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W OE N TR R T 90K S LB (nano-Zn0 ) K 07 5 5 % 21 5% Y 28 B AR 25 A0, 3l O A Ak e, e T AU
%51 nano-Zn0,70 d J5 M XS M R & it ERSERMM G RIS H . 451 B, B nano-ZnO ¥ i 7} 5 , ZE 3¢ A0 X
M AR AR KSR 18 NS B3 N . nano-ZnO X 2 3% A= 4 16 AR T RS T A £ 43 I TG SR RS . AR X A
&5 nano-ZnO EZ R B FE ML (r = - 0.879, p <0.001), 7E nano-ZnO J5t # tb 24 160 mg/kg W, 56 & A 24 48 4
190 wmol/ (m® « s) i B3 & B 1ok 780, 1L 3 700 i % fil6 T 30 ok KRR #5004 9 L o S 6, LA GBS b SRR GG . R TE RS,
$5 615 5 1 7 32 S R O S O nano-Zn0 K 2 8F R U (AR SR Y AR ) i RS & nano-ZnO KRR B 1
EKBE KW BE AN GRS B YR DA PR E R

i E 4 % 2 . X835 kAR A B T E RS 1674 —6732(2020)05 - 0139 - 06

Long-term Impact of Nano-ZnO Exposure to Growth of Ipomoea Aquatica Forsk and It’ s

Chlorophyll Fluorescence Indices under Acidic Soil Conditions

FU Yi-ting, JI Li, CHEN Yan-song"
(College of Life Sciences, Hefei Normal University, Hefei, Anhui 230601, China)

Abstract: In this study, a pot experiment with contaminated acidic soil by seven levels of nano-ZnO for 70 days ( the whole
vegetative growth phase) was performed to explore the physiological and ecological effects of nano-ZnO long-term exposure to
Ipomoea aquatica Forsk. The relative chlorophyll content, growth characteristics, and chlorophyll fluorescence parameters were
determined. The results showed that the relative chlorophyll content and growth parameters slowly increased and then decreased
significantly. There was no significant impact of nano-ZnO on the biomass distribution between root and shoot of the plant. Relative
chlorophyll content negatively correlated with nano-ZnO concentration (r = —=0.879, p <0.001). Excitation energy induced by a
certain light intensity of 190 pwmol /(m?® - s) in leaf of I. aquatica treated by 160 mg/kg nano-ZnO was excessive, but the excess
excitation can be consumed through thermal dissipation with a self-adjustment mechanism to avoid light injury. Under acidic soil
conditions, Chlorophyll fluorescence indices induced by low light in leaf of I. aquatic were insensitive to nano-ZnO long-term
exposure, but nano-ZnO long-term exposure significantly affect the biomass accumulation of I. aquatic.
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FEARTA] i F 2 T e AT A 5 0 B M T L &2 1K
HPFER A 0

4K AL BE (nano-Zn0 ) HA G R A I i 2 4
2 BURNH BE SRR AL, 2 — N VS AR ) 1 4 s
gk B R, BF 5 2 B, nano-ZnO XF 40 ' B
KU syt M A SR A
P o nano-ZnO X AE Y 1 B 1 — 7 TH R H 40K J0k:
ARGy, 3 — 5 TN K BRI B T, U R TE
Bk 444 R, 1t 60% f¥) nano-ZnO 25 B il H 4 B
FREEBEWR S YR b B T B RS T A X
R B0 A B A S R A K A R
1M, A ¢ nano-ZnO (14 18 ¥ 3¢ M 0T 98 & 202 5k
FoKIE AT 52 iy = e B &
L 0T A 3 2 B 1 W e 1, B LA 3¢ ((Ipomoea
aquatica Forsk. ) R 32 I AH Y , 3 + 35 @R S50,
TRIT G MR AL AT T nano-ZnO K B30 X 28 3¢ 1 2E
PRAE SO0 o WFSE 45 R 40 98X nano-ZnO 5 HHY)
FHE RN, AT 2 nano-ZnO {4 A8 25 KRS 9T
flidefit =%

1 SRIE5S
1.1 E3s4t

ZE PP F 300 g/ 4% (b5t KR Je s [ Br fl 747
FRZY ], £ 10 000 A7) snano-ZnO[ L3¢ B2 T Toll.
) B 99. 9% |, ORI RLAE S (30 £10) nm | ;
Fedir (A0 HAE 16,0 em, ZE HAZ 12.5 em, 4
= 17.0 cm) .

