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Abstract: The effects of 0, 2.5, 5 and 10 xM (Cd™) [CA( NO,),<4H,0] and 0, 10, 25, 50 and 100 mM NaCl on
certain parameters of growth and photosynthesis and different ionic contents in maize (Zea mays L. single
cross) were studied. With increasing Cd" and NaCl alone to Hogland nutrient selution, the contents of
chlorophyll (Chl) and starch content decreased. Interaction effect of salimty and cadmium caused decrease of
negative effects of two stress and the results indicate that plants whose growth has been retarded by a mild
level of one stress factor (in this case 25 and 50 mM NaCl) may become more tolerant to a second stress factor
(Cd). The addition of cadmium caused a partial elimination of salimty effects on roots and shoots and growth
parameters, 1ons accumulation and photosynthetic parameters were improved at mild concentrations of two

stresses.
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Introduction

Salinity is one of the most sever problems in worldwide
agricultural production, m arid and semi-arid regions;
salinity 1s the major and usual abiotic stress for plants
(Umezawa et al, 2000). On the other hand heavy metals
are natural elements that are found at various high
background levels at different places throughout the
world due to various concentrations m the bedrock
(Temmerman et al., 1984 and Forstner and Wittman, 1974).
Many studies deals with effects of Cd™ on the growth of
crop plants. Inouhe et al (1994) compared the growth
responses of varlous monocot and dicot species to
cadmium. Root growth, most dicot species was more
severely inhibited at Cd treatments then monocot species.
Under Cd stress leaf weights of strawberry plants were
more reduced than root weights (Cieslinski et al., 1996).
Tncreased Cd concentrations in shoot of Triticum plants
under Cd stress were accompanied by declining
concentrations of K, Ca, Mg and Fe (Ouzouridou ef al.,
1997),

Heavy metals usually decreased the total chl and chl a/b
ratio in higher plants (Sheoran ef al., 1990). Total soluble

sugars and starch contents of soybean plants reduced

with increasing of Cd concentration in different media
(Ghorbanli et al., 1999). Responses of plants to salt stress
have been studied using anatomical, ecological,
physiological and molecular approaches (Hurkiman, 1992).
Ewing (1981) reported that the addition of NaCl to the

nutrient solution caused a marked increase in soluble
sugars contents, protein contents and decrease in growth
and Chl contents. Several factors may contribute to the
reduction m growth extubited by plants under salimty
stress. One significant factor may be related to inhibition
of vascular tissue production under stress (Shininger,
1979 and Ewing, 1981). Plants undergo one or more forms
of stress during various stages of their hfe cycle.
Although most of the research has been focused on the
responses of plants to single stress factors, plants in
nature often encounter multiple stress factors whose
interacting effect may be far from additive (Chapin et al.,
1987). In some cases however, preconditioning to one
stress factor may even increased the tolerance of plants to
a different stress factor imposed simultaneously or at a
letter ttme (King and Nelson, 1987, Mozafar and Oertli,
1990).

This study was thus undertaken to investigate the
combined effects of salimty and cadmium on growth, 1omic
componts and photosynthesis of Zea mays.

Materials and Methods

Seeds of Zea mays were germinated for 8 days m pots
filled with LECA (light expanded clay aggregate) grains
(03). Prior to potting, the LECA grains were washed with
distilled water and pots were rinsed with distilled water
everyday until germination. 8-day-old seedlings were
transferred to 500 cm’ plastic containers (3 plants per
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container) with nutrient solution containing 5 mM
KNO,, 5 mM Ca (NO,),x 4 H,0, 2 mM Mg30,,4 H,0, 1
mM KH,PO,, 0.09 mM NH,Fe (SO,), and micronutrients.
The plants were treated with O (control), 2.5, 5 and 10 M
(Cd"®) with adding O (control), 10, 25, 50 and 100 mM NaCl
for 8 days. All solutions were kept at pH 5.7 and aerated
daily throughout the experimental period. The amount of
water was adjusted daily using distilled water. The
environmental conditions were 16 h photoperiod with
irradiance of 700 pmol m— 57" (PAR) at 2743 °C. The
plants of three contamer sets (replicates), each container
holding three 16-day-old plants were harvested for growth
using the methods of Reynolds ef al. (2001).
Chlorophylls were extracted with 80 % acetone under a
dim green urradiation and determined
spectrophotometrically (Arnon, 1949). The contents of
total soluble sugars and starch were measured by the
method of Kochert (1978). The contents of Na®*, K" were
determined by flame photometer (Model 410, Sherwood
Scientific Ltd company made in UK) and Ca”, Mg"* and
Cd” were analyzed with an atomic absorption
spectrophotometer (Spectra AA200, Varian). Some of the
given results represent means +3E and others due to their
formula represent only one observation.

