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IMPACT OF IRRIGATION PRACTICES AND WATER
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SOIL UNDER LYZIMETER CONDITION
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ABSTRACT

Lyzimeter experiments were conducted at Sakha Agric. Res. Station
during the summer season (2000) and winter season (2000/2001) to study
the effect of the continucus or alternating low quality water (sewage, well and
drainage water) with fresh water under surface and sub- susface irrigation at
25 and 50cm depths on soybean and sugarbeet yield and their components,
plant elemental contents, soil salinity and soil elemental contents. The data
reveal that the alternative irrigation by low quality water with fresh water
achieved the highest yield and yield components for soybean and sugarbeet
while the continuous irrigation with low quality water led to significant
decrease in the yields of both crops. Also, surface irrigation surpassed sub-
surface irrigation in increasing total biomas for both crops. It could be
observed from the results that fresh water gave the highest yield followed by
sewage water and drainage water, while well water alone or mixed with
sewage water gave the iowest values of yield. The irrigation with sewage and
drainage water as well as well water directly or belended with sewage water
led to an accumuiation of elements in plant tissues but they still within the
acceptable ranges. On the other hand, the soil salinity contents after
harvesting of each crop were clearly increased under all treatments
compared to those obtained before planting. On the contrast, SAR values in
scil solution after harvesting were lower than the values recorded before
planting. The scil contents of available macro, micronutrients and heavy
metals were increased by using low quality water for irrigation.

INTRODUCTION

The River Nile water in Egypt is the main water resource
(55.5%x10°m> and this supply is not expected to increase in the near futuie.
The annual demand of water for the agriculture and domestic activities is
estimated to reach 697x10°m> The government has identified various
opportunities for increasing the usable supply of water or improving the
efficiency of water utilization. Reuse of the agricultural drainage water,
sewage water and well water for beneficial purposes in Egypt is an attractive
solution which hopefully will help considerably expansion of the irrigated
agriculture or saving considerable amounts of fresh water for other sectors.
In this regard, applications of low quality water continuously or alternatively
with fresh water and sub-surface irrigation at ditferent deoths should be
considered to alleviate the salinity hazards and reduce the poliution. These
findings were stated by severai workers, Ayers and Wesicot, (1998}, Mass et
al., (1982a,b} Hoffman et a/., (1983).

Soybean is considered one of the most important legumes in Egypt
and occupies a substantial area, Day et a/l, (1979) found that irrigating some
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field crops with well water mixed with sewage water produced higher yields,
compared with those irrigated by well water. However, Oron et al. (1980}
suggested that saline water can be applied through a sub- surface irrigation
system, where water and the nutrients are cmerging fromm the emitters and
consumed efficiently by the adjacent roots. Also, sugarbeet plays a
prominent role for sugar production in Egypt. Pescod (1892) stated that
alternating wastewater with fresh water or well water was superior to blending
both sources from the point of view of salinity control. However, an alternating
application strategy is required due to the presence conveyance system and
the availability of the effluent are dictated by the alternate schedule of
application.

The objectives of this work is to study the effect of the continuous
irrigation or alternating of low quality water (drainage, sewage or well water)
with {rash water i iyzimeters under surface and subsurface irrigation at iwz
depths on soybean and sugarbeet yield and soil salinity.

MATERIALS AND METHODS

Lysimeter experiments were conducted at Sakha Agric. Res. Station,
during the summer seascn (2000) and winter season (2000/2001) to
investigate the effect of low quality water (continuous application or
alternating with fresh water) under surface or subsurface irrigation at two
depths (25 or 50 cm.) on soybean and sugarbeet as well as some soil
chemical properties. A split split-plot design with three replicates was used.
The concrete lysimeter units with dimension of 70, 80 cm. length and 80-cm.
depth were used. The main plots were occupied by methods of water
application either continuous or alternative irrigation while, the sub plots were
devoted to the methods of irrigation, surface or subsurface irrigation at depths
of 25 and 50 e¢m. and the sub-sub plots were assigned to different water
sources (drainage, well, sewage water and sewage water blended with well
water at ratio (1:1) or (2:1). Soybean(Giza 21) variety was sown in summer
2000 followed by sugarbeet (Respoly v.}in winter season (2000/2001). All
the recommended agronomic practices were dane. Table (1) shows safinity
and the elemental contents (mg/kg) of different water sources. Some
physical and chemical properties of the used soil before cultivation are shown
in Table (2).

