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ABSTRACT: A field experiment was conducted to assess the potential use of low-quality water for
irrigation and its effect on nutrients uptake, heavy metals accumulation, yield productivity and grains
yield efficiency of wheat plant. Irrigation water sources were Nile water, mixture of Nile water +
Agricultural drainage water, Agricultural drainage water, and sewage water. Obtained results proved
that irrigation with low-quality water would accumulate appreciable amounts of heavy metals in soil
which are toxic to plant, but this accumulation was more pronounced in the straw compared with
grains. The macronutrients uptake of straw under irrigation with Nile water, Nile water + Agricultural
drainage water, Agricultural drainage water, and sewage water were 16.05, 20.28, 21.20 and 26.79 ¢
kg'l, respectively for N; 2.17, 2.73, 4.22 and 4.86, respectively for P; 9.01, 12.53, 17.31 and 19.05 ¢
kg™, respectively for K. The macronutrients uptake of grains was 32.08, 38.75, 39.82 and 40.51 g kg™,
respectively for N; 3.72, 4.15, 5.43 and 6.25, respectively for P; 14.77, 16.53, 25.11 and 27.17 g kg™,
respectively for K. The micronutrients uptake of straw under irrigation with Nile water, Nile water +
Agricultural drainage water, Agricultural drainage water, and sewage water were 130.5, 194.2, 227.3
and 253.7 g kg, respectively for Fe; 78.3, 119.7, 148.2 and 155.8, respectively for Mn; 25.5, 38.4,
43.8 and 54.3 g kg™, respectively for Zn. The micronutrients uptake of grains was 74.5, 101.3, 117.2
and 1245 g kg'l, respectively for Fe; 49.2, 68.3, 79.1 and 112.7, respectively for Mn; 16.1, 21.3, 23.7
and 31.5 g kg™, respectively for Zn. The heavy metals content of straw under irrigation with Nile
water, Agricultural drainage water, Nile water + Agricultural drainage water and sewage water were
10.13, 15.72, 17.55 and 24.31 g kg™, respectively for Pb; 7.30, 13.81, 15.47 and 18.22, respectively for
Ni; 5.02, 8.53, 9.71 and 12.37 g kg™, respectively for Cd. The heavy metals content of grains under
irrigation with Nile water, Agricultural drainage water, Nile water + Agricultural drainage water and
sewage water were 7.51, 10.32, 12.28 and 17.45 g kg™, respectively for Pb; 5.43, 8.31, 9.75 and 12.52,
respectively for Ni; 2.17, 3.53, 4.15 and 5.21 g kg™, respectively for Cd. The straw yield under
irrigation with Nile water, Agricultural drainage water, Nile water + Agricultural drainage water, and
sewage water were 3.185, 2.775, 1.852 and 2.253 g kg™, respectively, while the grains yield was
2.751, 1.957, 1.135 and 1.541 g kg™, respectively.
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INTRODUCTION half of its needs to satisfy the annual demands
(El-Habbasha and EI-Sayed, 2020).

Despite the fact that the wheat (Triticum Irrigation water quality is critical for proper

aestiv_um cv.) is considered th_e primary grains management  necessary  for  sustainable
crop in Egypt, the supplementing production of  aqricylture, Thus, there may be a need to use
wheat has been achieved by importing just over some low-quality water such as agricultural
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drainage or sewage waters for irrigation (Qadir
et al., 2010).

Expanding the cultivation of wheat with
irrigation from diverse sources including waters
of lower quality is significantly important. Usage
of some low-quality waters such as Agricultural
drainage and sewage waters for irrigation would
accumulate appreciable amounts of heavy
metals in soil which are toxic to plant. This bio
accumulation is a major dangerous environmental
health problem (Qadir et al.,, 2010). The
pollution resulting from heavy metals accumulation
deteriorate the quality of the food crops and
water in addition to threatening the health of
animals and human (Dong et al., 2011).

Therefore, it is important to study how
pollution affects plants because it not only
affects the economy by decreasing crop yields
but also harms human and animal health.

MATERIALS AND METHODS

A field experiment was conducted at four
locations different in their irrigation water source at
Sahl El-Husaineya research stations, Agriculture
Research Center, Sharkia Governorate. Irrigation
water sources were Nile water from Sarhan
canal, mixture of Nile water+Agricultural drainage
water from EI-Salam canal, Agricultural
drainage water from Bahr Hadous and sewage
water from Bahr El-Bagar.

