J. Soil Sci.and Agric. Eng., Mansoura\Jyfy,, Vol. 5 (9): 1299-1315,2014

EVALUATION OF DRAINAGE WATER QUALITY AND ITS
EFFECTS ON SOIL PROPERTIES AND NUTRITION OF

PLANTS.

Khafagy, E. E. E.; I. S. M. Mosaad; Rania. M. El - Samet and
M.A. Bayoumi

Soils, Water and Environment Res. Inst., Agric. Res. Center, Giza,
Egypt.

ABSTRACT

The present study was carried out on EL-Serw drain located between
Dakahlia Governorate and Damietta Governorate to evaluate the effect of drainage
water quality on chemical composition of soil and plants. EL-Serw drain passes
through many villages dotted along it receiving their agricultural drainage water,
domestic waste waters and industrial effluents. Water samples were seasonally
collected from 6 sites along this drain (the beginning of the drain (0), 5, 10, 15, 20 and
25 km.) during June 2012 to March 2014.

The main obtained results are presented as follows:

® Electrical conductivity (EC) values increased slightly with northward direction.
Also, Sodium adsorption Ratio (SAR) took the same trend, the quality of studied
drainage water belong to C3 S1 and C4 S2 classes and could be reused in
irrigation purpose under special management.

® Boron (B) concentration, at mostof locations have low concentration (B1) <3 mg
L which less than the critical limitindicating (slight to moderate for restriction on
use).

® Nitrate —N concentration was ranged from 5-30 ppm in the EL-Serw drain in two
summer season 2012 atdistance 0 to5 Km. and 2014 at distance 0to 10 Km.
whereas, the other sites had higher water than the critical limits.

e Micronutrients and heavy metal ions concentrations (Fe*?, Mn**, Zn*" and Pb*")
were less than permissible levels at all selected water samples.

® Soil salinityand SAR values of soilincreased as a result of using drainage water
and the increasing of soil pH is related to salt contentin irrigation water.

® Usingdrainage water forirrigation, caused an increase in soil content of available
micronutrients (Fe, Mn and Zn) whereas, heaw metals (Pb) was less than the
permissible limit (500 mg Kg™).

® Concentrations of heavy metals and micronutrients (Fe, Mn, Zn and Pb) in straw
and grains of wheat and rice grown in the most locations were under the
permissible limits exceptPb and Fe concentration exceeds the critical levels in all
locations.The concentration of heavy metals and micronutrients in straw of wheat
and rice crops were higher than in the grain in all locations.

® 7n and Mn concentrations were lessthan critical limits in all locations in shoot of
clover plants and Pb and Fe concentrations were higher than critical limit in all
locations.

®  Finally, the rice crop slightly affected by water quality than wheat and finally
clover.
Keywords:Drainage water, plant chemical composition, soil properties and heawy
metals.
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INTRODUTION

Due to global population increasing, the gap between water supplies
and demands is widening and is reaching such alarming lewels that in some
parts of the world it is posing a threat to human existence. For human life,
water scarcity is not only about droughts or rivers running dry, abowe all, it is
about guaranteeing the fair and safe access they need to sustain their lives
and secure their livelihood.

The River Nile is the main source of water in Egypt, with an annual
allocated flow 55.5 billion m* yr'1 according to the Nile waters Agreement of
1959 between Egypt and Sudan. Howewver, the Egyptian population has
increased rapidly while, the water reuse didnt change. Consequently, Egypt
become under water poverty limit, EL-Hadidi et al. (2008).

The drainage water reuse in irrigation was officially and non-officially.
Officially reuse is the practice of pumping part of the drainage water flow into
the irrigation water system. Physically, officially reuse occurs lifting specified
amounts of drainage water for mixing with better water quality canals.
Unofficially reuse is practiced by individual farmers who decide, when and
how drainage water will be used for supplementing their needs of irrigation
water. Unofficially reuse of drainage water normally takes place near the tail
ends of the irrigation canals, EL-Komy (2012).

The agricultural drainage water in Egypt is considered one of the
most important untraditional water resources. The idea of reusing agricultural
drainage water in irrigation started to take considerable place in the water
policies, and the used agricultural drainage water was estimated by 4.5 billion
m?’yr'l in Delta area (EL-Eshmawiy et al., 2006).

Egypt, especially in the lower zone of the Nile Delta, suffers from
numerous types of pollutions. This represents a health hazard and threatens
the lives of farmers and other people eating the polluted crops (EL-Sheikh,
2003).

EL-Sheikh et al. (2010) evaluated free water surface constructed
wetlands (by far the largest application project is named “Lake Manzala
Engineered Wetland [Egypt]”) utilized to improve the water quality in Bahr El-
Baqgar drain, which is located at the northeastern edge of the Nile Delta. They
found that the concentrations of contaminants in the effluent were relatively
low. The percentages of removal for the different contaminants were BODs:
52%, COD: 50%, TSS: 87%, TDS: 32%, NH4-N: 66%, PO4: 52%, Fe: 51%,
Cu: 36%, Zn: 47% and Pb: 52%.

