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Abstract

In some saline areas, pollutants such as heavy metals have been spread due to industrial activities. Halophyte plants can
be useful for phytoremediation of such areas. To investigate the effect of salinity and heavy metal copper and their
interaction effect on the halophyte plant Bassia scoparia L., two factorial experiments were conducted in a completely
randomized design in hydroponics laboratory of Birjand University. In the first experiment, interaction effects of five
levels of salinity (0, 100, 200, 300, and 400 mM) and five levels of copper (0, 50, 100, 200, and 300 mg/L) on the
germination characteristics of B. scoparia seeds were measured. Results of this experiment showed that the increase in
salinity and copper concentration had a significant negative effect on the germination and growth of seedlings. In the
second experiment, the effects of three levels of salinity (0, 100, and 300 mM) and three levels of copper (0, 50, and
100 mg/L) on the traits related to growth and sodium and copper contents in root and shoot were investigated in pot
culture. Salinity significantly increased the amount of sodium in root and shoot but did not affect the amount of copper
in root and shoot. In the copper treated conditions, amount of this metal increased in root and shoot of B. scoparia.
However, by having accumulation factors of less than one, B. scoparia does not seem suitable for plant extraction of
copper, although it can be used to stabilize this metal by having a suitable biomass and considerable absorption of
copper in root.
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Background and Objective: One of the serious environmental pollutants is heavy metals, which have been rapidly
increasing over the years due to industrial processes and human activities. Copper (Cu) is one of the heavy metals that
causes toxicity in many plant species. Screening different plants is very important to know their capability for
phytoremediation of heavy metals, especially under stressful environmental conditions such as salt stress. This research
examines the phytoremediation capability of Bassia scoparia L. for copper under salt stress.

Methods: To investigate the effect of different levels of salinity and Cu and their interaction on B. scoparia, two
factorial experiments were conducted in a completely randomized design with three replications. In the first experiment,
the interaction effects of five levels of salinity (0, 100, 200, 300, and 400 mM NacCl) and five levels of Cu (0, 50, 100,
200, and 300 mg/L) on the germination characteristics of B. scoparia seeds were measured. In the second experiment,
the effects of three levels of salinity (0, 100, and 300 mM) and three levels of Cu (0, 50, and 100 mg/L) on the lengths
and dry weights of root and shoot, the amounts of chlorophyll a, b, and carotenoid, the amounts of Na and Cu in the root
and shoot were investigated. After measuring the concentrations of Na and Cu in the roots and shoots, the accumulation
coefficients of these elements, including bioconcentration factor (BCF), accumulation factor (AF), and translocation

Copyright © 2024 Isfahan University of Technology, Published by IUT Press. This work is licensed under a Creative
Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
BY NC

Non-commercial uses of the work are permitted, provided the original work is properly cited.



http://dx.doi.org/10.29252/ejgcst.9.2.1
https://jspi.iut.ac.ir/index.php?slc_lang=en&sid=1
https://portal.issn.org/resource/ISSN-L/2783-5014
https://portal.issn.org/resource/ISSN/2783-5286
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-6439-1296

Khodadadi et al. The Interaction Effect of Salinity Stress and Copper ...

factor (AF) were also calculated.

Results: The results of the first experiment showed that the increase in salinity and Cu had a significant effect on the
percentage, index, and speed of germination, lengths of shoot and root, and dry weights of shoot and root of seedlings
so that both treatments and their combination reduced these germination traits. Germination almost stopped under the
simultaneous treatment of Cu and salinity at high concentrations. According to the results of the second experiment, salt
and Cu at high concentrations caused a decrease in the growth and development of the plant, and this decrease was
greater under their combined stressful conditions. Salinity significantly increased the amounts of sodium in the root and
shoot but did not affect the amounts of Cu in the root and shoot. In the copper treated conditions, the amount of this
metal was increased in the root and shoot of plants.

Conclusions: Although B. scoparia shows high resistance to salinity and tolerates moderate concentrations of Cu, it is
unable to tolerate the simultaneous treatment of Cu and salinity. It is also sensitive to high concentrations of Cu.
Moreover, considering that the accumulation coefficients (AF, BCF, and TF) for Cu in B. scoparia were less than one,
this plant does not seem to be suitable for plant extraction of Cu, although it can be used to stabilize this metal by
having suitable biomass and significant absorption of Cu in the root.
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Table 1. Mean’s comparison of traits related to germination in the B. scoparia under different salinity levels and copper

