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Abstract; The root is usually the major organ directly contaminated by the environment pollutants such as heavy
metal ions and metal oxide nanoparticles. This study explored the effects of CuO NPs on ROS, antioxidant enzyme
activities and root activity of alfalfa seedling. The results showed that (1) CuO NPs had significant effects on H,O,
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and O3 content of the alfalfa seedling root (H,0,, P=0.003; O3, P<0.001). With the increase of CuO NPs concen-
tration, H,O, and O} contents both firstly increased and then decreased as a whole. Except that H,O, content of the
alfalfa seedling root decreased under the 0.00125 mol-L™" CuO NPs treatment, all H,0, and O} contents increased
under other CuO NPs treatments compared to the control. And these two indexes both reached the maximum under
the 0.0125 mol-L" CuO NPs treatment. (2) CuO NPs had significant effects on the antioxidant enzyme activity of
the alfalfa seedling root (P<0.001 for all SOD, POD, APX and CAT).With the increase of CuO NPs concentration,
the activities of SOD, POD, APX and CAT of the alfalfa seedling root all firstly increased and then decreased. The
activities of SOD and POD both reached maximum under the 0.00625 mol-L™" CuO NPs treatment, while the maxi-
mum APX activity value was observed under the 0.0125 mol-L™" CuO NPs treatment and CAT activity maximum
under the 0.0625 mol-L" CuO NPs treatment. It is indicated that these antioxidant enzymes underwent a strong
collaboration and compensation in clearing up reactive oxygen species of the alfalfa seedling root. (3) CuO NPs
had significant effects on the root activity of the alfalfa seedling (P<0.001). With the increase of CuO NPs concen-

tration, root activity of the alfalfa seedling gradually increased, which is a performance of biological adaptation to

external stress.
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AR FRARGE G r2, 9ekk+ A=
FRST RN 2 T RN A1 22 LB 1 B G AN S R
FEM B R T A R 40K 44 8] (engineered nanop-
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2 Z5R (Results)

2.1 CuO NPs X EAEEE 4l 2 ROS BRIV

2.1.1 CuO NPs XSAEE SRR H,0, & =520
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=B BEM I (P<0.001), BEZ%E CuO NPs ¥
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Fig. 1 Effects of CuO NPs on H,O, content of the
alfalfa seedling root
Note: The different lowercase letters meant significant differences
between different CuO NPs treatments and the control at
the P=0.05 level, the same below.
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Fig. 3  Effects of CuO NPs on activity of antioxidant enzymes of the alfalfa seedling root
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Fig. 4 Effects of CuO NPs on root activity of the alfalfa seedling
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B AR R ) B K (454.632 mg - (g-h)"), Al
X BEAH LA, RIS B CuO NPs AbBRHRS 80 T 48
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3 iFi2( Discussion)
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TR E A A A R = AW TE R A R N
PR TEIEE M AE R IR SR A NS 7 AR T
SANERAE SR> LAVE B R ) B4R B I, 451 4
TREERT A A0 AR e M AU T AV AL P AR sz
IR MA AR H,0, .05 515 1A K F
W 2 ETE TR YA N TGP ) Bh A AR A
T ek P T P RO X RS TR AR B 1 05 5, R AT
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TEETE LI 16 CuO NPs Kb HL R | [i%5 CuO NPs ¥ &
HK R AT H,0, 105 (AR fb #4 $ok K | 5B
T e AR A E 3 bR T 78 CuO NPs ¥ & 40.00125
mol- LB AL E R R H,0, & & H Xt B/
A, At B B H, 0, FO5 By &5 5 4B L4 IR A fr
B, X 68 CuO NPs A ME B SCRER T — B 7R %
WHEHEN R AT S FHERES, BT S
TEAH R Z P H, 0, MOx 18 i, 1 B, A4 2
H,0,i8 205 1Y & J A& TE CuO NPs ¥ FE 470.0125
mol - L A 35 B fie KAA, Ui S5 46 & 15 %)) 1 AR R o fig
HRAZ 1 CuO NPs 119 5 KW e B2 7% 0.0125 mol - L
Zifi, 24 CuO NPs BYHE A 0.0125 mol - L' A, %8
TEE T AT B35 400, 24 CuO NPs [k K
F0.0125 mol- LB, X5 5546 1 15 41 7 A 4 il FH o
SO SRR I 22 | BT LU R B2 AR R Y
H,0, MO, 1 & w2 A i B,
3.2 CuO NPs X 2246 H 75 4 i i R U A il 5 P
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FE WA 32 B R A S5 0 B ROS K- 8 2%
AR TR FIET, A S R e — BN
B 1% R 5 i AR A1 SR P00 458 175 S %) 400 R 42 3 A 9 1. P

