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HIS WORK aims to evaluate the reuse of the agricultural drainage
water and sewage effluent for irrigating soils having different
properties at El Fayoum Governorate, with special reference to follow
the build up of salinity and some pollutants and their effect on both the
soils and plants grown.

Monitoring the chemical composition of the studied irrigation
water resources showed that although water salinity differs from one
site to another, yet the low and the high salinity levels were recorded at
similar times of August and January, respectively. Obtained data
revealed that the E C , and adjusted SAR values increased with an
average of 2.5 and 4.5 times, respectively, for the low quality waters as
compared to the Nile one, denote more problems are expected for both
irrigated soils and plants grown. Data revealed also that, in spite of the
relatively high contents of macro and trace elements in the used low
quality waters, yet they are still within the permissible limits.
Concerning the changes occurred in soil constituents, data clearly
showed a relatively increase in the ECc, CaC03, pH value, HC03',
ESP and, somewhat kfg2+ in the case of drainage water reuse.
Exception being the ECe value and organic matter content, the reverse
is true in the case of sewage effluent, this is mainly due to the
relatively high contents of the dissolved acid materials which arc
depressed Cam3 content and increased the accumulated organic
residues. Also, the values of soil bulk density, water constants,
drainable pores and hydraulic conductivity tended to decrease in the
soils irrigated with the low quality water.
In a harmony status for both studied irrigation water and soil,
special optimization for increasing the contents of total and available
macro- nutrients , (N,P and K) and trace elements (Fe, Mn, Zn, Cu,
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Cd, Ni, Pb and Co) in soils irrigated with low quality waters. The
elemental composition of wheat grown on the soils irrigated with the
used low quality water indicated that a relatively low content of trace
elements in the plant tissues, probably due to the soil salinity depressed
the nutrients uptake, and in turn their concentrations. The reverse is
true in the plants irrigated with the sewage effluent, may be due to it
supports the active uptake of them.
In general, gradual increase of salinity level for irrigation water
and soil leads to a marked reduction in the studied plant growth
parameters and grain yield. Moreover, data showed that the studied
plant parameters were not only limited by the soil salinity level, but
also its texture grade. Thus, the mixing of saline water with fresh one
must be achieved at a certain available level should be recommended,
especially at the seedling stage.

Keywords: Reuse of low quality water, soil salinity, Nutrients status
in both the irrigation water and soils.

In the last few years, the reuse of agricultural drainage and sewage waters
became part of the official policy of the Fayoum Governorate to maximize the
use efficiency of the limited water resources and water balance as well as to
achieve the extension programs of the agricultural development. But, the
uncontrolled application of such waters must have many restricted effects on
both soils and the plants grown, especially in the long-term use. The hazard
effects are mainly depended on the soil properties and water quality, beside the
kinds of the crops grown.
So, many questions have been raised concerning the safe limits of water
hazard for each soil or plant, the dual between both fresh Nile water and the low
quality one, the relevant robust crops and finally the dispersed of soil properties
must be left behind. To formulate a responsible schedule for the proper use of the
water resources and the protection of the cultivated lands and crops, several
attempts must be find out to recommend the superiority of these uses,

In general, El Fayoum soils are heavy to light clayey derived mainly from the
Nile flood alluvium, with a majority of moderate saline condition, except for
those adjacent to Qarun lake, where salinity and drainage problems a t e severe.
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Also, these soils could bc categorized according to their productivity into six
classes, having percentages of the total area reached 0.15, 20.25, 42.10, 14.40,
10.20 and 12.90 (Soil Survey Staff, 1980).

