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Abstract: Present study was carried out in order to investigate the effect of grain presoaking in spermine
(0.15 mM), spermidine (0.3 mM) and their interaction on growth vigor, metal distribution as well as leaf
turgidity and abscisic acid in wheat plants. Waste water at concentrations 25%, 50% and 100% caused
noticeable decreases in growth vigor of root and shoot, leaf area, relative water content and water use
efficiency. On the other hand, waste water stress caused remarkable increases in heavy metals and saturation
water deficit as well as abscisic acid content of flag leaf. Exogenous application of Spm, Spd or their
interaction could counteract the adverse effects of heavy metals in waste water by improving growth vigor
of root and shoot, water use efficiency, retention of leaf turgidity and decreasing abscisic acid in leaves and
grains. Furthermore, these polyamines reduced heavy metals translocation from root to leaves till reach to

grains.
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Introduction

The use of waste water for irrigation may serve as
an additional source of water with fertilizing
properties after appropriate dilution. Irrigation
water quality not only affects the growth of crops,
but also has long term effects on soil health, grain
quality, fodder quality and health of consumers [1].
The waste waters of (paper, automobile, textile and
food industry mills) were alkaline in nature with
variable concentrations of different chemical
species. Application of these untreated effluents
altered the physicochemical properties of the soil
and rate of seed germination in plants [2].

Waste water carry appreciable amount of toxic
heavy metals [3] and concentrations of heavy
metals in waste waters vary from city to city [4].
Important sources of heavy metals in waste water
are urban and industrial effluents. Heavy metals
are extremely persistent in the environment and
accumulate to toxic levels [5]. High concentrations
of heavy metals affect mobilization and balanced
distribution of the elements in plant organs via the
competitive uptake [6].

Heavy metals contamination of soil is one of the
major environmental stresses that affect plant
metabolism, and their toxic levels in soils are the
result of heavy traffic, mining, industrial
agricultural activity, smelting of metalliferous ores
and electroplating [7].

Some heavy metals play a role in plant metabolism,
and can be considered nutrients as in case of
manganese (Mn), zinc (Zn) and nickel (Ni), which
are involved in major functions [8]. Welch [9]
reported that, manganese has been shown to play a
role in enzyme activation, biological redox systems
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(e.g. electron transport reactions in
photosynthesis) or detoxification of oxygen free
radicals; while Zn is involved in membrane
integrity, enzyme activation and gene expression.
Nickel is needed for utrea metabolism, iron
absorption and nitrogen (N) fixation.

The primary distribution of heavy metals via the
xylem, the re-translocation via the phloem, and the
transfer from the xylem to the phloem must be
considered as important processes for the
distribution of elements within the plant. The
transport in the xylem is directed from the roots to
shoot, whereas the phloem transport takes place
from sources to sinks and is more selective [10].
Xylem-to-phloem transfer can take place all along
the pathway from the roots to the shoots [11].
Plants may play a role in the redistribution of
heavy metals in the environment. Heavy metals
present in the atmosphere may be deposited on
the surface of the plants and enter the shoot. They
may either remain in the leaves and be released on
the surface of the soil when the leaves fall or
transported from the shoot to the root system via
the phloem. Additionally, heavy metals in the roots
may be released from living roots into the soil or
remain in the soil after the death of the roots.
Morteover, Zn, Cd, Mn and Co was released from
the root system of wheat and lupin plants into the
rhizosphere and bulk soils [12].

Wheat is one of several crops that tend to
accumulate relatively high concentrations of heavy
metals specially cadmium in plant tissues when
grown in soils that contain elevated levels of that
toxic metal. Because cadmium (Cd) represents a
potential health threat to consumers, international
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trade organizations have sought to limit the
acceptable concentration of Cd in edible crops
sold in international markets. In this respect,
Jonathan ef al, [13] has proposed maximum levels
of 0.2 mg Cd/kg for wheat grain. A high Cd level
in the wheat grains may be caused by a high Cd
uptake in the roots, a high translocation of Cd
from roots to shoot, and/or a high translocation
of Cd within the shoot to the grains [14]. After
taken up, Cd is partly accumulated in the roots and
partly translocated into the xylem and further to
the shoot. Thus Cd that is not bound or
incorporated into cell constituents may be stored
in root-cell vacuoles [15], or transported to shoots
in the transpiration stream of the xylem [16].
Movement of Cd into developing grains occurs via
phloem, probably by re-translocation from leaves
and stems [11].

High concentrations of heavy metals in waste
water affect mobilization and balanced distribution
of the fundamental elements in plant organs via
the competitive uptake [6]. Generally, disturbance
in plant nutrition may occur when absorption and
accumulation of heavy metals increase in soil and
plant [17]. The concentrations of Cu, Zn, Cd, Pb,
Ni and Cr in root and shoots of Beza vulgaris plants
showed  significant and  strong  positive
relationships with concentrations of fly ash that
contains large amounts of heavy metals [18].

Polyamines regulate the voltage-dependent inward
K* channel in the plasma membrane of guard cells
and modulate stomatal movement [19]. In this
connection, treatment of wheat plants with
exogenous Spd alleviated the osmotic injury, as
judged by increase in RWC of wheat leaves [20].
Polyamines may prevent the membrane system
from denaturing under stress conditions and
consequently improving ion balance [21].
Moreover, polyamines increased water uptake by
root as well as the transpiration and consequently
increases the uptake and translocation of K+ Na*
and Ca'* contents which were driven by
transpiration [22].

