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Abstract

Introduction

Nowadayes, due to the increasing use of phosphorus fertilizers in agricultural lands, the salinity of
the soil ,along with contamination with heavy elements such as cadmium, has increased sharply.
Plants' response to a particular stress is different from when they experience multiple stresses
simultaneously. The aim of this experiment was to investigate the simultaneous effect of salinity
and cadmium stresses on morphological and physiological characteristics of Kochia.

Materials and Methods

For this purpose, a factorial greenhouse experiment based on a randomized complete block
design with four replications was conducted in the educational-research greenhouse of the
Faculty of Agriculture, Valiasr University of Rafsanjan in 1397/2019. Experimental factors
included four different levels of salinity stress (0, 6, 12 and 18 dS/m) and cadmium concentration
in soil (0, 1, 5 and 10 mg/kg soil). The studied traits included dry weight of branches, stems and
leaves, RWC, concentration of chlorophyll a, b and a + b, enzymes activity of superoxide
dismutase, peroxidase, catalase, the concentration of cadmium, iron, zinc, manganese, calcium
and magnesium.
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Results and Discussion

The results showed that due to increasing salinity to 18 dS/m the dry weight of branches, leat and
stem dry weight and leaf area, RWC, concentration of chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids decreased by 56.8, 48.01, 50, 46.09, 21, 53.76, 56.91, 53.75 and 51.21
percent, respectively. By increasing the cadmium concentration to 10 mg/L, the dry weight of
lateral branches, leaves, stems and leaf area decreased by 24.32, 31.89, 28.45 and 41.24%,
respectively, but the concentration of leaf cadmium compared to the control treatment 1.7 times
increased. The activity of superoxide dismutase, peroxidase and catalase enzymes in treatment of
18 dS/m salinity alongside with 10 mg/L cadmium were 1.83, 1.4 and 4.7 times higher than the
control treatment, respectively. Leaf iron, zinc, calcium and magnesium concentrations decreased
by 73.07%, 51.51, 51.8%, 0.17 and 0.26% with increasing salinity stress to 18 dS/m, respectively,
and with increasing cadmium concentration to 10 mg/L increased iron concentration by 37.32%
and zinc and magnesium concentrations decreased by 28.70 and 0.12%, respectively. The highest

dry matter of Koshia in salinity and cadmium stress treatments belonged to the control treatment
and the lowest dry matter were obtained from 18 dS / m salinity and 10 mg / kg cadmium in soil.

Conclusion

The results of the present study revealed that in Kochia in the presence of cadmium stress, the
concentration of cadmium in the leaves and shoots increased and this indicates the potential of
this plant for phytoremediation (removal of heavy metals by the plant) from saline soils
contaminated with cadmium. Kochia's proper performance in high cadmium accumulation
appears to be due to the detoxification of cadmium in cells. The presence of salinity along with
cadmium increased the activity of antioxidant enzymes, which is probably one of the plant's
solutions to stress. Decreased nutrients due to increased cadmium and salinity stress can be a
reason for reduced yield and lead researchers to the direction that in the face of these stresses,
nutrients can be used as fertilizer so that the plant does not suffer from nutrient deficiencies.
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Table 1. Analysis of variance of growth traits, antioxidant enzymes and element concentrations in Kochia under salinity and cadmium stress conditions

Means Squars
SO.V. df Br\?vr;?ghctiry Lv?/Zifgil;y S\Sig?gﬂ? Leaf area RWC  Chlorophylla Chlorophyllb  Chlorophyll a+b  Carotenoids SOD
Block 3 0.046™ 0.21™ 0.253™ 5501.30™ 0.001™ 1.66™ 3.06™ 5.24™ 0.31™ 83.31"
Salinity 3 54.00" 8.18™ 11.85™ 124821.75™ 0.122™ 4758 92.32™ 248.93™ 16.79™ 4653.39™
Cd 3 6.67" 2.90™ 3.16™ 102139.31™ 0.031™ 0.33™ 1.65™ 2.74™ 0.092" 180.52™
Cd x Salinity 9 0.18™ 0.14™ 0.199™ 3290.52™ 0.001™ 0.641™ 2.80™ 6.56™ 0.26™ 150.75™
Erorr 45 0.644 0.293 0.34 3254.56 0.005 291 511 16.33 0.97 28.88
C.V. (%) 15.02 19.83 19.31 16.60 9.81 35.25 36.75 35.59 31.23 10.71

