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Effects of DEHP on Photosynthetic Characteristics and

Antioxidant Capacity of Maize at Seedling Stage
LI Qiao', GAO Zhi—feng', NIU Chun—da’, CHI Hai—hang’, WANG Yan—bo', YANG Jing—jing',
JTANG Bai—wen’, LI Wei'?, YANG De—guang', GUO Xiao—nan'
(1. College of Agronomy, Northeast Agricultural University, Harbin 150030;
2. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)
Abstract: The maize variety Zhengdan958 was used as the experiment material. Three treatment concentra-
tions of DEHP(diethylhexyl phthalate) were set at C1(50 mg/kg), C2(100 mg/kg), and C3(150 mg/kg) in addition to
the control group(CK). The growth of seedlings, chlorophyll concentration, photosynthetic characteristics and antioxi-
dant enzyme activities were measured. The results showed that the inhibitory effect on the growth and development
of maize seedlings increased with the increasing DEHP concentration; the chlorophyll concentration, net photosyn-
thetic rate(P,) and transpiration rate(7)) in leaves decreased significantly; the concentration of carbon dioxide(C;) be-
tween cells increased significantly; and the maximum photochemical efficiency(F,/F,) and photosynthetic perfor-
mance index(Pls) of PS I showed a descending trend. The activities of ribulose carboxylase(RuBP carboxylase)
and phosphoenolpyruvate carboxylase(PEP carboxylase) decreased significantly. The activity of superoxide dis-
mutase(SOD) increased significantly. The activity of ascorbate peroxidase(APX) decreased significantly. The activity
of peroxidase(POD) showed a trend of increasing and then decreasing, reaching maximum value when the concentra-
tion of DEHP was 50 mg/kg.
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RF WA A T, BEAS i B A 4 -
FhAR ALY 39k DEHP 5 YL )5 , SibUh 4k & C
(1) 5 et RSB ZR 119 5 2 BH S sl 2D RRAIG T LY
f . 2 DEHP ik 3] — %2 5 i, 24 il /N2 Fh 7
(R 2535 52/ N2 (IR R W AR R A
K= AP M

oK (Zea mays LA R e )2 BIAED)
Z—, [FRHE T E R AR B EY REHEY &
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1 MRS
1.1 RI&igt

PRI T % TR AT, ORI Sl A R HL 958
BE WU HL /N — 2 F 7 FH 1% 19 NaClo 75 B
5 min, ZEIR/K MR TR TN R ZF &8 T N A%
FarhaEG A 2F 24 ho 3 FRE0.50.100,150 mg 1Y
DEHP # i T/ stk v 4 LA AR B ) DEHP
TR S 1 kg B AR A 84 DEHP Ik

B[4 0,50, 100 1 150 mg/kg, K &b BR e A9 43 4728 A
SR (R M 17 em, AR A 12 em) o K 50RL 2L
T ESMAGALL 3 d, TR e RS B R 25—
RPN 75 A SR INARELIG 3% TR R R Tk
HE B FE 46 R, B8 400 wmol/(m?*+s), B KGR 16 h,
AHXR 24 70% , fE i 25°C, BEF% 2 d H Hoagland &
TR ORI THEHE . R R AE K 2 21 d
N DA BT (= i PAER 5. W o P R S A B2 L7 71|
Fyas X R4 (CK), DEHP #¢ £ 54 05 C1, DEHP ¥ i
150 mg/kg; C2, DEHP ¥ & 24 100 mg/kg; C3, DEHP
WM 150 mg/kg, B MALPE3RER .
1.2 WEERSFE

PRI A5 36 b 000 2 A FOR A AR K #] 21 d
ik, A B RO K &Iy B A AR 2R B R v A T
T BT DR RER A B A0 H 1358 SRR T, R
T RAFR i TR A 0 b 385 AR ) e 7 Bt S
FE R K L B4 M b SRR R A0 2 AR B iCE T
105CHEFE R 2375, 4038 30 min Ji , V8750 MEAR VL EE &2
80°C LRI A it T, FRIBURE S T2
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PR AW, RO S 24 h 5, 4R a FIHF 4 b
A EAM R T 53 0 7E 663.2 nm F1646.8 nm
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HeESENE PR PR e — S0 £
K4, F E9:00 ~ 11:00 FGE 1 R4
GFS—-3000 I 22 £ K &l i 3155055 — i () 56 & ik
Fo BAANEE S WHE A B AL PRI RO A
(P, MIA] — A AR (), 22 I 3 R(T) , AL T
JE(GYHEATEE 537 o