Irrigation water is supplied through the legendary Bahr Yousef canal, which
is derived from the River Nile at the Assiut Barrge and enters El Fayoum
depression at El Lahun Gap. The total supply of irrigation water is about 2.3
billion m3tyear, an amount of 0.714 billion m3tyear (about 31 1)ends up the
public network drains and finally passes back to both Qarun (0.486 billion
rn3tyear) and El Raiyan lakes (0.228 billion rn3tyear). So, any increase of water
supply at El Lahun will naturally leads to proportionally increase of water
flowing into Qarun lake, and in turn, increasing its water level and adversely
affects the soil potentiality of the adjacent area.
In recent studies on the irrigation water resources used for El Fayoum soils,
Hegazi (1999) found that salinity and adjusted SAR of the Nile water
contaminated either with the agricultural drainage water or sewage effluent. He
found that the relative mobility of the micro-nutrients (Fe, Mn, Cu and Zn) and
heavy metals (Cd, Ni, Pb and Co) under both the investigated irrigation waters
and soils gave emphasis of availability for each element. He also pointed out that
these elements in both the irrigation waters and soils are still within the
permissible limits. He added that according to Ayers and Westcot (1985), the
majority of these waters are not safety and severe problems are expected for the
irrigated soils.
Abdellah (1995) and Hegazi (1999) mentioned that the concentrations of
boron and trace elements did not exceed the normal limits and still within the
permissible ranges. Data obtained by Khalil (2000) pointed out, in spite of the
relatively high contents of macro and trace elements in the used low quality
waters at El Fayoum Governorate, yet they did not reach the hazard effects.
Concerning the changes occurred in soil constituents, Hegazi (1999) found
that the usage of the low quality water (contaminated with agricultural drainage
or sewage effluent) for irrigating the soils of El Fayoum, year after year,
markedly increased soil salinity, especiaylly those have heavy texture and
suffering from lack of drainage. El Sebaey (1995) found that the values of
Eg)pr. J. Soil Sci. 42. No. 1 (2002)
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TABLE1. Partkle size distribution of the studied soil profiles.
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effect of the used low quality water on plants grown for each of the studied soil
sites, the vegetative growth measurements (heights of plant and spike) were
estimated. At the harvesting stage, the plant samples were collected, crushed and
digested to determine the content of elements uptake, ie., Fe, Mn, Zn,Cu,Cd,
Ni, P b and Co. In addition to the crop yield of wheat grains was estimated for
each of the studied pair sites.

Methods of analyses
Particle size distribution was carried out by using the Pipette Method,
(Richard's, 1954). Soil moisture characteristics and hydraulic conductivity were
measured according to Klute (1986). Soil bulk density was determined by using
Core Method according to Black and Hartge (1986). The saturated soil paste
extract and the irrigation water samples were used to determine ECc and soluble
ions, in addition to soil pH was determined in soil paste (Page et al., 1982).
Calcium carbonate content was determined volumetrically by using Calcimeter
according to Avery and Basocomb (1974). Organic matter content was
determined according to Walkely and Black Method as described by Hesse
(1971).
Boron and nitrogen contents were determined according to Black (1982) and
Tel(1982) respectively. Phosphorous, potassium and trace elements(Fe, Mn, Zn,
Cu,Cd, Ni, Pb and Co) as total, available and soluble contents were determined
in the irrigation water and the digestion extract of soil and plant tissues according
to Jackson (1969).
Results and Discussion
The inadequate of Nile water supply in El Fayoum Governorate could be paid
by recycling the different side-waters of both agricultural drainage water and
sewage effluent. Therefore, it is important to give enough information about the
alternative irrigation water resources and their effects on both the imgated soils
and plants grown, which are suggested in the following items.
a) Monitoring the chemical composition of the studied water resources

The chemical composition of the used water resources (Le., Nile water,
mixture with the drainage water and sewage effluent) for irrigating the soils of El
Mazatly, El Nazla and El Edwa along the yearly quarter periods, are illustrated in
Eglpt. J . Soil Sci. 42, No. 1 (2002)
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Tables 2 and 3; Data obtained revealed that, in general, the pH value varies in a
narmw range, ie., 7.2-7.5,7.6-7.9 and 7.0-7.2 for the Nile water, drainage water
and sewage effluent, respectively. Also, it is noticed that although the water
salinity differs from a site to another, yet the relative low and the high EC,
values were recorded at similar times of August and January, respectively.
The data revealed also that some of the Nile resource such as that occupied
TABLE 2, Chemical composition of the used Nile watem for irrigating the soils of El