The gowernment of Egypt has implemented EL-Salam canal project
to reuse drainage water from Bahr Hadous and EL-Serw drains after blending
with the Nile water to create new communities along the canal and to re-
charting Egypt's population map (Hafez, Azza et al., 2008). It is well known
that the quality of drainage water resources in Dakahlia province is better
than these drains, so it is necessary to extend reusing of this water in
irrigation.

Rogers (2001) stated that soil ECe lewels had raised to 4.2 dsm™ at
the end of the season for the highest salinity irrigation treatment 7.6 dsm™.
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The soils in the two most saline irrigation treatments also became sodic (SAR
(1:5) > 3) by the third and fourth seasons. EL-Arby and El-Bordiny (2006)
reported that the ECe of soil samples irrigated with waste water are
approximately twice those irrigated by Nile water. Gaafer et al. (2009)
showed that using drainage water (Kafr Dokmiss) in irrigated agriculture land
recorded significantly the highest EC, cations and anions concentrations
followed by this irrigated with mixed water but this irrigated with Nile water
had the lowest values. EL-Komy (2012) pointed that Soil salinity, soluble ions
and SAR values of soil increased as a result of using drainage water.

Oron et al. (2002); Cetin and Kirda (2003) and Schoups et al. (2005)
suggested that Long-term sodic-water (SW) irrigation increased soil pH. El-
Shahawy and Ragab (2005) examined the pH of EI-Gharbia main drain
water, the lowest value (7.5) was recorded in August, while the highest value
(9.0) was detected in November. Serag (2009) noticed that using drainage
water for irrigation resulted in increasing soil pH value. EL-Komy (2012)
studied the effect of reuse of drainage water in irrigation on soil pH. He found
that the increasing of soil pH is related to salt content in irrigation water.

Therefore, the main objective of this study is to evaluate the effect of
irrigation with drainage water on chemical composition of plants.

MATERIALS AND METHODS

Water samples were seasonally collected during Jun. 2012 to Mar.

2014, from six sites in EL-Serw drain along (25 km.), These sites were at

distances (0, 5, 10, 15, 20 and 25 km.) from the beginning to end of drain.

EL-Serw pumping drainage station in the end of El-Serw, lifts the drainage

water to diverse it in EL-Salam Canal. Also, plant samples were taken from

crops (rice, clover, corn and wheat) and soil samples irrigated by drainage
water were collected seasonally from the beginning to the end of the drain
and subjected to chemical analysis.

Water analysis: -

e Salts content expressed as EC values were measured by using electrical
conductivity meter, soluble cations and anions were determined according
to Jackson (1973).

e Sodium adsorption ratio (SAR) was calculated using Richard's equation
(1954).

e NO3 —N was measured using microkjeldahl as described by Hesse (1971).

e Boron was determined calorimetrically using cariumen according to
Jackson (1973).

e For determined Pb, Fe, Mn and Zn content in the drainage water of EL-
Serw drain, water samples were digested using nitric acid as described in
standard methods-302 A ( APHA, 1985).

Soil analysis:-

e The awailable iron, manganese, zinc and lead were extracted using the
extracted solution of diethylen triamine penta acetic acid 0.005 M (DTPA),
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calcium chloride (CaCL;) and triethanol amine, according to Lindsay and
Nonell (1978).

¢ Saoil reaction (pH) was measured in saturated soil paste using combined
electrode pH meter as mentioned by Richards (1954).

e Total soluble salts were determined by measuring the electrical conductivity

in 1:5 soil extract in dSm * as explained by Jackson (1973).

Plant analysis: -

e Plant samples were dried, ground and digested (0.5 gm) using a
concentrated mixture of sulfuric (H,SO,) and perchloric (HCIO ,) acids
(1:1) as described by Peterburgski (1968).

o Water, soil and plant samples were measured using atomic absorption to
determine of Fe, Zn, Mn, and pb content according to (Page et al., 1982).

Crop rotation:
The crop rotations are presented the period of the study in Table 1:

Table 1: Type of plant cultivation during the studying in two drains:

Location Type of plant
km. from 2012 2013 2014
start Jun.| Sep. | Dec. Mar. | Jun. | Sep. | Dec. Mar.
0 Rice | Clover | Clover | Clover | Rice | Clover | Clover | Clover
5 Rice [ Clover | Clover [ Clover | Rice | Clover | Wheat | Wheat
10 Rice [ Clover | Wheat | Wheat | Rice | Rice | Wheat | Wheat
15 Rice [ Clower | Clover [ Clover | Rice | Rice | Wheat | Wheat
20 Rice | Clover | Wheat | Wheat | Rice | Rice | Clower | Clover
25 Rice [ Clower | Clover [ Clover | Rice | Rice | Wheat | Wheat

Climatic conditions:

The meteorological data were taken from Mansoura meteorological
station according to the formal data from the Ministry of Agriculture. Some
meteorological data during the period of the study are presented in Table 2:

Table 2: Air temperature, relative humidity during the period of the

study.
Year Month Temperature QO Relative humidi.ty %
Max Min max min
Jun. 37 21 78 61
2012 Sep. 32 23 79 45
Dec. 21 10 72 52
Mar. 24 7 94 46
Jun. 31 21 83 55
2013 Sep. 31 23 89 58
Dec. 26 11 82 60
2014 Mar. 33 13 88 31
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RESULTS AND DISCUSSION

