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Changes of oxidative stress indexes of ryegrass (Lolium perenne L.) under compound exposure to polycyclic
aromatic hydrocarbons and cadmium in soil

LI Cheng', YAO Yiming™, LI Xiaoxiao’, CHENG Jiemin', SUN Hongwen®

(1. College of Geography and Environment, Shandong Normal University, Jinan 250358, China; 2. MOE Key Laboratory of Pollution
Processes and Environmental Criteria, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China )
Abstract: To explore the biological effects of polycyclic aromatic hydrocarbons (PAHs) and cadmium (Cd) in soil affected by compound
pollution, this study involved an exposure test by the soil culture experiment using ryegrass ( Lolium perenne 1.), and analyzed the changes
in four typical oxidative stress indices in plants, including polyphenol oxidase (PPO), phosphoenolpyruvate carboxylase (PEPC), proline
(Pro), and reduced glutathione (GSH). The results showed that with exposure to Cd only, ryegrass PPO enzyme activity decreased, PEPC
enzyme activity and Pro concentration first increased and then decreased, and GSH concentration increased. In contrast, with exposure to

PAH only, ryegrass PPO enzyme activity decreased, while PEPC enzyme activity and the concentrations of Pro and GSH first increased
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then decreased. Therefore, when exposed to single stressors (PAH or Cd), the physiological systems within the ryegrass are affected,

producing an oxidative stress response. We also found that compared with Cd exposure only, the four ryegrass indices changed significantly

under compound exposure to Cd and PAH. The significant downregulation of PEPC and PPO enzyme activity and the concentration of Pro

and GSH may be an important indicator of compound pollution of high—concentration PAH and Cd in soil. Moreover, the four ryegrass

indices generally showed antagonistic effects under compound exposure stress. This study observed that compound heavy metal pollution,

specifically Cd and PAHs, had dose—effect relationship with typical plant oxidative stress indices.

Keywords : cadmium; polycyclic aromatic hydrocarbons; ryegrass; oxidative stress; antagonism
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Table 2 Experimental design of Cd and PAHs soil treatment

(mg-keg™)
oo PAHs B . Cd e ‘
Group name PAHs monomer C(Tcentratlon/ Cd cnncentrjnmn/
(mg-kg™) (mg-kg™)

CK 0 0

Cl1 0 10

C2 0 20

C3 0 50

C4 0 100

T1 10 0

T2 20 0

T3 50 0

T4 100 0
CIT1 10 10
C2T1 10 20
C3T1 10 50
CA4T1 10 100
C1T4 100 10
C2T4 100 20
C3T4 100 50
C4T4 100 100

¥ o HE 4 J@ I PAHs U 75 1 18 32 A0 i) Sy 7
il o BB KN ST BRI HER T, T 3% H.0,
VSRR KT 20 min, FAEAESS 1 Hrp, 14 d 5 R
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WOHT it 0 i e, 430 A R K 28 1R K I PBS 22
PR FE , TERCR U P 38 5 B Aty )R] 6 (Fa
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Table 1 Physical and chemical properties of the experimental soil

; ) ~ akE LIS PAHs/ (ug-kg™)
H Or fi{jlmﬁiner/ Fil & o i i Tolalﬁ?]d/ 2% B i Jii HKIf[altE
p gamie o CEC/(cmol -kg™) Soil type o 7 s e ko e HIHaliE
(g-kg™) (mg-kg™) Naphthalene Phenanthrene Anthracene Pyrene  Chrysene Benzo[a|pyrene
7.85 12.8 13.6 i 0.05 29.6 18.2 11.5 5.08 8.40 10.3
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Figure 1 The aboveground biomass of ryegrass after 21 days of cultivation
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Figure 2 The change trend of antioxidant enzyme activities and oxidative stress products in ryegrass under exposure of Cd

" 30001 a 1501
2
}E:\ 2400 ~ 120
X' s
=) L e
f§§ 1800 22 oot
== b N2
=E 1200f W2
= f% ¢ =3 60
I d R
% 2 600 = 5l
% e
® or
1 1 1 1 1 1 O 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
PAHs 154 )% PAHSs soil concentration/(mg- kg’l) PAHs 1 4E4¢ 5 PAHSs soil concentration/(mg- kg")
207 4207
2 a o
w161 o0 L
o B 350
2 ¥ =2
e =3
XE 127 b = Z 280t
£ =
= = E
= § 8f b b b :ﬁﬁ g 210}
: Rk
= 4r Nz L
£ 8 140
"o 20 40 60 80 100 0 20 20 60 80 100
PAHs 38Uk i PAHs soil concentration/(mg-kg™) PAHs 380 & PAHSs soil concentration/(mg-kg™)

B3 PAHs R BEREZENAUEEEMSMLH M TLES

Figure 3 The change trend of antioxidant enzyme activities and oxidative stress products in ryegrass under exposure of PAHs
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Figure 4 The change trend of antioxidant enzyme activity and oxidative stress products in ryegrass under exposure

of low concentrations of PAHs and Cd
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Figure 5 The change trend of antioxidant enzyme activity and oxidative stress products in ryegrass under exposure

of high concentrations of PAHs and Cd
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