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ABSTRACT

As a result of the fresh irrigation water shortage in the North Nile Delta
soils of Egypt , a study was conducted to evaluate the effect of irrigation water
quality on sail tillage range and soil shear strength .because increasing
sodicity and salinity in irrigation water affect both optimum tillage time and
tillage results .

To achieve the aim of the study, a field experiments as well as, lysimeter
experiment were conducted. In the field experiments, soil profiles were
chosen from four locations irrigate with agricultural drainage water . or
agricultural drainage water with sewage water , or agricultural drainage water
with sugar factory drainage water and fresh water as a control . lysimeter
experiment was conducted with four treatments and three replications .
Artificial Salinization by ( NaCland CaCl,solutions ) added to soil with irrigation
water in calculated quantities (g/l) . the Ec values were (2,4,8 and 16 ds/m )
and the SAR values were (10,20 and 30). o

Results concluded that increasing salinity in irrigation water led to
decreasing Upper plastic limit , Lower plastic fimit , plasticity index.and soil
shear strength . The opposite trend was observed in the case of increasing
SAR values in irrigation water .

INTRODUCTION

Water resources in Egypt are limited ,consequently improving
irrigation system, increasing water use efficiency and drainage water
reuse for irrigation is a must.

Egypt annual quota of Nile water is 55.5 billion m> used to fulfill
the different water demands. Looking to the future ,the river Nile
supply is rather limited and not sufficient to the requirement for
drinking purposes ,industrial development agricultural, expansion and
other purposes. It is well known that drainage water is generally
saline, and may contain scme polluting substances which minimize its
utilization. , ,

In many parts of the North Nile delta, farmers use drainage water
to irrigate their fields, such water is considered the only source for
irrigation purposes. Increasing salinity and sodicity in this water affect
directly on soil physical properties, thus the suitable Time for tillage.
Therefore, the main objective of the present work aims to ldentify the
suitable time for tillage in the saline and sodic soils.
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MATERIALS AND METHODS

The present work was divided into two parts, the first part was
concerning with profiles from North Nile Deita soils, irrigated by
different sources of irrigation water qualities. The second part was
lysimeter experiments, in which artificial salinization was carried out to
analogue the previous field situations. To study and evaluate the
effect of the different available sources of irrigation water in North Nile
Delta, on soil properties, soil profiles were taken from three sites,
which irrigated by agricultural drainage water mixed with sewage
water, and agricuitural drainage water with sugar factory drainage
water.

Lysimeter experiments.

Lysimeter experiments were carried out at soil improvement and
conservation research department, Sakha Agriculture Research
Station. Soil was salinized artificially, using Nacl and Cacl, sofutions to
reach the level of (Electrical conductivity; 2, 4, 8 and 16 dsm-1), and
sodium adsorption ratio (SAR: 10, 20 and 30). Four treatments with
three replications, SAR was fixed with changed Ec.Each treatment
included four plots; the area of each plot was 1 m?with 90 cm depth.

Atterberg limits:

Soil tillage range concludes three parameters, upper p.lastic
limit (liquid limit), lower plastic limit (plastic limit) and plasticity range,
as the difference between Jiquid limit and plastic limit. '

quund limit: represents the minimum amount of water that a small
soil sample needs to fiow under standard conditions.

Plastic limit. is the water content at which the soil starts to loose
cohesion due to the absence of water.

Liguid limit is determined by standard equipment to determine
the moisture content at which the soil on two sides of a groove flows
together after the dish which contains the soil has been dropped
through a distance of 1cm 25 times.

The plastic limit is determined by measuring the soil moisture
content at which the soil crumbles, when it is rolled down to a thread
about 3 mm in diameter, Afterberg (1911).The plasticity range
calculated from the difference between the liquid limit and the plastic
limit.
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Soil shear strength:

Determination of soil strength under field conditions was
done by, the van shear test (ASTM, 1956). A van was driven into the
soil to a known depth, then rotated to measure the torque (T max).
The torque is related to soil cohesiveness as the equation:

Where: .
= Soil cohesiveness,N/cm?
= Diameter of the van,cm
= The length of the van, cm
Tmax= Torque measurements, N.m.

