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ABSTRACT 

A study of parameters associated with adjustments in internal water balance, namely: relative water content,
saturation water deficit, ABA level, heavy metals and water use efficiency of wheat plants in relation to grain
yield is presented. Waste water at all examined doses (25, 50, 100%) induced marked decreases in relative water
content and water use efficiency but led to a significant increase in the saturation water deficit and abscisic acid
(ABA) concentration in flag leaves of wheat plants. Furthermore, waste water significantly increased heavy
metals content (Cd++,Pb++, Cu++, Ni++ and Zn++) in roots of wheat plants. Grain priming with spermine, spermidine
or their interaction alleviated the stress induced by heavy metals in waste water by keeping water within leaves,
recovering the turgidity and decreasing ABA content in flag leaf of waste water-stressed wheat plants.
Furthermore, the effect was more pronounced with Spm+Spd treatment.The grain yield appeared to be positively
correlated with RWC, water use efficiency for grain yield (WUEG) and water use efficiency for biomass yield
(WUEB) but negatively correlated with ABA, SWD and heavy metals content in wheat plants.

Key words: Wheat, waste water, spermine, spermidine, relative water content, ABA, heavy metals, water use
efficiency. 

Introduction

Cadmium reduced root water uptake, stomatal opening, conductance, relative water content and transpiration
rate in different Cd-treated plants ( Haroun, 2003; Milone, 2003). Maruthiet al. (2005) concluded that, relative
water content was significantly decreased under Zn stress in mustard plants. Moreover, the application of Cd and
Zn in young wheat plants affected negatively on the transpiration rate (Sharif, 2006). Furthermore, osmotic stress
for 7days caused a decrease of leaf relative water content in wheat seedlings (Liu, 2005). The concentrations of
Cu, Zn, Cd, Pb, Ni and Cr in root and shoots of Beta vulgaris plants showed significant and strong positive
relationships with concentrations of fly ash that contains a large amounts of heavy metals (Anurag, 2008).
Thomas and Harrison (1991) reported that,Cd-uptake differs according to the varieties of lettuce used. The
transfer ofheavy metals from roots to shoots varied with the concentrations and types of heavy metals (Singh,
2008; Sutapa, 2008). In thisconnection, Bipasha et al. (1997) found that, greater uptake of cadmium occurred
in the roots of Linum spp. cv. "Gorima" plants than that in the shoot and the accumulation of cadmium was in
the cytoplasm of the regenerated roots. Similar results were observed in Cd-treated wheat plants (Abo-Kassem,
1997) and in Cd-treated soybean cv. "Crawford" plants (Mallan, 1998).

The effects of mercury, cadmium and copper showed a significant increases in the abscisic acid (ABA)
contents in grains of wheat plants exposed to heavy metal ions (Omer, 2008). Heavy metals stress induced the
accumulation of ABA in different plant species (Omer, 2008; Yanbao, 2007).Furthermore, irrigation of sorghum
plants with CdCl2 at concentrations (0.01, 0.1 or 1mM) induced dramatic accumulation in ABA content of yielded
grains (Aldesuquy, 2004). Excessive amount of Cd, Zn, Cu, Pb and Ni in the soil decreased plant yields or
degrade quality of food or fiber products in different plant species (Sutapa, 2008). Furthermore, treatment of Cd
and Zn to young wheat plants affected negatively yield of treated plants (Sharif, 2006).
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Polyamines (PAs), mainly diamineputrescine (Put), triaminespermidine (Spd), and tetra-amine  spermine
(Spm), are polycationic compounds of low molecular weight that are present in all living organisms (Bais,
2002).Several investigations showed that, PAs played important role in cell elongation and cell division of
different plant species (Janne, 2004; Gorecka, 2007). In addition, treatment of wheat plants with exogenous Spd
alleviated the osmotic injury, as judged by increase in RWC of wheat leaves (Liu, 2005). Exogenous application
of Spd or Spm significantly decreased the accumulation of ABA and thereby mitigated the stress in
Nymphoidespeltatum leaves under Cu treatment (Alia, 2001). In addition, exogenous Spd and Spm evidently
decreased the accumulation of Cu and effectively restored the balance of nutrient elements in cells of
Nymphoidespeltatum plants (Wang, 2007). Polyamines play an important role in tuberization, floral initiation and
development as well as fruit development and ripening (Tiburcio, 2002).