The results were analyzed with the SPSS (Version 10.0)
statistical package.

Results and Discussion
Analyses of data (Table 1) showed that salimty and
cadmium affect all growth parameters alone but mteraction
of Cd and salimty positively affected growth rate and
reduced their poisonous effects at some concentration on
maize plants. With increasing of salinity, leaf area, shoot
and root dry matter and shoot and root fresh matter of Zea
mays plants decreased. The data indicated that increasing
Cd had a negative effect on different parameters of
growth. At moderate concentration of salinity (25, 50 mM
NaCly and Cd (2.5, 5M Cd) different growth parameters
were mproved then other treatment but their contents
were decreased then control (0) treatments. Some reports
mndicate that conditioning of plants to drought and
salinity stress may render then more tolerant to later
damage by environmental pollutants (King and Nelson,
1987 and McBirde, 1987). The data reported (Table 1)
however, indicate that plants whose growth has been
retarded by a mild level of one stress (in case 25 and 50
mM NaCl) may become more tolerant to a second stress
(Cadmium). Thus, in mild level of salt resistant to Cd"
increased and growth responses would be better, for
example, unite leaf rate, relative growth rate and relative
leaf area growth rate would be better than control and
other treatments. Results showed that some adaptation
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mechanisms for coping with multiple environmental stress
factors similar to those observed by King and Nelson
(1987) may exist in maize plants in this study.
Chlorophylls contents in Zea mays plants were decreased
at different treatments of salinity and cadmium but
interaction effect of salinity and cadmium caused
increasing m chlorophylls contents. Cadmium 1s certainly
an effective intubitor of plant metabolism, particularly of
photosynthetic processes and chloroplast development
in higher plants (Rascio ef al., 1993). Effect of Cd"” on
chlorophyll and  chloroplast  development  act
synergistically and mhibit starch production (Stobart et
al., 1985).

The contents of total soluble sugars were increased and
starch content and unit leaf rate decreased with mereasing
of cadmium and salimity alone. Prado et al. (2000) believed
that it was also possible that the high soluble sugars
contents in Cheropodium gquinoa at salt stress was due
to a low Invertase activity under such conditions.
Interaction effects of cadmium and salimty increased
starch and unite leaf rate contents and improved
photosynthesis via improvement of chlorophyll contents
and affecting enzymes of photosynthetic carbon
reduction cycle (Prasad, 1995).

Salinity also adversely affected water status of the plants
(Reynold et al 2001). On the other hand according to
Hatch et al. (1988), Cd"* influence transpiration more by
affecting water flow through the roots than by changing
stomatal aperture. These results were shown decreasing
of water contents of plants at some treatments and
increasing at other treatments.

Concentrations of Ca, Mg and K m treated plants were
decreased by salinity and cadmium alone, an observation
was also made by Lynch and Lauchli (1983) and
Ouzounidou et al. (1997). Subjecting the plants to
cadmium treatments however caused a lesser reduction of
at most intermediate salinity levels. With
increasing of salinity in cultured medium, the absorption
of Na was increased significantly in shoots and roots of
maize plants but accumulation of Na in roots more than
shoot. Salinity induced Na-transporters in roots more than
shoots (Hasegawa et al., 2000). Increasing of cadmium in
culture solutions reduced others cations contents such as
Ca and Mg. The reduction of other cations absorption by
plants in presence of cadmium 1s due to competion
between cadmiuvm and other cations in cultured solution
(Karez et al., 1990). Ehret et al. (1990) believed that
despite tendency for salt exclusion, the mineral nutrition
of none halophytes in influence by the presence of salt,
often as a consequence of ion interactions and salinity
induced low calcium levels in plants or calcium deficiency
in none halophytic plants.

