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Abstract; Atrazine inhibits plant photosynthesis by blocking the electron transfer in the photosystem II. Atrazine
pollution in surface waters has become the subject of continuous concern due to its potential ecotoxicity. In order to
detect the physiological response of the emergent plants to the atrazine stress, Iris pseudacorus was exposed to at-
razine (0.5, 1,2,4 and 8 mg-L™") for 3 weeks in a hydroponic system. The chlorophyll fluorescence parameters
and defense enzyme activities of the leaves were determined under nature and sterile conditions. The correlations of
the chlorophyll fluorescence parameters with defense enzyme activities were analyzed. The results showed that
POD and PPO activities were enhanced at atrazine concentrations not exceeding 4 mg-L™', decreasing with increas-
ing stress concentrations, while SOD activity increased significantly under such conditions. PPO activity was signif-

icantly correlated with several chlorophyll fluorescence parameters and MDA content. All of the tested chlorophyll
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fluorescence parameters were not significantly different from the control at low atrazine concentrations (<1 mg-

L"), and the plant can maintain normal levels of chlorophyll content and photosynthetic efficiency at 4 mg-L™" at-

razine stress. These results suggested that the coordination of three enzymes increased the plant adaptability under

atrazine stress, and PPO activity reflected the degree of photosynthesis inhibition and the degree of oxidative dam-

age. The tolerance level of Iris pseudacorus to atrazine reached 4 mg-L™", and microorganisms can alleviate the

phytotoxicity of atrazine maybe due to its role in degrading atrazine.

Keywords: atrazine; Iris pseudacorus; photosynthetic characteristics; defense enzymes
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1.1 R

A Y B AL T RMB AR E B
FRigR . PR KB —EUW 2 i (AR TP 4.5+
0.8) g), HFAT/KEHA L0 1 TH VEAE P AR R e+, 7 1
L 10% Hoagland #7221 1 J8., WAEY# A $E
FER(EAE 30 cm, (55 26 cm)H | BEMAH HICE 3 BRAE
¥y, 3-8 1 L 10% Hoagland 5 F# W .
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WK HF01.05.12.4F8 mg-L", 25 (AN R AT
INBATRERLEE AR R A B, AT L SE A R A Bl
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JEIRAY 60% 3557 21 d JFHURE
1.3 AFRFR BRI E
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FEHE A M 22 23 74 (L1-6400, Li-COR A H],
5% [ BB T e A BLAS 2 mH RS, e
SR A G35 5 20 min , BB SRS I G J5 1045 40) 46
DEG(E,), B A & 5 A5 45 KOG BB % Ak 3k
HR(F,/F,) I E R 2 80(qP) ARG 1B K R AL
(qQN)FIHL % 326 R (ETR), BB BRI AE 9 A4~ 45,
FRAEAE D B TR P B R8T A ] S e = U
FEAEIRARAR I AR 3R S 1 00 S SR TN B2 76
TR B A A 2R 4 A 1 X BT AR e it
P ELA 2R T R 4 16 ) 1B {L i (SOD) , POD Al
Ly A ALREPPO)" 2 SOD % & W MU M v:  POD
K AT S L (a1, PPO AR — iy 1, MDA &
R ABLACE L Z WA,
1.4 Hdlgeit 500

KA SPSS 22.0 e it 4 Ml | i it & K
R J7 20T A& T HE A 22 5 v, B A
K R P<0.05  P<0.01 ;% 1] Origin 8.5 7E& .

2 Z R 54 (Results and analysis)

2.1 BTARER I X T AR 2R S R R )
Sk TS EDAE Sl SER/ IR IUE Y)W 7/ = & e

(K 1) M2 R a/b (5 1(b) X 2T &

P MR TR T 5 R a/b (6 TR,

WA, S A E =2 mg- L7, 4R & &

3% TR B IR T 30% ,8 mg - L™ Kb FR 414 0 ik

30r @ IR 4Mi Without ampicillin
A [ #7 With ampicillin

2slh Ar

2.0 + ab AB AB*
+ —ab AB b %

O B*

1.0f b

4% /(mg g FW)
Chlorophyll content/(mg-g™' FW)
&

0 0l 05 1 2 4 8
B FERLEER E/(mg L)

Atrazine concentration/(mg-L™")

5 68% , SHULIRIAT, #E R K AR A
Wi B SRR, TCITE 254N, AL 8 mg- L™ b B2 it
BRRERTHDE TR, SWRELIARE ab HY
X REZH I T b 3 25 55 A A 25 1 T, e s R i b 28
4@E® mg- L)W EFRAL, IR R 37% .

