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Abstract:

Climate change effect many countries and Iraq is one of them, which affects water resources. Olerace(

Spinacia oleracea) was grown well when using water of drainage by increasing content of MDA, GSH, ROS

and proline as a biochemical adaptation, their concentrations increased to : 18.08 (mmol/l), 4.59 (pumol/l).,12.05

Hg/g and 4.14, respectively.The concentrations of Zn , Fe and Cu in eastern daring water were : 0.001, 0.001

and 0.111 Mg/L, respectively Although it was having higher amounts of total hardness, drainage water was

within irrigated water's limitations. The results of current study showed possibility utilize the drainage water

from the eastern Euphrates which is not polluted with studied heavy metals and not saline and it is suitable for

irrigation of plants.
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Introduction

On earth, water is a crucial liquid for all living forms, including prokaryotes and humans. Availability of water resource
are decreasing continuously from a long time ago [1]. Climate changes effects many countries and Iraq is of them, which
important effect is reducing water resources [2], thus many studies were done on to use alternative water sources including
the use the drainage water. One of them was done in 2015 on eastern Euphrates drainage which focused on  the
concentration of some pollutants in water and sediments. The properties of drainage water are keys that limiting its usage
for irrigation if it is within the acceptable parameters [3]. There are many limits for drainage in agriculture, including
salinity, high levels of Na and containing pollutant which effect plants, [4]. Using of Drainage water can increase area of
lands [5].

Agriculture is dependent on water, hence it's important to maintain that sector, to increase supply of food; under
continues changes in the climate [6,7]. Spinacia oleracea is a plant that is sensitive to polluted water, so it used to study
possibility of using eastern Euphrates in AL kful (130 KM southern Baghdad) as irrigation source. All previous studies
focused on concentration of pollutants in water or biota of drainage and almost all of them concluded that Eastern Euphrates
drainage was not polluted with heavy metals but don’t explained possibility of using its water in the irrigation, thus this

work tend to explain the possibility of using it as a water resource in irrigation.
Material and Methods

Planting of plant

Seeds of Spinacia oleracea were planted in ten plastic pots (each contain about two kilograms of sandy soil), divided
pots in two groups, first was irrigated with drainage water, while second with tab water(control). Irrigation was a half litter

each three days.
Water parameters Analysis:

Standard water analytical methods [8] were used to investigate each of concentrations of each of the following
parameters: electrical conductivity, total alkalinity, Calcium, Magnesium, total hardness, chlorides and pH were studied as

described in standard methods in both the tab and drainage water.
Soil parameters Analysis:

Sandy soil was used for planting the seeds of olerasea, pH , EC, Cl, Ca, organic matter and heavy metals (Fe, Pb,

Cu, Cd and Zn) calculate depending soil analyses methods [9].
Biochemical responses:

Fresh leaves samples were extracted by aceton 80% to determine amount of chlorophyll A, chlorophyll B, and
Carotenoids [10]. Proline concentration was evaluated using the method of ninhydrin extraction [11]. The total amount of

protein was assessed utilizing Bovine Serum Albumin and a (UV/VIS) Spectrophotometer at 650nm [12]., and total soluble
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sugar, MDA, ROS and vitamin C were evaluated using methods from biochemistry facility, and the phosphomolybdenum
procedure was used to measure the total antioxidant activity. [13,14], respectively.
Statistical Analysis

One factorial treatment experiment design was done to study effect of drainage water on Spinacia oleracea, and
(LSD) was calculated to study the significant differences between means at p<0.05.

Results and Discussion

In particular, soil characteristics and climate conditions have a significant impact on the quality of drainage water,
which is typically saline water. Although the Zn, Fe, and Cu pollution in the studied eastern Euphrates drainage water was
lower and it wasn't salty, Total hardness presented in Tables 1 and 2 both showed higher values. In accordance with the
requirements for maintaining Iraqi rivers, [15] and the US limits for drinking water [16], the eastern Euphrates drainage
water is not saline, and may be used to irrigate fields, and is not contaminated with heavy metals.