This work was under taken to evaluate the effect
of grain priming in spermine or spermidine or
their interaction on improving growth vigor of
root and shoot, leaf turgidity, ABA, water use
efficiency as well as heavy metals distribution
between root, shoot and grains.
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Materials and Methods

Plant material and growth conditions
Homogeneous lot of wheat grains (Triticum
aestivum) variety Sakha 94 were surface sterilized by
soaking in 0.001M HgCl; solution for 3 minutes,
then washed thoroughly with distilled water, and
divided into four sets which soaked in distilled
water to serve as control, spermine (0.15 mM),
spermidine (0.3mM) or (spermine 0.15mM +
spermidine 0.3mM) respectively for about six
hours. After soaking, the thoroughly washed grains
were planted on 15" November 2011 in plastic
pots (25 cm width x 30 cm height) filled with 6 kg
mixture of soil (clay and sand = 2:1, v/v). The
pots were kept in greenhouse, where the plants
subjected to natural day / night conditions
(minimum / maximum temperatute and relative
humidity were: 29.2 / 33.2 °C and 63 / 68 %
respectively, at mid-day) during the experimental
period. The plants in all sets were irrigated to field
capacity by normal tap water. Fifteen days after
planting, the plants wete thinned to five / pot.

On day 21 from sowing, the pots of each set were
subdivided into four groups. The pots of the first
group (each group 20 pots) in each set still
irrigated with tap water, while 20, 3t and 4%
groups in all sets were irrigated with 25%, 50% or
100% waste water respectively.

Analysis of irrigation water revealed that, the
standard fresh water contained [chemical oxygen
demand (COD) 5.0, biochemical oxygen
demand (BOD) = 2.0, total suspended solids
(TSS) = 4.0, total hardness = 60.0, Cd** = 0.05,
Pb** = 0.05, Cut* = 0.04, Ni** = 0.07, Zn*+ =
0.08, Na* = 0.02, K* = 0.01, Ca™ = 0.01, total
phosphorus = 0.07, CI- = 45.0, SO = 00.0, NOs5
= 0.01, NOy = 0.002 ppm] while the untreated
waste water contained [COD = 150.0, BOD =
60.0, total suspended solids (TSS) = 226.0, total
hardness = 770.0, Cd** = 0.12, Pb*+ = 0.23, Cu**
= 0.12, Ni** = 0.20, Zn** = 0.93, Nat = 0.22, K*
= 0.14, Ca** = 0.19, total phosphorus = 0.38, CI-
= 283.6, SO4 = 72.0, NOs = 50.0, NO» = 7.3
ppm]. These analyses were carried out according to
Clescrei et al,, [23]. The main source of untreated
waste water was the main Aga drain in Dakahliya
Province, Egypt.

At tillering stage (i.e. 21 days from planting) and at
heading (65 days from planting), the plants
received 35 kg N / ha as urea and 35 kg P / ha as
potassium dihydrogen phosphate as a fertilizer.

The resulting sixteen treatments were marked as follows: -

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
WW% 0 25 50 100 0O 25 50 100 0O 25 50 100 O 25 50 100
Spm - - -+ 4+ 4+ o+ - o - - - - -
Spd - - - - - -+ o+ o+ o+ - - -
Spm + Spd - - - - - - - - - - - - + + o+ +
WW=waste water; Spm=spermine; Spd=spermidine
www.ijbio.com 4535
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In this study, samples for growth and chemical
analyses were taken at heading (65 days from
planting) and anthesis stages (80 days from
planting) of wheat plants. Ten replicates were used
for measuring growth criteria and triplicates for
measuring relative water content, water use
efficiency, abscisic acid and heavy metals, (Cd**,
Pb**, Cu™*, Nit* & Zn**).

Determination of water use efficiency

Water use efficiency (WUE) was calculated by
dividing the grain yield (t ha'') or the biomass yield
(t ha'!) by the amount of water added by (gallons).
Therefore, water use efficiency for grain yield
(WUEg) was calculated from the grain yield and
water use efficiency for biomass yield (WUEB) was
estimated from the biomass yield [24].

(WUEg) = Grain yield (t) / Total water used (gallon)

(WUES) = Biomass yield (t) / Total water used (gallon)

Measurements of relative water content

In measuring relative water content, the method of
Weatherly [25] and its modification by Weatherly
and Barrs [26] was adopted.

Estimation of Saturation Water Deficit (SWD)
Saturation water deficit (SWD) was calculated

from the following equation:
SWD =100 - RWC

Measurement of abscisic acid (ABA)
The initial procedure involved  preparing
lyophilized plant tissues (0.3 g leaf) which were
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crushed in liquid nitrogen using a mortar and a
pestle and extracted with 3 ml acetone- water-
acetic acid (80:19:1, v/v). The extracts were
transferred to 2-ml tubes and after — centrifugation
at 1300 rpm for 2 min, the supernatant was
collected and residues were re-extracted with 3ml
extraction. The dried sample was reconstituted in
200 ml acetonitrile— water (15:85, v/v) containing
12mM acetic acid (pH3.3). A portion (110 ml) of
the sample was loaded onto a HP 1100 Series
HPLC system equipped with a 100 X 2.1 mm, 5
mm SB-C 18 LC--rate of 0.2ml/min and a binary
solvent system comprising MS column using a
flow 12mM acetic acid in water (A) and 12mM
acetic acid in Acetonitrile-Water (90:10, v/v) (B).
Typically, the solvent gradient was programmed to
change linearly from 15% B to 33% B over the
first 10min and then to 100% B over the next 6.7
min before returning to the initial composition at
22 min. For a 10-ml injection of sample prepared
with 20 ng internal standard and reconstituted in
200 ml initial mobile phase, the limit of detection
(LOD) and limit of quantification (LOQ) were
calculated from calibration curves and samples
using the Quantify module of Mass Lynx version
3.5 software [27].

Estimation of heavy metals

Cadmium, Pb**, Cu'f, Ni** and Zn'* cations
were determined by the Atomic Absorption
Spectrophotometry (BHF 80B biologie
spectrophotometer). The samples were diluted
with LiCls to suppress the interference of Na*, K*
and Ca't+,

Table 1: Effect of spermine, spermidine and their interaction on growth vigor of root of wheat plants (at
heading and anthesis stages) irrigated with different concentrations of waste water.