2.2 FAREREEME O BT AR R O S

AN EE BT R R b3 T B B F, AR an E
2R, TMEFKMET KR EAHA (<4 mg-
LY SXT A To B E M 225 MM vk B 5 8 mg-
L I B A, FRIR S 17% o W 5, F, BE
R E T R B S T2 mg- LT AR
F, 5fk,4 mg-L™'f1 8 mg-L™"ZbFRL X T},

Wi 5 R R ol 3 R G K BB Y FL/F,
LR R (E 2(b)), B B AR U R
TCMBE AT, SR KRR 8 mg- L' AbFH4 & 14
%, HAR 5 55 B A L TE 8 35 Mk 25 5 4 20
T,0.1 mg-L7AbBRA F,/F, JC IR E R (H S 1k
=05 mg-L7'If, F/F, S5 T,

TCAMBE S B 4 W FE AL FRAH qP 25 5 128 (&
2(c))e MHEEMET 0.1 mg-L™'F1 0.5 mg-L™" b BHZH
Bt R A T A2 R AR ;4 mg- L7 Fl 8 mg-
L7 Ab A qP BXT R0 50 NI T 34% M1 57% , 2
BEMEES . XCFM, P EE R R e 3L AR X qP
AR

331 (b)

30FA a

ol [T e

>

M2k 2a/b
Chlorophyll a/b

0 o0r 05 1 2 4 8
FTEHEHSR B/ (mg - L")

Atrazine concentration/(mg-L)

E1 e EEEMEESE (a) RMHEE o/b E(b) KT
AR KRG F RN AR S 25 e B 2 0] 28 57 10 3, ANR)/ING S BE R R M TR S5 11 T 25 Ve B 22 [ 22 57t 1 3 (P<0.05) 5
o 3 R () — R TR RN TS B 2 ) 22 57 Wk 3 7K FAE P<0.05 F1 P<0.01 5 Rl
Fig. 1 Effects of atrazine on chlorophyll content (a) and chlorophyll a/b (b) in Iris pseudacorus

Note:Different uppercase and lowercase letters indicate significant differences among treatments with different concentrations under

nature and sterile conditions (P<0.05), respectively; * and * * indicate significant differences between

nature and sterile conditions at the same treatment concentration at 0.05 and 0.01 levels, respectively; the same below.
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Fig. 2 Effects of atrazine on chlorophyll fluorescence parameters of Iris pseudacorus

Note: F, stands for minimal fluorescence; F,/F,, stands for maximal quantum yield of PSII; gP stands for photochemical quenching;

qN stands for non-photochemical quenching; ETR stands for photosynthetic electron transport rate.

B4R X B B QN B A A 7 2 (d) TR
TCAMBR 25 QN i ] A e 88 1 1 o ot 5
0.1 ~1 mg-L™"AbFRZH 55t BE 40 AH LG 25 P 22 5
2 ~8 mg- L™ A3 50 0] HE 2 Jp 250 im0 R A
TR BT R AR B G T, N = B T
POAE2 mg- LT A FRA A e K AE, 1T 4 ~8 mg-L™!
AEFRZ N REAIG , B A PS T RN HhoO 2544 7T

fEC 2528 TR,

BT Ay o 5 5 ETR (52 M0 1 ] 2 (e) s
TCIMHE AT ,00 ~2 mg- L™ kb 3 55 ETR JiF
Z MY ETR R IFAE 74 ~ 94 Z[A] ; PR
WeERAN % 4 mg- L', ETR S 3 i E (%, 4 mg-
L™"F1 8 mg-L™" kb FRZH R 43 5135 17% 1 25% , i
B e vl 8 BT AR X 8 T A A — o AR



545 4

B3 FLA ¢ F 3 X BT 2 174 A= L 7 259

PR 2514 bt BT 4 7 e v B 9 o8, ETR 2RI R
R, BR 0.1 mg- L™ AbBRA 55 4] WAL 00 3% 22 4,
HAA R E AP S X IR 3 22 7 i
2.3 BRERDEAEE G BB T A MDA & iR