Mazatly (Nt), El Nazla (Nz) and El Wwa (Ne) during the yearly quarter

pedok

TABLE 3. Chemical composition of the used mixed Nile with the drainage water
(ND), drainage water (D) and sewage eftluent (s) during the yearly
auarter ueriods.
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Babr El Nazla had a relative high salinity level (0.99-1.32 dS1m). This is more
attributed to the faraway distance from the entrance of the Nile water to El
Fayoum depression at El Lahun bridge (0.35 dS1rn; Hegazi, 1999), which
encouraged the dissolved salts from the natural rocky ridges, beside its
contaminated with the locality drainage water at some areas.
As a general view, studying the water salinity level of the studied irrigation

waters denotes, in general, an increase in the EC, values, which reached
1.19-1.92 dS/m, 1.75-2.36 dS/m and 1.49-2.09 dS/m for Ulc mixed, drainage
water and sewage effluent, respectively. as compared to the Nile one (0.41-1.32
dS/m). Also, the distribution patterns of both the cations and anions for the Nile
water are Ca2+> ~ a + >M ~ ~ K+
* > and Cl-> HC03-> SO;-,
respectively. The
>
> M ~ ~ +K >t
corresponding ones far the low quality waters were ~ a + ca2+
and C1'> HC03'2 or SO4-- .

As for the adjusted SAR, data revealed also that its values reached 1.79-4.88,
8.17-12.58, 13.42-21.96 and 8.01-13.04 for the studied Nile water, mixed water,
drainage water and sewage effluent, respectively, the maximum value was
associated to the explicit contaminated water of El Wadi drain. As for the SAR
value, which used a function of water sodicity, and according to Ayers and
Westcot (1985) scale, the mixed, drainage water and sewage effluent belong to
the second (6,O-9.0) and third (>9) classes, which denote no and severe
problems, respectively. That means, increasing of problems are expected for the
irrigated soils on a long-term using, since the EC, values of those low quality
waters were ranged between 1.19 and 2.36 dSIm, in addition to the adjusted SAR
was more than 9 through the majority of year months.

Because boron content is more effective on a wide range for the different
crop, the scored values of 0.09-0.25, 0,23-0.29, 0.29-0.35 and 0.45-0.50 ppm
for the Nile mixed, drainage and sewage waters, respectively. are still in the save
range and cause no problems according to Ayers and Westcot (1985).
The obtained results of the elemental composition revealed that, in spite of
their contents exhibited wide variations among the studied irrigation waters, a
more increase towards the sewage effluent was occurred. The dominance of such
elements in these waters were followed the descending trend of K> N> P> Fe>
Egypt. J. Soil Sci. 42, No. 1 (2002)
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B> Zn> Mn> Pb> Cu> Niz Co> Cd. With one exception of Mn which showed
superiority over Zn in the sewage effluent. Also, according to the save scale of
FA0 (1992) the obtained values of these elements are still within the permissible
limits.
b) Soil andplant characteristics as affected by the quality of irrigation water

The data presented in Table 4 reveal that the bulk density value tends to
decrease in the soils irrigated with the low quality waters as compared to those
irrigated with the Nile water. It is also noticed that the occurred reduction rate
depends on the soil texture and salinity of the irrigation water, where its values
tended to increase with increasing the water salinity and the finest degree of soil.
That is true since the influence of salt accumulations enhanced the coagulation of
particles and create a renewed false aggregates that was accompanied by large
pores (Reeve and Bower, 1960).