Wheat plant (Triticum aestivum cv.) was
cultivated during the growing season of 2017 ~
2018 to assess the potential use of low-quality
water for irrigation and its effects on plant
pollution, yield productivity, and grains yield
efficiency.

The physical and chemical properties of soils
are shown in Tables 1, 2 and 3. The chemical
characteristics of different irrigation water
sources are shown in Tables 4 and 5.

Recommended doses of nitrogen, phosphorus
and potassium were added. Nitrogen as ammonium
nitrate, Phosphorus as super phosphate calcium
and Potassium as potassium sulphate were
added at rates of 100 kg N fed *, 13.5 Kg P fed™
and 40 kg K, fed, respectively.

Plant samples were collected at harvest
corresponding to 120 days from sowing. The
macronutrients (N, P and K), micronutrients (Fe,
Mn, and Zn) and heavy metals (pb, Ni, and Cd)
were determined after wet digestion of plant
samples.

Methods of Analysis
Soil analysis

Particle size distribution was conducted
using international pipette methods according to
Gee and Bauder (1986). The calcium meter
method described by Klute (1986) was used to
determine total calcium carbonate (CaCO3 gkg™).
Organic matter was determined using the
method of Walkely and Blank as described by
Jackson (1973). Electrical conductivity (ECe)
and pH as well as Soluble cations and anions
were determined in soilpaste extract using
stander methods described by Jackson (1973).
Available nitrogen was determined by stem-
distillation procedure using MgO-Devarda alloy
according to Bremner and Keency methods as
described by Black et al. (1982). Available
phosphorus was extracted by 0.5 M NaHCO; at
PH 8.5 and determined calorimetrically using
the ascorbic acid method described by Watanabe
and Olsen (1965). Awvailable potassium was
extracted by 1.0 M ammonium acetate at PH 7.0
and determined by the flam Photometer according
to Jackson (1973). Available macronutrients (N,
P and K) and micronutrients (Fe, Zn, Cu and
Mn) as well as extractable heavy metals (Ni, Cd
and pb) were determined according to
Soltonpour (1985). Irrigation water analysis:
Electrical conductivity " ECe" and PH as well as
soluble cations and anions were determined
according to the standard methods described by
Page et al. (1982). Soluble (Fe, Mn, Zn, Cu, pb,
Ni and Cd) were determined by inductively
coupled plasma (ICP) spectrometry according to
Soltonpoure (1985).

Plant analysis: Plant samples were collected
at harvest and extracted by digestion with H,SO,
+ HCLO, to determine macronutrients (N, P and
K), micronutrients (Fe, Mn, Zn and Cu) and
heavy metals (pb, Ni, and Cd) according to
Chapman and Pratt (1964).
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Table 1. Physical analysis of soil at different locations used for the current study
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Soil particle distribution (%0) o
Location and Irrigation water source Sand oD =
Silt Clay Texture = 8
_ o T
Course Fine ©
El-Husaineya region
aineyareg 295 2893 32.80 35.32 IC'ay 153 52.5
Nile water oam
El- Rowad village
_ _ % 382 2550 3336 3732 O 157 582
Nile water + Agricultural drainage water loam
Hadous region
_ & 185 2056 3585 4174 O 162 630
Agricultural drainage water oam
Tarig bin Ziyad village
a Y ’ 475 2290 30.18 42.17 I%La% 175 72.1

Sewage water

Table 2. Chemical analysis of soil at different locations used for the current study

Location and Irrigation water

- 1
. EC** Cation (mmole L™)

Anion (mmole L™)

p -
Source (dsm*) 7 Mg®* Na* K* HCO; Cl° COs* SO/

El-Husaineya region
Nile water
El Rowad village

Nile water + Agricultural drainage 7-83 4.38 7.43 11.54 29.210.64

water
Hadous region
Agricultural drainage water
Tariqg bin Ziyad village 5.23

7.78
Sewage water

13.1
9.85

7.88 1.88 4.15 2.18 13.860.61 1.77 8.53

23.82

7.75 5.87 10.50 14.75 35.860.73 6.21 29.31

)
32.620.68 5.65 27.44

nil  10.50
nil  20.33
nil  26.32
nil  23.21

* Soil-water suspension (1:5) ** Soil paste extract
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Table 3. Concentration of macro and micronutrients as well as accumulation of heavy metals in
soil at different locations used for the current study