S9R M - EECH K AT S R EE SRS
T 0 ~15 em RZEHHEMEBL 1: 17RMR5, A
R )5 R o 2RI, 32 ) o i Lo o A P
58.16 g/kg, BLA 3.26 g/kg, B 2.20 g/kg, M
13.12 g/kg,pH {H =6.05,

1.2 Hex
1.2.1 ;3 a

T MIRA L LB AR, 800 8 41,
R 20 43 B T 1 0,5,10,20,40,80, 160 mg/kg
Jiti Il nano-ZnO , 5573 % 10 ~ 15 min, JB 25 5 250y
AL BHBMERERE 5 R,

1.2.2 FMF#H ARG 4EHBLE

T U T LR /0N Y 5 B At 2 S R - 200 K,
F1 50 ~60 °C i /KE Al 30 min J5 , F1E K iR F
20 h, B Pk, BT SR MBI 2 A A
T b AR 28 M b Bz, BEHLIRCEL 140 k2, A A
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W4T nano-ZnO Zh3 Y - 3E T, B A SRR 4
KL, R 58 i FH B 0, 2 % B R B A A
PE T AT ARE P RIR. g @ ils , 3R EK
DAGR 35 LR . A AU & AR R I E O IR
12 h, IR ¥ 30 °C 6 AR E Ky 200 pmol/ (m” - s) ;28
12 h, JGEE 25 C L AHRHRE (55 £5) %

RSB SR SC R A O 2017 4R 11 19 H—
2018 4F 1 H 26 H . 1E3%5 37 B B i fe Jo — J& A i
(LIRS S EPORS xR NG R 7/ b VWS QU 2 <
RO HE RN IS HOE LRI bR & 25 i
PRE LI A 4 BRAE P ) S (R — A AL R,
n=5,
1.3 2ok

TE 2S8R 0 E < B RO 5E Bk L TR
Zids hEH .

W25 2 AH X B (SPAD) (9 5 < R JH| SPAD —
502 Plus( Minolta Japan,Konica) e Z3mE ., L
TS i s — F 58 2 R IF i v i ) & A
JCI kI, B A P R v (] 57 ¥ A 0 ek R O T B A
R Bk L B 3 U BT M

Ay BN E < IR SEER A TR, /N HURE I A
FEMRAZ H TR , S T A SR oK i U $ei AR A8 1 8
FEHIXGEKIEBE 3 W, 7 BUE AR MR, B T 65 °C
HEAT T 48 h BEE G 02— 7K
T E AR IR R T EAARE

gk R 5 S S B 2 : R A Junior — PAM
(Walz, Germany ) & fili #84 #] ] 2 S AL %€ o 155G,
A X T BR8P IS N 30 min 5, I E
K7t (Fv/Fm) o SR N TOGTR A 3hill
BE 1S BB EE S 190 pmol/ (m” -+ s) A 4%
RIOUE R N S8, FEASE A T AL B ROR
(ETR) JEAb2 KRB (qL) AREfbr i K R %L
(NPQ) ) & 4t 11( Phtosynthetic system II, PSII) 5Z
PR 77 i (D) DI PRI K (D)
AEHECE AR K (D, ) o BURSE 3 IEEEL
(ORI (=S
1.4 B35

FT A B 2 UL (P50 = bR 22 ) 3R . gk
F IBM SPSS statistics 23. 0 3 {ff2 (IBM, Chicago,
USA) , ff FH 80 [K R J5 22 43 7 ) Duncan £ T LA
DS ) Aib R ) P 2 SRARDN &5 B A KR S BRI S R
PEICVE T8 1 SR 2w, W K
0.05, {#if Origin 8.5 #FF7/EE (Origin Lab, USA),
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2.1 nano-ZnO f# &
(SPAD) # %7