Growth vigor of root

~ Root length (cm) Roé Fresh mass (g) Root dry mass (g) Root /shoot ratio

Parameters

Treatments

Cont. 12.96 14.52 0.69
WW 25% 13.36 13.98 0.71
WW 50% 12.42 13.19 0.66
WW 100% 11.20 12.02 0.58
Spm 16.20 18.20 1.15
Spm+WW 25% 16.00 17.28 0.92
Spm+WW 50% 15.00 15.92 0.82
Spm+WW 100% 13.44 14.08 0.70
Spd 15.93 17.00 1.05
Spd+WW 25% 13.60 14.80 0.84
Spd+WW 50% 12.64 14.22 0.80
Spd+WW 100% 11.85 13.40 0.66
Spm+Spd 16.60 19.12 1.22
Spm+Spd+WW 25% 16.72 18.20 111
Spm+Spd +WW 50%  15.33 16.04 0.82
Spm+Spd+WW 100%  14.20 14.66 0.74
LSD at P < 0.05 2.56 1.82 0.08

Statistical analysis

The main effect of factors (heavy metals and both
used polyamines), and the interaction (heavy
metals X polyamines) were evaluated by general
linear model (two ways ANOVA) using SPSS
program. Tests for significant differences between
means at P = 0.05 were given by LSD test [28].
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" Heading Anthesis Heading Anthesis Heading Anthesis Heading Anthesis

0.80 0.36 0.43 0.14 0.13
0.76 0.4 0.53 0.20 0.17
0.69 0.53 0.68 0.26 0.28
0.67 0.64 0.88 0.37 0.31
1.36 0.38 0.46 0.12 0.12
1.19 0.42 0.50 0.14 0.14
0.93 0.46 0.58 0.17 0.17
0.77 0.52 0.65 0.22 0.20
1.26 0.39 0.49 0.12 0.13
1.09 0.4 0.58 0.15 0.17
0.86 0.49 0.68 0.20 0.21
0.76 0.54 0.75 0.23 0.26
1.46 0.37 0.44 0.10 0.11
127 0.40 0.47 0.12 0.12
0.96 0.43 0.51 0.15 0.15
0.78 0.48 0.59 0.18 0.19
0.15 0.06 0.06 0.01 0.04
Results

Changes in growth criteria

Changes in growth vigor of root: The pattern of
results in table 1 showed that, all examined
concentrations of waste water decreased both root
length and root fresh mass at heading and anthesis
stages as compared to the control value except at
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25% of waste water during heading stage, where
the two abovementioned parameters were non-
significantly increased. The root length and root
fresh mass of treated plants were in general,
stimulated by Spm, Spd or Spm+Spd treatments.
The magnitude of increase was more pronounced
with Spm+Spd pretreatment.

All the examined concentrations of waste water
(25%, 50% and 100%) induced massive increase (P
< 0.05) in root dry mass at heading and anthesis
stages comparing with the control plants. In
relation to control values of wheat plants,
generally, grain priming with Spm, Spd or their
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interaction led to marked increase in root dry mass
of wheat plants at heading and anthesis stages.
These increases were lower than that obtained

with waste water treated plants alone (Table 1).
Moreover, waste water at all the used levels
increased (P < 0.05) root / shoot ratio during the
heading and anthesis stages as compared to the
untreated control plants (Table 2). In the majority
of cases, the application of the two used chemicals
and their interaction caused increases in this ratio
particularly at higher concentrations of waste water
during the heading and anthesis stages (Table 2).

Table 2: Effect of spermine, spermidine and their interaction on growth vigor of shoot of wheat plants (at
heading and anthesis stages) irrigated with different concentrations of waste water.

Parameters

Growth vigor of shoot

Plant height (cm)Shoot fresh mass (g) Shoot dry mass (g) Flag leaf area (cm)?

Treatments HeadingAnthesisHeading Anthesis Heading Anthesis Heading Anthesis
Cont. 73.04  76.90 5.85 7.34 2.60 3.33 12.99 14.08
W 25% 7122 73.52 5.37 6.46 2.26 3.18 12.10 12.80
WW 50% 6425  67.74 5.05 6.04 2.04 3.13 10.44 11.49
WW 100% 61.70  63.36 3.55 5.40 1.72 2.88 9.26 10.16
Spm 7892 8291 8.42 9.75 3.34 3.97 16.63 21.89
Spm+WW 25% 7546 79.55 7.44 9.22 3.07 3.69 14.52 18.46
Spm+WW 50% 71.65  77.27 7.08 8.27 2.73 3.38 13.12 13.62
Spm+WW 100% 68.73  72.38 5.74 7.48 2.41 3.27 10.54 11.94
Spd 7572 79.11 7.33 8.41 3.21 3.72 16.93 19.88
Spd+WW 25% 7233 78.90 6.22 8.15 2.90 3.36 14.22 15.94
Spd+WW 50% 70.51  75.16 6.00 7.50 2.44 3.22 11.78 13.71
Spd+WW 100% 68.76  72.24 4.69 6.61 2.29 2.87 10.52 11.63
Spm+Spd 81.94  86.19 8.85 11.14 3.86 4.04 18.50 23.72
Spm+Spd+WW 25%  78.76  82.69 7.93 10.71 3.46 3.82 15.68 20.23
Spm+Spd +WW 50%  74.60  78.44 6.72 8.88 2.97 3.34 13.31 16.27
Spm+Spd+WW 100% 70.83  73.23 3,71 7.57 2.64 3.02 11.71 13.36
LSD at P < 0.05 2.21 6.58 0.25 0.27 0.08 0.14 2,012 7.83

Changes in growth vigor of shoot

The data presented in table 2 showed that, waste
water at all examined concentrations caused
progressive decreases in the growth vigor of shoot
(i.e. plant height, shoot fresh and dry masses as
well as flag leaf area) from heading to anthesis. In
general, waste water caused noticeable decreases (P
< 0.05) in the shoot vigor of wheat plants at
heading and anthesis stages. On the other hand,
application of spermine, spermidine or their
interaction induced increases in the all shoot
growth vigor of wheat plants at heading and
anthesis.

