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Comprehensive abstract

Introduction

Microplastic contamination of agricultural lands is one of the major environmental problems that
has recently gained attention. The decomposition of plastic mulches and equipment used in irrigation
systems, the use of sludge-based fertilizers from wastewater purification, contaminated irrigation
water, and the proximity of fields to busy roads are among the most important factors in the
contamination of agricultural lands with plastic particles. The presence of microplastics in the soil with
particle sizes from 100 nm to five mm causes abrasion of the root surface of plants, and physical
damage to plant roots will increase with increasing particle size. Moreover, drought stress, as one of
the most important factors limiting crop production, is increasing alarmingly, especially due to global
climate change. Therefore, the present study was conducted to investigate the possibility of using the
biological potential of the fungus Piriformospora indica to reduce the negative effects of stress caused
by polyvinyl chloride (PVC) microplastic particles and water deficiency in maize crop.

Materials and methods

The experiment was conducted as factorial experiment in a completely randomized design with
three replications in the research greenhouse of Bu-Ali Sina University, Hamadan, Iran, in 2023. The
experimental factors included the addition of three concentrations of polyvinyl chloride microplastics
to the soil (0, 0.1, and 1%), P. indica fungus at two levels (inoculation and non-inoculation), and water
deficit stress at three levels (full irrigation, and irrigation at 75% and 50% of field capacity, as non-
stress, moderate stress and severe stress, respectively). Germinated maize seeds (cv. ‘Tah’) were
inoculated with P. indica, planted in pots containing three kg of soil, and placed in greenhouse
conditions. Water deficit stress was applied 14 days after planting. One month after planting,
photosynthetic parameters and relative leaf water content were measured. The plants were then
harvested, and the roots were assessed under a microscope to determine the colonization percentage.
Proline content, total chlorophyll content, and plant dry matter were also measured.

Research findings

The results showed that the presence of 1% microplastic in the soil, similar to water deficit stress,
significantly reduced relative leaf water content, total chlorophyll content, photosynthetic indices, and
shoot dry matter of maize seedlings. Although the percentage of root colonization of maize seedlings
by P. indica fungus decreased by 16.9%, 30.9%, and 47.1% under 1% microplastic contamination and
water deficit at 75% and 50% of field capacity conditions compared to the control, respectively, the
beneficial effects of the fungus on plant growth and measured parameters was still evident, so that the
relative leaf water content, chlorophyll content, net photosynthesis rate, and shoot dry weight of
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inoculated plants under the highest level of water deficit stress and in the presence of 1% microplastic
were (8.2 and 9), (20.5 and 27), (17.9 and 17.8) and (43.5 and 46.8) percent higher than those of
uninoculated plants, respectively. Moreover, the proline content of the plants also increased
significantly in the presence of the fungus.

Conclusion

The results of this study showed that the presence of P. indica fungus improved the growth and
photosynthetic parameters of maize seedlings under microplastic particles and water deficit stress
conditions. Thus, utilizing the potential of this fungus can be considered to reduce the negative effects
of these stresses.
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Figure 1.Chlamydospores of P. indica fungus in the root tissue of maize cv. Tah with 40x magnification.
A) Inoculated root, B) Unioculated root.
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Table 1. Analysis of variance of the effect of microplastic and soil water content on root colonization percentage

Source of variation df Mean square
Microplastic (M) 2 376.48"
Drought stress (Soil water content) 2 3779.32"
MxD 4 8.25m
Error 18 24.16
CV (%) - 7.77
" and ™" Not- significant and significant at 1% probability level, respectively.
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Figure 2. Effect of microplastic (A) and soil water content (B) on root colonization percentage of maize cv. Tah
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Table 2. Analysis of variance of the effect of microplastic and soil water content on relative water Content
(RWC), chlorophyll content (Chl.), net photosynthesis rate (P,), stomatal conductance (Gs), transpiration rate (Tr)
and shoot dry weight (SDW) of maize

Mean square

Source of variation  df Ry T B line Chl, P, G, T, SDW
P. indica (P) 1 12223.6™ 18.2" 2.0 84.3" 0.0061" 5.84™ 5.28"
Microplastic (M) 2 327.9" 11.3" 1.6™ 13.5" 0.00117* 0.85™ 1.18"™
Drought stress (D) 2 1969.6™ 31.6™ 51" 105.4™ 0.0075™ 6.49™ 9.05™
PxM 2 47.3" 0.38" 0.08™ 2.1" 0.0001" 0.18" 0.12"
PxD 2 108.0™ 0.38° 0.4 53" 0.0003™ 042 0.64™
MxD 4 55 022" 0.03 ™ 0.15™  0.000003™ 0.005™  0.04™
PxMxD 4 57 0.11m™ 0.01™ 0.03™ 0.00001 ™ 0.01™ 0.01™
Error 36 14.5 0.11 0.01 0.6 0.00004 0.04 0.01
Cv (%) 5.2 74 9.3 7.1 5.5 5.6 9.4
s *and ™ Not- significant and significant at 5% and 1% probability levels, respectively.
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Figure 3. Comparison of means of P. indica and microplastice (A) and P. indica and soil water content (B)
interaction on leaf relative water content
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Figure 4. Comparison of means of P. indica and microplastice (A) and P. indica and soil water content (B)
interaction on proline
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Figure 5. Comparison of means of P. indica and microplastice (A) and P. indica and soil water content (B)
interaction on total chlorophyll content
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Table 3. Comparison of means of P. indica and microplastice interaction on net photosynthesis (Py), stomatal
conductance (Gs) and transpiration rate (Ty).

. . . P, G; T;
P. indica Microplastic (%) (umol CO, m? s (mmol CO; m?s')  (mmol H,O m?s™)

Absence of fungus 0 10.49° 0.108° 3.47%
0.1 10.41°¢ 0.111°¢ 3.41¢

1 9.54¢ 0.101¢ 3.23¢

Presence of fungus 0 13.342 0.134* 4.19*
0.1 13.36* 0.135* 4.23*

1 11.25° 0.116° 3.66°

LSDs¢ 0.78 0.006 0.20

Means followed by at least one similar letter are not significantly different by LSD test at 5% probability level.
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Table 4. Comparison of means of P. indica and soil water content interaction on net photosynthesis (Pn),
stomatal conductance (Gg) and transpiration rate (T;).

P. indica Soil water content P, G, T:
(%) (umol CO, m? s (mmol CO; m?2*1) (mmol H,O m?*")
Absence of fungus 100 12.15° 0.12° 3.84°
75 9.86° 0.10¢ 3.31°
50 8.43¢ 0.09¢ 2.95¢
Presence of fungus 100 15.81% 0.15* 4.84*
75 12.19° 0.12° 3.90°
50 9.94¢ 0.10¢ 3.52¢
LSDs 0.78 0.006 0.20

Means followed by at least one similar letter are not significantly different by LSD test at 5% probability level.
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Figure 6. Comparison of means of P. indica and microplastice (A) and P. indica and soil water content (B)
interaction on shoot dry weight
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Figure 7. Plant growth under conditions without water deficit and microplastic "control" (a), severe water deficit
stress without microplastic (b), severe water deficit stress with 0.1% microplastic (c), severe water deficit stress
with 1% microplastic (d) in the presence of P. indica
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