Evaluation of EL-Serw drain water for irrigation purpose:-

The suitability of drainage water for irrigation purpose was determined
by salinity, permeability and toxicity problems.
The salinity problem:-

The potential salinity problem caused by salts in EL-Serw drain is
evaluated by U.S. salinity laboratory (1954) and FAO (1985). As shown in
Table 3 and Fig 1, the drainage water can be classified into two groups as
follow; The f|rst group includes water having Ec values ranging between 0.75
to 2.25 dSm™ at the beginning of drain 0 Km) and at the distance 5 Km in all
seasons of the study, except Dec. 2013 (2.27 dSm’ )and Mar. 2014. (2.72
dsSm’ ) This drainage water group belongs to C3-class according to USDA
Classification (1954) and is considered to cause increasing salinity problem
FAO (1985). Therefore this water cannot be used for irrigation with restricted
drainage system. To use this water for irrigation adequate drainage system
and special management for salinity control are required and plants with high
salt tolerance should be selected. The second group includes water samples
having EC values more than 2.25 dS m™ at the end of drain in Jun.2012, at
distance 10 Km to the end of drain in Sep., Dec. 2012 and Mar. 2013, at
distance 20 Km and the end of drain in Jun. and Sep. 2013 and Mar. 2014, at
distance 5.0 Km to the end of drain in Dec. 2013. This drainage water group
belongs to C4-class according to USSL classification and not suitable for
irrigation under ordinary condition but may be used occasionally under very
special circumstances.

Generally, EC values were higher in winter months than in summer.
EC values were slightly varied from season to another, where the EC values
were gradually increased from the beginning to the end of drain. The increase
of EC in winter than in summer may be due to the winter closure period
where the supply of irrigation water to the main canals is stopped or low
during this period. Also, the salinity of drainage water is lower in summer than
in winter, probably because of large amounts of water discharged to the
drains according to large area cultivated by rice crop. Increasing in EC values
were recorded with the clover follow wheat then cotton and finally, rice.

The permeability problem:-

Permeability problem is related to water infiltration into and through
the soil profile. The soil permeability is related to the effect of sodium
concentration in irrigation water. As shown in Table 3 and Fig.2, drainage
water samples of EL-Serw drain can be classified according to the values of
SAR into two groups. The first group includes drainage water having SAR
value less than 10 ppm at the beginning of drain to distance 5 Km except
Dec. 2013, at distance 10 Km. in Jun. 2013 and Mar. 2014 and at distance 15
Km. in Jun. 2012. This first group belongs to S1-class and it can be used for
irrigation in all studied location with little adverse effect of the dewvelopment of
harmful levels of exchangeable Sodium (Richard, 1954) and it can be used
without any restriction according to FAO (1985). The second group includes
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drain water having SAR values between 10-15 ppm in the end of EI-Serw
drain.

According to USDA (1954) water of the studies sites is entirely S1-
class. The description of this class "alkalinity hazard" of water as low
concentration of sodium thus, this water can be used for irrigation in most
months, with adwverse effects when using. Howewer, sodium sensitive crops
may accumulate injurious amounts of sodium.

Table 3: water chemical analysis and evaluation of EL-Serw drain during
the studied period from Jun. 2012 to Mar. 2014.

Distance 2012 2013 2014
km. from Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar.
start
ECdSm™
0 1.55 1.81 1.96 1.68 1.58 1.95 2.09 1.75
5 1.71 2.03 2.15 2.14 1.82 2.14 2.27 2.72
10 2.30 2.45 2.64 2.47 2.87 3.09 3.32 2.87
15 2.65 2.76 2.95 2.59 3.13 3.15 3.86 3.07
20 3.02 3.64 3.87 3.59 3.31 3.66 4.05 3.64
25 3.29 3.73 441 3.76 3.59 4.32 4.36 3.93
SAR
0 9.41 9.56 9.66 9.67 9.30 9.48 9.62 9.36
5 9.71 9.83 9.98 9.79 9.90 9.96 10.37 | 9.73
10 9.71 1050 | 10.01 | 10.09 | 10.09 | 10.46 | 10.89 | 9.98
15 9.96 1096 | 1153 | 1152 | 10.67 | 1054 | 12.17 | 10.47
20 10.67 | 11.00 | 12.08 | 12.10 | 11.20 | 1151 | 12.26 | 11.28
25 10.81 | 11.07 | 12.70 | 12.33 | 11.56 | 12.36 | 12.69 | 12.02
B ppm
0 0.88 1.37 1.90 1.34 0.83 1.43 1.71 1.18
5 0.95 1.40 1.98 1.38 0.88 1.50 1.78 1.26
10 0.98 1.47 2.03 1.44 0.90 1.53 1.84 1.33
15 1.04 1.49 2.08 1.49 0.96 1.59 1.90 1.38
20 1.08 1.56 2.10 1.52 1.01 1.61 1.99 1.44
25 1.16 1.62 2.19 1.61 1.11 1.76 211 1.51
NO3 ppm