cations
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Table 1: The interaction of Cd (uM) and NaCl (mM) treatments on different parameters of Zea mays

Concentrations of cadmitum (M)

Parameters NaCl (mM) 0 2.5 5 10
Leaf area (crm’ plant™') 0 87.46+1.26 780573 52.134£0.952 48.59+1.04
(Mean+SE) 10 50.66+0.93 45.55+0.365 71.15+1.61 50.97+0.92
25 57.49£1.11 78.5441.15 79.0241.93 55.93+£045
50 28.66+0.58 49.28+0.527 53.474+0.34 21.97£0.429
100 23.56+0.45 25.2340.85 12.58+0.57 12.58+0.57
Shoot fresh matter (g plant™!) 0 1.77+0.014 1.39+0.023 1.28+0.015 1.00+0.066
(Mean+SE) 10 1.3440.029 1.7+0.024 1.67+0.039 1.33+£0.049
25 1.25+0.017 1.35+0.041 1.70+0.033 1.22+0.040
50 1.13£0.036 0.86+0.038 1.12+0.072 0.39+£0.057
100 0.55+0.035 1.19+0.098 0.86+0.028 0.85+0.035
Root fresh matter (g plant™!) 0 1.42+0.075 1.224£0.133 0.99+0.078 0.94£0.045
(Mean+SE) 10 1.32+0.043 1.28+0.015 1.18+0.036 1.12+0.072
25 1.2+0.041 1.38+0.012 1.38+0.012 1.22+0.059
50 1.12+0.056 1.12+0.056 1.23+0.031 0.98+0.015
100 1.00+£0.063 1.2240.054 0.8740.015 0.8+£0.028
Shoot dry matter (g plant™) 0 0.193+0.088 0.126+£0.014 0.113+0.008 0.086+£0.003
(Mean+SE) 10 0.17+0.015 0.133£0.017 0.15640.003 0.066+0.003
25 0.19+0.005 0.166+0.012 0.156+0.014 0.046+0.003
50 0.046+0.003 0.116£0.008 0.1+0.015 0.031+0.004
100 0.035+0.002 0.046+0.003 0.037+0.003 0.019+0.004
Root dry matter (g plant™) 0 0.18+0.0026 0.12+0.0020 0.11+0.010 0.076+0.0020
(Mean+SE) 10 0.167+0.0020 0.14+0.0020 0.089+0.0020 0.112+0.0063
25 0.14+0.0046 0.22+0.0075 0.11+0.0024 0.093+0.0059
50 0.11+0.0055 0.17+0.0052 0.09+0.0059 0.091+0.0061
100 0.10+0.0014 0.11+0.0027 0.1140.0027 0.099+0.0085
Teaf water content per 0 178.93 161.88 224.07 186.55
(g (LO) m?) 10 229,62 355.93 220.29 252.13
25 179.97 152.06 200.01 209.83
50 171.68 15837 189.43 161.43
100 89 86.04 177.53 121.0
Unit leaf rate 0 4.99 2.52 1.4 -0.44
(gem™2d™h) 10 6.57 4.48 0.85 -0.08
25 5.27 518 2.98 -0.84
50 -3 3.98 0.86 -0.15
100 -1 -0.52 -0.29 -0.38
Relative growth rate 0 0.092 0.05 0.2 -0.007
(gg'd™ 10 0.087 0.06 0.039 -0.00025
25 0.078 0.08 0.058 -0.064
50 -0.003 0.06 0.016 -0.0606
100 -0.014 0.05 -0.032 -0.562
Relative leaf area growth rate 0 0.174 0.159 0.244 0.103
(cm? cm™2 d™Y) 10 0.105 0.091 0.149 0.057
25 0.124 0.162 0.162 0.118
50 0.033 0.102 0.113 0.033
100 0.012 0.022 -0.066 -0.067
Specific leaf area 0 453.16 619.04 461.32 564.3
(ecm?g™) 10 298 342.48 456.08 764.16
25 302.57 473.13 506.53 847.42
50 623.04 424.82 534.7 T08.7
100 673.14 540.25 340 646.84
Chl a (Mean+SE) 0 1.19+0.05 1.006+0.16 0.59640.0760 0.53+£0.032
10 1.00+0.14 1.416+0.15 0.9+0.212 0.58+0.069
25 0.89+0.12 1.374+0.08 0.43+£0.104 0.54+0.091
50 0.74+0.09 1.19+0.012 0.38+0.081 0.33+0.059
100 0.79+0.006 0.875+£0.15 0.3434+0.04 0.23+£0.056
Chl b (Mean+SE) 0 0.5+0.042 0.47+0.015 0.19+0.026 0.17+0.014
10 0.37+0.017 0.4+0.047 0.3140.058 0.21+£0.023
25 0.26+0.003 0.35+0.023 0.2+0.078 0.196+0.023
50 0.26+0.005 0.35+£0.042 0.113+0.024 0.15+£0.02
100 0.24+0.03 0.32+0.047 0.13£0.005 0.11+£0.011
T8S (Total soluble sugars) shoot 0 19.8+£3.04 21.64+2.26 27.26+0.8 47.79+£3.87
(Mean+SE) 10 24.47+1.98 34.61+5.89 36.07+0.103 13.68+0.92
25 24.96+2.21 38.9342.75 29.6243.89 18.145.25
50 44,11+3.68 37.4444 .44 34.74+2.88 24.6+1.25
100 48.96+5.4 50.5141.99 48.16£7.03 61.01£7.41
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Table 1: Continue