Table (1). Electric conductivity (EC), sodium adsorption rate (SAR) and
the elemental contents (mg/kg) of irrigation water used in the

experiments.
Water source| EC dS/ml SAR| N P K Zn | Fe Mn Cu | Pp Ni Co
Fresh {F) 0.45 1411245]10233] 35 |007 023 0.045] 0.03 | 0.03 0.504 0.02

Drainage (0) | 142 [4.35]163 3541 84 [020]021] 0032|007 [ 008] 0003 | 0.004
Sewage (S) 125 [465][218 [442] 65 [090[033] o00g4[012[004 | 0.050 | 0.018
Well {w) 141 [433]830 (220 74 (027 [027| o048 [012[006] 0.040 0.01

Chemical analysis of soif and plant were determined according to Cottiere e!
al. (1982} and Lindsay and Norvell (1978). Available heavy metals in soil
were extracted by DTPA solution and were determined using Atomic-
spectrophotometer. Soil available N was extracted by K; SO, solution 0.5 N
and determined using automatic micro-kjeldahl. Soil available P was
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extracted by NaHCQ,, 0.5 N and determined according to Murphy and Riley,

(1962). Soil available K was extracted by ammonium acetate | N and

determined using the flarme-Photometer according to Page (1982). The data

was statistically analyzed according to Ciiocram and Cox, {1960).

Table (2): Some physical and chemical properties of the used soil
before experiment.

Particle size |Macroelement . J
c z r 32| distribution (%) mglkg. Microelements mg/kg.
8|zl % (5|58
w| &|5{8cl Bl=| B -
8%‘:,»-%55820.!,5&5:3{28
h 3
528408810 1.5] 225015 B13 7.0 P5.33.42 [25.6 |1.6020.012.2417 92 [1.60 [1.42 [0.24 |
RESULTS AND DISCUSSION
A- Soybean:

Data presented in Table (3) show the effect of the continuous irrigation
with different low quality water and its alternative with fresh water under two
methods of drip irrigation on total biomas, 100-seed weight and protein
content of soybean.

Table (3): Potential yield and composition of soybean and sugarbeet
crops as affected by water quality and irrigation methods.

Soybean Sugarbeet |
Total Total | Weight | Sugar
biomas P':‘:;:? ‘:rgf ':59:1 biomas| roots yield |Sucrose
gmim® | 9 gtem | aim? | kgim® | kg/im®
Method of application {A)
ontinuous 201.68 34.88B 156.3 3.96b 0.97b 0.74b 18.9
|Alternative 204.8A 36.9A 15.5 4.8A 1.14A 0.894 18.7
[F-Test * * ns * * - ns
Method of irrigation
urface [ 272.4A [ 42.48A 18.2A 4.76A 1.12A D.86A 18.2
c::_"s""a“ at 28 jaoan | 32476 | 154A | 448A | 097A | 081A | 183
Sub-surface at 50 :seee | 20.12¢ | 141 | som | o0ses | 077 | 183
F-test - L 1 v . - ns
Water sources (S
Fresh {control) 2708A | 45.75A | 1667A | 452 A 1.64 A 0.84 A 188 A
Welt 185.6¢ | 32.29¢ 12.4¢ 4.34¢ 1.26b 0.78c 18.2b
Drainage 195.8b 31.91¢ 14.4b 4.48b 1.16b 0.81b 18.1b
[Sewage 197 0b 35.26b 16.6 A 476 A 1.13b 0.87A 18.3b

‘sewaﬁ‘:‘we") 1878c | 2399c | 133 | 4480 | 102c | o086 | 18.1b

—
(Sewage :well) 2.1 1856c | 36.74b | 1430 | 418c | 1.01c | 077c | 18.60 |
F-:est -k * - - - -

-

Interaction

F-Test A:l i - ns . ns " -
AS * - ns ns ns . ns

[ ] * ns ng . ns * s

[ AlS . - ns * ns ns ng
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The alternative irrigation gave the highest total biomas and protein content.
However, the total biomas was decreased with the continuous irrigation by
different low quality water sources. Alse, the data revealed that the surface
irrioation <urpzused subsurface irrigation in increasing the total biomas and
100-seed weight. This may be due o the decreasing of salt accumulation in
scil and consequently reducing the salinity hazard. These results are similar
to that obtained by Qron et al. (1920).

