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Effects of zinc oxide nanoparticle application in soil on earthworm physiology and cucumber seedling growth
YANG Jing—ya'? FU Qian’, ZHANG Hao-yue’, PENG Qing—qing’, ZHONG Min-zheng’, MAO Hui"*

(1.Key Laboratory of Plant Nutrition and the Agri—environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling
712100, China; 2.College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China)

Abstract: Zinc oxide nanoparticles (ZnO NPs) are widely used in various industries owing to their unique physical and chemical
properties. While they have tremendous benefits, they also carry potential risks, such as cytotoxicity and genotoxicity. In the soil
environment, ZnO NPs may pose a severe threat to organisms in terrestrial ecosystems. In this study, a pot experiment was used to evaluate
the effects of ZnO NPs on earthworm physiology and cucumber seedling growth. The results showed that the ZnO NPs in each treatment had
no significant effects on earthworms’ growth and development. However, as concentration increased, the antioxidant enzyme activity in
earthworms was altered. SOD showed an increasing trend. CAT and POD first decreased and then increased, indicating a synergistic effect.
When the ZnO NPs treatment was 1 000 mg-kg™', earthworms suffered the most oxidative stress, and the MDA content increased by 19.2%
compared with the control. For cucumber seedlings, ZnO NPs treatment exacerbated plant oxidative stress. Except that SOD was inhibited
at 1 000 mg-kg™', SOD, CAT, POD, and MDA all increased with an increase in ZnO NPs concentration. The addition of earthworms could

significantly promote seedling growth, including increasing biomass and improving root vigor. Simultaneously, earthworms could alleviate or
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inhibit the damage caused by ZnO NPs to plants to a certain extent. When ZnO NPs were applied at 500 mg-kg™ and 1 000 mg- kg™, SOD
was reduced by 76.7% and 63.5%, and MDA was reduced by 28.6% and 23.7%, respectively. During the 28-day culture cycle, the

earthworms had a low response to ZnO NPs, and the zinc content in the earthworms tissues did not change significantly. The zinc content of

above and belowground parts of cucumber seedlings increased with increasing treatment concentration. In contrast, the treatment combined

with earthworms reduced the plants’ zinc content, reflecting the regulation and alleviation of cucumber seedling growth under stress

conditions by earthworms.

Keywords: zinc oxide nanoparticles; earthworms; cucumber seedlings; oxidative stress; zinc content
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FEN VBB Z e — A~ A BRI () (B (] AT, = 22 i R
BERRIUCEAIC . BRI, Ok B 2 0F 5 850 T3 S R
Ao S 10 R R v AR B R AR
Jit FH B AE A S — 3t o7 FH 7 5325, T A J 3 A AL
BEMAE D e, TRkt AT AN - e SR
R AW Ak B SR AR A S AR R R B
AR OK MR, 9 K E AL B (Zine oxide
nanoparticles, ZnO NPs) 7 4% V. J5 T #9 Jo7 FH HOk 127
FIFEA, FLI RO B0 WA SR, Tz KR
B, 7 25 NS5 2R B KR 25 04 [R] IR 7 3 7
FERES . ZnO NPs (25 7= fif HAAL B i H R 20K
A kG b TE A FRBE S AR SRS R AR e .
HORAE FHEFREE T, Zn0O NPsAE MR AR BRI 72
fift FE HA W 28 eV SRR T E A2 A0