Concentrations of cadmitum (M)

Parameters NaCl (mM) 0 2.5 5 10
T8S root (MeantSE) 0 1.95+£0.28 12.06+£0.37 23.76+2.35 15.41+£1.22
10 2.53+0.5 24.75+2.81 35.88+0.79 9.25+3.78
25 5.44+0.79 32.53+7.77 22.79+2.11 6.25+1.12
50 6.11+0.3 42.26+3.94 25.76+3.69 2.85+0.77
100 8.02+0.32 49.95+1.9 18.12+0.78 3.58+0.76
Starch shoot (Mean+SE) 0 50.26+3.85 41.87+2.35 30.73+3.28 26.96+5.32
10 31.66+1.32 35.65+1.86 32.75+0.84 30.25+2.18
25 20.65+0.86 24.26+3.68 42.36+2.53 36.45+5.77
50 19.36+1.84 21.11+4.15 28.9+1.41 29.85+0.14
100 12.54+2.64 18.26+3.26 32.98+1.09 34.73+3.41
Starch root (Mean+SE) 0 110.0+2.33 85.4+1.34 61.02+1.37 49.22+1.06
10 101.11+3.45 75.14+3.84 38.19+2.11 32.14+0.69
25 95.43+1.12 68.11+2.70 33.5+1.75 22124516
50 83.24+3.76 50.13+0.11 27.44+0.45 17.65+3.87
100 72.18+5.42 41.1443.15 18.324+0.98 16.16+2.81
Na shoot 0 0.019+0.007 0.014£0.001 0.013+0.001 0.09+0.002
10 0.1794+0.005 0.3440.04 0.197+0.002 0.20640.01
25 0.53£0.04 0.97+0.006 1.96+0.08 0.45440.03
50 1.33x0.04 1.27+0.03 0.460.009 0.658+£0.004
100 2.55£0.07 2.043+0.02 2.12+0.04 4.22+0.05
Na root 0 0.30140.01 0.157£0.001 0.132+0.01 0.05+0.01
10 0.77+0.008 0.79+0.03 0.26+0.01 0.49+0.01
25 0.83=0.01 1.13+0.04 1.02+0.1 0.89+0.01
50 0.95£0.03 0.82+0.04 1.33+0.1 1.13+£0.05
100 1.13£0.03 1.27+0.07 1.2340.05 0.92240.01
Ca shoot 0 19.53+0.88 13.55+0.67 4.5240.67 4.37+0.44
10 8.40+0.74 8.56+0.59 13.6740.32 5.63£1.5
25 5.61+0.7 6.24+0.4 9.37+0.36 9.97+0.32
50 5.89+0.47 3.444+0.59 10.2£1.00 8.93+0.04
100 2.75£0.55 3.59+04 3.45+0.75 2.71+0.58
Ca root 0 04.81+2.71 126.1342.49 45.854+2.39 30.21+1.21
10 86.21+2.99 103.40+3.97 147.07+4.37 24.69+0.52
25 54,77+2.52 79.82+0.77 39.08+2.00 18.31+0.86
50 36.49+2.08 29.34+1.27 12.08+2.95 8.46+0.73
100 34.36+0.65 20.61+1.17 11.26+1.05 3.32+0.28
Mg shoot 0 63.32+0.67 17.23+1.29 13.78+0.29 6.67+0.28
10 51.06+0.63 21.99+1.04 20.59+0.54 16.50+0.61
25 23.11+0.99 33.34+0.55 24.52+0.66 20.55+0.47
50 20.134+0.69 39.56+0.81 26.26+0.43 24.37+0.63
100 17.9+0.84 13.40+0.57 14.41+0.66 9.32+0.28
Mg roat 0 15.54+0.89 8.30+0.7 5.49+0.72 4.43+0.77
10 16.98+0.45 8.55+0.55 11.68+0.8 5.39+0.75