Wil 25 TRV B 9 T R, i MDA i 3R
I B B e TR (K 3 (a)) . TR ARIE T,
i B =0.5 mg- L™ & 00, 76 4 mg- L' ik
PR IR BB KAl ,8 mg - L™ AL SRS F e,
FAF T A e Y N, 7E 2 mg- L b B
KB EKAE ,4 mg-L™' 18 mg- L™ AbBRAL A,
2.4 FALRERLELYNGE X B T BT A A 1 1 5

TIVE AT, BB R SOD i 14 b 2 B 4
PR BE BB B LT 4,8 mg- LT b FEL] 5
XTHRAIAH L 22 S i 2, FLAR MR AL FRAH TC I 35 25
(I 3(b)), MM T SOD i & Bl Je TH e B
P4 mg- LA HRL SOD i Pk ok, J2 %t I 2 1)
1.6 f5;8 mg- L™ Zb B4 SOD % P& %, (H45 5 4
mg- L™ A BRZH AL T [R]— 7K -,

B RGBS I A POD M I 2

3.0

(a)

MDA % /(mmol-g™")
MDA content/(mmol-g™")

25000 () Axx

w2000 AR

B*

g
g
g
o
)—' 10
1%
s
>*
»—‘—1
=

be

(=
(=3
(=]
T
o
o

C

500 T p

POD{& /(U min™!
POD activity/(U-min

-

e}

o o1 05 1 2 4
PR R BE/(mg L)

Atrazine concentration/(mg-L™")

T, B AT e JEE %) 388 n 2 B TH R Bk (R 3
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PAm I,
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Fig. 3  Effects of atrazine on malondialdehyde (MDA) content and antioxidant enzyme activities of Iris pseudacorus

Note: SOD stands for superoxide dismutase; POD stands for peroxidase; PPO stands for polyphenol oxidase.
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WEMAMX, 5 MDA &2 EEME, WK
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F, .qP Fl ETR & 3% fifi ¢, SOD {ftkY oN &
M IEAR S PPO TS F, 2R EHAHX, 5 N
EIFFHXKR,

3 1112 ( Discussion)
3.1 BAPRER R b X B i 1) B AN

it 7 BT AR AR B 3mSR R e R R
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T RSPV 5 7 25 6k ] A e 1 e e e B
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1B S FRAIG T 38 2 JE e, A& A 3L 55 0] R 2H 22 5=
AN X R FERT R 5, R RS
BRARG AR o R S 2% a/b (AR = i OB A g
T3, SR A X BT AR A8 ) — il PR LR AP HILA
MDA J&JiE T AR i A i S 2 ), & o

A LATE] 4 S AR 1 2 W T E R . A R
Hh MDA FREZ 2 | 4 L 15 52 21 451 00 B ok A
EH , MDA & 5RO B 25 AF TR (0.1 mg-
L™)AEBRZH 5 08 B2 AL T[] — 7K ¥ 5 Bl B R i
Y RE IS TR T g, 3k B BT R e i Bl R
A W AR ROV, (HAS [ , 4107 Ak PHZH A
PIfe v BE R T MDA 5 5 R R, Al REBL I AL
T AZ [ R ki R TR A2 BR BE M s BT
X UL, AR AT AR — E R b i BT i Y
FIPIRENE | 3X AT AE-5 AR W) E A8 fie 22 B 437 2 8
AKX,
3.2

B/
)

(UEEEIRE I SERO ik 7/b e sad At AL
2R R IOEH TG RERIRREM IR
WRAXHEE RGN, HA R WA ) e BN
FE”RE P, F, R PS T RER (0 5 N 1Y I 40 ik
THEE RELORZEL R RL RS PS I
R REML B HLR A SSRGS F, B
Z KPR R B F/F, AR PS I
B ROL RERE AR R A K 1 &, AR I aa 26 1
AN AT B WAz [ T R H) R AR
AR BE 251 AW 2 B A W 8 B0 50 v
VA ) O E AL B F, EREAR, F/F, 2L
AW A U KA T OGS A AT,
F, INRETLG , FJF, WA, 2 W B i e o A