RESULTS AND DISCUSSION

Soil tillage range:

The consistency limits are used to define the different ranges of
states, in which a cohesive soil can exist from liquid to solid. Atterberg
setup five consistency limits, to illustrate the range of consistency
(Sridharm and Prakash,1998). With time, only three of the
abovementioned limits, namely, flow limit, the roll-out limit and the
cohesion limit retained their recognition, and are now referred to as,
the liquid, plastic and shrinkage limits, respectively. We are now
interested in displaying three parameters of soil tillage ranges which
considered very important in soil tillage, liquid limit (upper plastic limit),
plastic limit (lower plastic limit) and plasticity range.

Data in Tables (1) and (2) show the effect of different irrigation
water qualities on liquid limit, plastic limit and plasticity range, for
winter and summer seasons, respectively. Data showed that values of
liquid limit, plastic limit and plasticity range were lower with drainage
water than that in fresh water, in both seasons. In the winter season,
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values of liquid limit decreased from 56.6% in case of fresh water to
56% in drainage water with sewage wastes and to 55.2% in case of
drainage water with sugar factory wastes and to 53.7 in case of using
agricultural drainage water. Also, values. of plastic limits decreased
from 28.4 % in case of using fresh water in irrigation to 27.6% in case
of using agricultural drainage water with sewage wastes and to
27.3% in case of using drainage water with sugar factory wastes and
to 26.4% in case of using agricultural drainage water. Consequently,
plasticity range was decreased from 28.2% in case of using fresh
water in irrigation to 27.8% in case of using drainage water with
factory wastes and to 27.35% in case of using agricultural drainage
water in irrigation , but the value was 28.27 in case of using drainage
water with sewage wastes . Data, in Table (2) showed the effect of
different sources in irrigation water qualities, on soil liquid limit, plastic
limit and plasticity index in the summer season, and showed the same
trend as in the winter seasons. Soil liquid limit values were (61.2, 59.9,
55.2 and 56.1) for fresh water, drainage water with sewage wastes,
drainage water with sugar factory wastes and agriculture drainage
water, respectively. The plastic limits values were (28.4, 27.6, 27.3
and 26.4%) for fresh water, drainage water with sewage wastes,
- drainage water with factory wastes and agriculture drainage water,
respectively.

Plasticity index values were ( 32.07, 30.5, 27.85) for locations1,2and
3 and increased slowly to 28.1 in the case of using agricultural
drainage water(location No . 4) .

The effect of different qualities of Ec and SAR in irrigation water on
soil tillage range are presented in Figs 1,2,3,4,5and 6 for winter and
summer seasons, respectively.
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Table ( 1) :Effect of irrigation water salinity and sodicity on soil
tillage range, for the selected profiles, during the
winter seasons,2008/2009.

Type of . N . -
Location irrigation Sonlcdr:pth, 1::3:"'3 IPr:'ast‘»h‘:/: Plasticity -

water s /0 iMHL, 7a range

0-20 58.8 29.9 28.9

;:ﬂ‘;’:e':; 20-40 56.6 28.6 28.1

1 canal 40-60 555 28.3 27.2
(control) 60-80 55.6 27.2 28.4

Mean 56.6 28.4 28.2

. 0-20 56.5 28.2 28.3

v?;f:jv?;‘ 20-40 56.2 27.8 28.4

2 sewage 40-60 55.6 27.5 28.1
wastes 60-80 55.5 27.2 28.3

Mean 56.0 276 28.3

Drainage 0-20 55.8 28 27.8

- water with 20-40 55.6 ¢ 27.8 27.8
3 sugar factory 40-60 54.9 21.5 27.4
wastes{Hamd 60-80 54.5 26.2 28.3

y drain) Mean 55.2 273 27.8

. 0-20 54.5 27.2 27.3

W‘Z::'r":g?n 2040 53.8 265 27.3

4 No. 6 (EI 40-60 535 26.1 27.4
Hamoul) 60-80 53.2 25.8 27.4

Mean 53.7 26.4 27.3

Table (2 ) :Effect of irrigation water salinity and sodicity, on soil
tillage range, in the selected profiles during the summer