0 26.0 36.5 40.0 35.7 25.8 34.1 36.6 304
5 27.6 38.1 40.3 36.1 26.9 34.7 374 31.3
10 31.8 40.6 425 38.6 29.6 37.2 40.3 32.6
15 32.8 41.0 42.8 39.5 30.4 38.6 41.3 32.8
20 33.7 41.3 43.4 40.3 31.1 39.4 43.1 32.9
25 33.9 41.9 43.9 41.0 31.7 39.8 43.5 33.1
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The toxicity problem:-
Boron toxicity problem:-

Data presented in Table 3and Fig 3 show that boron concentration in
the drainage water varied between 0.83 and 2.19 ppm and B concentration in
the water generally was increased with increasing salts content. According to
Gupta (1979) who classified irrigation water into five classes on the basic of
Boron hazard, this water belongs to class Bl< 3 ppm "normal water" in all
studied sites. This water can be used for most of tolerant and semi-tolerant
crops on all soil without any injuries effects on the grain yield. According to
FAO (1985), this water can be classified as slight to moderate degree of
restriction on use.
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Fig. 3: B ppm values for EL-Serw drainage water.
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Nitrate toxicity problem:

As shown in Table 3 and Fig. 4 Drainage water samples of EL-Serw
drain can be classified according to NO3-N into two groups. The first group
was between 5-30 mg L" at the beginning of the drain (0 Km.) in Jun. 2012
and 2013, at the distance 5 Km. also in Jun. 2012 and 2013 and at distance
10 Km. in Jun. 2013, it can be used in irrigation but with special conditions.
The second group was more than 30 mg L* and it cannot be used in
irrigation because sewverity degree of restriction on use, According to the
guideline of FAO (1985).
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Fig. 4: NO3 ppm values for EL-Serw drainage water

Micronutrients and Heavy metals toxicity problem:

The concentrations of Fe, Mn, Zn and Pb were slightly increased in
beginning of EI-Serw drain to the end of the drain as shown in Table 4 and
Figs 5, 6, 7 and 8. According to FAO (1985) and NAS/NAE (1972) the values
of Fe and Pb concentrations of EL-Serw drain were less than the critical limits
(5 and 5 mg L'l) at all sites of the study in all seasons, whereas, Mn and Zn
were less than the critical limits (0.2 and 0.2, respectively), except Zn at the
end of the drain (site 25 Km) in Dec., 2013 were higher than the critical limits.
In general, the concentrations of these elements were lower in the summer
than the winter and less than critical levels in both winter and summer
seasons. This water can be used for irrigation purposes without causing
serious problems for plants and soil in short term. But, continuous use,
especially in summer may cause an accumulation of these metals in plant
tissues and soil profile and may lead to toxicity problems.
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Table 4: Seasonal variations of micronutrients and heavy metal (ug L'l)
in EL-Serw  drain during the studied period from Jun. 2012 to

Mar. 2014.
Distance 2012 2013 2014
kn;.t;rr(t)m Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar.
FeugL™
48 50 74 48 44 65 79 50
48 57 96 49 45 80 91 59
10 59 72 96 66 64 92 99 80
15 88 92 101 89 87 97 113 93
20 95 97 123 93 96 102 150 104
25 102 109 135 100 105 115 172 114
Mn pg L™
14 16 19 15 15 17 24 14
22 24 26 24 25 36 45 35
10 36 39 46 42 38 43 51 53
15 48 55 80 54 49 69 90 63
20 68 76 96 94 71 82 115 108
25 99 105 118 109 109 112 130 111
Znug L™
0 14 16 17 21 13 29 39 25
5 35 44 58 48 37 47 68 54
10 67 77 84 75 72 83 93 81
15 80 95 113 105 90 95 155 131
20 110 114 150 112 129 120 201 119
25 161 126 175 125 146 131 216 133
PobugL™
68 70 78 69 70 72 81 71
82 85 94 83 84 88 96 86
10 90 104 116 100 90 104 103 99
15 192 212 232 202 195 224 245 109
20 214 245 285 225 215 254 299 235
25 329 335 355 327 332 345 412 365
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Effect of irrigation with drainage water on soil properties:

The soil salinity is mainly due to the salt concentration of applied
water in the top soil, the effect of ground water, temperature during the
growth season, applied fertilizers and the of irrigation method also cause
more salt accumulation, (Ayers and Westcott, 1985).

Soil salinity:

The quality of irrigation water affects soil chemical properties, which
could in turn reduce the suitability of the soil as a media for plant growth. It is
obvious from data presented in Table 5 that the electeroconductivity (EC.) of
the studied soil varied from site to site, depending on the organic chemical
composition on the soil and the quality of irrigation water use. The obtained
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data showed that utilization of low quality water for irrigation purposes led to
increase EC. value. This increase was almost proportional to the salt
concentration (ECiwy of the irrigation water. These results are in agreement
with those obtained by Serag (2009), Kheir (2010), EL-Komy (2012) and EL-
Samet (2013). They reported that increasing salinity of applied water or using
poor water quality of irrigation caused an increasing in soil salinity.

Soil pH:

Concerning change of soil pH as affected by quality of irrigation water,
the data in Table 5 revealed that the pH value ranged from 7.75 to 8.23, the
increasing of soil pH is related to salt content in irrigation water. Similar
results were found by EL-Komy (2012) and EL-Samet (2013).