Ak, Ok 2 Y 3R, ZnO NPs [ 70 4y
P2 ARSI . Xiang SO 5% & BH 1~80 mg -
L7 ZnO NPs %5 0 R 306 T F SR A4 o Hira
SETHIESE T NPs X JE ST A& F 280 AR K 5200 o He
LW 5Y T ZnO NPs 75 28 85 v 14 2h 25 B8 4 1
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R RN . Alves FFBE ST kI,
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mg-kg™ \K.0 93 mg- kg 1ENFLIEIEA , 5 137 5ME
Ao BHWERE 16 MEL BN ER A2 kg it
B R 3 bR, b, 8 AN E A N 5] (SE)
W W51 A i R 4 20 2%, D3 8 AL IS e 151 (S) o
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1.3 MEIEFRR T iE
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BIA 109% A L5138 T a1 e & (TP) LA AL
I £k i (SOD) . 2 %8 fb & (CAT) | 3 5 1k Py iy
(POD) TN 8 (MDA ) I o AR a2 532 Fn A B
Fie HEAH O a0 & i AT o b, SOD M R ¥ ik
e, CAT M 5 % F 48 41, POD I 72 2% FH e €6 3%,
MDA 58 2R FH TBA ¥, TPl & % 178 H s ik vk

JFH 5 2 43 B0 R 68% 1) e HNOs X 452 Ay e 5]
B TEA T T e, AAS T SE B
1.3.2 # KI5 M ik

BN BOR G , 3  FR B B35 T S e ik
Fa, I A R A Y R . ARERA 0.01 mol- L™ HNOs T
e LB KM 3 G TR IK . R
T3 2R A AL = 2RI P & (TTC) 3%, SOD Il 2 2R
FH NBT Stk J5 35, POD I 7 >R FH A B AR By LE 87
CAT Il 5 SR F 42 4h ik, MDA 2 % JH TBA ¥, 5% & &
K FH AAS HEFT 43 BT AE o
1.4 REEHSRERIE

AHI G 8 Ak 2R 3 A Rl . R
FHZANUE PR UES 5 KR GBW 10046 (GSB-24) |55 i
Sy MTIL R HER P I ECR R 93% o FESrHrad B
H BRI E 20 ARE R 1 PR ERE A T B s
1.5 #HEALTE