Macronutrient Micronutrient Heavy metal

source

N P K Fe Mn Zn Cu Pb Ni Cd

El-Husaineya region .
) 55.30 17.48 45.01 2.35 1.18 0.75 0.25 1.20 0.45 nil
Nile water

El- Rawad village
Nile water + Agricultural 56.42 16.32 47.32 2.48 158 0.90 0.34 3.75 0.66 0.02
drainage water
Hadous region
) ] 57.38 17.84 48.26 255 1.77 0.93 0.44 5.63 0.77 0.03
Agricultural drainage Water
Tariqg bin Ziyad village

58.72 18.55 52.38 2.89 1.83 0.95 0.52 7.75 0.82 0.03
Sewage water

Table 4. Some chemical analysis of different irrigation water sources used for the current study

Irrigation water EC Cation (mmole L™) Anion (mmole L™)
pH ! -
Source (dsm™) Ca®* Mg¥ Na* K' HCO; Cl = COs* SO,
Nile water

782 136 3.68 198 565089 136 4.49 nil 6.35
(Sarhan Canal)

Nile water + Agricultural
drainage water 795 148 289 461 558 0.82 1.66 4.31 nil 7.93
(El-Salam Canal)
Agricultural drainage water
(Bahr Hadous)
Sewage water
(Bahr El-Baqgar)

810 159 3.18 395 6.98 1.09 2.13 4.90 nil 8.17

823 175 422 321 7.85 112 254 419 nil 9.67
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Table 5. Concentration of macro and micronutrients as well as heavy metals of irrigation water

sources used for the current study

Macronutrient Micronutrient Heavy metal
Irrigation water 1 1 1
(mg L) (ngL?) (ngL?)
source
N K Fe Mn Zn Cu Pb Ni Cd
Nile water
17.62 3.27 7.13 760 425 630 40 370 20 150
(Sarhan Canal)
Nile water + Agricultural
drainage water 21.14 401 7.95 925 440 660 70 625 33 250
(El-Salam Canal)
Agricultural drainage water
31.30 4.43 8.02 1170 515 740 90 715 50 450
(Bahr Hadous)
Sewage water
33.41 5.28 8.23 1480 675 890 100 1130 67 650

(Bahr El-Bagar)

RESULTS AND DISCUSSION

Effect of Using Low-Qualiity Water for
Irrgation on Wheat Plant

Macronutrients uptake by wheat plants as
affected by different irrigation water sources

Macronutrients uptake of wheat straw

Contents of macronutrients in wheat straw
influenced by different irrigation water sources
are identified in Table 6. Data shows that the
plants irrigated with sewage water gave the
highest N uptake of 26.79 kg fed™ compared to
16.05, 20.28 and 21.20 kg fed™ under irrigation
with Nile water, Nile water + Agricultural
drainage water and Agricultural drainage water,
respectively. As for P uptake, the highest value
of 4.86 kg fed” was observed under irrigation
with sewage water compared to 2.17, 2.73 and
4.22 kg fed under the irrigation with Nile
water, Nile water + Agricultural drainage water
and Agricultural drainage water, respectively.
Regarding K uptake, Data proved that the
highest value of 19.05 kg fed™ was observed
under irrigation with sewage water compared to
9.01, 12.53 and 17.31 kg fed™ for plants irrigated
with, Nile water, Nile water + Agricultural drainage
water, Agricultural drainage water, respectively.
In this regard, Abd-EIl-Kader (2007) found that

nitrogen uptake by wheat was highly influenced
by the application of sewage water. Sallam et
al. (2008) found that the highest values of N, P
and K concentration in plants were recorded
upon irrigation with Bahr El-Bager drainage
water. Mostafa et al. (2015) reported that the
content of macronutrients in wheat straw under
irrigation with Nile water, Agricultural drainage
water, Nile water + Agricultural drainage water
and sewage water was 10.2, 12.1, 11.1 and 14.6
g kg, respectively for N; 2.7, 3.4, 3.1 and 3.95,
respectively for P; 28.1, 31.3, 28.9 and 35.6 ¢
kg™, respectively for K.

