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Abstract

Background and Objective: Drought, cadmium, and microplastics affect nutrient uptake, translocation, and plant growth.
In this study, the effect of symbiosis with Serendipita indica fungus on dry matter accumulation and nutrient translocation
in Koshia (Bassia scoparia) under drought stress, cadmium, and polyvinyl chloride (PVC) microplastics.

Methods: The experiment was conducted as a factorial arrangement based on a completely randomized design with three
replications in a sandy clay loam soil. Treatments included drought stress at 35, 65, and 100% (control) of field capacity
(FC), cadmium at 0 (control) and 10 mg kg™ soil, and three levels of polyvinyl chloride (PVC) microplastic at 0, 0.1, and
1%, in the presence or absence of the fungus. The evaluated traits included biomass, cadmium accumulation in root and
shoot, cadmium translocation factor, bioaccumulation factor, and nutrient concentrations.

Results: The highest percentage of fungal colonization under non-stress conditions was 87%. In the treatments with
cadmium, microplastic, and drought at 65 and 35% of FC, the biomass decreased by 8 and 36%, respectively,
corresponding with the reduction in fungal colonization. The fungus had positive effects on nutrient uptake, growth, and
maintenance of ion homeostasis in the plant. Cadmium accumulation, translocation factor, and bioaccumulation showed
a decreasing trend under combined stress conditions. Fungal symbiosis in the 10 mg kg™! cadmium treatment increased
cadmium uptake in root by 14% compared to the treatment without fungus. Under stress conditions, the concentrations
of zinc, iron, and calcium decreased, while magnesium increased in the root and shoot.

Conclusion: The results showed that S. indica fungus coexisted well with the Kochia plant, and by maintaining ionic
balance and improving plant growth during combined stresses. It not only contributed to a sustainable biological system
but also promoted plant phytoremediation by increasing the plant's ability to take up and accumulate cadmium in the root,
even under microplastic pollution.
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Table 1. Physical and chemical characteristics of the soil used
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Table 2. Analysis of variance for biomass, root cadmium, shoot cadmium, translocation factor, and bioconcentration in Koshia
seedlings as affected by fungus, drought, cadmium, and microplastic
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Fig. 1. Mean comparisons for the interaction effect of cadmium (CdO and Cd10) and polyvinyl chloride microplastics (PVCO0, PVCO.1
and PVCI) under drought stress levels (35%FC, 65%FC and 100%FC) (a), and the interaction effect of cadmium (Cd0 and Cd10) and
drought stress (35%FC, 65%FC and 100%FC) under symbiotic (P+) and non-symbiotic (P—) conditions with P. indica fungus (b) on
dry biomass. Columns with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 2. Mean comparisons for the interaction effect of cadmium (Cd0 and Cd10) and microplastics (PVCO0, PVCO0.1 and PVC1) on root
cadmium content under symbiotic (P+) and non-symbiotic (P—) conditions with P. indica (a), and the interaction effect of cadmium
(Cd0 and Cd10) and drought stress (35%FC, 65%FC and 100%FC) under symbiotic (P+) and non-symbiotic (P—) conditions with P.
indica (b) on root cadmium content. Columns with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 3. Mean comparisons for the interaction effect of cadmium cadmium (Cd0 and Cd10), microplastics (PVCO, PVCO0.1 and PVC1),
and drought stress (35%FC, 65%FC and 100%FC) under symbiotic (P+) and non-symbiotic (P—) conditions with P. indica on shoot
cadmium content (a), and the interaction effect of cadmium (Cd0 and Cd10) and microplastics (PVCO, PVCO0.1 and PVC1) under
drought stress levels (35%FC, 65%FC and 100%FC) on root cadmium content (b). Columns with at least one similar letter are not
significantly different (LSD, p <0.05).
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Fig. 4. Mean comparisons for the interaction effect of drought stress (35%FC, 65%FC and 100%FC) under symbiotic (P+) and non-
symbiotic (P-) conditions with P. indica (a), and the interaction effect of cadmium (Cd0 and Cd10) and microplastics (PVCO0, PVCO0.1
and PVC1) under drought stress levels (35%FC, 65%FC and 100%FC) (b) on the cadmium transfer factor. Columns with at least one
similar letter are not significantly different (LSD, p < 0.05).
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Fig. 5. Mean comparisons for the interaction effect of cadmium (Cd0 and Cd10) and drought stress (35%FC, 65%FC and 100%FC)
under symbiotic (P+) and non-symbiotic (P—) conditions with P. indica (a), and the interaction effect of cadmium (Cd0 and Cd10) and
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bioaccumulation factor. Columns with at least one similar letter are not significantly different (LSD, p < 0.05).
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Table 3. Analysis of variance for the concentrations of zinc, iron, magnesium, and calcium in roots and shoots of Koshia seedlings as
affected by fungus, drought, cadmium, and microplastic
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PM
DxC
DxM
M
PxDxC
PxDxM
PxCxM
DxCxM
PxDxCxM
> Error