Data obtained in Table 4 indicate also that the higher the clay content is, the
greater the soil moisture content is at any particular tension due to the influence
of the matrix and capillary potentials. Consequently, the available moisture
content exceeds with the clay content increase. The corresponding values for the
field capacity, wilting point and available water were 17.92, 8.16 and 9.76 5% for
loamy sand soil of site I versus 49.46 20.14 and 29.32% for clay soil of site 111,
respectively. The values of soil moisture content at both field capacity and
wilting point increased with increasing the salinity levels of both irrigation
water and soil, may be due to the effect of osmotic potential. It is worthy to
mention that the soil moisture content increased with increasing the soil salinity
for the wilting point, in turn, leads to depress the available water content reached
about 21.9-23.4 % in the sails having relatively fine texture (sites 111and IV).
Moreover, the application of saline irrigation water plays an active role in
changing the hydro-physical properties of soils, especially pore size distribution
which in turn reflects on the water movement in soil (Talha et al., 1979). It is
easily noticed that the volume of drainable and water holding pores decreased on
account of the increase of fine capillary ones as a result of using saline irrigation
water, which are directly related to the degradation of soil aggregates and the
swelling of Na-clay.
Water flow in soil pedality depends on many factors, especially the volume
of drainable pores. Thus, data in Table 4 indicate that decreasing the values of
Egypt. J . Soil Sci. 42, No. 1 (2002)

POTENTIAL EFFECTS OF LOW QUALITY WATER FOR IRRIGATION.. 171

TABLE 4. Soil bulk denslty, mil moisture constants, pore size distribution and
hydraulic conductivity of the studied soil sites.

VDP = Volume drainubleporesof d i m r ->X 62 p , WHP = Wuter holdirrg pores
of diumeter 8.62-0.19 )r cvtd FCP = Fure capillary pores of d i m f m 4 . 1 9 p.
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these pores, as a result of increasing soil salinity and alkalinity, decreases the
values of hydraulic conductivity. This behaviowr may be due to the dispersion of
soil particles created by sodium ions that occupy a pronounced area of the
exchangeable sites.
The use of salty irrigation water considerably affects many soil properties
through the concomitant accumulation of salts and their specific ions which
equilibrate in soil solution. Data in Table 5 reveal that soil pH value markedly
decreased in the soils irrigated with the sewage effluent, especially in the
uppermost layer and gradually decreased with soil depth. Also, there is evidence
that soils supplied with suspended organic materials exhibited during the
continuos irrigation by the sewage effluent, where the organic matter content was
increased from 0.9 to 2.7 %.
On the contrary, soil pH tends to increase with increasing the salinity level in
the irrigated soils with a mixture or drainage water. It was interesting to note that
soils supplied a remarkable increase in soluble Na applied, leading to a
pronounced increment in the exchangeable Na, and in turn soil pH.
Table 5 reveals that soil salinity build up proportionally increases by
increasing salt concentration of irrigation water. On percentage basis of the ECe
value the salinity build up of sandy loam, sand clay loam and clayey soils (sites
I, I1 and 111) after about ten years from irrigation with the same saline water
approached 254.8,316.3 and 295.8 in the uppermost layers, respectively, relative
to the initial soil salinity upon using fresh water of the Nile. These results
pointed out that soil salinity build up is influenced not only by salt concentration
of irrigation water but also by the mode of soil characteristics.
Concerning the distribution pattern of the soluble cations possesses a
+ >soils
K +irrigated with the Nile water,
descending trend of N ~ + > c ~ * + ~ M ~ ~ in
vs N~',M~*'>C~*+>K+ in those irrigated with the low quality waters.
Somewhat, the superiority of M~~~ over ca2"in the soil solution is evident by
the relatively high bIg2+ values in the used low quality waters, especially, that
contaminated with sewage effluent. Whereas, the soluble anions trend is similar
for all the studied soils and takes the pattern of C1-> Sod->HC03' .
Egypt J. Soil Scr. 42, No. 1 (2002)
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TABLE 5. Chemieol anel.& of SOU pastt extract of tbc studied mils,
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A comparative study presented in Table 6 indicated that the ESP value tends
to be higher in the soils irrigated with the mixed and drainage waters, with a
progressively increase for soil having clay texture (soil site IV). This behavior is
confirmed by the relatively high values of the soluble sodium and adjusted SAR
in the used low quality waters, especially the drainage one. This stimulates more
displacement of Ca and Mg by Na on soil colloidal complexes. Therefore, the
efficient field drainage system and suitable soil amendment as gypsum should be
applied during the usage of these waters to avoid the alkalinity hazard.
Data in Table 6 show that, in general, the initial values of CaC03 in the
studied soils are found in a moderate content (4.9-14.2 %). Exception of those
are characterized by the relatively coarse texture such as soil sites I and V (El
Mazatly and El Edwa), which attain a relatively low content (1.6-7.9%).
Moreover, the organic matter content was not only occurred in a relatively low
content, but also with different contents among the studied sites. Both CaC03
and organic matter are generally tended to decrease with depth. Also, the
reversible trends of both constituents throughout the profile layers of soils
irrigated with low quality water is more pronounced, especially those irrigated
with sewage one.