Changes in relative water content (RWC %)
The data presented in table 3 clearly showed that,
all examined concentrations of waste water led to
significant decreases (P = 0.05) in RWC % of
wheat flag leaf at heading stage as compared to the
control ones. In the majority of cases, the
application of Spm, Spd and their interaction
increased (P < 0.05) RWC% particularly at lower
concentrations (25% and 50%) of waste water
during heading stage as compared to the value
detected in control plants.
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Table 3: Effect of spermine, spermidine and their
interaction on telative water content and saturation
water deficit in flag leaf of wheat plants (at heading
stage) irrigated with different concentrations of
waste water.

~ Parameters pwco, swpv,

Treatments -

Cont. 84.66 1534
WW 25% 8049  19.51
WW 50% 7745 2255
WW 100% 7213 27.87
Spm 89.24 1076
Spm+WW 25% 8652  13.48
Spm+WW 50% 81.69 1831
Spm+WW 100% 76.85  23.15
Spd 8596 14.04
Spd-+WW 25% 8122 1878
Spd+WW 50% 7868 21.32
Spd+WW 100% 7481 2519
Spm+Spd 9311 6.89
Spm+Spd+WW 25% 8875  11.25
Spm+Spd +WW 50% 8347 1653
Spm+Spd+WW 100% 7976 20.24
LSD at P < 0.05 185 098

Changes in ABA level in ﬂég leaf and grain

Changes in saturation water deficit (SWD %)

In general, all examined doses of waste water
increased significantly saturation water deficit
(SWD %) in flag leaves of wheat plants at heading
stage. In the majority of cases, Spm or Spd and
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their interaction led to significant decreases in
SWD% especially at lower concentrations (25%
and 50%) of waste water during heading stage as
compared to the control value (Table 3).

The results indicated that, waste water at all the
examined concentrations (25%, 50% and 100%)
caused a significant increase (P < 0.05) in ABA
level in the flag leaves at heading stage comparing
with the control ones (Table 4). As compared with
waste water treated plants, treatment with Spm,
Spd and their interaction caused a reduction (P <
0.05) in the ABA level of wheat flag leaf during
this stage. The reduction was more pronounced
with Spm+Spd pretreatment in wheat plants.
Irrigation of wheat plants with waste water at all
doses induced noticeable increases (P< 0.05) in

ABA content of yielded grains (Table 4).

Table 4: Effect of spermine, spermidine and their
interaction on ABA (ug g fresh wt) level in flag
leaf (at heading stage) and developing grains of
wheat plants irrigated with different concentrations
of waste water.

___ Parameters ABA ABA
Treatments ~ (Leaf) (Grains)
Cont. 1.07 1.44
WW 25% 1.47 2.02
WW 50% 2.08 2.72
WW 100% 277 4.51
Spm 0.82 1.16
Spm+WW 25% 0.98 1.42
Spm+WW 50% 1.33 2.16
Spm+WW 100% 1.54 2.57
Spd 0.83 1.21
Spd+WW 25% 1.09 1.57
Spd+WW 50% 1.36 2.42
Spd+WW 100% 1.74 2.85
Spm+Spd 079 087
Spm+Spd+WW 25% 0.88 1.25
Spm-+Spd +WW 50% 114 170
Spm+Spd+WW 100% 143 210
LSD at P < 0.05 0.016 0.070

In general, Spm, Spd or their interaction seemed to
alleviate the effect of waste water by decreasing the
inhibitors (i.e. ABA) in yielded grains of wheat
plants as compared to the values detected with
those in waste water— treated wheat plants alone.

Changes in water use efficiency (WUE)

It is clear from the results in table 5 that, the
values of WUEG and WUEg in the waste water-
treated-wheat plants were significantly lower than
that of the control ones. Application of Spm, Spd
or their interaction clearly improved WUEG and
WUEB values in stressed wheat plants. In addition,
treatments with Spm+Spd gave highest WUEg
and WUEg values than the other treatments.

Changes in the content of heavy metals in
root, flag leaf and grain

In relation to control values, the content of heavy
metals (Cd*™, Pb**, Cu**, Ni** and Zn™") in the
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roots of wheat plants at heading and anthesis
stages showed high increases (P < 0.05) with the
increase in concentrations of waste water used
(Table 6). In the majority of cases, grain priming
with the used polyamines and their interaction
caused drastic decrease in the heavy metals
contents of wheat roots at all the wused
concentrations of waste water during heading and
anthesis  stages as compared with the
corresponding values of waste water-treated plants
alone.

Table 5: Effect of spermine, spermidine and their
interaction on water use efficiency of wheat plants
irrigated with different concentrations of waste
watet.

_ Parameters wyp . wug,

Treatments .

Cont. 8.94 19.58
WW 25% 8.25 18.29
WW 50% 7.84 16.68
WW 100% 6.11 15.91
Spm 10.23  20.14
Spm+WW 25% 9.57 19.56
Spm+WW 50% 8.28 17.86
Spm+WW 100% 6.92 16.97
Spd 9.88 19.66
Spd+WW 25% 9.14 18.87
Spd+WW 50% 7.69 17.27
Spd+WW 100% 6.67 16.69
Spm+Spd 1117 2217
Spm+Spd+WW 25% 10.34  21.68
Spm+Spd +WW 50% 8.76 19.49
Spm+Spd+WW 100% 7.53 17.73
1.SD at P < 0.05 054 042

As expected and in comparing to control values,
the content of measured heavy metals (Cd*,
Pb**, Cu**, Nit* and Zn*") in wheat flag leaf at
heading and anthesis stages showed progressive
increases (P = 0.05) with the increase in
concentrations of waste water used (Table 7). In
the majority of cases, grain presoaking in the used
polyamines and their interaction caused decline in
the heavy metals contents of flag leaf at all
examined concentrations of waste water during
heading and anthesis stages as compared with the
cotresponding values of waste water-treated plants
alone.