5.02 5.65 442 5.26 549 5.01

6.51

6.05

(1) i
Coefficient of
variation (%)
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* *#% and ™ indicate significant effect at the 5 and 1% probability levels, and non-significant effect, respectively.
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Table 4. Mean comparisons for the interaction effect of cadmium (Cd), microplastics (PVC) and drought stress in symbiotic (P+) and
non-symbiotic (P—) conditions with the fungus P. indica on the content of zinc (Zn), iron (Fe), magnesium (Mg), and calcium (Ca) in

root
S o (;’J S
Ca Mg Fe Zn LS Jous p o3 S
(mg kg'! DW) Polyvinyl chloride Cadmium Drought
- - ; . - (%) (mg kg™ (Field capacity, %FC)
_ _ _ + _
37.4 4.82k 8.482 0.26 0.24° 0 100%FC
35.3b 6.30] 7.820 0.18° 0.18° 0.1 0
30.2¢ 8.67 7.17° 0.17¢ 0.13f 1
21.4f 9.07M 4.67" 0.09" 0.07+ 0
21.0¢h 9.40 421 0.09" 0.06! 0.1 10
18.71 9.93¢f 3.26¢ 0.064 0.04mn 1
30.1¢ 6.661 6.294 0.16% 0.15° 0 65%FC
25.4¢ 8.95M 5.95¢ 0.12¢ 0.14f 0.1 0
22.7° 9.71% 5.66" 0.09" 0.08! 1
21.8f 10.3% 4.52h 0.08% 0.07" 0
21.1¢h 10.7¢ 4.41M 0.06™ 0.05p4 0.1 10
17.1 11.9¢ 423 0.02" 0.025 1
28.7¢4 9.17¢ 5.34¢ 0.07i 0.05™ 0 35%FC
27.2¢ 9.67% 431 0.07i 0.04m 0.1 0
21.4f 11.4° 3.35k 0.06' 0.024 1
19.8Mi 11.5¢ 2.97' 0.03° 0.01s™ 0
19.6M 12.5° 2.81! 0.029s 0.01™ 0.1 10
12.0% 13.72 2.13m 0.01™ 0.01* 1
1.56 0.58 0.28 0.008 0.008 - - LSDo.os
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In each trait, for both columns of symbiotic (P+) and non-symbiotic (P—) conditions, treatments with at least one similar letter are not significantly

different at the 5% probability level according to the LSD test. For traits which the effect of symbiosis with the fungus P. indica was not significant,
only data for the non-symbiotic (P—) condition are presented.
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Table 5. Mean comparisons for the interaction effect of cadmium (Cd) and microplastics (PVC) in symbiotic (P+) and non-symbiotic
(P-) conditions with the fungus P. indica on the content of magnesium (Mg) in root

i LIS o s b £33
Mg (g ke™) Polyvinyl chloride Cadmium
P+ P- (%) (mg kg™
7.38¢ 6.391 0 0
8.684 7.94¢ 0.1
10.4% 9.48¢ 1
10.9¢ 9.75h 0 10
11.4° 10.3° 0.1
11.9* 11.74 1
0.48 0.48 - LSDo.os

ol den0 JL«;>\CEM)>L5)1>J;MQJL&3m.Li.ag_éj>&JB\»LLSL&JW(Pf)ﬁMQJJqJ(PJr) S en bl 3 Gt g s sl

X, LSD & ye 3

For both columns of symbiotic (P+) and non-symbiotic (P—) conditions, treatments with at least one similar letter are not significantly different at the
5% probability level according to the LSD test.
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Table 6. Mean comparisons for the interaction effect of cadmium (Cd), microplastics (PVC) and drought stress in symbiotic (P+) and
non-symbiotic (P—) conditions with the fungus P. indica on the content of zinc (Zn), iron (Fe), magnesium (Mg), and calcium (Ca) in

shoot
- : o S .
r-(?:S rl-\./[g Fe Zn IS s b p o3 S
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P+ P P p+ P P+ P v (mele) YFC)
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5840 5285 1105 1.60° 084" 021° 019 0.1 0
5290 522e9 1125 146 0.66 0175 0.16F 1

52009 4589 158k 119¢ 0.50™ 008  0.07 0

492" 405™ 165 1031 047 003 0.03% 0.1 10
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36.8™  333% 1470 0.54™  029M 003" 0.03° 0.1 10
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In each trait, for both columns of symbiotic (P+) and non-symbiotic (P—) conditions, treatments with at least one similar letter are not significantly
different at the 5% probability level according to the LSD test. For traits which the effect of symbiosis with the fungus P. indica was not significant,

only data for the non-symbiotic (P—) condition are presented.
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