seasons,2009/2010.
Locatio .iliyg:tizt\ Soil depth, Liquid Plastic Plasticit
n cm limit, % limit, % y range
water
- 0-20 62.0 30.2 38
M:ﬂ‘:’:;:; 20-40 61.9 30.0 319
1 — 40-60 1.5 29.8 M7
(control) 60-80 60.9 28.0 32.9
Mean 616 - 29.5 32.07
: 0-20 60.5 30 30.5
| v?;f:aw?fh 2040 60.1 29.8 30.3
2 40-60 50.8 29.2 30.6
sewage |0 o 9% | fme 93 -
i 60-80 59.5 28.9 30.6
Mean 59.97 29.5 30.5
. 0-20 55.8 77.9 27.9
Drainage 2040 55.4 274 28.0
3 water with 40-60 55 272 77.8
sugar factory
T 60-80 54.8 271 27.7
Mean 55.3 274 278
) 0-20 56.8 28.5 28.3
D’a'“gge. 2040 56.2 282 | 280
4 w:tere o 40-60 55.9 27.8 28.1
Hg"m(u,) 60-80 55.5 274 28.4
Mean 5.4 | 27.9 281
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In the winter season, Figs . 1,2 and 3,showed the effect of
irrigation water with different levels of Ec and SAR values on soil
liquid limit , plastic limit and plasticity index. As shown in Fig.1 ,
increasing Ec values in irrigation water (2,4,8 and 16 ds/m}) with the
same level of SAR 10 decreased soil liquid limit as (65.63,53.83,
54.64,and 50 %) respectively., with SAR 20,the liquid limit decreased
with increasing salinity as follows(- 58.33, 59.33,68.06 and 53 %)
respectively .With SAR 30 increased Ec values in irrigation water
decreased soil liquid limit as follows( 61.33,60.4579 and 569
%)respectively. It was also noticed that ,increasing SAR values with
the same level of Ec , the liquid limit was increased .The same trend
was noticed with plasticity index as shown in Fig .3, increasing Ec
values in irrigation water with the same level of SAR decreased the
values of plasticity index .it was also noticed that , with increasing
SAR values with the same values of Ec , the plasticity index increased
.On the other hand the plastic limit values showed an opposite trend
.as shown in Fig. 2, increasing Ec values in irrigation water with the
same level of SAR , increased the plastic limit . this may be due to the
small amount of salts that introduced to soil in the winter season .
Such quantity of salts did not adequate to affect soil consistency. it
was also noticed that , with increasing SAR values in irrigation water
with the same vaiue of Ec , the plastic limit was increased .

In the summer season ,data in Figs.4,5 and 6 , showed the
effect of salinity and sodicity on soil tillage range ( liquid limit , plastic
limit and plasticity index) It was noticed that maize crop needed
twelve irrigates with artificial salinization , consequently the salts which
introduced to the soil in the summer season were adequate to affect
on soil consistency , increasing salinity decreased soil liquid limit , -
plastic limit and piasticity index .but increasing sodicity increased
(ALS) when Ec ,remained the same .

As shown in Fig. 4 , increasing Ec values in irrigation water
(2,4,8 and 16 ds/m ) decreased soil liquid limits as follows (61.03,
59.92, 58.10,and 52.90 %) respectively with SAR 10. It was also
observed that , increasing SAR values with the same level of Ec , the
liquid limit was increased .Data in Fig. 5, indicated that, increasing Ec
values in irrigation water ( 2,4,8 and 16 ds/m )with the same level of
SAR 10 ,decreased the plastic limit to (30.16 , 29.36, 28.8 and 26.1
%) respectively .the same trend was noticed with SAR 20 and SAR
30.

: It was also noticed that , increasing SAR values with the same
value of Ec , increased the plastic limit .These resuits are in harmony
with those obtained by Fabbri et al . {2003) .They studied the effect of
Nacl and cacl, concentrations on some mechanical properties of the



J. Agric. Res. Kafr El-Sheikh Univ., 37(3) 2011 : 540

clay soils . They found that increasing salinity decreased soil liquid
limit and piastic limit . Also Fig 6 , showed that increasing Ec values in
irrigation water (24,8 and 16 ds/m } with the same value of SAR 10 .
decreased the plasticity index values as foliows ( 30.86, 30.56, 29.3
and 26.73 %) respectively . The same trend was noticed with SAR 20
and SAR 30 . Also increasing SAR values with the same value of Ec |
increased the plasticity index . These results are in agreement with
those obtained by Mishra et al . (2009) . They evaluated the effect of
the various concentrations of Nacl and cacl; on different soil —
bentonite mixtures . They found that the liquid limit of the mixture
decreased with increasing the salt concentrations .They also
concluded that increasing SAR values in irrigation water led to
increasing soil liquid limit, plastic limit and consequently plasticity
index. .