It could be observed also from the results that the fresh water gave
the highest total biomas, 100-seed weight and protein content followed by
sewage water while well water gave the lowest values of these parmeters.
This maybe due to the high salt content of drainage water, which raise the
salinity of soil solution and consequently increase its osmotic pressure.
These resulls ars similar to those obtained by Koriem {1894). The interaction
effect batween different water sources and irrigation methods was significant
on total biomas of soybean. This indicates that each factor is independent.
Imental contents of soybean:

Data in Table (4) show the elemental content in soybean as affected
by different treatments. The data revealed that irrigation with sewage,
drainage and well water blended or not with sewage water led to
accumulation of elements in plant tissues, except K and the accumulation
was clear with the microelements.

Table {4): Elemental content of soybean seed as affected by different

treatments.
ater Elements
ources N k P | 2n | Fe [ Mn | Cu | Pb [ Ni [ Co
[ F 118 | 87 [ 66 [ 187 472 [225 ] 42 [ 185 | 4.0 1.7J
s L8 108 | 65 | 55 | 302695 | 285] 72 | 36 | 62 | 35 |
B | D 111 66 | 44 | 232583 [222 | 48 | 32 | 50 | 27 |
- W 122 | 87 | 45 | 210 511 | 257 ] 40 | 30 | 45 | 30 |
i S:W1:1 [129[11.0] 46 [226 | 600 [ 262 67 | 31 | 52 | 31|
8 S:W2:i1 [123[105( 55 [251 ]| 620 [272 | 7.0 [ 333 [ 57 | 3.7 |
£ F 36 | 111 52 | 433 [ 577 (453 | 7.8 | 48 | 35 | 3.8 |
§| & s 35 | 128 | 63 | 42.8 | 669 | 563 | 10.0 | 158 | 4.0 | 5.0 |
© 1 N, | 28 | 154 42 | 480 533 | 583 | 55 [13.8| 58 | 6.3 |
2 W |315|126| 75 [51.0] 515 | 553 | 8.8 | 153 | 53 | 55 |
a S:W11 [2318|13.0( 65 [520[ 518 [500[ 80 [150[ 45 | 6.5 |
S:W21 (328|154 | 7.5 | 513|518 | 550 83 |128] 53 | 73 |
F 136 107 | 46 | 17 [ 270 ] 22 | 37 ]| 18 [ 39 | 1.7 |
o S [122]105] 44 | 272980 [ 28 [ 70 [ 35 | 60 | 33 |
& D (129113 34 [225/833] 22 [ 42 | 31 | 48 [ 25 |
E W 109 7.6 | 3.2 | 205 [ 715 | 24 | 37 | 29 | 47 | 29 |
2| ” SW11 | 118 |11.7| 43 | 20 [ 901 | 25 | 6.0 | 30 | 50 | 3.0 |
s SW21 [ 150144 | 35 | 213920 | 26 | 65 | 32 | 45 | 32 |
5 o F 28 [ 116 | 60 | 420 | 677 [ 520 | 6.0 126 | 25 | 26 |
Z| 8 S 269|126 | 56 452 [ 680 610 85 [146 [ 30 | 35 |
L D 247 3113 43 | 512] 591 [500[ 55 [125[ 30 | 3.0
- W 323|109 62 481 (590550 68 [156 | 3.0 | 50
S [ s:w1A [310[101[ 45 (420 599 | 510 60 [150] 30 | 30
¥ SW21 [411[122] 45 [121 [ 601 [51.0[ 70 [120] 28 | 3.3 |

a4
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B- Sugarbeet:

The data listed in Table (3} revealed thatthe growih of sugarbeet
plants expressed as total biomas, root weight and sugar yield were
significantly increased by the alternative application of water, while sucrose %
was not affected. On the other hand, the alternative irrigation surpassed the
continugus irrigation in increasing sugarbeet growth. Also, the data showed
that surface irrigation was more effective on sugarbeet growth than
subsurface irrigation.

Concerning water quality, irrigation by sewage water achieved the
highest value of sugar yield while the lowest value was obtained with
irrigation by well water. These results may be attributed to that sewage water
contain high amounts of nutrients, These results are similar to thaose
obtained by Day et al. {1979).

Elemental content of sugarbeet:

The obtained results in Table (5) indicate that water quality
marekedly affected the concentration of macro-, micronutrients and heavy
metals in sugarbeet roots under surface and subsurface irrigation methads.