These findings concur with that of Al- Saadi et al.,[17] that looked at the same drainage system in a different area, it
also agrees with results of Habeebe’s study [18]. Who explained that concentrations of heavy metals and TDS as well as
other some parameters were within limits, indicating that it is secure to use as a reliable source of water, heavy metals levels
are still within acceptable limits. As plants differ, so do their adaptations to avoid or tolerate the same environmental
influences [19], and some of them do so by upping their antioxidant levels as evidenced by the findings in table (3). By
making many biochemical adjustments, such as raising the levels of Basil received good increase in MDA, proline, GSH,
and ROS when grown in drainage water. To combat the stress of elevated ions, several plant species increase antioxidant
enzymes and the substances that feed them [20].

This study showed non - signi ficant decrease in Chlorophyll a in S.oleracea when irrigated with drainage water , as
explain in table 3.Higher value(7.5) mg/g.f.w recorded in S.olerscea that irrigated with tab water .Drainage water
caused a significant decrease (Pvalue<0.05 =0.025) in Chlorophyll b content when used, The decrease in chlorophyll in
plants irrigated with drainage water is attributed to the high chlorides in it (Table 1), as chlorides inhibit calcium absorption,
which in turn collects in the cell wall [21]. Plant need carotenoid as a antioxidant substance, the decrease in carotenoid
content due to stress of chloride, calcium and total alkalinity in drainage water, and the significant decrease in S.
oleracea may due to the physiological pattern of this species which is more depend on carotenes than other antioxidant [22].
In this study, noted significant decrease in protein concentration in S. oleracea when used tab water (6.96) mg/g .f. w.

P<0.05=0.

A huge studies and data indicate a positive relationship between proline accumulation and plant stress. Proline, an
amino acid, plays a very beneficial role in plants exposed to various stress conditions. In addition to being an excellent
Osmolality[23]. Results showed non - significant increase in concentration of proline when used drainage water when
comber with that irrigation with tab water .

Table 1: Various water properties that were investigated for their impact on Spinacia oleracea.

Parameter Unit Drainage water Tab water (control)
pH - 8.08 8.99

EC Ms/cm | 1560 1465

Total alkalinity | Mg/L | 280 240

Chloride Mg/L 689.3 639.4
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Total hardness | Mg/L | 880 680
Calcium Mg/L 144.3 96.19
Magnesium Mg/L 191.25 130.72

Table 2: Heavy metals concentrations in drainage water, soil and plants.

Soil after irrigation Soil Tab Drainage
before water
Tap water Drainage water irrigation water
Soil Plant Soil plant

Zn 0.199 0.220 0.171 | 0.1133 | 0.163 0.057 0.001

Cd 0.050 0.050 0.001 0.001 | 0.001 0.080 0.183
Fe 0.053 0.051 0.047 0.050 | 0.062 0.001 0.001

Cu 0.496 0.471 0.496 0.511 | 0.630 0.144 0.111
Pb 0.028 0.0025 0.024 0.020 | 0.024 0.001 0.003

Vitamin C (ascorbic acid) is very popular for its antioxidant properties [24]. The results record (31.82) when used tab
water but it decreased significantly when irrigated with drainage water (P <0.05=0.01). Decreasing vitamin C concentration
in both species due to the rule of this vitamin in cell plant which used in a antioxidant system then its concentration will
decrease[25].

The Spinacia oleracea was able to withstand high levels of both Cd and Pb. Because of these elements have ' harmful
effects, protein and photosynthetic pigments in the plant were reduced, because these metals inhibit protein synthesis which
studied heavy metal

inhibit plant’s activity in photosynthesis and other activities [26]. All concentration in plant were

within the stander limits of them except Cd, and this results are agree with study of Habeeb [18] who explained that
heavy metals concentration were within Iraq standard of drainage water .

Table 3: Biochemical responses of Spinacia oleracea to irrigation .

Parameter Unit Control Drainage
(tap water) water
protein (mg/g.F.W) 13.04 6.96
Carotenoids (mg/g.F.W) 4.86 2.27
CHL.B (mg/g.F.W) 9.87 9.31
CHL.A (mg/g.F.W) 7.5 7.13
MDA (mmol/1) 8.81 18.08
TAO (mg AEE/g.F.W) 49.96 44.66
vitamin C (mg/g.F.W) 31.82 28.84
Proline (mole/g.F.W) 3.63 4.14
GSH (umol/1). 3.54 4.59
ROS ug/s 12.27 12.5
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Conclusions

Drainage water (at studied area) can used in irrigation, and Spinacia oleracea adapted to some elevated ions by

increasing generation of MDA. Spinacia oleracea loss some its nutritional value like protein, anti-oxidants under Cd stress.
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