n w 22 | 0.1 1.7 1332 | 025|165 | 16 | 3.8 1.3 33 1615|140 ] 41
th 5 2% |0.17) 21 (4421031 | 221 | 23 | 54 | 3.1 44 | 704 | 6,40 | 5.1
d n 51:W1 26 1016 | 1.8 1392 | 026 ) 1.71 | 19 | 56_| 2.2 40 | 610 | 430 ] 6.2
€ u S52: W1 27 {015 1.8 | 41.2 | 0.26 ] 1.89 | 2.1 | 47 | 23 | 39 | 640 460 ] 73
r ° mean 26 |06 1.7 1387026177 | LT |47 |22 (32 619 | 3.78 | 59
u
e s
t A F 24 1014 | 15 1332023 (150! 16 | 35 | 14 36 ] 550 {140 32
i It D 23 (014 | 1.6 1354 )026(2.15] 1.8 1 3.9 | 2.7 | 38 | 515 {470]| 49
] ] W 2.1 1043 ) 14 1292 1025{173)] 15|29 |16 33 | 540 [130] 29
n r ] 2.7 j0.16 | 1.7 {40.1 1031 (251 ] 22 | 49 § 33 44 | 664 | 520 63
n 31:W1 | 23 0159 1.5 13626271221 ) 1.9 j 3.8 | 2.6 | 37 | 570 | 4.30 | 5.1
a 52: W1 25 |0.24 ) 1.6 | 381029 1224] 20 | 4.1 | 2.8 39 [ 590 470 55
t mean |24 [014 |16 |354 027|206 |18 [39 [24 |38 561 | 3.6 {47
v
¢

9100




J. Agric. Sci. Mansoura Univ., 33 (12}, December, 2008

3 — Water measurements:
3 .1 - Amount of applied water:

Data in Table (11) showed that 50% depletion treatment received
irrigation water more than 70% depletion. The alternative irrigation with
different water sources recorded the highest values of applied water depth as
compared to the continuous irrigation. Regarding water source, data
indicated that irrigation by fresh water received the highest depth of water
than the other water sources.

3. 2 - Water utilization Efficiency (WUE}):

Water utilization Efficiency {(WUE) (calcuiated as kg seeds per cubic
meter of water added to sunflower plants). The values are shown in Table
{12). The highest values were obtained from treatments irrigated by sewage
water alternated with fresh water and subjected to 70% depletion. While the
lowest values achieved with irrigation by well water and 50% depletion.

Table {11): Applied water depth {cm} as affected by application
technique, water sources and soil moisture depletion
under sunflower crop.

Water Continuous Altarnative
sources 50% 70% mean 50% 70% mean
F 68.9 59.7 - 64.3 69.1 60.1 64.6
D 64.1 55.8 59.9 68.4 57.5 62.9
' 62.6 55.0 58.8 63.6 56.7 60.2
S 65.8 526 59.2 67.0 54.9 60.9
S1:W1 62.9 55.2 59.1 63.2 56.9 60.1
S2:W1 61.9 53.0 57.5 62.9 54.2 58.6
mean 64.4 55.2 50.8 65.7 56.7 61.2

Table (12): Water utilization efficiency (kg/m’) as affected by application
water technique, water sources and soil moisture depletion
under sunflower crop.

Water Continuous Alternative

source 50% 70% mean 50% 70% Maan
F 0.32 0.38 0.35 0.33 0.37 0.35
D 0.29 0.30 0.30 0.28 0.30 0.29
w 0.20 Q.21 0.21 0.23 0.23 0.23
S 0.41 0.48 0.45 0.44 0.45 0.45

S1:W1 0.32 0.32 0.32 0.30 0.32 0.31

S2:W1 0.33 0.36 0.35 0.32 0.38 0.35

mean 0.31 0.34 0.33 0.32 0.34 0.33

4 - Soil salinity and alkalinity:

Data in Table (13) show the effect of water sources, application water
technique and soil moisture depletion on soil salinity (ECe) and exchangeable
sodium percentage (ESP). The lowest values of ECe (dSm™) were achieved
by using continuous irrigation by fresh water and alternative sewage sludge
(5.77 and 6.55dSm’™ respectively) .While the highest values of ECe were
recorded using well water under both continuous and alternative irrigation
technique (10.50 and 8.39 dSmrespectively). The increase of ECe with well
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water may be due to its high salinity content as shown in Table 2 ( ECw = 3.1
dSm™') compared to other water sources.

The highest values of ESP were obtained with continuous and
alternative irrigation by well water (19.92 and 17.79 respectively).The
increase in ESP value may be due to the high proportion of solubie Na* in
well water compared to soluble Ca’* and Mg'". Also, data showed the effect
of soil moisture depletion on salinity and ESP. There is no clear effect on ECe
values due to application water technique at 50% depletion, but at 70%
depletion the continuous irrigation resulted in increasing ECe values
(7.84dSm™) compared to alternative irrigation technique (7.13dSm™). The
increase of ECe values at 70% depletion could be attributed to the decrease
of amount water applied, and consequently increase salts accumulation in the
soil. On the other hand the highest value of ESP was recorded using
continuous technique at 70% depletion (17.01).

Table (13): Soil salinity (ECe, dSm™) and alkalinity (ESP) as affected by
application water technigue, water sources and soil moisture

depletion under sunflower crop.

Water ECe, dSm™ ESP
source Cont. Alter. Mean Cont. Alter. Mean
F 5.77 5.77 577 11.50 11.50 11.50
D 8.38 7.48 7.93 13.69 12.00 12.85
W 10.50 8.39 9.54 19.92 17.79 18.86
S 7.25 6.55 6.90 16.88 14,67 15.78
S51:W1 8.64 7.25 7.94 15.31 13.58 14.45
S2:W1 7.75 6.79 7.27 14,02 12.57 13.94
mean 8.05 7.29 7.67 15,22 14.12 14.56
50% 7.03 6.39 6071 15.00 13.51 14.26
70% 7.84 7.13 7.49 17.01 16.00 16.51
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