Table (5): Elemental content of sugarbeet roots as affected by different

treatments.
T g\later [ Elements ]
ources N P K En [Fe Mn [Cu Pb Ni [Co |
F 20 [ 11|11 | 36 | 428 | 30 |27 [ 14 [22] 18 |
@ 8 19 |12 ] 12 | 30 | 433 | 28 |26 | 14 |32 13 |
4 D 21 | 42|13 32 | 540 | 34 | 69 | 21 | 37 ] 22
'E w 21 [13] 14 ] 32 [ 476 | 33 147 [ 20 [aa] 17 |
210 | SW11 [ 22 [14]1a] 33 | 468 | 33 [53]| 19 |29 20 |
e L S:w2:1 22 |13] 43 ] % 485 23 |80 19 ]33] 20
s F 21 [ 11| 11| 29 | a3 [ a0 [28 [ 14 |30 12
E § S 18 |12 12| 24 478 | 27 |25 | 13 |23 72_—|
I~ D 23 | 14| 14| 81 | 54 | 33 |81 | 21|25, 15 |
Q‘P W 22 [1201al 20 [ a3e | 20 [aaligfasl «a
- S:w1:1 21 | 1.2 | 14 | 30 | 459 32 |38 18 |30] 15 |
S:w 21 23 | 12| 14| 29 | 485 | 33 | a8 | 19 [26] 13
F 17 |1z | 12 ] 30 | as1 | sz [29 [ 12 31| 43
o S 20 |14 | 14| 28 [ 523 [ 29 (28 [1a a2 +2
'ct% [ D 21 | 1a ] 18 | 37 | 698 | 33 | 59 | 18 | 45| 18
ol 5 | W 19 |14 s ) 33 | s23 | a2 {38 | 1336 s
S| P [LSWt [ 20 [13]14] 33 [ 519 | 34 43114 |39] 18
= S:w2:1 20 [ 13|15 32 544 33 | 51| 15 |39 17
= F 18 [ 14 [12 | 20 | ae8 | 31 (28|12 |30 13
- ol [ 18 | 12| 13| 25 | 439 | 28 |27 ]| 14 [ 28] 13 |
<la8 D 22 |14 14| 34 | 513 | 38 |45 |21 |41 ] 17 |
Al W 20 (92| 13 | 30 | 438 | 32 J43| 18 |23 16 |
W SW11 | 20 [ 13 14 | 32 | 485 | 33 |43 | 18 | 32 | 15 |
 swW2:4 [21 [1a] 14 ] 30 | s02 | 35 |47 18 |34] 17 |
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The concentrations of macro and micronutrients in sugarbeet roots as
affected by water sources could be arranged in the following descending
order. sewage > sewage: well (2:1) > sewage: well {1:1) > drainage > well
water. With regard to the methods of water agplication, ithe continuous
method tends to increase the contents of elements in sugarbeet roots more
than the alternative irrigation.

Also, it could be noticed that surface irrigation increased the
accumulation of some elements in sugarbeet roots compared to subirrigation.
These finding are agreement with that of Fatma, S. EL-Shafei, and El-
Koumey (1954). It is worthy to mention that the concentration of heavy
metals in sugarbeet were less than the toxic levels according to Mengel and
Kirkby (1977}, but the long-term irrigation by the low quality water may lead
to a serious problem. Therefcre, more efforts are needed on this matter to
put a proper manage:ment for using low quality water in irrigation.

Soil salinity:

Data listed in Table (6) demonstrat that soil salinity contents after
harvesting of each crop were clearly increased under all treatrments
compared to those obtained before planting. On the contrast, SAR values in
scil solution after harvesting were lower than the values recorded before
planting. Concerning the irrigation practice, the data showed the superiority
of the alternating of iow quality water with fresh water since it gave lower
values of EC and SAR than those obtained with the conlinuous use of low
quality water for irrigation. Respecting to irrigation methods, the obtained
results revealed that the values of £Ce and SARe as affected by irrigation
metheds tock the following descending order: subirrigation at 50 cm. depth >
surface irrigation > subirrigation at 25 cm. depth. This trend may be
attributed to that the amount of irrigation water with subirrigation at 25-cm.
depth or with surface irrigation were sufficient to leach saits from soil more
than with subirrigation at 50 cmn. depth. Finally, it could be observed that the
most efficient drainage and aeration of the scil under lysimeter experiment
can alleviate the deteriorative effect on soil due to the use of low quality water
in irrigation.