Macronutrients uptake of wheat grains

Contents of macronutrients grains influenced
by different water sources are identified in Table
6. Data show that the plants irrigated with
sewage water gave the highest N uptake of
40.51 kg fed™ compared to 32.08, 38.75 and
39.82 kg fed™ for plants irrigated with Nile
water, Nile water + Agricultural drainage water
and Agricultural drainage water respectively. As
for P uptake, data proved that the highest P
uptake of 6.25 Kg fed™ was under the irrigation
with sewage water compared to 3.72, 4.15 and
5.43 kg fed™ for plants irrigated with Nile water,
Nile water + Agricultural drainage water and
Agricultural drainage water, respectively.
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Table 6. Macronutrients uptake of wheat straw and grains as affected by different irrigation

water sources

Wheat grains
Wheat straw g

i kg fed™
Irrigation water source (kg fed™) (kg )
N P K N P K
Nile water
16. 2.17 .01 3208 3.72 14.77
(Sarhan Canal) 6.05 90
Nile water + Agricultural drainage water 2028 273 1253 38.75 415 1653
(El-Salam Canal)
Agricultural drainage Water 2120 422 17.31 39.82 543 2511
(Bahr Hadous)
Sewage water 26,79 486 19.05 4051 625 27.17

(Bahr El-Bagar)

Concerning K uptake, data show that the
highest value of 27.17 kg fed™ was observed
under irrigated with Nile water compared to
14.77, 16.53 and 25.11 kg fed™ for under irrigation
with Nile water + Agricultural drainage water,
Agricultural drainage water and sewage water,
respectively. In this regard, Shaban (1998)
found that the content of macronutrients in
grains under the irrigation with Nil water, Nil
water + Agricultural drainage water, Agricultural
drainage water, and sewage water were 114.2,
61.9, 72.4 and 183.5 mg plant™, respectively for
N; 13.1, 6.45, 8.7 and 13, respectively for P; 22.1,
13.1, 16.9, and 22.7 mg/plant , respectively for
K. Rehan et al. (2004) who found that the N, P
and K concentration and uptake of grains
increased with irrigation with sewage water.
Mohammad et al. (2010) showed that the
concentrations of N, P and K in plants were
significantly increased by irrigation with waste
water in long growing season. Mostafa et al.
(2015) reported that the content of
macronutrients in grains under the irrigation
with Nile water, Agricultural drainage water,
Nile water + Agricultural drainage water and
sewage water were 19.1, 21.4, 20.8 and 22.0 g
kg™, respectively for N; 3.9, 4.5, 4.35 and 4.6 g
kg'l, respectively for P; 23.3, 25, 24.7 and 25.5 g
kg™, respectively for K.

Micronutrients uptake by wheat plants as
affected by different irrigation water
sources

Micronutrients uptake of wheat straw

The content of micronutrients in wheat straw
under irrigation with different water sources are
identified in Table 7. Data proved that the uptake
of micronutrients in plants irrigated with sewage
water gave the highest Fe uptake of 253.7 g fed™
compared to 130.5, 194.2, and 227.3 g fed”,
respectively under irrigation with Nile water,
Nile water + Agricultural drainage water and
Agricultural drainage water, respectively. Data
also reveals that the highest Mn uptake of 155.8
g fed™ observed under irrigation with sewage
water compared to 78.3, 119.7, 148.2 g fed™
under irrigation with Nile water, Nile water +
Agricultural drainage water and Agricultural
drainage water, respectively. Concerning Zn
uptake, data indicated that the highest of 54.3 g
fed™ was observed under irrigation with sewage
water compared to 25.5, and 38.4 and 43.8 g fed™
under irrigation with Nile water, Nile water +
Agricultural drainage water and Agricultural
drainage water, respectively. In this regard, El-
Gazzar (1996) found that the content of Fe, Mn
and Zn increased in the plants irrigated with
polluted water and reached 213, 60 and 18 mg
kg™ respectively, compared to those irrigated with
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Table 7. Micronutrients uptake of wheat straw and grains as affected by different irrigation

water sources

Wheat grains
Wheat straw

Irrigation water fed™
g (q fedY (g fed™)
source
Fe Mn Zn Fe Mn Zn
Nile water
1305 783 255 745 49.2 16.1
(Sarhan Canal)

Nile water + Agricultural drainage water

(El-Salam Canal)
Agricultural drainage water
(Bahr Hadous)
Sewage water
(Bahr El-Bagar)

