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Abstract

The purpose of this investigation was to study the effect of sewage water
irrigation on the growth, photosynthetic pigments, sugars, proteins, total free
amino acids, proline and the activity of antioxidant enzymes of maize plants.
Results indicated that sewage-irrigated plants in most cases showed a significant
increase in growth and all biochemical parameters than the control plants. This
increase was generally higher in shoot than root. This study provides evidence
for a beneficial effect of sewage water application for maize plants.
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Introduction

The wastewater is defined as all water used at homes that goes
down the drains or into the wastewater collection system. The use
of urban wastewater in agriculture is widely established practice
for alleviating water scarcity situations, or even eliminating the
purchase of chemical fertilizers. However, unregulated irrigation
with untreated wastewater poses serious public health risks through
the introduction of metal ions and their accumulation in bio-systems
with continuous application to soils [1,2]. These metals could have
toxic impact on biological systems if present beyond their respective
safe limits in soils, waters and/or plants [3].

Al-Jaloud et al. [4] found that crop yield showed significant
increase with increasing water salinity in the wastewater. Their
results showed that wastewater can be successfully used to grow
maize and sorghum as forage crops. Gadallah [5] reported that
sunflower plants treated with sewage wastewater had higher soluble
sugars, hydrolysable carbohydrates and soluble protein levels than
the control plants (irrigated with tap water), while changes in amino
acids content was variable.

Reuse after proper treatment is normally recommended as the
main solution of preventing health risks. Unfortunately, because
of the high cost of engineering plants, most cities in the developing
countries do not have sufficient wastewater treatment capacity.

El-Salhya sewage station was constructed in Qena city, Egypt in
1970. The capacity of this station is 12000m?. Usually, it receives a huge
amount of sewage water. The station is unable to filter the impurities
of this huge amount of the sewage water efficiently. There is a farm
belongs to this station that has an area of 1000 acres of sandy soil.
This area is suitable for planting without any reclamation. 20 acres
are planted with Eucalyptus and 280 acres with wooden trees. About
700 acres are not planted. There are no heavy industries in Qena city.

So the sewage water contains a low or limited concentration of heavy
metals.

The aim of the present work was to study the effect of sewage
water irrigation on the growth, photosynthetic pigments, sugars,
proteins, total free amino acids, proline and antioxidant enzymes
activity of maize plants.

Materials and Methods

Experimental material and plant growth

Maize (Zea mays L.) seeds were surface-disinfected by submersing
in 1.5% sodium hypochlorite solution for 1-2 min; they were then
washed 3 times in sterile distilled water and dried on sterile filter
paper in a laminar air flow cabinet. Five seeds were sown in plastic
pots containing two kg of air-dried sandy soil. The pots were irrigated
regularly with tap water for 7 days then the pots were divided into two
groups. The first group was irrigated with tap water as control and
the second group was irrigated with raw sewage water collected from
El-Salhya sewage station, Qena city, Egypt. The chemical analysis of
the sewage water (Table 1) used in irrigation was measured by the
method described by Jackson [6]. The treatments were arranged in a
complete randomized design with 4 pots for each treatment. After 50
days of irrigation with sewage water, the plants were harvested.

Growth traits

For fresh weight determination, homologous plants were
removed, washed, gently blotted, dissected into root and shoot and
then the parts were weighed separately. The samples were dried in an
oven at 60°C to constant weight to determine the dry weight.

Photosynthetic pigments and metabolite analysis

The photosynthetic pigments (chlorophyll a, chlorophyll b,
and carotenoids) contents of youngest fully expanded leaf 1 week
before harvest were assayed according to Zhang and Zhang [7]. The

Table 1: Chemical characteristics of sewage water in El-Salhya station, Qen city, Egypt used in irrigation.

Soluble cations (mg/L)

Soluble anions (mg/L) Trace elements (ug/L)

PH Na* K* Ca? Mg?* Cl-

NO, Slofs PO,* Fev Mn2* cu Niz*

Value 8.1 298.42 55.56 120.09 109.62 130.31

11.32 39.87 27.95 25.31 16.78 10.52 2.98
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extraction was made from a 0.2 g fresh sample in 20 ml ethanol,
acetone and water (4.5:4.5:1, v/v/v) mixture and measured at 645,
663, and 470 nm with a UV/VIS spectrophotometer.

Sugars (soluble, insoluble and total) contents were determined by
the anthrone sulfuric acid method described by Badour [8]. The dried
tissue of root and shoot was extracted by distilled water (in case of
soluble sugars) or HCI (in case of total sugars). A 1 ml of the sugar
extract was mixed with 9 ml of anthrone sulfuric acid reagent in a test
tube and heated for 7 min at 100°C. The absorbance was measured
spectrophotometrically at 620 nm against blank containing only
distilled water and anthrone reagent.