The present work was undertaken to investigate the effect of grain presoaking in spermine, spermidine and
their interaction on improvement of leaf turgidity, ABA regulation and heavy metals content in roots in relation
to grain yield of waste water-stressed-wheat (Triticum aestivum L.) plants.

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 HgCl2 solution for 3 minutes, then washed thoroughly with distilled water, and divided into four sets
which were 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 15th November 2006 in plastic pots (15 grains per pot; 25 cm width х 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 temperature and relative humidity were: 29.2/33.2 ºC 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. After fifteen days from planting, the plants were thinned to five/pot.

On day 21 from sowing, the pots of each set were subdivided into four groups. The pots of the 1st group
(each group 20 pots) in each set still irrigated with tap water, while 2nd, 3rd and 4th groups in all sets were
irrigated with 25%, 50% or 100% waste water respectively. The resulting sixteen treatments were summarized
as follows (Table 1).

Physicochemical analyses of irrigation water (the standard fresh water and theuntreated waste water) were
summarized in Table (2). These analyses were carried outaccording to Clescreiet al. (1998).

Determination of Water Use Efficiency:

Water use efficiency (WUE) was calculated by dividing the grain yield (t ha-1) or the biomass yield (t ha-1)
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
(Stanhill, 1987). WUEG = Grain yield (t)/Total water used (gallon) and WUEB = Biomass yield (t)/Total water
used (gallon).

Measurement of Relative Water Content (RWC):

Relative water content (RWC) of flag leaves was tested at heading stage. This would give an important
measure of the internal water status in the plant studies and its response to other parameters. In measuring relative
water content, the method of Weatherly (1962) and its modification by Weatherly&Barrs (1962) was adopted,
following the considerations given by El-Sharkawi&Salama (1973). Relative water content was calculated
according to:RWC (%) = (FW-DW / TW-DW) X 100.

Determination of Saturation Water Deficit (SWD%):

Saturation water deficit (SWD%) was calculated according to Weatherly and Barrs (1962) from the following
equation:  SWD% = 100 - RWC% 
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Determination of Heavy Metals:

Cadmium,Pb++, Cu++, Ni++ and Zn++cations were determined by the Atomic Absorption Spectrophotometry
(BHF 80B biologie spectrophotometer). The samples were diluted with LiCl3 to suppress the interference of Na+,
K+ and Ca++[1].

Extraction, Purification and Determination of Growth Hormones:

The extraction and purification procedure for abscisic acid was carried out according to the method that
originally described by Shindy and Smith (1975) while hormone analysis was performed by using two-
dimensional HPLC according to Crocier&Moritz (1999).

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 (Snedecor, 1976) and the correlation
coefficient between the economic yield and all estimated criteria was also evaluated.

Results:
Changes in Relative Water Content (RWC %):

The data presented in Table (1) clearly showed that, all examined concentrations(25, 50, 100%) 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. 

Table 1: The resulting sixteen treatments.
Treaments 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
WW % 0 25 50 100 0 25 50 100 0 25 50 100 0 25 50 100
Spm (0.15mM) - - - - + + + + - - - - - - - -
Spd (0.30 mM) - - - - - - - - + + + + - - - -
Spm + Spd - - - - - - - - - - - - + + + +
WW=waste water; Spm=spermine; Spd=spermidine

Table 2: Physicochemical analyses of fresh water and untreated waste water (ppm).
Character Fresh water Untreated waste water
Color Colorless Brownish black
Turbidity Clear Turbid
COD 5.0 150.0
BOD 2.0 60.0
Total suspended solids 4.0 266.0
Total hardness 60.0 770.0
Cd++ 0.05 0.12
Pb++ 0.05 0.23
Cu++ 0.04 0.12
Ni++ 0.07 0.20
Zn++ 0.08 0.93
Na+ 0.02 0.22
K+ 0.01 0.14
Ca++ 0.01 0.19
Total phosphorus 0.07 0.38
Cl- 45.0 283.6
SO--4 00.0 72.0
NO3- 0.01 50.0
NO2- 0.002 7.3
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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 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).  