1942 119.7 38.4 101.3 68.3 213

227.3 148.2 43.8 117.2 79.1 23.7

253.7 155.8 54.3 1245 112.7 315

Nile waters which contained lower values of 167
mg kg™ for Fe; 60 mgkg™ for Mn; 48 mg kg™
for Zn, with increasing rates of 27.54%., 33.33%
and 77.08% for Fe, Mn and Zn, respectively. El-
Mowelhi et al. (2001) proved that irrigation
with waste water and Agricultural drainage
water increased element concentration in the
different crops. Shaban (2005) reported that the
uptake values of Fe, Mn and Zn, in straw of
wheat plant increased under irrigation with
sewage water of Bahr EIl-Bager drain. Abo-
Rabeh (2011) reported that the irrigation water
quality affects the distribution and accumulation
of Zn and Mn in root, stem and leaves of plants
at the harvest time. Fabiola et al. (2012)
reported that the contents of Zn and Mn in
shoots of plants increased significantly owing to
the application of sewage effluent. Yasser et al.
(2013) found that Fe, Mn and Zn concentration
ranged between 79.4 to 128.41; 44.03 to 55.6
and 50.8 to 83.48 mg kg, respectively for plant
treated waste water.

Micronutrients uptake of wheat grains

Content of micronutrients Fe, Mn and Zn in
grains under irrigated with different water
sources are identified in Table 7. Data shows
that the plants after irrigation with sewage water
gave the highest Fe uptake of 124.5 g fed™
compared to 74.5, 101.3, and 117.2 g fed™ under
the irrigation with, Nile water, Nile water +
Agricultural drainage water, and Agricultural

drainage water respectively. Also, data indicated
that the highest Mn uptake of 112.7 g fed™ was
observed under irrigation with sewage water
compared to 49.2, 68.3, and 79.1 g fed™ under
irrigation with Nile water, Nile water +
Agricultural drainage water and Agricultural
drainage water, respectively.

As for Zn uptake, data proved that the
highest Zn uptake of 31.5 g fed was observed
under irrigation with sewage water compared to
16.1, 21.3, 23.7 g fed™ for under irrigation with
Nile water, Nile water + Agricultural drainage
water and Agricultural drainage water, respectively.
In this respect, MacNicol and Beckett (1985)
reported that the critical level of Cd in grains of
wheat Plant ranged between 5 to 10 mg kg™
Mostafa (2001) reported that the values of
micro nutrient concentration under irrigation
with Nile water, Agricultural drainage water and
sewage water were 241, 349, and 537 mg kg™,
respectively for Fe; 24.3, 31.6, and 38.6 mg kg,
respectively for Mn; 21.3, 38.0 and 53.2 mg kg™
respectively for Zn. Shaban (2005) revealed
that the uptake values of Fe, Mn and Zn in
grains increased with irrigation with sewage
water of Bahr El-Baker drain. Mussarat et al.
(2021) investigated the effect of using low
quality water for irrigation and found that the
plants irrigated with waste water contained high
Zn and Mn in grains compared to those irrigated
by ground water.
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Heavy metals accumulation in wheat
plants as affected by different irrigation
water sources

Heavy metals accumulate in wheat straw

Accumulation of heavy metals Pb, Ni, Cd in
straw under irrigated with different water
sources are identified in Table 8. Data proved
that the content of plants heavy metals after
irrigation with sewage Water gave the highest Pb
content of 24.31 g fed® compared to 10.13,
15.72 and 17.55 g fed®, respectively under
irrigation with Nile water, Nile water +
Agricultural drainage water and Agricultural
drainage water, respectively. Data also reveals
that the highest Ni content of 18.22 g fed™
observed under irrigation with sewage water
compared to 7.30, 13.81 and 15.47 g fed™ under
irrigation with Nile water, Nile water+
Agricultural drainage water and Agricultural
drainage water, respectively. Concerning Cd
content data indicated that the highest of 12.37
g fed® was observed under irrigation with
sewage water compared to 5.02, 8.53, 9.71 g
fed™ under irrigation with Nile water, Nile water
+ Agricultural drainage water and Agricultural
drainage water, respectively. In this regard,
Aboul-Ross et al. (1996) found that
concentrations of Cd |n corn leaves ranged from
0.012 to 0.13 mg kg™. The Cd content of leaf
samples was W|th|n normal concentration rang
of < 0.3 mg kg™ being about one third that in
leaves. Mostafa et al. (2000) found that the
concentration of Ni in wheat straw under the
irrigation with Nile water, Agricultural drainage
water and sewage water were 4.17, 5.52 and
11.4 mg kg, respectively. these contents
exceeding the intermediate level of 0.14 mg kg*
suggested by Chapman (1964). Shaban (2005)
reported that the content of Pb in straw
increased with using sewage water of Bahr EI-
Baker drainage for irrigation. Mohammed and
Hamid (2012) noticed that total concentrations
of Pb in plants irrigated with raw sewage
effluent was significantly higher than those
irrigated with 50% diluted sewage effluent. The
plants irrigated with well water gave the lowest
concentrations.