Compared with control value, waste water at all
examined concentrations caused  significant
increases (P < 0.05) in heavy metals (Cd**, Zn™¥,
Cu**, Pb** and Ni'*) content in yielded grains
with increase in concentrations of waste water
(Table 8). In the majority of cases, grain
presoaking in Spm, Spd or their interaction
appeared to partially ameliorate the effect of waste
water and decreased (P = 0.05) the heavy metals
content of wheat grains as compared with the
corresponding values of waste water-treated plants
alone.
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Table 6: Effect of spermine, spermidine and their interaction on heavy metals content (m mole g'! dwt) in
root of wheat plants (at heading and anthesis stages) irrigated with different concentrations of waste watet.

Parameter Cd+* Pb++ Cut+ Ni++ Zn**
Treatments Heading Anthesis Heading Anthesis Heading Anthesis Heading Anthesis Heading Anthesis
Cont. 1.43 1.50 0.21 0.28 0.08 0.09 0.09 0.10 0.07 0.09
WW 25% 8.75 7.10 4.89 5.05 5.34 5.43 6.32 6.14 15.77 16.29
WW 50% 12.23 10.44 9.61 10.19 8.01 9.00 12.14 11.85 24.80 23.05
WW 100% 18.24 16.34 17.20 18.22 12.80 11.64 19.63 16.72 32.66 30.27
Spm 0.90 0.92 0.12 0.15 0.08 0.10 0.09 0.09 0.08 0.08
Spm+WW 25% 4.62 3.76 3.02 3.17 3.79 3.85 4.05 4.20 8.22 6.83
Spm+WW 50% 7.88 6.93 5.51 5.90 4.91 5.18 6.11 5.94 10.75 9.13
Spm+WW 100% 9.80 9.18 8.69 9.51 6.80 6.69 9.55 8.41 14.72 12.52
Spd 1.15 1.14 0.17 0.23 0.08 0.11 0.09 0.10 0.08 0.09
Spd+WW 25% 4.76 3.93 3.75 4.21 4.08 4.14 4.79 4.85 9.37 7.50
Spd+WW 50% 8.53 7.71 6.87 7.32 5.21 5.88 6.65 6.27 12.50 9.77
Spd+WW 100% 11.10 10.22 10.09 10.68 8.11 7.02 10.17 9.14 16.67 14.47
Spm+Spd 0.65 0.78 0.11 0.17 0.08 0.08 0.07 0.09 0.09 0.09
Spm+Spd+WW 25% 3.45 3.36 3.12 333 2.59 3.06 3.30 3.59 5.63 4.99
Spm+Spd +WW 50%  5.69 4.91 5.94 6.14 3.65 3.71 5.18 330 8.32 7.68
Spm+Spd+WW 100%  7.51 6.42 7.24 7.50 4.75 4.63 8.59 7.78 12.43 10.75
LSD at P < 0.05 0.17 0.15 0.14 0.11 0.13 0.12 0.18 0.16 0.22 0.19

Table 7: Effect of spermine, spermidine and their interaction on heavy metals content (m mole g'! d wt) in
flag leaf of wheat plants (at heading and anthesis stages) irrigated with different concentrations of waste
water.

Parameters Heavy metals content (mmole g-! dwt)

h N Cd++ Pb++ Cu++ Ni++ Zn++
Treatments ——~ Heading Anthesis Heading Anthesis Heading Anthesis Heading Anthesis Heading Anthesis
Cont. 0.29 0.31 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01
WW 25% 2.44 3.54 2.44 4.31 2.12 2.33 3.28 5.96 7.37 11.08
WW 50% 4.06 4.21 4.08 4.96 3.36 2.93 5.11 7.56 9.66 14.07
WW 100% 5.32 4.82 5.55 5.33 4.09 3.25 6.46 8.33 13.30 16.53
Spm 0.27 0.28 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01
Spm+WW 25% 1.67 1.78 1.67 2.17 1.63 1.13 2.76 3.24 5.06 5.73
Spm+WW 50% 1,95 2.27 2.07 2.78 1.86 1.35 SHI 3.93 6.32 6.98
Spm+WW 100% 2.76 2.87 2.85 3.51 2.69 2.24 4.15 4.69 9.75 8.33
Spd 0.27 0.28 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01
Spd+WW 25% 72 1496 1.83 2.41 1.66 1.74 3.27 3.51 6.90 5.95
Spd+WW 50% 2.16 2.35 2.24 3.11 2.15 2.14 3.70 4.35 8.07 6.83
Spd+WW 100% 2.92 3.14 3.10 3.84 2.87 2.28 4.26 5.07 10.50 9.10
Spm+Spd 0.24 0.29 0.01 0.01 0.00 0.01 0.00 0.00 0.02 0.01
Spm+Spd+WW 25% 1.26 1.46 1.48 1.84 1.23 1.06 2.35 2.75 3.82 5.24
Spm+Spd +WW 50%  1.76 1.68 1.84 2.26 1.71 i1.23 3.01 2.98 5.48 5.97
Spm+Spd+WW 100%  2.29 2.35 2.47 2.52 2.31 1.43 3.77 3.59 6.99 7.43
LSD at P = 0.05 0.09 0.11 0.07 0.09 0.05 0.08 0.07 0.08 1.08 1.24

Table 8: Effect of spermine, spermidine and their interaction on heavy metals content (m mole g! d wt) in
yielded grains of wheat plants irrigated with different concentrations of waste water.
~——_ Parameter Heavy metal contents (m mole g d wt)