Changes in ABA Level:

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 3). 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. 

Changes in the content of heavy metals in root.In relation to control values, the content of heavy metals
(Cd++, Pb++, Cu++,  Ni++ and Zn++)  in the roots of wheat plants at heading and anthesis stages showed massive
increases (P # 0.05) with the increase in concentrations of waste water used (Table 4). 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 used concentrations of waste water during heading and anthesis stages as compared with
the corresponding values of waste water-treated plants alone. 

Changes in Water Use Efficiency (WUE):

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

Changes in Grain Yield:

Irrigation of wheat plants with all examined concentrations of waste water caused marked decrease in grain
yield of wheat plants (Fig. 1). Application of Spm, Spd or their interaction was significant in alleviating the
adverse effects of waste water on yield and yield components of wheat plants.

Discussion:

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 (Aldesuquy, 2004).

In the present work, the data in Table (3) revealed that, 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 David et al. (1995)
and Haroun et al, (2003). Also, the aforementioned results were in close parallelism with those obtained by
Vassilev et al. (1999); Nalini & Chandra (2002) and Valeria et al. (2006) in different plant species. Grain
presoaking in Spm, Spd or their interaction recovered the turgidity of flag leaf by improving the RWC% of wheat
plants irrigated with untreated waste water (Table 3). 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
et al. (2000) using Vicia 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 the reduction in 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 (Liu, 2005).

Waste water at all examined concentrations induced increases in the ABA content in flag leaves of wheat
plants at heading stage (Table 3). In this connection, ABA level was higher under heavy metals stress conditions
in different plant species (Yanbao, 2007; Monni, 2001; Sharma, 2002).  In addition, such accumulation of ABA
may be the reason of stomatal closure on both upper and lower sides of the flag leaves. 

This result was in accord with those obtained by Omer et al. (2008) who reported that the increase in
endogenous ABA levels caused by heavy metal ions can be used in explanation of ceasing water uptake from
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roots to shoots. Also, the same results were obtained by Rauser and Dumbroff (1981) using bean  plants; Atici
et al. (2005) using germinating chickpea seeds. 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 (Cutler, 1999).

Grain priming with Spm, Spd or their interaction in some treatments 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 H2O2 generation, decreased the
levels of free radicals, decreased the accumulation of ABA and thereby mitigated the stress in Nymphoides
peltatum leaves under Cu treatment (Alia, 2001). Perusal of data presented in Table (4) 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 higher accumulation of heavy
metals in roots may be ascribed to formation of complex between heavy metals and sulphydryl groups of
polypeptides that results less transport of heavy metals to shoots (Singh, 2008; Singh, 2004). 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 protein complex with heavy metals
(phytochelatins) in roots as suggested by Maruthi et al. (2005); Sun et al. (2005); Valérie and Urs (2005);
Jonathan et al. (2006) in different plant species.

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 contents in root and consequently in shoot as compared with their corresponding control values (Table
4). 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  (Ferreira, 2002) increase the 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 (Wang, 2007).

Water use efficiency (WUE) is the ability of the crop to produce biomass per unit of water transpired (Liang,
2006) or the efficiency for producing dry matter per unit absorbed water, and the ability to allocate an increased
proportion of the biomass into grains (Manivannan, 2007). Water scarcity is a major limiting factor in agricultural
production all over the world (Liu, 2005; Shao, 2008). The values of WUEG and WUEB in the waste water-
irrigated-wheat plants were significantly lower than that of the control ones. These decreases in WUEG and WUEB

might probably be due to the decreases in grain yield and biomass yield of wheat plants (Table 5). Application
of Spm, Spd or their interaction in some treatments mitigated the harmful effect of waste water stress on WUEG

and WUEB 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. Furthermore, the
increases in WUEG and WUEB values were higher in Spm + Spd treatment than that of the others (Table 5).
Yield is a result of the integration of metabolic reactions in plants; consequently any factor that influences this
metabolic activity at any period of plant growth can affect the yield (Ibrahim, 2003). Thus, in the present work
irrigation of wheat plants with all examined concentrations of waste water caused marked decrease in grain yield
of wheat plants (Fig. 1).