A1 jjj:l;fé'ili' nano-ZnO Xt 2§ 3¢ SPAD ) 5%
Wi, Horpr,no = S, RE AR /NG 7 B A 6] R os A7 35
Z5H,a=0.05,FF, &1 AW, £ nano-
ZnO JF A0 ~20 mg/kg 3 [l N , 28 3% SPAD 3t
AAH[E , 13 J nano-ZnO JE & L4k se T ( >
20 mg/kg) , SPAD iR 3 Rf 2 T B, M
nano-ZnO [fi i bt ik 3] 160 mg/ke B}, 7§32 SPAD X
D3 17977 AT %) M2 18 25 0k /> T 55. 63% (F =
18.619, p =0.000) .
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2.2 nano-ZnO Mria st E A KA K Hw
2.2.1 AW ERRDL G Y
K 2(a)(b) (¢)(d) K+ 1D nano-ZnO *f ZE

Yy

K k<] o
XM4L 5 10 20 40 80 160
@(nano-Zn0)/(mgkg™)

18  (c) M %k
ab N a
155 be — 5 abe  pe
c
= 12
i}
® 9
x
BN
3
0 . .
RS 10 20 40 80 160

@(nano-Zn0)/(mg'kg")

B2 +1Edh nano-ZnO WEFELEYWE RE

SR ARG EL e B R R R R A s, el
Bl 2(a) A W, B % £ 4 b nano-ZnO J5i & H 11 1Y
I, SRR AR A R AR AE Y R AE Y R R
e K W/ #a#, 4 nano-ZnO T & Lo~ 20
mg/kg W], JEEH A W i AR AE ) L RAE W IR
F KA L 43 B 0.299,0. 149,0. 447 o, B4} B 4H
Ay T 30.10% ,28.57% ,42.36% ,{H £ ik |
B, B nano-ZnO i ik — 2T+ ,3
M FEARE BB I/ o 2 nano-ZnO JiT i [1 R 160
mg/kg I, G A=) & (F =2. 454, p=0 049)
WA R (F=2.780, p=0.030) AW (F =
2.600, p =0. 039)/\”Ijajz/l\£0.165,0.064,0.229
g, 5 X BE4H A Ltk > T 21, 05% ,39.05%

07% , A ik 3 2 % K F (05 i Fjﬁéﬂﬂtﬁtm%
S W%, mE 2(b) L, A [H nano-ZnO it ib ¥
Z AR 5 L T i 3 2% 5% (F = 0. 689, p =0.660)
222 M hBEMEKEEN Y

M 2(c) f(d) A LI B nano-ZnO Jii i
Fb 8 i, 2 3 I e 250 RIAR ok g A 2 R B
B N R AR BRI R 0 R i ik 3
TBEKF(F =3.136, p=0.018) , M8tk = B HY
IR IR ) i K F (F =2.137, p=0.080), 4
nano-ZnO [tk [ 160 mg/kg I, I 7 %5 FIAE
1o B B 28 B AR, 430 2 12,200 A 10. 220 cm,

¥R LT e R AL (H 5 0 BT AR L, 2 B I T
6.01% F11 10.82% , I Ak 2 B F MK
0.6 (b) HEE L R R
05 | e s oL ‘
04 :
ij 03
- 02
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0.0 . L
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2.3 nano-ZnO Mhia 3F & Kot sk F R AF F3 ETR (F =4.001, p =0.005) Wl . 3 [k = 0. 716

F R KA R

K 3(a)(b) (c)(d)H L H nano-Zn0 Xf 4
3% Fv/Fm ETR  qL Hl NPQ 52 m, th & 3 0] U,
Fv/Fm 5 ETR 728 ff 8 35 Jk A — %, 24 3
nano-ZnO [ & 8 0 ~ 80 mg/kg W}, A [A] &b #H ]
Fv/Fm 5 ETR A /Mg B 5638 5 22 1 B 35
PR F KT 5 XA A, R s #
160 mg/kg i} ,Fv/Fm (F =3.325, p =0.013) 5

(@) Fy/Fm

09 -

ab a

0.6 H

Fv/Fm

03 +

0.0

XL 5 10 20 40

©(nano-Zn0)/(mgkg™)

80 160

0.6 (¢)qL

04 b

ql.