Treatments —__ Cd** Pb** Cu** Ni+ Zn**

Cont. 0.42 0.01 0.01 0.00 0.01

WW 25% 1.64 1.48 1.28 3.22 3.60

WW 50% 1.80 1.91 1.54 3.53 3.98

WW 100% 2.62 2.30 1.89 4.19 4.70

Spm 0.33 0.01 0.01 0.00 0.01

Spm+WW 25% 1.26 1.20 0.92 2.08 2.87

Spm+WW 50% 1.53 1.56 1.22 2.61 3.16

Spm+WW 100% 2.06 1.96 1.48 3.36 3.58

Spd 0.36 0.01 0.01 0.00 0.01

Spd+WW 25% 1.42 1.39 1.03 2.47 3.20

Spd+WW 50% 1.95 1.94 1.27 3.03 3.45

Spd+WW 100% 2.16 2.18 1.66 3.59 3.85

Spm+Spd 0.31 0.01 0.01 0.00 0.01

Spm+Spd+WW 25%  0.73 1.07 0.72 1.67 2.40

Spm+Spd +WW 50%  1.24 1.35 0.87 1.95 2.60

Spm+Spd+WW 100% 1.73 1.58 1.21 2.24 3.16

LSDatP<005 006 002 004 004 002
Discussion
In all over the world, treatment and reuse of waste ~ carbohydrates, it considers the main source of
water take the attention to face the continuous  Plant carbohydrates in the food for human
water shortage. As the wheat has about 70 — 75% consumption, so wheat has up-normal importance.
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Thus, this work was undertaken to evaluate the
possible role of polyamines (spermine, spermidine
or their interaction) in mitigating the harmful
effects of irrigation of wheat plants with untreated
waste water polluted mainly with heavy metals.
There was dramatic difference in analysis between
fresh water and untreated waste water. This
analysis revealed that, (Cd in waste water = 2.4
times in fresh water, Pb = 4.6 times, Cu = 3 times,
Ni = 2.9 times, Zn = 11.6 times).

Plant growth is a function of cell wall extensibility,
water conductivity, osmotic potential, and
threshold turgor among other factors. When these
factors are insufficient, growth does not occur
[29].  Shoot growth and  morphological
characteristics were shown as important factors in
controlling the yield of crop plant [30]. Thus, the
present results revealed that, waste water
particularly at higher concentrations reduced both
root and shoot growth vigor of wheat plants
during heading and anthesis stages. In this respect,
the higher concentrations (50% and 100%) of
waste water caused noticeable decrease in height of
marigold plants. This may be due to excessive
sodium or other cations in waste water which can
substitute for other cations in the soil [31].

Application of industrial effluent decreased the
budding and growth rate of vegetables [32].
Presumably the effect of Cd and other heavy
metals could be due to inhibition of RNA and
protein synthesis and consequently cell division or
elongation as well as the extension of the cell cycle
[33]. Cadmium decreased the cell viability,
inhibited the cell division and the accumulation of
total biomass. Cadmium at 1mM killed most of the
cells and caused rapid destruction in internal
architecture as well as degradation or loss of
cytoplasmic strands with alteration in vacuolar
system and malformation of nuclear shape and size

[34].

The negative effect of waste water (mostly
polluted with heavy metals) on root and shoot
fresh weight may probably be due to that these
metals decrease the root water uptake and relative
water content as suggested by other workers using
different plant species [33].

The decrease in shoot dry masses of wheat plants
as a result of waste water treatments may probably
be due to the effect of heavy metals in decreasing
the ion contents (i.e. Na*, K* and Ca**) of wheat
shoot [35]. In addition, the reduction in shoot
growth (plant height, shoot fresh weight and leaf
area) due to industrial effluents was because of the
presence of metal ions like Fe, Cu, Mn and Zn as
identified in effluents [36].

It is clear that waste water at all examined
concentrations induced massive increases in root
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dry mass and root / shoot ratio at heading and
anthesis stages. These increases may be due to the
accumulation of heavy metals in root system [13].
In this regard, stated that lead concentration in
comestible plant parts related to the dry mass has
increased from 0.05 to 3.0 mg/g. Moreovet, the
dry weight per seedling increased at 100% of
effluent in Cicer arietinum plants as compared with
the control [37].

The importance of leaf area in controlling plant
dry matter and growth has been appreciated [38].
Waste water at all examined levels caused
noticeable decrease in flag leaf area of wheat
plants. The delay in the flag area leaf production in
wheat plants in response to waste water treatments
could be due to the slow rate of movement of
nutrients and hormones transported  with
transpiration stream from the root to shoot [39].
Moreover, Barcelo et al, [40] related the negative
effect of Cd and other heavy metals on specific
leaf area (SLA) with disorders on water supply in
Phaseolus vulgaris plants. These authors suggested
that, reduced cell turgor potential and cell wall
elasticity led to formation of small cells and
intercellular space area in heavy metal-stressed
plants. In addition, presence of Zn at higher
concentrations  retarded the growth and
development of plants by interfering with certain
important metabolic processes [41].

The application of spermine, spermidine or their
interaction appeated to improve the growth vigor
of wheat plants irrigated with different
concentrations of waste water by increasing the
plant height, fresh and dry masses (for root and
shoot), flag leaf area and root length. Grain
priming with Spm+Spd appears to be the most
effective treatment in inducing faster growth of
both root and shoot of wheat plants irrigated with
different concentrations of waste watet.

The protective role of polyamines under stress
conditions on different plant species may be due
to their action as a new category of plant growth
regulators that are purported to be involved in a
large spectrum of physiological processes, such as
embryogenesis, cell division, cell elongation,
morphogenesis and development [42]. The
repairing effect of Spm, Spd or their interaction on
growth of waste water-irrigated plants may be due
to the increase in water uptake by the root system
of wheat plants as reported in other studies [22]. In
addition, the observed increase in growth vigor of
wheat plants as a result of grain presoaking in
polyamines may be explained on the fact that, PAs
stimulate many physiological processes such as
DNA  replication, transcription and translation
[42], nucleic acids and protein synthesis [43].

Tibutcio et al.,, [44] concluded that, PAs are able to
modulate plant growth and development through a
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fundamental mechanism common to all plants.
The application of PAs in different plant species
increased leaf area, fresh and dry weights of root
and shoots and consequently improved growth
[45]. Moreover, polyamines play a multiple
essential functions in plant cell; they facilitated cell
division and growth, increased in the cell number
and fresh mass. Also, PAs play an important role
in protective response of tobacco cells to Cd stress
by the activation of stress-defending mechanisms
which prevented the cells before programmed cell
death (PCD) [34].