TR B b BE R FH SPSS 19.0 #7884 43#r L R
FLSD Wilf 17 Z 8 A, B /K-8 P<0.05,

2 HRESW

2.1 ZnO NPs 3¢ #ir45] 5 22 Al
2.1.1 XU R 500

MFE2 AT A L 16 28 d B 3% 3R R v, AN A v
& B ZnO NPs A HL5) 5 X6 e 351 A8 147315 2R 7= A I 355

R BT IEEREAER

Table 1 Basic physical and chemical properties of base soil

- A B 2R A A DTPA~Zn/
P Organic matter/(g-kg™) Total N/(g-kg™) Available P/(mg-kg™) Available K/(mg-kg™) (mg-keg™)
8.5 15.5 1.04 18.8 154.5 0.58
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Table 2 Effects of ZnO NPs on earthworm survival rate ot I a aI
AbF Treatments  CK 750 7500 21000 Z 01 I I I
TEEH/%  90.00£10.80a 87.50+7.50a 93.33+7.45a 88.75+7.40a EEEUs
R A B ROR AL TR 2.5 .9 (P<0.05). R S 30}
Note: Different lowercase letters in the table indicate significant  F L
differences among treatments (P<0.05). The same below. féﬂ, =220 i
o
Wi, FLAF TG 35 K F 87% , 6 W M 15| %} ZnO NPs H A o
BRI 524k 07k 750 7500 71000
2.1.2 XA ARG IS P MDA 55 it i 52 ) A Treatments
SOD J&—Fl KR i A [ JE 35 BR A, 7658 1 il sor B g
TERF ARG A EEMAAL. WE (A RTEUE H N o T I
58 B LA H SOD 6 #4718 I 0 4 95 T 3L 50, = \ I |
1000 mg - kg™ &b BR4L, 43 5 45 %5 B2 85 T 16.6% :Z b [ 1
16.5% , {HRIRE) B E Ko FEFE 1(B) A, 50 HEAH @ |
Fb , AN A & BE ZnO NPs &b BE A CAT ¥ 2 7 50,500 %5 i ‘
g~ kg W 4V 1 , 1 7 W I 8 M 06 A2 6 R K S op
S Xt BRI T 25.7% AL A B35 A . ol
E 1(C) TR, FEAN R BE ZnO NPs A BE T, POD 15 ek ﬁgmatmmfoo 21000
A 2T 0 . E 50,500 mg - kg B 43 1) A %) BRI e
SR T 29.7% 21.9%  (EL7E F VI I35 70 2 28 ) .
HEKSF- | X 5 CAT I 1725 f e #4418, % 9 POD il R I b f
CAT FUA BRI H.0, 01 F™. 13w ) | i
MDA A 155 RIS IR B s : |
670, B 190 25 /0 455 W ROS ¥ LU F 471 E2 0
PRI . AR B AL BV BER I, MDA 2 :
HEM R AR A 1000 mg- kg AR AL B2 i s
$1]3.22 nmol - mg™", X BEHE 5 T 19.2%. RS 750 7500 71000
2.1.3 XHEHGURES B S JEE Treaments
P LTES NI L SV i T a5pD " I
B AR R AT R WFST 5 sof | I : I
PIEH, 5% BRA L, B ZnO NPs &b F e B B4 i, i S 25y l 1
WA N R S A B S (R B E S, B éia“ 20f
IRAE 5 7E 201.91~212.26 mg-kg™ /K F- . Wi 1St
22 XtE MK S of
2.2.1 W4 A K = ost
M AT LUF A RS ZnO NPs L3R, # s — e L
JNA A kA T B ARl o R TS T i 5] g Ak P LN Treatments
o, BEE ZnO NPs ¥ B2 (9 38 0, 5 I A= ) £ S 3 PR 7 /N - B A BRI A 92 57 (P<0.05) . T Il
MRFEIG. S0 mg-ke SEAEFA TR, Dlommineasle oo s i e
BLRSSERVRECN , O 15.81 g, A0 LEXTIRMIIN T 33.1%; 1 700 NPs FHESI 3B TE R MDA & BIBIH
7E500 mg-kg™ H1 1000 mg-kg™ AbHE T, A= B2 IR Figure 1 Effects of Zn0 NPs on antioxidant enzyme activity and
R e (H 50 BEOAH FE AR R 21 2 & K. AR, 3R MDA content of earthworms
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Table 3 Effects of ZnO NPs on Zn content in earthworm tissues

Kb 3 Treatments CK

7500 71000

AR (mg-kg™) 201.91+15.40a

210.69+23.94a

212.26+21.44a 211.08+11.84a

F4 InONPs M EINA HAEMERIRFRTE BRI

Table 4 Effects of ZnO NPs on biomass and root activity of cucumber seedlings

Kb L) Biomass/g H3 2 1% 71 Root activity/(mg-g'+h™")
Treatments S S SE
CK 11.88+0.84e 23.61+2.70b 12.11+£2.45d 44.46+14.46a
750 15.81+2.55d 21.32+0.01c 25.50+3.22¢ 34.95+5.50b
7500 12.78+1.22¢ 31.63+2.21a 10.12+1.53d 30.81+2.74be
71000 12.14+2.12e 32.16x1.48a 9.24+0.76d 32.92+2.80bc

T SAFRUS I 51 4b P, SE /R U A is| b 3. R 1+ .

Note: S means no earthworm treatment and SE means added earthworm treatment. The same below.

SH AR G W R B S R . 1
ZnO NPs ¥ [ A 50 mg- kg ' B, /R R 06 7 B & 18, =1
iK25.50 mg-g'-h JEXTREAY 2.1 % . Rl A AL BRI
38N, AR ZR TG ) AR X BEKOF AR L34
A —3.