Heavy metals accumulation in wheat

grains

Accumulation of heavy metals i.e., Pb, Ni,
Cd in grains under irrigated with different water
sources are identified in Table 8. Data shows

that the content of heavy metals in plants
irrigated with sewage Water gave the highest Pb
content of 17.45 g fed ! compared to 7.51, 10.32
and 12.28 g fed™ under the irrigation with Nile
water, Nile water + Agricultural drainage water
and Agricultural drainage water, respectively.
Also, data |nd|cated that the highest Ni uptake of
12.52 g fed™ was observed under irrigation with
sewage water compared to 5.43, 8.31 and 9.75 ¢
fed™ under irrigation with Nile water, Nile water
+ Agricultural drainage water and Agricultural
drainage water, respectively. As for Zn uptake,
data proved that the highest Cd uptake of 5.21 g
fed™ was observed under irrigation with sewage
water compared to 2.17, 3.53 and 4.15 g fed™
for under irrigation with Nile water, Nile water
+ Agricultural drainage water and Agricultural
drainage water, respectively. In this respect,
VanLandschoot et al. (1984) reported that the
toxic level for Pb in grains of Wheat Plant
ranged between 30 and 50 mg kg™. MacNicol
and Beckett (1985) reported that Ni critical
level of wheat grains ranged from 10 to 60 mg
kg™. Mussarat et al. (2021) found that wheat
plants irrigated with waste water contained high
Cd in their grains compared to those irrigated by
ground water.

Yield productivity and efficiency of grains
yield production of wheat plants as
affected by different irrigation water
sources

Yield of wheat straw

Straw yield of wheat influenced by different
irrigation water sources are identified in Table 9.
Data shows that the plants irrigated with Nile
Water gave the highest straw yield of 3.185 Mg
fed” compared to 2.775, 2.253 and 1.852 Mg
fed™ under irrigation with Nile water + Agricultural
drainage water, sewage water, Agricultural
drainage water, respectively. In this respect,
Aziz et al. (1995) showed that the sewage waste
water raised the yield parameters of four wheat
cultivate. This may be due the beneficial effect
of suspended organic matter and nutrients that
were prevailing in such these water qualities.
Shaban (1998) found that the highest wheat
straw yield of 9.36 kg/plot was under irrigated
with sewage water compared to 6.05, 5.52 and
6.84 kg/plot for plants irrigated with Nile water,
Nile water + Agricultural drainage water, and
Agricultural drainage water respectively.
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Table 8. Heavy metals accumulation (g fed™) of wheat straw and grains as affected by different
irrigation water sources

Wheat grains
Wheat straw

Irrigation water fed?
g ( fed ) 9 )
source
Pb Ni Cd Pb Ni Cd
Nile water
10.13 7.30 502 751 5.43 217
(Sarhan Canal)

Nile water + Agricultural drainage water
(El-Salam Canal)
Agricultural drainage water
(Bahr Hadous)

Sewage water
(Bahr El-Bagar)

1572 13.81 853 10.32 8.31 3.53

1755 1547 971 1228 9.75 4.15

2431 18.22 12.37 17.45 1252 521

Table 9. Straw and grain yields and grains yield efficiency of wheat as affected by different
irrigation water sources

Straw and grains dray matter

Irrigation water 1 Efficiency of
(Mg fed ™) grains yield
Souree Straw Grains production (%) *
Nile water 3.185
2.751 46.34
(Sarhan Canal)
Nile water + Agricultural drainage water 1.957
2.775 41.36
(El-Salam Canal)
Agricultural drainage Water 1.135
1.852 38.00
(Bahr Hadous)
Sewage water 1.541
2.253 40.62

(Bahr El-Bagar)

* Equals to (Grains Yield / Grains yield + Straw yield) x 100
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Mostafa et al. (2000) detected that the highest
straw yield was identified when plantes irrigated
with sewage water compared to other irrigation
waters. This may be related to the higher
contents of plant nutrients, particularly N.
Mostafa (2001) mentioned that the plant
irrigated with Nile water gave straw yield of
2.29 Mg fed™® compared to 2.26 and 2.31 Mg
fed! for those irrigated with agricultural
drainage water and sewage waters respectively.