Sodium Adsorption Ratio (SAR):

The values of SAR are shown in table 5 indicated that SAR values of
soil irrigated with low quality of water were higher than those in soil irrigated
with fresh water . These results could be supported by those obtained by
(Kheir, 2010).

Table 5: Properties of the studied soil under irrigation by drainage

water.
Distance km.from start] 2012 2013 2014
pH
0 7.75 8.14 8.17
5 7.89 8.17 8.15
10 8.00 8.21 8.09
15 8.09 8.23 7.99
20 7.98 8.14 791
25 7.79 8.11 7.85
EC dSm-1
0 1.98 2.09 1.99
5 1.94 2.05 2.09
10 1.86 1.95 2.15
15 1.79 1.89 2.10
20 1.71 1.84 1..99
25 1.69 1.79 1.92
SAR
0 6.41 6.78 7.30
5 6.33 6.83 7.17
10 6.19 6.57 7.10
15 6.03 6.17 7.09
20 6.01 6.02 7.03
25 5.94 5.97 6.98

Micronutrients and heavy metals contentsin soilsirrigated directly from
EL-Serw drain:-

The effect of low quality water on available of heaw metal (Pb) and
micronutrients (Fe, Mn and Zn) of soil are presented in Table 6. Which varied
between 1.04 — 4.44, 516 — 32.36, 13.5 — 782.0 and 2.5~ 61.3 ppm,
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respectively. Data showed that, using low quality for irrigation led to increase
available soil micronutrients, whereas, heaw metal (Pb) was decreased. This
is may be due to increase soil salinity and change of soil pH Table 5.
Generally, concentration of heaw metal and micronutrients in soil depend on
some factors, such as total concentration of elements, type of cultivated
plants, pH, total CaCO3, organic matter and soil texture (Wild, 1988). Data in
Table 5 showed that, the availability of above mentioned elements varied
from site to site but it slightly varied for Fe, Zn and Pb and greatly varied in
Mn between sites. The all concentrations were above permissible limit except
Pb.

Generally, the long term application of poor quality and polluted
drainage water increase the availability and contents of heaw metals and
may play a very bad role in the contamination and degradation of agriculture
soil.

Table 6: Micronutrients concentration and heavy metalsin irrigated soil
from drainage water during the studied period from June.
2012 to Mar. 2014.

Distance 2012 2013 2014
Eg.rt from Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar.
Fe mgkg™
0 5.16 | 23.56 6.35 10.23 5.38 6.12 7.08 7.89
5 10.37 | 29.50 | 7.15 13.36 7.06 [ 2183 [ 25.46 | 28.24
10 724 | 2483 | 29.70 | 1881 | 6.49 | 1837 | 1864 | 8.76
15 12.93 | 28.02 | 29.38 | 28.62 8.25 [ 1293 | 28.25 | 23.89
20 5.69 7.67 | 18.78 | 19.13 | 6.59 6.30 | 28.43 | 20.22
25 13.18 | 31.02 | 31.95 | 30.12 | 12.26 | 23.56 | 32.36 | 30.25
Mn mg kg™
0 30.3 75.6 65.9 61.6 135 85.3 735 235
5 114.6 | 105.0 | 102.8 | 1154 814 106.8 74.6 274
10 308 | 1274 | 714 144.8 26.8 [ 160.6 | 167.6 26.0
15 948 | 1184 | 153.2 74.4 22.0 | 782.0 84.2 29.2
20 80.2 83.4 67.0 81.8 18.6 87.6 78.6 274
25 95.6 99.6 | 1126 | 984 98.9 | 1025 | 1259 | 1034
Znmgkg™
0 3.9 4.6 3.2 4.9 3.1 24.5 16.8 29.1
5 6.1 6.9 51 16.9 34 26.7 58.3 29.3
10 5.9 5.1 8.7 5.9 3.1 18.7 16.3 33.5
15 4.7 7.5 8.1 19.7 35 319 35.1 319
20 3.9 4.3 3.3 13.7 25 23.9 21.3 375
25 6.8 74 9.2 171 6.5 325 61.3 321
Pbmgkg™
0 1.04 1.12 1.24 1.09 1.25 1.68 1.69 1.16
5 2.56 252 3.22 2.46 2.64 3.28 3.94 2.74
10 2.28 2.46 252 2.58 252 2.60 4.02 2.62
15 2.76 3.20 2.50 2.84 2.62 2.72 3.66 2.64
20 2.72 2.98 2.92 2.72 2.64 2.72 3.70 2.38
25 281 3.35 3.46 2.95 2.86 3.26 4.44 3.21
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Micronutrients and heavy metals in plants irrigated from drainage
water:

The contents of heaw metals pb and micronutrients (Fe, Mn and Zn)
in plants grown in the soil irrigated with drainage water were effected by total
and awvailable concentrations of these elements in soil, soil pH and plant
species.

Wheat and rice crops:

Data in Table 7 show that the concentration of heaw metal pb and
micronutrients (Fe, Mn and Zn) in straw of wheat and rice crops, the data
indicated that the concentration of these elements were higher in wheat than
rice. the concentration of heaw metals in straw of wheat and rice was higher
than in grains Concerning Mn and Zn concentration in straw of wheat plant,
were less than the critical limit in all locations.