Protein fractions (soluble, insoluble and total) contents of root
and shoot were determined according to the method described by
Bradford [9].

Total free amino acids contents were extracted and estimated in
root and shoot according to the method of Lee and Takahashi [10].
About 0.1 ml of the water extract containing free amino acids was
mixed with 1.9 ml of ninhydrin-citrate-glycerol mixture in a test tube
for 20 minutes at 100 °C. The absorbance was measured at 570 nm
against a blank (only distilled water and the same reagent).

Proline content of root and shoot was estimated according to
Bates et al. [11]. A known weight of dried tissue was homogenized
in 10 ml of 3% sulfosalicylic acid and filtered. A 2 ml of the filtrate
was made to react with 2 ml glacial acetic acid and 2 ml of acid-
ninhydrin reagent in a test tube and heated for 1 h at 100°C. The
reaction mixture was extracted with 4 ml toluene. The chromophore
was aspired from the aqueous phase and the absorbance was read at
520 nm using toluene as a blank.

Extraction of antioxidant enzymes

For enzyme extracts and assays, 0.5 g fresh leaves were frozen in
liquid nitrogen and then ground in 4 ml solution containing 50 mM
phosphate buffer (pH 7.0), 1% (w/v) polyvinylpolypyrrolidone and
0.2 mM ascorbic acid. The homogenate was centrifuged at 15,000 xg
for 30 min, and the supernatant was collected for enzyme assays [12].

Assays for antioxidant enzymes activities

The activity of catalase (CAT, EC 1.11.1.6) was determined
as a decrease in absorbanceat 240 nm for 1 min following the
decomposition of H,O, [13]. The reaction mixture contained 50 mM
phosphate buffer (pH 7.0) and 15 mM H,0,

Peroxidase (POD, EC 1.11.1.7) activity was measured by following
the change of absorption at 470 nm due to guaiacol oxidation. The
activity was assayed for 1 min in a reaction solution (3 ml final
volume) composed of 100 mM potassium phosphate buffer (pH 7.0),
20 mM guaiacol, 10 mM H,0, and 0.15 ml enzyme extract [14].

The activity of ascorbate peroxidase (APX, EC 1.11.1.11) was
measured as a decrease in absorbance at 290 nm for 1 min [15].
The assay mixture consisted of 0.5 mM ASA, 0.1 mM H,0,, 0.1
mM EDTA, 50 mM sodium phosphate buffer (pH 7.0), and 0.15 ml
enzyme extract.

Statistical analysis

All of data were subjected to one-way analysis of variance
(ANOVA) using SPSS 12.0 software. Least significant difference
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Figure 1: Effect of sewage water irrigation on (a) fresh weight and (b) dry
weight of root and shoot maize plants. Bars carrying different letters are
significantly different at P > 0.05 between the control and sewage treated-
plants.

(L.S.D) test was used to assess the differences between the mean
values of control and sewage-treated plants; p > 0.05 was considered
statistically significant.

Results
Plant growth

There are no significant differences between sewage-irrigated
plants and control plants on the production of fresh and dry weight
of maize root (Figure 1a&1b). However, for maize shoot, the fresh
and dry weight significantly increased under sewage water irrigation
versus control (Figure 1la&1b).

Photosynthetic pigments

In comparison to control, the content of chlorophyll a and b of
sewage-irrigated plants markedly increased. This increase was obvious
in chlorophyll b than a, but the differences were not significant for
carotenoids content (Figure 2).

Sugars

The soluble sugar content of maize root was higher in sewage-
irrigated plants than control plants, but the content of insoluble and
total sugars remained unchanged as a result of sewage water irrigation
(Figure 3a). In maize shoot, sewage water treatment improved the
contents of soluble, insoluble and total sugars in comparison to
control (Figure 3b).

Proteins

In maize root, there are no significant differences in the content
of proteins (soluble, insoluble and total) between sewage-irrigated
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Figure 2: Effect of sewage water irrigation on pigments content of maize
leaves. Bars carrying different letters are significantly different at P > 0.05
between the control and sewage treated-plants.

OSoluble sugars
OlInsoluble sugars
D Total sugars

a Root

= 160
[
> 120
£
§ 80
=
8
b 40
&
5 o
(%2}
Sewage water

b Shoot
s 160
=)
> 120
E
=
5] 80
3
=
8
g 40
f=2]
>
(%2}

0

Control Sewage water
Treatments

Figure 3: Effect of sewage water irrigation on sugars content of (a) root
and (b) shoot of maize plants. Bars carrying different letters are significantly
different at P > 0.05 between the control and sewage treated-plants.
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Figure 4: Effect of sewage water irrigation on proteins content of (a) root
and (b) shoot of maize plants. Bars carrying different letters are significantly
different at P > 0.05 between the control and sewage treated-plants.

plants and control plants (Figure 4a). In maize shoot, sewage water
irrigation resulted in an accumulation of all protein fractions contents
as compared to control (Figure 4b).