concentrations
Treatment Shoot dry
c weight per Rac!icle dry
(m gl/lL) Germination Germination Germination Shoot seedling welght. per
percentage speed . length Radicle i o5 seedling
. index length S O3
NaCl o= ahoydsk % il amats
M 55450 4 5 345) 4> oslesLs ) Dldy Aorde
(mM) el %l e 3 (cm) a el o
(%) (day™) (cm) ; e ydils ,a
Ca-w’)b S
® (2
g
0 85 34,52 3.402 2.85% 2.05% 0.0046° 0.0010°
50 67.8% 29.22 3.072 1.34° 0.21° 0.0035¢ 0.0003¢
0 100 67.8% 33.12 3.272 0.55¢ 0.19% 0.0032¢ 0.0003¢
200 73.32 25.1b 1.20¢ 0.29¢ 0° 0.00074 04
300 55b 24.2b 1.93¢ 0.27¢ 0° 0.00134 04
0 81.7% 29.42 3.272 2.62° 2.69% 0.00572 0.0010°
50 81.7% 28.32% 3.272 0.73¢ 0.19% 0.0037¢ 04
100 100 83.32 31.82 3.332 0.35¢ 0° 0.0023¢d 04
200 700 2542 2.67° 0.27¢ 0° 0.00114 04
300 66.7° 27.12b 2.80° 0.25¢ 0° 0.00104 04
0 852 29.7% 3.402 2.592 2.022 0.00702 0.0009*
50 81.7% 21.5b 3.278 0.71¢ 0.11° 0.0046° 0.0001¢
200 100 73.32 22.8b 2.93b 0.34¢ 0.10° 0.0024¢d 04
200 60P 19.3b 2.40° 0.28° 0° 0.00124 04
300 31.74 10.3¢ 1.27¢ 0.23¢ 0° 0.00024 04
0 45¢ 12.2¢ 1.80¢ 1.902% 1.522 0.0026% 0.0002¢
50 28.34 7.74 1.13¢ 0.41¢ 0.03% 0.00054 04
300 100 45¢ 12.2¢ 1.80¢ 0.36° 0° 0.00054 04
200 304 8.3d 1.20¢ 0.26° 0° 0.00044 04
300 26.74 7.34 1.07¢ 0.25¢ 0° 0cf 04
0 18.3¢ 3.3d 0.714 0.95% 1.502 0.00114 0.0001¢
50 10fe 1.94 0.404 0.42¢ 0° 0.0001¢f 0d
400 100 15fe 4.94 0.604 0.25°¢ 0° 0.0001¢f 0d
200 5h 1.84 0.204 0.13¢ 0° 0.0001¢f 0d
300 3.3h 0.74 0.134 0.17¢ 0° 0.0001¢f 0d
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In each column, means with different letters are significantly different (p < 0.05).
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Fig. 1. The effect of different salinity levels (millimolar, mM) and copper concentrations (milligram per liter, mg/L) on shoot length
(a), root length (b), shoot dry weight of plant (c) and root dry weight of plant (d) in B. scoparia. Means with different letters are

significantly different (p < 0.05).
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Table 2. Means’ comparison of the effect of different salinity levels and copper concentrations on the amounts of chlorophyll a,
chlorophyll b and carotenoids in B. scoparia.

Treatment Concentration of photosynthetic pigments (mg/fresh weight)
NaCl (Mm) Cu (mg/L) Chlorophyll a Chlorophyll b Carotenoid
0 11.174+0.0072 3.02+0.013% 2.48+0.005%

0 50 10.29+0.0072 2.67+0.004% 1.0840.011°
100 6.22+0.013¢ 2.61+0.009% 0.60+0.020°

0 5.85+0.009¢ 2.07+0.015% 1.1140.025°

100 50 6.94+0.004¢ 2.78+0.015% 0.98+0.011°¢
100 6.80+0.012¢4 2.68+0.011% 0.88+0.008¢

0 7.34+0.006¢ 2.97+0.020% 1.7940.011°

300 50 8.09+0.018° 3.00+0.015% 1.6940.022°
100 8.15+0.003" 3.17+0.011% 1.574+0.017°
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In each column, means with different letters are significantly different (p <0.05).
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Fig. 2. The effect of different salinity levels (millimolar, mM) and copper concentrations (milligram per liter, mg/L) on Cu

concentration in the shoot (a) and root (b), and Na concentration in the root (c) and shoot (d) of the B. scoparia. Means with different
letters are significantly different (p < 0.05).
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Table 3. The effect of different salinity levels and copper concentrations on the accumulation factor (AF), translocation factor (TF),
and bioconcentration factor (BCF) for Cu and Na elements in B. scoparia.

Treatment BCF TF AF
NaCl (mM) Cu (mg/L) Na Cu Na Cu Na Cu
0 0.31 0.23 0.32 0.25 0.17 0.16
0 50 0.29 0.54 0.35 0.36 0.15 0.23
100 0.29 0.64 0.30 0.55 0.14 0.32
0 0.61 0.22 0.45 0.23 0.32 0.18
100 50 0.59 0.55 0.42 0.35 0.36 0.29
100 0.66 0.61 0.41 0.59 0.34 0.35
0 0.58 0.20 0.52 0.21 0.52 0.15
300 50 0.62 0.53 0.53 0.23 0.54 0.33
100 0.65 0.65 0.49 0.53 0.49 0.40
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