0.2

0.0
XHRAL 5 10 20 40 80 160

onano-Zn0)/(mg'kg ™)

130. 723, 73 5 F K& T 8.32% # 23.63% , L&l
3(a)(b). 4 £ nano-ZnO i A T 0 ~
80 mg/kg fif , A [ 4b B i) B9 L JG f & 224 ( p >
0.05) ,NPQ 225t A .34 (p > 0. 05) ;5 %F M 41 AH

e, e ik 2 160 mg/kg i), qL(F = 3.732,
p=0.034) il NPQ(F =4.281,p =0.015) Il 4 5] 384

T 28.37% #190.56% ,

(b) ETR
45 L
by b > b b
N S e [ S .
30 |
15 |
0
XPERar s 10 20 40 80 160
@(nano-Zn0)/(mgkg ™)
1.2  (d) NPQ
a
09
Z 06
0.3
0.0
X4l 5 160

o(nano-Zn0)/(mgkg™)

B 3 +t1Ed nano-ZnO XFZE3E Fv/Fm ETR qL NPQ B &M

Kl 4(a)(b) (c)fy I nano-ZnO X 7§ 3¢
Do Do F D B0, KL 4 7] I, Y 3
nano-ZnO Jfi & /- F 0 ~ 80 mg/kg A, AN 7] &b 24 [A]
() @ Fl Dy ol E 257, SXTRAMNL, Y+
B nano-ZnO JiT £ ik F] 160 mg/kg B}, &,

B
2

() Prsu (b) Do

L ZE 0.385(F =4.005,p =0.005), Ff&ET
23.38% ,ULIEl 4 (a) s M B J2 Dy, & THE 2
0.260(F =2.680, p=0.035), T+ T 41.54% , LI
4(c) o AR ETE T AR Z K (D)
T FEZREF(F=0.945, p=0.479) , WLIE 4(b) .

(c) Dreg

0.6 04 1 a a 04
b b b b b b E T a — 3‘ 1 -
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& t K ey S 03
B 04| i 5
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o as
oy R
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2.4 nano-ZnO Bk B5 EX G A NS F 4
KA g ERLA KN X R

1y L 3Eh nano-Zn0 i f L 5 %R K S
B RS SE A i 1 AT, R
nano-Zn0 Jit &t [b 5 20 R ik g B A & B A
Wl FH MR, HAMERE R (r= -0.879,

p=0.000); 5 B AWy it 7 B A RSB A
AR A SCOC R HA KRR E AR & 55 Fv/Fm
ETR (@, B H ALK R, 5 NPQ Dy, K
BEEMILR, 5 qL 22 FEMKCER HHAX
PR A

F1 LD nano-ZnO RELL SHERXERKSH HERXASHNMEXE(n =35)

SPAD Sk - H % Fv/Fm ETR D sy qL NPQ D
BB (r) -0.879 -0.438 -0.435 -0.632 -0.579 -0.579 0.366 0.497 0.546
p 0.000 0.009 0.009 0.000 0.000 0.000 0.031 0.002 0.001