Total free amino acids and proline

It was shown that the sewage water irrigation enhanced the
accumulation of total free amino acids (Figure 5a) and proline
contents (Figure 5b) in both root and shoot maize compared to the
control plants. This accumulation was noticed in shoot than root.

Activities of antioxidant enzymes

Compared to control, sewage water irrigation improved the
activities of CAT, POD and APX in maize leaves. This improvement
was 65%, 37% and 56% in CAT, POD and APX activity respectively
over the control (Figure 6).

Discussion

The data presented in Table 1 indicated that the cations content of
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Figure 5: Effect of sewage water irrigation on (a) total free amino acids
content and (b) proline content of root and shoot of maize plants. Bars
carrying different letters are significantly different at P > 0.05 between the
control and sewage treated-plants.
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Figure 6: Effect of sewage water irrigation on enzymes activity of maize
leaves. Bars carrying different letters are significantly different at P > 0.05
between the control and sewage treated-plants.

sewage water were arranged in the following descending order: Na‘<
Ca**< Mg**< K*. The anions content were arranged in the following
descendingorder. CI'<SO,* <PO,*<NO,". Heavy metal concentrations
revealed the descending order as follows: Fe**<Mn*<Cu?<Ni*.
Other heavy metals (Co, Cd, Zn and Pb) were not detected in sewage
water samples. Chemical profile of sewage water exhibited the same
trend reported by Hussein [16] with slight differences in the heavy
metal concentration.

In the present study, The increase in growth (especially in maize
shoot) as a result of sewage water irrigation may be due to the
increase in organic matter, macro-and micronutrients in the sewage
water where beneficial nutrients improved the metabolic activities
and hence the vegetative growth [17].

Application of sewage water positively affected synthesis of
photosynthetic pigments. The stimulatory effect of sewage water on
chlorophyll a and b content could be attributed to the fact that sewage
water enhances the rate of biosynthesis of chlorophyll a and b. The
increased content of chlorophyll was in parallel with the enhancement
of maize shoot growth. i.e, there is an intimate relationship between
shoot growth and chlorophyll content [18]. El-Maghraby and Gomaa
[19] reported that sewage water application increased number of
green leaves and leaf area per plants or it may be increase both of
macro and micronutrients elements in soil, which is essential for the
plant growth and photosynthetic pigments.

Our results indicated that, sewage water irrigation increased
in most cases the content of sugars in maize plants. This increase
may be due to the presence of some mineral ions e.g. Mn and Cu
that stimulate the two photosystems. Mn** is required for PSII (O,
evolving system) and there is also a direct interaction between copper
and ferredoxin on the reducing site of PSI. Cu®* stimulates the rate
of overall electron transfer from water to NADP [20]. The data of
nitrogen metabolism indicated that the irrigation of the experimental
plants with sewage water induced mostly a pronounced accumulation
of proteins, total free amino acids and proline in maize root and
shoot. The accumulation in nitrogen compounds may be due to
presence of soluble or organic or inorganic substances in the sewage
water which may generate higher growth. A significant increase in
the biochemical constituents like protein and amino acid contents in
the fodder grass irrigated with sewage water during summer season

was reported by Girisha et al. [21]. Similar results were reported
by Rija et al [22] in their study of sewage irrigation on plants like
Vigna radiata, Cicer arietinum and Lens culinaris. They recorded an
increase in total protein, carbohydrate and chlorophyll contents in
L. culinaris and C. arietinum leaf samples. Rija et al. [22] reported
that the increase in biochemical parameters such as chlorophyll,
carbohydrates and protein may be also due to the activity of some
microbes present in sewage water which can convert organic matter
into by-products like CO,,NO,, PO, SO, NH,, H,S and CH, [23,24].
Also, presence of higher amounts of macronutrients in the sewage
water provides cofactors to enzymes necessary for the synthesis of
protein and carbohydrate. Besides, high proline content measured
in sewage water plants could also contribute to a protective role as
scavenger of Reactive Oxygen Species (ROS) [25].

ROS scavenging can be achieved by antioxidant enzymes like
CAT, POD and APX. In this work, sewage water treatment resulted in
an increase in the activities of CAT, POD and APX in leaves of maize
plants which can be a manifestation of the initiation of antioxidant
defense and might be a part of adaptive strategy of maize irrigated
with sewage water.

In conclusion, based on the measured growth parameters, sewage
water of El-Salhya station, Qena city, Egypt could successfully be used
for irrigation of maize plants grown in sandy soils. This is because
(1) it contains a low or limited concentration of heavy metals, (2) its
positive effects on their growth and nutritive values. However, further
research involving different plants is needed.
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