R1 MEMETNEZFGTEERZEAHRRFEXRY

Table 1 Pearson correlation coefficients for these indicators under nature and sterile conditions
MR eE MK ab
F,/F, qP qQN ETR MDA SOD POD PPO
Chlorophyll Chlorophyll a/b
MR
1 0259 0.009 0358 0244  -0463* 0516*  -0.142  -0.194 0.057 -0273
Chlorophyll
4% 2 a/b
0.659%* * 1 0234  0563** 0089 —0.756%* 0593*%* -0593*%* —0388 -0350 —0484*
Chlorophyll a/b
F, 0.149 0512* 1 0268 0.140 -0298 0.129 -0412 0.008 0.178 0.023
F,/F, 0.64** 0.724* * 0227 1 0425 -0.689** (0754** -0527* -0439* 0016 —-0.559**
qP 0.555%* 0.869* * 0514* 0.506* 1 -0.187 0.636** 0014 0211 0255 -0.158
gN -0.134 -0487*  —-0704*%* -0469* —0449* 1 0826%  0739%*  -0306 -0326 —0655%*
ETR 0.734% * 0.691* * 0081  0641%* 0601%*  —0.161 1 -0459%  0.155 -0498* -0526*
MDA —0.654% * -0.543* 0.107  -0495* -0551** 0087 —0783** 1 0367 0413 0.784%
SOD 0231 -0.194 -0.113  -0.103  -0.158  0461* 0.153 0310 1 0.021 0398
POD 0388 0381 -0.066 0294 0354 -0.023 0278 0.187 -0.043 1 0326
PPO -0241 0.198 -0799** -0.140 0351 0581** -0340 -0.114 -0268 0.015 1

0 A OSSR TCIE SO, KA EE NG DL 5 * F* = Lol oe B MK EAE P<0.05 Fl P<001

Note: The white and gray blocks represent Pearson correlation coefficients under nature and sterile conditions, respectively; * and * * represent significant

correlation at 0.05 and 0.01 levels, respectively.
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AR T T A B A BT A b R G0 T BRI PR A, T
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QN BEEROIN AP CRE R R TR, M a vk
ikF 4 mg- L7 I, MY ETR W B B %A%, POD #1I
PPO ifitEiA S K {H F, il F/F, 4555 B4 JC
F2E S RN Al 445 1E 5 KOF 0 i S 2R W
1 PS I WL CRERE AR . AR EIAF 8 mg
L'}, SOD i 4 I #1554 , {H POD A1 PPO i1
F R, MY F, J4Es, F,/F, .qP il ETR i 3 1K,
FW 30 O A P T 2 AZ S PS Tk b

ZE AT, 0.1 ~1 mg- L™ JEHE N, ALY 2 K¢
MBS X AL T b 3 22 5% 1] POD {5 P Bl Jifpa61 v
JE R34 N i 2 T, SOD Ml PPO i AR AL 215 A A
., W] POD TEPE AT AE AR ) 70 AR5 B2 Jih i T iy it
RIEALR AR R, T POD i M 78 3 56 vk 158 3 1l
WAETHE R, H 5 2800 S RVOCS BN A DI
AE, PPOTEMEYS F, 4R a/b AR EHC, &
WHOSH R AP A ) it s ik B J 24 . PPO 6 1
5 F,/F, MDA 7 & ) 5 1 2 5 A 5¢, Hg PR AT LA
FAEBTRFRLE A A R L 3K LEAH SRR T A
I D it A oy X BT 3 o R R Y 4 T M,
S W T R R RE T

WSS AP AR IR A AR A Bl
AU A R S ol S TR & PR, DLZR i 4R
TR ERY . ARSCNGERCT 3 FiE, A B 4 1A i e
40 575 0 ik 2 0 %o T Ao R s 8 e 07 RRAE Ak
— 4B 7 AEL W) 915 RN it 2R 0 %o BT A 2 %) i 17 L
il , 4 Je g el LT 575 00 it 3% P AR Ak AR R AT R G
o TR A BR B AR B N, R LU BT R —
fiti 2 5 ok 38 R AL T AT RE

EZ A Wiipu N T AT L N TIESE A STRURST
SRR AR I B B 1 45 A BT T8 1, 2 4%
F14) LT R e 4 T i I S A 22 3 5 il Al o
A1ER]. POD . SOD Fl PPO 1 A5 A ] Bl 47 e iy
TR B ARk, AR BT AR 7 0 A 3 T T R
WP PR AR, PPO TEME S 244 K5t
S50 MDA S 2 B IFELHCR, T LERE
TEAEP GG AE A2 I RR B sz A A A B A 4
bro BUTRFRLEER B <4 mg- LB, 8 &I RE4ERF
I KR 4 2 i AT SR A AR B etk
B TR AT R e R A B R R T R AP 3 Uk
K f BT R HE A I R AR

BIVEE®N: 2 RHE0N93—), B, L, TR, 2L R
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