The inhibition in flag leaf area of wheat plants in
response to examined concentrations of waste
water was mitigated partially when the grains were
treated with applied polyamines. This recovery
may be due to PAs stimulate the rate of movement
of nutrients and hormones from root toward
shoot which can accelerate the rate of leaf
developing  leaves.  The
aforementioned pattern of results was in the same
direction with many authors ([46] using sunflower
and wheat plants; [47] using wheat plants).

expansion in

The importance of the internal water balance in
plant water relations is generally accepted because
of the close relationship between the balance and
turgidity, to the rates of physiological processes
that control the quality and quantity of growth
[48]. In the present work, irrigation of wheat plants
with all examined concentrations of waste water
decreased relative water content (RWC %) in flag
leaves of wheat plants at heading stage. This
decrease might be explained on the fact that, heavy
metals especially Cd may decrease the water uptake
by root in different plant species. These results
were in accord with those obtained by many
authors [49, 50]. Also, the aforementioned results
were in close parallelism with those obtained by
Valerie ¢ al., [33].

Grain presoaking in Spm, Spd or their interaction
recovered the turgidity of flag leaf by increasing
the RWC% of wheat plants irrigated with
untreated waste water. The increase in RWC % of
wheat flag leaf in Spm+Spd treatment were more
pronounced than other treatments. These results
were similar to those obtained by Kun-Liu ¢f al,
[19] using Vcia faba plants. The beneficial effect of
used polyamines might be due to the increased
water uptake that led to powerful water supply to
shoot. This mechanism may be due to diminishing
the level of ABA which acts as antitranspirant. In
addition, treatment of wheat plants with
exogenous Spd alleviated the osmotic injury, as
judged by increase in RWC of wheat leaves [20].

Water use efficiency (WUE) is the ability of the
crop to produce biomass per unit of water
transpired [51] or the efficiency for producing dry
matter per unit absorbed water, and the ability to
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allocate an increased proportion of the biomass
into grains. Water scarcity is a major limiting factor
in agricultural production all over the wotld [52].
The values of WUEg and WUEp in the waste
water-irrigated-wheat  plants  were  significantly
lower than that of the control ones. These
decreases in WUEG and WUEgR might probably be
due to the decreases in grain yield and biomass
yield of wheat plants [35].

Treatments with Spm, Spd or their interaction
mitigated the harmful effect of waste water stress
on WUEg and WUEg of wheat plants. The
improvement of WUE in non-stressed or stressed
wheat plants under polyamines treatment might be
due to the increases in both grain and biomass
yields of wheat plants [35]. Furthermore, the
increases in WUEg and WUES values were higher
in Spm+Spd treatment than that of the others.

Waste water at all examined concentrations
resulted in marked increases in the ABA content in
flag leaves of wheat plants at heading stage. In this
connection, ABA level was higher under heavy
metals stress conditions in different plant species
[53, 54]. In addition, such accumulation of ABA
may be the reason of stomata closure on both
upper and lower sides of the flag leaves. This result
was in accord with those obtained by Omer e/ al,
[55] who reported that, the increase in endogenous
ABA levels caused by heavy metal ions can be
used in explanation of ceasing water uptake from
roots to shoots. The amount of ABA is
determined by the dynamic balance between
biosynthesis and degradation, and these two
processes are influenced by plant development and
different environmental factors [50].

In fact, unfavorable environmental factors lead to
sharp changes in the balance of growth hormones
associated with not only the accumulation of
abscisic acid (ABA), but also with a decline in the
level of the growth activating hormones: indole
acetic acid (IAA), gibberellic acid (GAjs) and
cytokinins [57]. These changes would result in a
new endogenous hormone balance that would be
favorable to the plant’s response to waste water. In
the present investigation, waste water at all
examined doses caused marked increases in ABA
levels in yielded grains of wheat plants. This result
was in accordance with those obtained by
Aldesuquy [58] who proved that, Cd stress induced
the increase in ABA content in yielded grains of
sorghum plants. This increase in ABA content
detected in grains may probably be due to its
biosynthesis within the grains or may be possibly
translocate from the leaves. From another point of
view, different heavy metals may interfere with
hormone metabolism by preventing the ABA
catabolism in wheat grains. In this respect, the
effects of mercury, cadmium and copper showed
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significant increases in ABA contents in grains of
wheat plants exposed to heavy metal ions [55].

Polyamines have been proposed as a new category
of plant growth regulators that are purported to be
involved in a large spectrum of physiological
processes and act as hormonal second-messengers
[42]. Thus, PAs are synthesized in large amounts in
young tissues (meristems and growing tissues) in
different species of plants [59]. In addition, they
have been shown to be an integral part of plant
stress response [22]. The application of Spm, Spd
or their interaction counteracts the stress induced
by heavy metals in waste water on the internal
growth regulators in wheat grains by reducing the
ABA level and at the same time increases the
production of growth stimulators within the
developing grains.

Grain priming with Spm, Spd or their interaction
may ameliorate the deleterious effects of waste
water on wheat plants by decreasing the ABA
content in wheat flag leaf. In this connection,
exogenous application of Spd or Spm significantly
inhibited the Cu-induced enhancement of H,O,
generation, decreased the levels of free radicals,
decreased the accumulation of ABA and thereby
mitigated the stress in Nymphoides peltatum leaves
under Cu treatment [60].

Perusal of data revealed that, the contents of heavy
metals (Cd*™*, Pb**, Cu**, Ni** and Zn*™) in the
roots of wheat plants at heading and anthesis
stages were highly increased with increasing the
examined concentrations of waste water. The
massive accumulation of heavy metals in roots
may be ascribed to formation of complex between
heavy metals and sulthydryl groups of
polypeptides that results less transport of heavy
metals to shoots [61]. Furthermore, cadmium
accumulated in root treated wheat plants rather
than in shoots may be result from reduction in
transport from root to shoot due to formation of a
high-molecular-weight complex with heavy metals
(phytochelatins) in roots as suggested by Jonathan
et al., [13].