Table 7: Micronutrients concentration and heavy metal in irrigated plant

from drainage water during the studied period from June.
2012 to Mar. 2014.

Distance 2012 2013 2014
I;gétfrom Jun. [Sep.| Dec. Mar. Jun. Sep. Dec. Mar.
Fe ppm
0 1153 R [2631 C| 2562 C 2351 C 1356 R 2789C 1654 C 2451 C
5 1323 R |2965 C| 3365 C 2956 C 1398 R 3251C 1854 W| 215WS [ 51 WG
10 1347 R |7620 c| 1726 w [ 495ws | 196WG [1962 R| 463RS | 56RG |1971 w| 569WsS | 236WG
15 1752 R |7960 C|5691 C 3210 C 2215 R| 568RS | 75RG [2354 W| 654WS | 321WG
20 2856 R 8126 | 2960 w | 553ws | 326WG [2064 R| 621RS | 76RG [ 7564 C 4251 C
25 3500 R [8351 C| 7365 C 5231C 3618 R| 632RS | 76RG [3654 W| 685WS | 336WG
Mn ppm
0 109 R [132C| 65C 54 C 115 R 144 C 78 C 49 C
5 123 R [168C| 76 C 59 C 126 R 175 C 82 W | 24 WS |6.52WG
10 145R [214c| 75w [55 ws| 5wG [156 R| 89 RS [11 RG [ 91 w [ 52 ws [8.21wG
15 165R [315C| 89 C 68 C 173 R| 91 RS | 11 RG [102 W| 61 WS [9.36WG
20 170R [325c| 87w |67 ws| swc [179R[ 98 RS [12RG [112C 56 C
25 167 R [365C| 98 C 75 C 182 R[112 RS 13 RG [108 W] 65 ws [9.80wG
Zn ppm
0 89R [82cC ]| 92C 89 C 91 R 95 C 109 C 125 C
5 182R [96C | 121 C 115 C 112 R 105 C 129 W[ 100 WS| 37 WG
10 196 R [98 c | 110 w |85 ws| 33 wG |195 R| 75 RS [ 10 RG [136 W]121 ws| 45 wG
15 226 R |121C| 145C 132 C 209 R| 79 RS | 10 RG [146 W|125 WS| 54 WG
20 296 R [123 c[125 w |96 ws| 56 wG [223 R[ 86 RS[11 RG [271 C 156 C
25 312R |168C| 178 C 171 C 246 R| 91 RS | 12 RG [152 W|132 WS| 59 WG
Pb ppm
0 5R |15C | 18C 16 C 6 R 17 C 20 C 17 C
5 6R |18C | 20C 17 C 8R 19C 14 W | 10 WS [1.95WG
10 8R |20c| 14w [10ws]2.001wG| 12R | 7Rs [1.01rG[ 18 W [ 15 ws [2.10wG
15 11R |21C| 23C 21C 14R | 9RS [1.05RG|[ 21 W | 17 WS [2.23WG
20 16R [25c | 16w [11ws[2.00wG| 16 R [ 10 RS [1.00RG][ 29 C 22C
25 19R |29C | 28C 25C 19R |11 Rrs [1.12rRG [ 27w [ 23 ws [2.20we
R=Rice RS=Rice straw RG= Rice grain C= Clover W= Wheat WS=Wheat straw WG=

Wheat grain
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Pb and Fe concentrations in straw of wheat and rice plants were
higher than the critical limit in all locations. This may by due to concentrations
of these elements in irrigation water and cultivated soil according to Alloway
(1995). The maximum Pb limit, for human health has established for edible
parts of crop by WHO (1989) Standard, was 0.3 mg kg"l (Codex, 2001).
Clover plant:

Data in Table 7 show that, Zn (20 ppm) concentration was
higher than the critical limits at all locations and Pb (20 ppm) concentration
was less than critical limits in shoot of clover plants except Pb at the end of
drain in autumn and winter 2012 at distance 15 Km. to the end of drain,
winter 2012 at distance 20 Km., spring 2013 at distance 15 and 25 Km. and
spring 2014 at distance. 20 Km was higher than the critical limits. While, Fe
concentration was higher than critical limit at all locations according to
Alloway (1995).

On the other hand Mn concentration was less than critical limit (400-
1000 ppm) at all locations in shoot of clover plants. It was found that pb
concentration in fresh clover yield irrigated with drainage water was higher
than the normal lewel.

The order of micronutrients and heaw metal concentration were as follows:

Clover > Wheat > Rice
Finally, the concentration of the previous element in wheat (straw & grain),
rice (straw& grain) and clover plants affected by irrigation water quality and
fertilizers, total and available concentration of these element in soil, soil pH
and plant species.