In this concern, the relative increase in the CaC03 content in the soils
irrigated with saline water are mostly related to the precipitation of the dissolved
Ca (HC03)2 in a form of secondary CaC03. Whereas, the reduction of organic
matter content in soil may be attributed to the highest growth inhibition under
salinity stress of both irrigation water and soil. The reverse is true for the soils
irrigated with sewage effluent, may be due to the dissolution effect of organic
acids for Cam3 and the precipitation of the suspended organic materials from
the irrigation sewage effluent, especially in the surface layer.
The two studied sandy loam soil sites at BI Mazatly and El Edwa (I and V)
were chosen to evaluate the associated changes in the elemental composition for

the uppermost layers of soil and plants grown as affected by applying the
different irrigation water resources. The results obtained for water analysis,
Table 7 showed that the boron content tends to increase in the used low quality
waters, where its values were reached 0.30 and 0.50 pprn in the mixed and
sewage waters, respectively, compared to the relatively low one (0.15 pprn) of
the Nile water. Because the boron content is more effective on a wide range for
Egypt. J . Soil Sci. 42, No. 1 (2002)
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4 CsC03, organic matter contents, cation exchange capcity, exchangeable
cations and exchangeable sodium porcent of the studied soil profiles.
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the different crops, the scored values of 0.30-0.50 ppm are still in the save range
and cause no problems (Ayers and Westcot, 1985).
TABLE 7. Macro, micro and non-nutritive heavy metals contents in ppm for the
studied MtzaUon waters. soils and wlants.
w

Nawl
Resource

N
Nn

K

1

I

1.5
f 6

1
I

0.25
0 A0

1
1

6.9
97

Fe Cu Mn Zn B Cd Ni
Irrikation waters
-J 0.20 1 0.0ZU I 0.05 [ 0.08 I 0.1s 10.007 ( 0010 10.05 10009
I 0 45 I 0.035 1 0 0 7 1 0.10 1 0.30 1 0.015 I 0.020 I 0.08 I 0020

Irrigation water: NcNile water, ND=Mixture of Nile with drainage and S=Sewage
effluent.
Irrigated soils : Soils irrigated with the Nile (SN), mixture(SND) and sewage effluent
(SS). Plant grown: Plants irrigated with the Nile (PN) mixture(PND) mid sewage effluent
(PSI.
Available contents of the studied elements.

The contents of macro- (N, P and K), micro-nutrients (Fe, Mn, Zn and Cu)
and non nutritive heavy metals (Cd, Ni, Pb and Co)are also illustrated in Table
7. The obtained data revealed that, in spite of their contents exhibited wide
variations among the studied irrigation waters, with a more increase towards the
sewage effluent, dominance of such elements in these waters followed the
descending trend of K> Nr P> Fe> B> Zn>Mn> Pb> Cu> Ni> Co> Cd. With
one exception of Mn which showed superiority over Zn in the sewage effluent.
Also, according to the save scale of FA0 (1992) the obtained values of these
elements are still within the permissible Iimits.
The values obtained clearly showed an increase taking place for the total and
available contents of the studied macro (N, P and K), micro- nutrients (Fe, Mn,
Zn and Cu), and non nutritive heavy metals (Cd, Ni, Pb and Co) in the soils
irrigated with the low quality waters as compared to those irrigated with the Nile
Egypt. J . Soil Sci. 42,
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one (Table 7). These findings stand in parallel similar to those obtained in the
used irrigation waters. Also, the elemental accumulation is more obvious in the
soil irrigated with the sewage effluent, That condition may be due to extensive
utilization and contamination with the pollutants, which are exhibited a more
mobility and availability for plant mts in the relatively coarser soil media.