From abovementioned it could be deducted that except the
plastic limit in the winter season , increasing salinity decreased
atterburg limits (ALS) with the same level of SAR .This may be due to

- Increasing salinity decreased the thickness of electrical double
layer and zeta potential thus particles approached from each others,
which agglutirtated soil particles, then finally, decreased in values of
soil liquid limit, plastic limit and plasticity index. Sridharan et al
(1986).

fig(1) Effect of irrig‘ation water quality on soll liquid limit during the
winter season, 20082009,
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fig(2) Effect of irrigation water quality on soil plastic limit during the
winter season ., 2008/2009.

fig(3) Effect of irrigation water quality on soil plasticity index during the winter
season , 2008/2009.
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fig (4) Effect of irrigation water quality’ on soil liquid mit
during the summer season,2009/2010,

i o B m

fig (5) Effect of wrrigation water quality on soil
plastic Iimit during the summer season,2009/2010
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fig(6) Effect of irrigation water quality on soil plasticity
index during the summer season . 2009/2010,

The suitable time for tillage:

Soils irrigated with different salinity and sodicity levels were
subjected to intensive irrigation, and then moisture content of such
‘soils was determined daily. curves expressing the relationship
between time (in days) and moisture content of top soil were
drawn . Thus moisture content at liquid limit and plastic limit were
converted into time elapsed after irrigation , as farmers could till
the soil at the optimum moisture content for good tilth, as shown in
figs, (7,8)for the different salinity and sodicity treatments .

Moisture content , ¢ :
90 4
80 4

- i’“\‘\.\\liquid fimit.
80

a0 4
40 A
30 -
20 A
10 4

plastic timit

soil Tillege Range - e a .

0+—r— "1 rr—TTrT T T

1 3 5 7 9 1 13 1 1% 19 20 23 25 7 2 30

Time ¢ days,

Figs: the suitable time for tillage eker irigation at Ec-2 and SAR« 10
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Fig &, the suitable time for tilage after imgation at £c = 16 and SAR - 30.
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Different consistency curves showed that suitable time for tillage of
such salt affected clay soils must be after about 7 days , and no after
about 17 days after irrigation , as shown, in table 3, and fig 9.

Table (3): The suitable time ( days) for tillage after irrigation at the
different levels of salinity and sodicity.

Treatment Days elapsed to Days elapsed to Friabift B
SAR Ec achieve the achieve the plastic Ran ety .
ds/m liquid limit limit g
2 6 ) 16 10
4 7 17 10
1 —% 8 18 10
16 8 19 11
2 5 15 10
4 L] 19 13
~2° 8 6 19 13
16 ] 20 14
2 5 16 14
20 4 7 A7 10
8 6 17 11
16 7 18 11
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fig(9) Friability Range of the different levels of s!ahm'ty
and sodicity .

Soil shear strength:

Soil shear strength is the maximum resistance of a soil to
shear stresses. Such value is very important in soil because it limits
the shearing stress of plough and root to soil, which enable using the
proper forces- (plough) in plowing and choosing plant with suitable root
system . As shown in Fig.10 the effect of different levels of Ec and
SAR values ,in irrigation water, on soil shear strength after barley
crop, in the winter season. Resuits showed that increasing SAR in
irrigation water, under the same level of Ec value, increased soil shear
strength. while increasing Ec values under the same level of
SAR,decreased slightly the soll shear strength. The highest value of
soil shear strength was 0.46 N/cm? with Ec value = 2 ds/m and SAR
30, and the lowest value was 0.29 N/cm? with Ec 16 ds/m and SAR
10. These results were similar to those obtained by Kyei-Baffour et
al. (2004). They found that the strength of the surface increases
during salinization in response to increasing sodicity, it was also
observed that these effects were not merely confined to the surface
but existed through out the depth of the soil. The same results were
obtained in Fig .11, in the summer season, after maize crop. Data
showed that the hlghest value of soil shear strength was 1 N/cm? in
case of Ec (2 ds/m) and SAR 20. while the lowest value was 0.66
N/cm? in case of Ec (16 ds/m) and SAR 10. Thus increasing sodicity
and decreasing salinity increased soil shear strength | this may be due
to the dispersion action of sodium in the soil and blocking soil pores by
fine clay particles migration through out soil profile, and crust
formation in response to low permeability. .
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ﬁg'(IO) Effect of irrigation water quality on soil
shear strength during the winter season,
2008/2009.

3

0 W il N

fig (11) Effect of irrigation water quality on soil shear
strength during the summer season , 2009/2010.
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