WLZE [R) e J& ZnO NPs &b R iy 5] 6 55 TR &) 745 AR
KPR VE R, A BUAE AN e B 5, A )RR 3R 06
PEX R E e o Horh, A i 0 ol AR VS N e 5 s )
1.99 .1.35.2.47.2.65 % , H 22 1 7 72 A< U35 Il s 5 (%)
3.68.1.37.3.04.3.56 1 , 15 W] fr M| Bl K i1 1 B K
WK
2.2.2 XFHUEALTEEIE A MDA 75 5 1 52

M7 BTG Yy AR AR WA B A AR P 25
77 Ak 22 (0 ROS, AT 28 M 25 B ROS i Bt 4R
AEHLH , Bi7 1E ROS I 7E 8 5 . SOD .CAT.POD
ERERT PRSI L AR = AR B ROS, (HHAL T — A4
FasE B K o

&1 2 J2& ZnO NPs Xt 15 JIN 40 1 09 Bt 48 A i T 1k S
MDA 55 5 B2 . 78 A 0 ke ] g b B, an sl 2.(A)
Ji7R B ZnO NPs ¥ FE B30, SOD 1 4 26 34 I fs
REAG, ¥ 00 35 = T X IR . #E 500 mg- kg™ ZnO NPs 4b
P, SOD G MR K, M 3.22 U e g emin™, JE X BR 4
Y9 3.7 1% ;50 mg- kg 11 000 mg- kg™ 435X B 4H 114
2.45.1.831% . TEKI2(B) 1, Fifi % ZnO NPs ZbFRIR
3NN, CAT I P2 38 fin , AL vfe A B R Gk 3] J
FIKF-3500 mg-kg I 1 000 mg- kg™ 43 B4 % BE I 1
T 131.1%.127.0%. K 2(C)H, 5% A H, 7E 50
500 mg- kg AL B A POD 36 P34 R & BLEH AR 1k,

fH1 000 mg - kg™ b P20 15 POD ¥ P 2 2 14, ik
285458 U -g ' ~min™", L X HEIG AN T 22.4%. Wik 2
B , W [R) M B ZnO NPs Ab 3 rb 2 75 7% i e s | o)
JIN&J) P Bt A AR T 1 5 ), 55 SR 3R B A S o ke 45
J , BRXT RS , SOD TG PETEAR Hh v R B2 R B RRAIR, 72
500 mg- kg F11 000 mg- ke ZbHH, SOD 5 PEA8 fk
2 AN i ] kb B ) SOD T 2 8 i s 151 £ 4.29
27445 o FEXT HRA ARV FE AL ST s T 451w fef
JRAHT ) CAT 1 PR3 0, FARHR B b 3] 22 S5 W 2
AN 1.77 65 ABFE D R R EETS WS 5 %k
CAT I PERZ ML/ o X FAE PR POD I A 136, 76 X}
HELH R T AT ZnO NPs 4b B | I8 i e 5] J 34 2 X
POD Jfi P15 % 2 5

ZnO NPs %} 8 K4l 1 MDA & 2 9 520 4 & 2(D)
FIis o FEASIMES] (¥ Ab B ep |, B ZnO NPs ¥ JiE (1) 3%
Jin, MDA & st A 3 a5, 1 000 mg - kg™ &b 3 2H 1
T3k B 5 25 K A L BRI T 34.1% . TEIRI MR
ZnO NPs 4b B A, 500 mg - kg Fl 1 000 mg - kg™ ¥k
T VI ML ] F A MDA 5 52 55 A VA I e 5] A BRI
B3, 1E 1 000 mg - kg™ Zb B IR B g 2 K AH
AT 5| b B ) 76.3%
2.2.3 XPEEE IR

SR 9 ) N B i B N R e i
ST 5] 4 Ab B B ZnO NPs A0 BRI 14 0, 3
AR R i R, o Hb B R
00 BT BR 1 2.79 .6.38 . 8.30 1% , b T 343 51 2 ot
MR 1.31.3.72.6.19 1%, [F]— ¥ FE B9 WA Ak 3 v, 72
VNI 951 J7 , AN R A 2 b T R T R A B
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Figure 2 Effects of ZnO NPs on SOD,CAT,POD and MDA of cucumber seedlings
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Figure 3 Effects of ZnO NPs on Zn content of aboveground parts and underground parts of cucumber seedlings
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