It is clear from the experimental results that, Spm,
Spd or their interaction play an important role in
increasing the tolerance of wheat plants to waste
water treatment by decreasing the accumulation of
Cd, Pb, Cu, Ni and Zn in root and consequently in
shoot. This repairing effect induced by exogenous
application of PAs may be due to PAs: (1) increase
the production of phytochelatins (PCs) particularly
in root; (2) increase the cell wall and vacuolar
storage of these heavy metals; (3) increase the
detoxification of heavy metals by increasing the
accumulation of these metals in trichomes of
leaves and peduncles of wheat plants; (4) acted as
an efficient antioxidants and free radical
scavengers under this stress [33]; (5) increase the
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root exudates into the soil (biosphere). In addition,
exogenous Spd and Spm evidently decreased the
accumulation of Cu and effectively restored the
balance of nutrient elements in cells of Nymphoides
peltatum plants [62].

Heavy metals (Cd**, Pb** Cu**, Ni** & Zn™*) in
flag leaves of wheat plants at heading and anthesis
stages showed dramatic increases with an increase
in examined concentrations of waste water. These
results are comparable to those data obtained by
Jonathan e @/, (2005); using wheat plants. A large
amount of the heavy metals moved from the root
into the leaves in the transpiration stream via the
xylem [33]. The negatively charged cell walls can
attract mobile cations. Indeed, interactions
between cations and cell walls may vary
considerably depending on the plant species or
genotype [63]. Heavy metals such as Zn, Mn and
Cd were released from the roots to the shoot then
redistributed from the oldest leaves to youngest
leaves, mainly via the phloem [61].

The transport of Cd from roots to shoot in wheat
plants may occur through xylem system, phloem
cells or cadmium may be recognized as a toxic
metal by the roots of wheat thus, it leads to the
activation of adaptive mechanisms such as
sequestration in the vacuole or in the cell walls [64]
in order to avoid an accumulation of this metal in
the shoot. There are differences between the
wheat cultivars in their ability to accumulate Cd in
the leaves and grains. These differences were due
to variation in the translocation of Cd from root to
shoot and within the shoot, rather than to Cd
uptake in the root [65]. Moreover, [33] observed
the presence of heavy metals at the edge of older
leaves in wheat and plants. This observation might
be explained by transport of these metals with the
transpiration stream and excretion of these metals
in excess with guttation. The guttation fluid may
serve to elements,
potassium, magnesium and calcium in different
plant species [66].

excrete various such as

Grain priming with Spm, Spd or their interaction
play an important role in increasing the tolerance
of wheat plants to waste water by decreasing the
accumulation of free Cd**, Pb** Cu'f, Nitt &
Zn** contents in flag leaves. This reducing effect
induced by exogenous application of PAs may
increase the accumulation of heavy metals in
trichomes by increasing their number in leaves and
peduncles of wheat plants [58]. The ameliorating
effect of Spm, Spd or their interaction might be
explained on the fact that, PAs act as an efficient
antioxidants and free radical scavengers under this
stress [12]. In addition, exogenous Spd and Spm
evidently decreased the accumulation of Cu and
effectively restored the balance of nutrient
elements in cells of Nymphoides peltatum plants [62].
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Irrigation of wheat plants with waste water at all
examined concentrations resulted in marked
increases in Cd**, Zn™, Cu**, Pb** and Nit*
contents of yielded grains. These results were in
conformity with those of Aldesuquy [58] and
Valerie et al, (2006) by using different plant
species. In addition, a high Cd level in the wheat
grains may be caused by a high Cd uptake in the
roots, a high translocation of Cd from roots to
shoot, and/or a high translocation of Cd within
the shoot to the grains [14].

Maturing grains represent phloem sinks in plant
shoots. Thus, the heavy metals reach the grains
either directly, via the xylem, or are firstly transfer
from the xylem to the phloem and then reach the
wheat grains within the phloem. This transfer from
xylem to phloem might have happened in the leaf,
in the peduncle, or in the glumes then to the grains
via the phloem of wheat plants. Comparing with
the other heavy metals, Ni showed the highest
mobility in the phloem but Mn was the lowest.
Although Zn and Cd are chemically similar, their
phloem mobility was different. The Zn was
exported more rapidly and in large amounts than
was Cd. Moreover, Zn was more efficiently
removed from the xylem sap compared with Cd,
while a higher proportion of the latter was directed
to organs with a high transpiration rate [67].

Cadmium is probably either translocated directly
via xylem to the grains during maturity or is
translocated as a result of the bulk stream of
photosynthates from source to sink (i.e. from
leaves to the grains via the phloem). According to
Mengel and Kirkby [68], the flag leaf is the most
important provider of photosynthates to the grain
in the later stage of the grain-filling period,
contributing to 70 to 80 % of the grain filling. The
remainder of assimilate mainly comes from the ear
itself. Furthermore, [11] suggested that, the xylem-
to-phloem transfer is important for the Cd
accumulation in the maturing grains of wheat. It is
possible that Cd follows the photosynthate bulk
stream from the flag leaf to the grains. Thus, from
the root to the grain, there are many processes that
may regulate the accumulation of Cd in wheat
grains.

Conclusion

Overall, in the present study imposition of
irrigation of wheat plants with untreated waste
water mostly polluted with heavy metals at all
examined doses has a negative effect on growth,
metal concentration, distribution, relative water
content and ABA of wheat plants. Furthermore,
continuous application of waste water may lead to
accumulation of plant nutrients and heavy metals
to undesirable high levels in the crops and thereby
reducing their quality and nutritional value as
forage crops for animal feeding. On the other
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hand, grain presoaking in spermine, spermidine or
their interaction displayed a positive role in
improving the growth vigor of both root and
shoot as well as the ability of wheat cultivar (Sakha
94) to tolerate heavy metals stress in waste water
by hormonal regulation and improvement of leaf
turgidity by decreasing saturation water deficit and
increasing relative water content as well as water
use efficiency for economic yield of wheat plants.
Furthermore, polyamines decrease heavy metals
concentrations and their distribution between root,
shoot and grains.
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