Table (6): Mean values of ECe, and SARe of soil as affected by water sources
and jrrigation methods under buried lysimeter conditions.

Soybean Sugarbeet
Treatments ECdm | SAR [ ECdsm® | SAR
Fresh (F) 5.32 5.0 3.60 4.83
Drainage water (D) 5.77 6.61 4.45 53
ell water (W) 6.28 8.25 45 6.23
Sewage water (S) 573 5.67 4.93 55
B:W(1:1) 5.80 5.93 4.1 5.4
W (2:1) 6.26 6.85 46 6.0
urface irrigation 6.03 4.91 4.45 4.89
Sub-irri, at 25 cm. 5.12 4.685 43 5.07
Sub-irri. at 50 cm, 6.93 5.18 4.1 4.06
Continuous irri. £.04 6.01 443 5.4
Alternative irri. 570 5.92 4.34 5.83
Before planting 3.94 663 - -
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Soil elemental content:

Data in Table {7) indicate that irrigation with drainage, sewage, well
water increased the soil available NPK, and heavy metals in comparison to
Lesh water after both two growing season. This increase was pronounced
when the soail irrigated with blended water probably due to its high content of
these elements. These results were similar to those obtained by El-Wakeel
and El-Mowelhi, {1993) who stated that the soil contents of available macro-,
micronutrients and heavy metals were increased by using low quality water
for irrigation.

Table (7): Soil elemental contents mg/kg ™" after soybean and sugarbeet.

\ ater Mg/kg™
sources N |  PILKiZn|Fe |Nn|Cu|Pb| Ni|Co
T F 35 | 22 | 210 | 67 | 28 | 140 | 55 | 54 | 18 |11
@ S 45 57 | 3y | 105 33 | 2301 78 44 29 115
2 D 45 | 125 [ 494 | 84 | 33 | 240 | 93 | 58 | 44 |24
E w 50 | 91 | 426 | 114 | 34 | 210 | 76 | 2% | 25 |12
g 0 S:W1:1 38 50 | 330 | 100 ] 38 23.0 | 9.9 5.3 3.0 [0.85
g S:W2:1 35 9.1 | 431 | 86 37 | 280 | 67 | 42 | 26 |o9s
£ F 29 | a0 [ 220 | 60 [ 251 | 81| 35 [ 33 | 10 [0z
5 § S 38 | 82 (200 | 55 | 331 | 216 | 50 | 45 | 20 [o028
© 'E D 42 | 95 [ 320 | 80 | 312|202 | 45 | 45 | 20 o391
g w 40 | 9.0 | 310 | 61 | 321 | 220 | 51 | 40 | 20 |03z
5 SW1:1t | 39 | 90 | 300 | 55 | 320|201 | 50 | 55 | 25 |03
S:W2:1 | 40 | 92 | 350 | 45 | 280 ) 221 | 60 | 50 | 1.3 [0.30
F 35 | 29 { 210 | 99 [ 250 [ 150 ] 56 [ 47 | 34 [o73
@ S 40 | 65 [ 415 | 96 [ 330250 | 60 | 40 [ 32 [o2t
9 D 3 | 34 | 244 | 135 | 320 | 260 | 891 | a7 | 29 los4
E w 38 49 | 205 | 120 | 400 | 19.0 | 60 45 41 (o7
|9 "S:WT1 | 45 | a1 | 11 | 150 | 350 | 250 | 60 | 58 | 52 |073
‘é S:W2:1 | 38 | 74 [ 241 [ 135 ] 360] 240 60 | 39 [ 37 Joa3
E . F 85| a0 | 218 | 60 | 261 | 181 | 23 3.5 09 |0z
! 8 S 3 | 79 [ 2080 | 50 | 330 218 50 | 38 | 20 lozs
£ D 3 |90 [ a5 | 75 [ 312|202 40 [ 42 | 21 oz
@ w 36 | 33 | 302 | 56 | 321|220 50 | 45 | 23 |03
S T SW1 | 29 | 88 | 20 | 40 ] 320 | 193] 50 | 50 | 21 |oz7
? S:W 21 [ 595 | 56 | 291 | 40 | 290 | 92| 50 | 50 | 20 [ozs
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