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Abstract

Recently, with the rapid growth of industry and agriculture, the contamination of agricultural soils with the
cadmium (Cd) and microplastic particles has become a serious issue. Simultaneous presence of microplastics
and Cd in soil can cause various biological effects, especially in the early stages of plant growth. In this
research, the effect of Cd stress in the presence of polyvinyl chloride (PVC) microplastic particles was
investigated in the early stages of the growth of foxtail millet (Setaria italica L., cv. Bastan). The experiment
was arranged in a factorial according to the completely randomized design with three replicates based on five
concentrations of Cd (0, 50, 100, 150, and 200 uM) and PVC microplastic (0, 1, 2, 4, and 6%). The studied
traits included percentage and inhibition of germination, rate and mean germination time, seedling vigor
index, weight of mobilized seed reserve, seed reserve utilization efficiency, seed reserve depletion
percentage, relative seed germination, seedling toxicity level, germination tolerance index and root tolerance
index. The results showed that both pollutants led to the decrease of most germination indices, however,
certain concentrations of PVC with Cd stress improved the desired indices. So that germination percentage
and seed reserve utilization efficiency in 200 uM Cd concentration with 1% of PVC increased by 43.2 and
206%, respectively, compared to the concentration of 200 uM Cd alone. The highest inhibition of
germination percentage belonged to 200 uM Cd concentration, which was reduced by 52.4% with the
application of 1% microplastic. Although PVC microplastic particles had adverse effects on the germination
process of foxtail millet seeds, but in the presence of Cd in the soil, low concentrations of PVC can have
some moderating effects on Cd toxicity.
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Background and Objective: Simultaneous contamination of soil with microplastics and heavy metals may
pose a more severe threat to the soil and plants than the contamination of one of them alone (Wang et al.,
2021). Due to their high adsorption capacity and carrier effect, microplastics can change the accessibility and
toxicity of co-existing environmental pollutants in soil organisms and plants. Therefore, our objective was to
investigate the possible effect of PVC and Cd on Cd toxicity, germination, and growth characteristics of
seedlings.
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Methods: The factorial completely randomized design experiment with three replicates was conducted. The
seeds disinfected with 5% hypochlorite were placed in a sterile petri dish with 20 ml of 0, 50, 100, 150, 200
UM Cd and 0, 1, 2, 4, and 6% PVC and were kept at 25°C for seven days. The seeds were counted once
every 24 hours until the seventh day. Then, the root and shoot lengths were measured in centimeters. Each of
the seedling parts was separated from each other, oven-dried at 70°C for 48 hours and weighed. Germination
percentage, germination rate, seedling vigor index, mean germination time, weight of mobilized seed
reserve, seed reserve utilization efficiency, seed reserve depletion percentage, root tolerance index, relative
seed germination, germination tolerance index, seedling toxicity level and germination inhibition percentage
were calculated. Data were analyzed through the SAS (v. 9.4) statistical program, and means values were
compared by LSD test (p < 0.05).

Results: The effect of Cd and PVC on the examined traits was significant at the 1% probability level, except
for the germination percentage, which was significant at the 5% probability level. The effect of Cd and PVC
on the relative seed germination was not significant. The presence of PVC with Cd improved the percentage
of germination, the mean germination time, and the seedling vigor index. The presence of microplastic
decreased the adverse conditions of Cd stress and reduced the toxicity level and germination inhibition
percentage. Heavy metals can be adsorbed by microplastic particles, which could reduce Cd adverse effects
during germination (Yang et al., 2019). However, co-exposure of microplastic and Cd led to a decrease in
germination rate. Duan et al. (2018) stated that the simultaneous presence of Cd and microplastic causes the
accumulation of pollutants in plant cells and the intensification of oxidative stress, which leads to higher
toxicity. The average germination time reduction in the presence of PVC under Cd stress. Due to the
increased concentration of pollutants, disturbances were observed in the weight of mobilized seed reserve,
seed reserve utilization efficiency, and seed reserve depletion percentage. Under the heavy metals stress, the
starch mobility was reduced, and following the reduction of the mobility of seed reserves, the weight of the
transferred seed reserves decreased (Seneviratne et al., 2019). Microplastics prevent water and nutrient
absorption by the seeds, then delay germination and root growth (Bosker et al., 2019). The presence of
microplastics moderated the adverse conditions of Cd stress and reduced the toxicity level, and germination
inhibition percentage.

Conclusions: The PVC application moderated the Cd stress and improved the germination tolerance index
as a crucial parameter of plant tolerance to stress. Therefore, despite the pollution of microplastic particles in
the seed culture environment, our results demonstrated the reducing and balancing effects of PVC on Cd
toxicity in foxtail millet seedlings, especially at low concentrations. However, this result needs more
research, especially on other plants and in different concentrations of microplastics and Cd in different soils
and it should not be considered as a positive effect of microplastics presence in the environment.
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Table 1. Analysis of variance (mean squares) for the percentage and rate of germination, seedling vigor index, mean germination
time, weight of mobilized seed reserve and seed reserve utilization efficiency in foxtail millet seed
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Fig. 1. The weight of mobilized seed reserve in response to different levels of cadmium (Cd) and polyvinyl chloride (PVC); Bars

with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 2. Seed reserve utilization efficiency in response to different levels of cadmium (Cd) and polyvinyl chloride (PVC); Bars with

similar letters are not significantly different (LSD, p < 0.05).
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Fig. 3. Seed reserve depletion percentage in response to different levels of cadmium (Cd) and polyvinyl chloride (PVC); Bars with

similar letters are not significantly different (LSD, p < 0.05).