Means Squars
SOV df POX CAT Cd Fe Mn Zn Ca Mg Na K Na/K
Block 3 0.029™ 0.18™ 13.82™ 1283.71"™ 0.70™ 259.38™ 0.01™ 0.004™ 512.94"  446.35™ 0.188"™
salinity 3 0.51" 23.50™ 0.17™ 673859.6™ 11.15"  1686.94™ 0.093™ 02" 106.02™  65.44™ 0.026™
Cd 3 0.16™ 2,677 7.89™ 43026.57" 241" 489.37™ 0.036™ 0.054™ 277.60™ 18.85™ 0.036™
Cd x Salinity 9 0.27" 1.16" 0.23™ 12718.72™  0.29™ 44.84™ 0.026™ 0.008™ 225.56™  88.90™ 0.037™
Erorr 45 0.018 0.44 1.97 1490.67 0.15 65.92 0.014 0.009 376.47 72.88 0.065
C.V. (%) 20.51 21.66 22.54 9.80 13.21 23.64 17.40 12.16 245 10.9 25.32

ns,* ,** Non significant and significant at 5% and 1% level, respectively.

Table 2. Comparison of the mean of some morphological and physiological traits of Kochia in different levels of salinity and cadmium stress

. . . . Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids

S(zlé?rth]))/ Bran(cr;/d Tgnvselght Leezf S/r);;;ﬁ;ght Ster(n Sr)llavr\]/:z)lght Le(ifn?zgea RWC  (mg/g fresh weight (mg/g fresh weight (mg/g fresh weight  (mg/g fresh weight
gr’p gr’p gr’p leaf) leaf) leaf) leaf)

0 7.412 3.522 3.942 451.6° 0.812 7.182 9.77% 16.782 4.552

6 6.14° 3.00° 3.45° 369.67° 0.75° 5.053° 6.72" 11.58° 3.26°

12 4.63° 2.57¢ 2.74¢ 310.58°¢ 0.72° 3.81° 5.36 9.29b¢ 2.59%¢

18 3.20¢ 1.83¢ 1.97¢ 243.16¢ 0.60° 3.32¢ 4.21° 7.76° 2.22°
(pcpi?n) Br\?vg?;h? ry Leaf dry weight Sssg?gg:y Ia_f:af RwWC Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids

0 5.922 3.232 3.482 442.062 0.782 4772 6.722 11.502 3.16%

1 5.74%® 2.83° 3.272 370.06° 0.72° 4.952 6.342 11.292 3.222

5 5.20P 2.67¢ 2.85P 302.26°¢ 0.69° 4.962 6.842 11.802 3.18°

10 4.48° 2.20¢ 2.49P 259.76¢ 0.69° 4.662 6.15% 10.818 3.057

Means with the same letter in each column are not significantly different at 5% level (Duncan’s Multiple Range Test).
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Table 3. Comparison of the mean of simple effects of salinity and cadmium stress on the concentrations of
iron (mg/kg), zinc (mg/kg), calcium (%) and magnesium (%) in Kochia

Salinity Fe Mn Zn Ca Mg
0 665.59? 3.902 47.002 0.75% 0.912
6 411.92° 3.20° 36.93° 0.73% 0.84°
12 315.75°¢ 2.67° 30.78°¢ 0.63% 0.72¢
18 179.19¢ 1.93¢ 22.66¢ 0.58" 0.65¢

Cd (ppm) Fe Mn Zn Ca Mg
0 321.41° 3.362 40.732 2.08P 0.872
1 392.16° 3.132 37.14° 2.145 0.75°
5 417.52% 2.67° 3.46° 3.152 0.75°
10 44157 2.54° 29.04¢ 3.46° 0.74°

Means with the same letter in each column are not significantly different at 5% level (Duncan’s Multiple Range Test).
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