The reduction in yield of stressed wheat plants can be attributed to the decrease in photosynthetic pigments,
carbohydrates accumulation (polysaccharides) and nitrogenous compounds (total nitrogen and protein) in grains
of wheat plants. These results were in a good agreement with those obtained by Galston & Tiburcio (1991) and
Malan & Farrant (1998) in different plant species. The decreases in yield and yield components in different crops
under similar conditions has also been reported by many workers (Aldesuquy, 2004; Malan, 1998). The
application of excessive amounts of Cd, Zn, Cu, Pb and Ni in the soil decreased plant yield or degraded quality
of food or fiber products in different plant species (Tani, 2005). Furthermore, treatment of Cd and Zn to young
wheat plants affected negatively the yield of treated plants (Sharif, 2006). Moreover, cadmium reduced grain yield
and straw yield in wheat and in barley (Juwarker, 1986). Application of Spm, Spd or their interaction was
significant in alleviating the adverse effects of waste water on yield and yield components of wheat plants. The
increase in yield production may be due to increase in longevity of leaves which perhaps contributed to grain
filling by enhancing the duration of photosynthate supply to grains (Kaur-Sawhney, 1982).
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Fig.1: Effect of spermine, spermidine and their interaction on grain yield/plant (g) of wheat plants   irrigated
with different concentrations of waste water. Vertical bars representLSD at P # 0.05.

Table 3: Effect  of  spermine,  spermidine and  their  interaction  on relative water content,  saturation water deficit and ABA level in  flag
leaf of wheat  plants (at heading stage)  irrigated with different  concentrations of  waste water.The least significant difference (LSD
at P ? 0.05) was used to compare between treatments.

Parameters Treatments RWC% SWD% ABA (µg g-1 fresh wt)
Cont. 84.66 15.34 1.07
WW 25% 80.49 19.51 1.47
WW 50% 77.45 22.55 2.08
WW 100% 72.13 27.87 2.77
Spm 89.24 10.76 0.82
Spm+WW 25% 86.52 13.48 0.98
Spm+WW 50% 81.69 18.31 1.33
Spm+WW 100% 76.85 23.15 1.54
Spd 85.96 14.04 0.83
Spd+WW 25% 81.22 18.78 1.09
Spd+WW 50% 78.68 21.32 1.36
Spd+WW 100% 74.81 25.19 1.74
Spm+Spd 93.11 6.89 0.79
Spm+Spd+WW 25% 88.75 11.25 0.88
Spm+Spd +WW 50% 83.47 16.53 1.14
Spm+Spd+WW 100% 79.76 20.24 1.43
LSD 1.85 0.98 0.116

Table 4: Effect of spermine, spermidine and their interaction on heavy metals content (mmole g-1dwt) in root of wheat plants (at heading
and anthesis stages) irrigated with different concentrations of waste water.The least significant difference (LSD at P ? 0.05) was
used to compare between treatments.

Parameter Treatments Cd++ Pb++ Cu ++ Ni++ Zn++-
--------------------------- ------------------------- ------------------------ ------------------------- ---------------------------
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 8.61 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 3.33 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 5.22 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 0.17 0.15 0.14 0.11 0.13 0.12 0.18 0.16 0.22 0.19

Table 5: Effect  of  spermine,   spermidine  and   their   interaction  on  water  use efficiency of  wheat  plants irrigated with  different
concentrations  of waste water. The least significant difference (LSD at P ? 0.05) was used to compare between treatments.

Parameters Treatments WUEG WUEB
Cont. 8.94 19.58
WW 25% 8.25 18.29



382J. Appl. Sci. Res., 7(3): 376-384, 2011

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 11.17 22.17
Spm+Spd+WW 25% 10.34 21.68
Spm+Spd +WW 50% 8.76 19.49
Spm+Spd+WW 100% 7.53 17.73
LSD 0.54 0.42
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