CONCLUSION

To safe reuse of the drainage water in irrigation it can be concluded

that:-

e This water can be used at the head of the drains where the salinity levels
of waters were approximately low.

e This water can be used in the summer season compared to winter
season, spring season and autumn season where EC, SAR, B, and NO3
increased to ward the north direction from the beginning of drain to the
end of drain.

e The water at the end part of the studied drain is not suitable for irrigation
during the period of study (2012 to 2014).

e Proper management for water, soil and plant is required to maximize the
utilization of drainage water efficiency and minimize the adverse effects.
The soil must be permeable, drainage must be adequate, and irrigation
water must be applied in excess amount to provide the leaching
requirement and high salt tolerance crops should be selected.

1312



J. Soil Sci.and Agric. Eng., Mansoura Univ., Vol. 5 (9), September, 2014

RFERENCES

Alloway, B. J. (1995). Heaw metals in soils. Blackie Academic professional,
an Imprint of chapman & Hall, Esterncleddens Road, UK.

American Public Health Association (APHA) (1985). Standard Methods For
the Examination of Water and Waste water 15" (ed), Washington,
D.C.; USA. P, 525-535.

Ayres, R. S. and Westcot, D. W. (1985). Water quality for agriculture. FAO
Irrigation and Drainage, Paper 29, Rome, ltaly.

Cetin, M. and C. Kirda (2003). Spatial and temporal changes of soil salinity in
a cotton field irrigated with low quality water. Journal of Hydrology,
272(1/4): 238-249.

Codex Alimentarius Commission (FAO/WHO) (2001). Food additives and
contaminants. Joint FAO/WHO Food Standards Prgram; ALINORM
01/12A:1-189.

EL-Arby, A. M. and M. M. EI-Bordiny (2006). Impact of reused waste water for
irrigation on availability of heaw metals in sandy soils and their uptake
by plants. J. of Applied Science Research. 2:106-111

EL-Eshmawiy, K.H.; L.M. EL-Shiraif, A.E. Taha and A.L. Negm (2006). The
economic value of varied salinity irrigation water use in the egyptian
agriculture. J. Applied Sci. Res., 2(12):1117-1128.

EL-Hadidi, E. M.; A. A. Mosa and Sara. EL-Shabasy (2008). Effect of low
quality irrigation water on spinach yield and some soil chemicals
properties. J. soil Sci., Mansoura Univ., 33(12): 9075-9090.

EL-Komy, M. N. (2012). Assessing the quality of irrigation water resources in
North Kafr EL-Sheikh Gowernorate. M. Sc. Thesis, Fac. Of Agric.,
Mansoura Univ., Egypt.

EL-Samet, Rania M. (2013). Crop rotation and climate change impacts on
drainage water quality in North Dakahlia Gowernorate. Ph.D. Thesis,
Fac. Of Agric. Mansoura Univ.

EL-Shahawy, M. I. and M. M. Ragab (2005). Demonstration of sustainable
safe reuse of drainage water in agriculture at North Delta. Annual
report Agricultural Research Center, Regional Council for Agricultural
Research and Extension, 20-25.

EL-Sheikh, M. A.; H. I. Saleh.; D. E. EI-Quosy and A. A. Mahmoud (2010).
Improving water quality in polluted drains with free water surface
constructed wetlands. Ecological Engineering. 36: 1478-1484.

EL-Sheikh, M.A. 2003. Improvement of drainage water quality for safe usage
in agricultural rural areas. In: Proceeding of the 4" Egyptian Rural
Dewelopment Conf.,, Shebeen Elkom, Egypt. 15-17 September.

FAO, (1985) Food and Agriculture Organization. Water quality for agriculture.
FAO Irrigation and drainage Paper No. 29 Rev. Sed. FAO, Rome.
Gaafer, H. M. A.; G. H. A. Ghanem; M. M. Bendary; F. I. Zein; A. A. |. Atwa
and H. M. A. EL-Sanafawy (2009). Effect of polluted irrigation water on
accumulation of some heaw metals in clay soil, berseem and milk of
cows and buffaloes. Egyptian J. Nutrition and Feeds. 12 (3). Special

Issue: 71-82.

1313



Khafagy, E. E. E. et al.

Gupta, I. C. (1979). Use of Saline Water in Agriculture in Arid and Semi-Arid
Zone of India. Oxford & IBH Publishing Co., New Delhi 210 p.

Hafez, Azza K. M.; K. EL-Katib; Gad Alla, Hanaa and S. EL-Manharawy
(2008). EL-Salam Canal project, Sinia Il. Chemical water quality
investigations, Desalination 227:274-285.

Hesse, P. R. (1971d). "A Text Book of Soil Chemical Analysis". Juan Murry
(Publisher) 1'Y, London.

Jackson, M. L. (1973). Soil Chemical Analysis. Prentice Hall of India Private
Limited, New-Delhi

Kheir (2010). Effect of irrigation water quality on some soil physical and
chemical properties of some North Delta soils. M. Sc . Thesis, Fac. Of
Agric.,Kafr EL-Sheikh Univ., Egypt.

Lindsay, W. L. and W. A. Nonell (1978). Dewvelopment of A DTPA test for
zinc, iron, manganese and copper. Soil Sci. Am. J., 42:421-428.

National Academy of Science and National Academy of Engineering
(NAS/NAE) (1972). Water Quality Criteria. Environmental Protection,
Agmcy, USA.