AR RS I ZEELE Y e 1A Y, ROS ¥ B
& AR AR b S R G R S, AR
WAL R G ) SOD ,POD ,CAT 1 APX 2471 A 1k
Tit R T I3 A0 R R 1 9% e S DR A RS 5 Ay (i A
FE—E R A g sl Kb A T, e AT TR K
S RTAE Ay A 0 30 B A B ORI S A BRAR ARO[
B, 25l ROS 08Uk il 91 e 2% )i 175 i S i
Bt 2 ] (R AME AL, 5140, 24 CAT 3G PEfEAE Y b
FEARK, APX 38 B BTG B ™ AR 2B, X
FREVEE CuO NPs Jil T 5L B E L HR A
1) H,0, MOy iy & it ¥R I R S mi Ja T R, 24k
BTG A H ) SOD . POD ,APX Fll CAT 97
AFE I bt A 2 B Ay S1e 348 R U/ I T 3, 3K R 4
A PR A R AU 43 3% B2 B8 T CuO NPs /N2
HE R 4 10 BE I DF SR 45 02 — 30y, 53 4h, SOD
POD APX Fll CAT H e K& Pt BLAE AR W Y CuO
NPs ¥ B2 i T, 2% B 3 B 40 010 i 77 15 PR 16 1 4R
77 Th1 & B H A 0 B [ A A | ok 3 [ T o 42
ETE AR R PTG R, 7E ARV B 1 CuO
NPs (0.00625 mol « L)Wl F, 75 1% Bk I 1 480 7 1
SOD F1 POD F{ifi 1 & #52 H fe A FH 5 #E S v TR 1)
CuO NPs(0.0125 mol-L)rift T, 76775 B M & il
APX BT M & 4 Hh S5 R AR T 78R VR B2 11 CuO
NPs(0.0625 mol-L™) T, ZE i B 1% % 7 1l CAT 117
PELAE I BRAAEH, CuO NPs Jia N ix et S 1L i
AR R 73, TS CuO NPs B IF I
TFHHREE ERAE BT ST AR 2R P 25 R s R Pk
FREE JEREME AR N A AR A S A G ]
e S A FIPUA G A AN [F] ) 2 SE R T 1) K 25 () 45
PR M X — SRR 7 32 B E R AR
TR AT B TR, TSR A A Y A P
SR N 32 B RIS Tk e i S AL il
ST E— SO BRAR R P A TR L K B
[ RMERS | T BB I TR A AN ST
3.3 CuO NPs XF 546 15 4 AL 3305 77 1 52 )
FEYIAR 22005 7 R T R R AR5 B 1 R/
TG I WIAR R AL 2L AR shat s e g™, A&
WFoE & B, B CuO NPs ¥R B34 TN, L6 H 16 4h
HAR R TG I W T, 3% 5 & e S5 /N R &
PRI ST 25 & — B0, /NE MR R IE 1B CuO NPs
TR LT T, DA AR e A 4 AR
FRIG 1% CuO NPs 2 75 1 H i N 1 DA 2> 90 K
B EE, X —d P, SOD, POD, APX, CAT
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EPUAALEE RGP E AT BEXTHE B AL B TS 4
AR R MH R RE 2] T — @ rER . Ml
7K HE 1] 0.00625 mol- L™ ) CuO NPs kb Ff | 22455
& WIHTAR 205 1A B YRR A ML 0.00625 mol -
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LI HAR R 7 S O (B T A i R RN A
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TEE 15 ST AR 2R 005t S 3 P A, 18 1% i
Ko XUk FF R A T GT Pl 2 118 o) T LA 3 el 28 25 e
H EEHT BRI R B R A 2 B [ B N A
(R38R AEAE CuO NPs BEEAHT K M5 3 | X J2:
— ol A i O 7 SR 7 ) AR ER
3.4 CuO NPs X 5246 H 75 4 i Al 2 2E B4R 2552
(4] BEBL I AT

HHiT, CuO NPs X AEY) ) FEHEALHIE A 58 2 1)
ES, CAHMBIFEEY,CuO NPs ki i FEE il fE>
JEF M CuO NPs ks iz 1 Cu™ , Al BER IR T
CuO NPs J50kE &4 (9K R 8 W] e B F A P
P AR B S P A IR . &
SEPYRESE K B CuO NPs /N2 i 8Pk £ 2R CuO
NPs BRI B Y Cu™ BIE Y, Bl R AR DA X
AR 2R BY4741 MXT G WF5E T ASRRLAR 1)
CuO NPs X Fi 12 P2 1 1% 20 B 73 PR 3500, 45 28 & 8,
CuO NPs Xof T B (14 4 i 25k 3 22 i Al i 1 Cu® 5
ALY, ATERAE A RSE 00 X CuO NPs 9 #5152 il
NI, [ 22%5PHF5EHE 7R CuO NPs Xt R 11y
BRI FH AR RN P AR Y Cu® T8, Grif-
fitt ZEEIFE I A TSRO 2 LLAR R CuO NPs
IRV, FTRE 2l T CuO NPs FITAb A AR [R5 Y
Gunawan'? [ 75 1, CuO NPs 7£ H,O NaCl %1}
PEICY) R WS LB KRR 5 i th i Cu™ Y & 12
ANTEIR) A AT BN [RPOE T3 I Cu® &A%
G S RS GO A B AN
[AifFFEMA 2T CuO NPs F I H ARl AgEE AL,

XL I 45 R F B, CuO NPs 19 4= 9 75 AL
B 75 A= Wy R A A B 41 2K S OSR]I AT FEAS T
HAKE] CuO NPs X 546 H T8 4 AR R A B 5
PRI BEME LA S A H Y Cu™ A 56, Bt T H
H & EHA BRI 5, 5035 2 HAh 7 R 5 i
(1), T B T R AOR S A LA K T i Cu® fE X
HESE B TR A AT 5T
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