Liet ) 5,0 of glad g Sleods 5 o3 5l eslad (O35
LS Jeus b 5 eodlS Vg5, 5 Yoo Jles s (al., 2021
Sl 3 S TIYY Olgee s 4l oo astls il ¥
3 ol 4 sl Ve Sa Yoo 5 me 53 55ds &S 0y
<l sl s (Yang et al. 2019) ol K 5 KU o S
a iz ol Sl Sn S5 b Ll e R
ool ol 5o ol e SBT3l el (e s faen

gl anulS

o (ol S34le
Js ik Sedlis S s eeslS sl ST sls 0L s
dess S el w3l e Sial LS
ot 305 koo a0l S A s s labas
5 38 Sl aslil IS by (7 Jpa) 1 slias
e Alases 0500 sad Gialer e 53 LIS L
Jis 4 2alS Ly ol s S oy oed S38lsm SRa 4
glackle o (F IS5) cils aslsl baa VT clale 153

Jomsd patls Ol (S0 s 5 1S s enslS S
O (V' dsdr) 25 Jhobas Aoy G Sz a3 2y
sy oS o S AT Jalge (2 a5 Logdis Laaiy
oo astld 1alS ool S5aler B 5 Lot Y]
Sy 5 Son 5 el S o bale Ll 81 L 5 il il
Ll edalie jaxll ol g lalS usy, LIS L
Voo hle as byye aly) Jood Gaxld o 508 (F i)
NS0 00 Clile a Cond &S g edlS SV 05 S
58l e U aslS sl 0L LAl YAe asls
.(Bouziani et al, 2019) s,ls a=a o, a Gy 5 50
iy Aty Bes 1 a0 e 31 55 a5 e
oLS osdlae Wiy (gl ados A, 45 |zt IS e sl
o s Jeos et la (L et al, 2021) el e Sl
LS TV e/ dald ay G s 8 S sy LU
ool el ade e s Sl e 0l cdale sl

¥



(6070 > d ‘@ST) WIS APULDIIIUSIS JOU dI€ S1030] IBIUIS (M SIOqUINU ‘UINJ0d Yoed U]

S 3 012855

€ & 0 AN o9 <E e 9 e me D E e (€40 qT 0 TR =P @ <Cer

astd - (4 6£°S 669 42!
9 L'l L01 L8 y'ie
1% 81T vic 'sL 9'6C
00T C £9¢ 6'TC 9¢EL 9T
I 8'0¢ 0°LT 169 ¥'1C
0 L01 £r'8 68 'Sy
9 81y 0°LE 665 961
14 0oy 9'6¢ '8¢ 181
0S1 [4 9ty 08¢ €LS 0°LT
I ¥ 08 0'sy eIs eel
0 ¥'9¢ L'61 SeL L'EE
9 |3 SLy S6v €€l
1 9'¢S €8Y Sov a!
001 C (433 08t 14 €01
I 18 Sov 8'9r ST6
0 8¢ 6'LT L9y 76T
9 0°LS LTS 199 1678
. 1% L'LY 0729 6'Ce ov'L
N 0$ C CTLL I'1L 06l w's
Y I 0°¢6 98 LTt LEY
3 0 0'¥S 0'9% 9y 888
»u 9 S'68 (4% €l 0L€
8 14 ¥ 06 068 €Cl oLe
.6 0 C 996 I'v6 ov'6 65T
M I L6 L'96 899 o1
B 0 001 001 0 0
; ) () ) @) woneII?
..W. EEE%NU apt Hmﬁ\%uwﬂwmwﬁo d (24) FopUESRmIOY YOO XOPUI 90ULIS[0) UOTJRUTULISN) (%) 1PA3] \mzoﬂxwu mﬁ%oum Pa9s Jo a3euaoiad uoniqryuy
W P39S J9[IW [IB)XO0J Ul UOT)RUIULISS
Mw Pa3s Jo 23ejuad1ad uonIqIYUI Pu. [9AJ] AJIDTX0] “XIPUT JOUBIS[0} UOTBUTILIdS pPUR 1001 Y U0 (DA J) pLO[Yd [Autakjod pue (p)) wnIwuped Jo 1092 oY) uosLeduwrod uedy ¢ dqe ],
3 S (OAD
% S 3 sgfirer SO g gl Crpom el poe]? 200 R e ey ity € ey o0 SR ot (AER oNCEHYS i g W e g P R
3
2
a

Yo



S 9 pl oSS

\f°r_)\.e/s.§.la_;\.~§/(..h.>}'5\g JL«/AL:?}\S\" Lf‘})

B0 PVC B1% PVC

120 1

. a-c
100 a- a-d a-e a-e a-e

d-f

80 1

60 1

40 A

20 1

(1), ot (£ il g
(%0) Relative seed germination

S
§
\
\
\
\
\
\
N
.

0 50

m2% PVC

a-e a-eD-epe

E4% PVC BE6% PVC

-eC-€ .
b-eCCc-ece

o =

100 150 200

Cd (uM)

I L3 0 Jlezl mlaws 55 LSD Ogasl elal 5 g lslins

Fig. 4. Relative Seed germination in response to different levels of cadmium (Cd) and polyvinyl chloride (PVC); Bars with similar
letters are not significantly different (LSD, p <0.05).
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