Oron, G.; Y. D. Malach; L. Gillerman; I. David and S. Lurie (2002). Effect of
water salinity and irrigation technology on yield and quality of pears.
Biosystems Engineering, 81(2): 237-247.

Page, A. L.; H. Miller and D. R. Keeney (1982). Methods of Soil Analysis.
part 2, ASA, SSSA, Madison, Wisconsin USA.

Peterburgski, A. V. (1968). "Hand book of Agronomic Chemistry". Kolop
Publishing House, Moscow, Russia.

Richards, L. A. (1954). Diagnosis and Improvement of Saline and Alkaline
Soil. USDA. Handbook No. 60.

Rogers, M. E. (2001). The effect of saline irrigation on lucerne production:
shoot and root growth, ion relations and flowering incidence in six
cultivars grown in Northern Victoria, Australia. Irrigation Science, 20(2):
55-64.

Schoups, G.; J. W. Hopmans; C. A. Young; J. A. Vrugt; W. W. Wallender; K.
K. Tanji and S. Panday (2005). Valley, California. Sustainability of
irrigated agriculture in the San Joaquin Proceedings of the National
Academy of Sciences of the United States of America, 102 (43):15352-
15356.

Serag, A. H. (2009). Application of some amendments and drainage water
irrigation for soil sustainable productivity. M. Sc. Thesis, Fac. of Agric.,
Mansoura Univ., Egypt.

USDA (1954). Diagnosis and Improvement of Saline and Alkali Soils. USDA,
USA, Hand Book, No 60.

WHO (1989). Evaluation of certain food additives and contaminants. In Thirty-
third report of the Joint FAO/WHO.

Wild, A. (1988). Soil Condition and Plant Growth 11" end. Longman. London.

1314



J. Soil Sci.and Agric. Eng., Mansoura Univ., Vol. 5 (9), September, 2014

cladl) L3809 Ay il pal i e o 15 U al) slia A gd ad
J&M\W@\Js““%ﬂﬁh\ﬁ! ‘geuiw\g_uﬂ\gi:\ﬂﬂ\
* e

a5l — Lo 3 Esadl e Al g olsally ) Y1 gy gna

3N EQRURCTRGE REVEPRS 72 s + FORUWIL [ FPW U SO WU PRINN

il g Jolall cldaag ¢ aall Copall sl Jaias 8 padll Jsha e 858 Al g 8l e paadl

Alilie (Ao YoV E Gajba (Aa Yo Y A (e Lo se olaadl Cliie aend o Cua oS Y0 4] la 5 ALY

Jsb (Ao Ve ge 4y Ao ) e T 5 U 5 (S Y0 5 Y0 010 )+ 40 60 ) Cajpemall Ay (10

iyl

gale Juanial) ilidl) aaf cuils g

Jomasll in Yladi olas¥l ge Adidla 335 i sl slse lisal (EC) (el Janasill a Cijelal @
Glie IS Ciia ale 5 olaiV) udi AT ( SAR) paedall a5 pall A GlIAS G jpeadl) 4l
. CAS2 dg) b Cady (o jeadl g die ol Clie 1o e C3S1 i) S @l gall JS 8 oludll
(BL) 3/ ladde ¥ e 1 IS 5l S 80385 o i) Cammg) ¢ s psll 3 Al @
Altine A A8 5 4S5 Lgaladiud 3a 0 13 Lgr = gansal) 2 gaad) ns

Mo YUY Cipa e b A/ plonle ¥o — 0 O g pull i pusa olsa (B A S8 S sl S o
GAY) il sall 5 a8l gall Laiy oS )+ Al s jha Al die YoV E Cana 5 oS 05 jhia Al
ez senall qj.\;!l&qur_‘\ il

ol i 331 a8l 0 JS 8 Ly ¢ samsall 2508l (e S8 i )il 5 45800 pualiall 385 @
A0 A pH 5305 of LS ) (8 il obia pladind 3305 e 355 SAR o 5 & il Aasle o
Lo iy 3 e sl sl (s sina Lasi s

paba il juaic Laiy 48801 jualinll (e G il (5 sinn 3 ) ) sl (o G pall ol aladiul (5 @
(eS8 fpake 00 4 ) Ly 2 sansall 350a) (g0 J8 S

O 3l 1l sall adana (5 Y) 5 el S g s i (8 palia 5 ABAD) jaliall S5 @
b aliall 02 @ 38 5 Ll gy 2 samsal) 250a) e e il paall oo Le L 7 sasall 3521l
L sl S 8 sl G e calS 5815 mall 8

ety sl il 8 ol gall S8 Lg 7 sansall dgaadl (e J81 S Giaial) 5 el gl @ 38 55 @
Al 51 8 i gl ol sl IS Le 2 gl dgaadl (e e b cilS Gabia 5 aaadl @l 38 5
) 5 ) gy olaall 53 sm 1 0 Jaaladl Ji S 591 i @

1315



Khafagy, E. E. E. et al.

J. Soil Sci.and Agric. Eng., Mansoura Univ., Vol. 5 (9): 1299-1315,2014

1316



	Evaluation of EL-Serw drain water for irrigation purpose:-
	The suitability of drainage water for irrigation purpose was determined by salinity, permeability and toxicity problems.