2.5 nano-ZnO fpria st g Xt F M4 Ef4E
E R a

Mg® " S S A b A S R KA T
—AEEICER ., PR E Zn® " IR 2 5 A
Wy ST XA A R B — SRR
SR, 24 0 Zn® " v B 5, R 2 BOAR
Mg™ " BRI S R Ko T e M LA 4 1 1
AR R R A i BT R RAE 4 nano-ZnO
304 N7 N 7 N P 17 (1 A €7/ 3 3 € Bl RO i 7
( Stevia rebaudiana Bertoni) i & , <1 mg/L f{J nano-
ZnO Jou iy B2 AL H AR K7 A= e 2R AR HT L 24 nano-
ZnO JEHYESE > 10 me/L i 240 48 R K
Xt F 7K % ( Oryza sativa L. ) T 5 , 24 nano-ZnO Jii
W HE > 50 mg/L i, A 25 W A K AF I i s R
AL AW A KT ARG B oR, B nano-
ZnO [t T 5 g S it R i A 3O 0 A i A
AR KR, HMEREE S (r= -0.879, p =
0.000) ., 2R, Y H & b <40 me/kg B}, ZE
AR EMMEEE AR B EE &S, 52
FHXT I A 2 g S AR AR AR W it e AR AR i L B AR
AR R B R R R R 2 3 I R 1
EF, B 0 b I BT i L AR B TR HE SR SR A K
YT >40 mg/kg B, 23 M 7 I 4% 2K A4
SEDETRE IFRASBEXRTAEY &
AW SRR TR RO R R R R
Wi e A, B0 - 38 v g e B SR A A X 2R SR AR R AT
HAEHT, XA B4 F nano-ZnO 76 R ¥ 25 R % &)
B Zo® " A5 560, 4, 3R nano-ZnO il
38 I AR XS g SR AR e b A B S
2.6 nano-ZnO Wrif 3t 3E E vt B R AR H 89 %ol

Fv/Fm W7 PSS Oy 3 B2 1 5 3L

ALY VARG A G T o X T 4 2 M %
WP AR 8 T BT Fv/Fm 3% 3 i 2
He/IN , BIVEE AR 5 B 30 3 8 b i S B AR R R
K, R A e EE R UL B a & NS ECH &0
B . 720 ~80 mg/kg YL [ P, BESENT K Fv/
Fm % nano-ZnO (1)1 Jf J2& — 1R 2 1% H iR BEAR /)
1) e FH 5 R ) it A2, B 24 nano-ZnO Jii i b ik
160 mg/kg I}, Fv/Fm A & 2 F [, X WA ETR &
AR S5 A — 2

qL FoR MY F 3 Be 45 PSIL B Hocs 1Y fig 1t HH
TOA ML TR B8 T, )42 S WL AE 1 % S e 19 7% £k
AE 1o NPQ RIRAHYPE A 43 B 45 PSIL Sz i bt 5
ANBEFH TG A 1% 3 1 3 9 fig i LA AR TR XA
BBE S, & — MY X e &L A R AL
il o @ ypo Bl Dy, 3228 T A5 £ AR G AL 22 HF Kk 1%
(R RE B AP FLRR T o @ sy o PSIT SR H O #8436
VA B %) 52 o D A7) ' R AR AR 4503 . AE A W)L R SR
T @ypg s Pro  Posy — 41 A FETE — 4> 8 85 °F i 4R
B @y + Dy + Dy = 1,

W5 FE M, -3 J nano-Zn0 Tt K 0 ~ 160
mg/kg B, ZESE M H qL X Homw o G B oA, 24
+ 5 nano-ZnO i & [ ik F] 160 mg/kg A, 2§ 3
MR NPQ . Dy, ¥ 35 T, (B @y, T i % A2k
YEHIZ AL R 25 11T, 28 SE A W) 14 i PSTL S j ol
I B 2 T AR R N R R i
{E 3ok 38 f) i £ v T3 ok P BB AR ECHE AT A Y, DA I
A SN - o 3

3 g
S ME £ IR B KT R A nano-ZnO
(<20 mg/kg) 158 52 00 28 352 A4 K BA R HEAE
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A B nano-ZnO (= 40 mg/kg) W B A #0 1
FEFT B oA i A Bl ¥ O . 3 g o IR 2 L
nano-ZnO ( < 80 mg/kg) KRN G AOLH
A7) JC 8 3 R WA, /& BT & Lt nano-ZnO (160 mg/kg)
KW RESREEE FOCA R B TR K
PR Z nano-Zn0 K M B 57 5 i & B B, i 4k M
XiF i AR W A bR T 55 065 ek ROk
SHAEHR .
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