Yield of wheat grains

Grains yield of wheat influenced by different
irrigation water sources are identified in Table 9.
Data shows that the highest grains yield of 2.751
Mg fed was observed under irrigation with
Nile water, compared to 1.957, 1.541and 1.135
Mg fed? under irrigation with Nile water +
derange water, sewage water, and derange water,
respectively. In this regard, Amany et al. (2008)
found that the grain yield was significantly
affected by the sources of irrigation water in the
two seasons. El-Salam canal irrigation water
produced the highest grains yield of 2.0 and 1.98
Mgfed™ in two seasons respectively. Saleh et al.
(2013) identified that heavy metal concentration
in plants may be increased due to either higher
amounts or to the opposite of the dilution effect
phenomenon, where the dry matter yield of the
plants  diminished with increasing the
concentration of the applied wastes. Mostafa et
al. (2015) found that the highest grains yield of
2.35 Mg fed" was observed under irrigation
with Nile water, compared to 1.62, 1.79 and
1.60 Mg fed™ under irrigation with Agricultural
drainage water, Nile water + Agricultural drainage
water and sewage water, respectively.

Efficiency of grains yield production

Efficiency of grains yield production of
wheat influenced by different irrigation water
sources are identified in Table 9. Data shows
that the highest efficiency of grains vyield
production of 46.34% was observed under
irrigation with Nile water, compared to 41.36,
40.62, and 38.00%, under irrigation with Nile
water + Agricultural drainage water, sewage water,
and Agricultural drainage water, respectively.

Yield components of wheat

Yield components of wheat; Plant height,
Spike length, spike weight and grains number
influenced by different irrigation water sources
are identified in Table 10 data shows that plants
irrigated with sewage water gave the highest
plant height of 79.20 cm compared to 77.51,
71.45 and 58.17 cm under irrigation with Nile
water, Nile water + Agricultural drainage water,
Agricultural drainage water respectively. Data
proved that the highest spike length of 13.45
was observed under irrigation with sewage
water compared to 12.42, 10.37 and 9.75 cm
under Nile water, Nile water + Agricultural
drainage water, Agricultural drainage water
respectively, respectively. Data proved that the
highest spike weight of 2.41 ton fed™ observed
under irrigation with Nile water compared to
1.77, 1.45 and 1.28 ton fed™ under irrigation
with Nile water + Agricultural drainage water,
sewage water, Agricultural drainage water,
respectively. As for grains number, data reveal
that the highest grains number of 37.55 was
observed under irrigation with Nile water
compared to 35.12, 31.12 and 28.43 under
irrigation with, Nile water + Agricultural
drainage water, sewage water, and Agricultural
drainage water, respectively. In this respect,
Amany et al. (2008) found that plant height and
spike length were significantly affected by
sources of irrigation water. The highest plant
height of 91.83 and 86.16 cm were observed
under irrigation with Bahr-Hadous and Bahr El-
Bagar, respectively. Mostafa et al. (2015)
reported that the plants irrigated with Nile water
gave highest plant height of 82.5 cm compared
to 66.7, 70.8 and 64.4 cm for under irrigation
with Agricultural drainage water, Nile water +
Agricultural drainage water and sewage water,
respectively. The highest spike length of 11.4
cm was obtained under irrigation with Nile
water compared to 10.8, 11.3 and 9.99 cm under
irrigation with Agricultural drainage water, Nile
water + Agricultural drainage water and sewage
water, respectively.
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Table 10. Yield components of wheat as affected by different irrigation water sources

Yield Components

Irrigation water

Plant height Spike length Spike weight Grains number

source

(cm) (cm) (ton fed™) (Plant™)
Nile water
77.51 12.42 241 37.55
(Sarhan Canal)
Nile water + Agricultural drainage
water 71.45 10.37 1.77 35.12
(El-Salam Canal)
Agricultural drainage water
58.17 9.75 1.28 28.43
(Bahr Hadous)
Sewage water
79.20 13.45 1.45 31.17

(Bahr El-Bagar)
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