The relatively high content of the plant nutrients and heavy metals in the
sewage effluent supports the active uptake of these elements during the stages of
plant growth. Therefore, data in Table 7 showed a pronounced decrease in the
contents of micro-nutrients and non nutritive heavy metals (i e., Fe, Cu,Mn, Zn,
B, Cd,Ni,Pb and Co) in the wheat tissues grown on the soils irrigated with the
mixed water. Whereas, a marked increase for the content of the studied elements
was recorded in the wheat plants grown on soils irrigated with the sewage
effluent.
C)

InfIuence of salinity stress on growth and yield of wheat

Growing plants under salinity stress show considerable difference in
physiological and biological activities, as a result of the adaptive mechanisms
during evolution. These adaptations also cause readjustment in the activities of
certain key enzymes of the plant metabolism (Ahmed and Zaheer, 1974).

In this respect, data presented in Table 8 reveal that the increase in soil
salinity, especially in the clay soils of El Mazatly and El Nazla (sites I11 and IV),
is mainly associated with the decrease in the growth parameters, i.e., height of
plant and spike length and, in turn, leading to a pronounced decrease in yield of
wheat grains. That means an inverse correlation between salinity and grain
weight, as higher the soil salinity the lower was the weight of grains.
The harmful effect of salinity stress could be referred to highest growth
inhibition under the continuous irrigation by saline water, Under the present
study, such application of salinity progressively increased Na-uptake by wheat
plants. Subsequently, under this condition wheat plants had the highest Na
accumulation to certain toxicity level. This may explain the relatively low salt
tolerance of wheat, Accordingly, plants uptake of Na could be controlled by
salinity level of irrigation water, its management and plant genotype (Amer,
1999).
Egypt. J. Soil Sci. 42, No.1 (2002)
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TABLE 8. Growth parameters of wheat plants and grain yield as affected by SOU
texture and salinity strew of irrigntlon water.

-

.

Data illustrated in Table 8 showed that reduction in the studied plant growth
parameters and yield of grains was not only limited by salinity level of soil or
water, but also the texture grade of soils, as shown in the different soil sites of El
Mazatly area. However, the decrease percentages as a result of the application of
the low quality for plant height, spike length and grain yield per feddan were
19.68,33.33 and 54.49, respectively, for the sandy loam soils. The reduction rate
was more evidence under the same condition of irrigation for the sandy clay
loam and clay soils, i. e,, 40.02, 53.91 & 68.14 % (site 11) and 46.66,54.29 and
73.46 % (site 111), respectively.
It is worthy to mention that in spite of a nearly similar condition for water
salinity and soil texture at the soil sites of I and V, the reduction rate was higher
in plant wmponents stressed by soil salinity (site I). For example, soil salinity
stress of irrigation water applied to site I was quite detrimental to cause 19.68,
33.33 and 54.49 % decline in plant height, spike length and grain yield,
respectively, vs 0.00, 16.04 and 27.67 % for the same parameters in the soil site
No. V (Table 8).This may interpret the positive effect of the sewage effluent on
the soil properties and plant nutrition.
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In conclusion, gradual increase of salinity should alleviate the plant nutrients
disruption, as well as, the plants showed an adaptive mechanism to cope salinity
stress through the regulation of some organic solutes. So, the mixing of saline
water with fresh water at a certain available level should be recommended,
especially at the seedling stage.
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