25 18.12+0.65 8.344+0.53 14.0941.03 6.09+£0.69
50 18.38+0.44 8.89+1.42 0.23+0.55 6.13£0.96
100 19.14+1.59 13.40+0.75 12.70+0.76 6.80+0.85
K shoot 0 1.80+0.3 1.81+0.08 2.12+0.06 1.07+0.08
10 1.13£0.07 1.31+£0.2 0.95+0.05 0.83+0.1
25 1.10+0.04 0.96+0.06 1.53+0.07 2.294+0.09
50 0.80+0.02 0.71+0.06 1.1640.03 0.75:0.04
100 0.52+0.01 0.45+0.04 0.58+0.03 0.72+0.06
K root 0 0.50+0.05 0.4540.04 0.55+0.02 0.62+0.02
10 0.35£0.04 0.45+0.03 0.58+0.01 0.26+0.02
25 0.32+0.03 0.39+0.01 0.45+0.04 0.47+0.03
50 0.28+0.01 0.30+0.03 0.34+0.02 0.25+0.03
100 0.15£0.02 0.22+0.02 0.28+0.01 0.17+0.04
Cd shoot 0 0 0.58+0.01 1.83+0.06 2.47+0.2
10 0 2.38+0.24 0.82+0.04 1.03+0.04
25 0 2.56+0.05 0.87+0.01 1.83+0.1
50 0 3.66+0.1 3.39+0.1 1.6440.1
100 0 8.67+0.1 4.05+0.1 3.56+0.1
Cd root 0 0 1.9340.05 3.0440.04 6.43:0.26
10 0 2.57+0.07 2.62+0.1 1.81+0.07
25 0 2.40+0.06 2.95+0.05 3.80+0.08
50 0 2.26+0.08 4.37+0.2 4.0440.1
100 0 3.51+0.08 4.0320.04 6.5620.1
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The cadmium uptake by maize plants was decreased by
also increasing of salinity. Tt has been shown in water
culture that when increasing the salimty the uptake of
cadmium in plants decreased (Greger et al., 1995). This
may be due to CdClx complexes were formed n the water
and these complexes are hard for the plant to take up
(Prasad and Hagemeyer, 1999). For this reason, uptake of
cadmium with mcreasing of salinity decreased and from
the other hand the negative effects of salinity on uptake
of cations such as Ca, Mg, K and Na, on different
parameters of growth, sugars and chlorophyll contents
were decreased and improvement in responses (Table 1).
In conclusion, the presence of cadmium in the nutrient
solution with salinity affected the responses of plants. At
mild levels of cadmium and salimity different growth
parameters and photosynthesis were better than other
treatments (saliuty and cadmium alone). The entrance of
cadmium to plants decreased in presence of salinity and
the poisonous effects of salimty and cadmium reduced in
mnteraction of these two factors.
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