DECSE I < Al R 2SBS0 PS 1T
B RICAZERCR FLIF,. FTFFIN S, 38 = Je i Ak
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KK F), L ELESKEE . iHH A
FJF,=(F,—Fo)lF,, 453 VLA i B0 i 240 2 s o
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AR

AT E < B 0.5 g et H BT B T 1
B BIWFER I AT 9 100 mol/L Tris—HCI 2% i
(pPHAE 8.2), & UK EAFEE K S BB A
P LAET4°C 1500 r/min 250 10 min, B 145
Mo 15— BRI BEHR L (RuBP 221k ) TG P
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PUAA AR 1 I 5 < 2R FHAS 356 U e 1 ' 38 it
(NBT)2: 100 5 8 48040 ) 35 AL it (SOD) I 1 5 >R AL A1)
AR W3 L 8 120 2 o R AL P il (POD) 6 5 SR FH 55 M
WO 22 o B A S (CAT) TR 1 5 SR T4t 1 vk
FEBUIAR I PR L E AL B APX)TE P
1.3 HIEQESSH

% FH Microsoft Excel 2019 % £ 4% k4725 3, [
SPSS25.0 X EicHhe 1 A7 B R 28 5 25 5317 (P<0.05) , I F]
H OriginPro9.0é’lﬁ\r§] o

2 ZERHT
2.1 DEHPXFEXK4h 4K EI =M

1% 1 A%, DEHP ¥ % 50,100,150 mg/kg 4b P
FoKE e, E AR R Y e b AR

THE Rk AR K Y B 5 DEHP fiti A & (38 i i 12
WA . 5 CK 4L A e, b b 3 & B4R Uk FR AR
33.41% ,46.35%F1 53.30% , 45 kb P[] 22 S 44 3k (g 3
IR (P<0.05) 5 MRS e T AR VR FAAIG 45.44% 48.95% F1
64.39% , 75 b 3R] 2 57 3535 b 2 KT (P<0.05) 5 1l |
BT HAR K A 15.94% . 33.01% 1 36.05% , 45 Ab B
6] 22 5 493k B 38 K - (P<0.05) 3 3350 1 3 44 T AR
47.62% .58.82% 1 73.94% , 4 4b B 6] 22 S 138 1 3%
IK - (P<0.05) Pk i 4R IR B AR 14.36% . 18.30% il
28.02% , #5 A 1] 22 57 3438 I 27K (P<0.05) s iR K
IR FEAK 6.31% .9.73%H1 18.07% , He v DEHP ¥ &
h 50 mg/kg B 5 X B2 A HE 2% 3 AN 1 3 (P>0.05),
DEHP #¢ % 4 100 . 150 mg/kg iof 5 %} BE 41 AH H 22 57
13k B E K (P<0.05).

%1 DEHPXER4EEKHNT

Table 1  Effects of DEHP on the growth of maize seedlings
ik B Hb b TR LAt M b ES A A L/ i IR
Treatment (g/#) (g/H) (g/Hh) (g/F) (cm) (cm)

Shoot fresh weight ~ Root fresh weight Shoot dry weight Root dry weight Plant height Root length
CK 6.57+0.21 a 2.48+0.20 a 0.53+0.08 a 0.36+0.04 a 66.23+5.90 a 3597520 a
C1 4.37+0.15 b 1.35+0.12 b 0.44+0.06 b 0.19+0.05 b 56.73£6.20 b 33.70+4.60 ab
C2 3.52+0.20 ¢ 1.27+0.13 b 0.35+0.04 ¢ 0.15£0.03 ¢ 54.20£5.50 b 32.47+5.20 b
C3 3.07+0.16 d 0.88+0.05 ¢ 0.34+0.07 ¢ 0.09+0.03 d 47.67+4.80 ¢ 29.47£5.10 b

T A FVNG FRERAE P<0.05 K EAFAL BRI ZE 5 3% . TR

Note: The different letters indicated significant difference(P<0.05). The same below.

22 DEHPXEXRHEMHZESENZEM

1 %% 2 A] 41, DEHP ¥ & 50,100, 150 mg/kg AbFH
TR G, MR a AR b B SR ath
SRS EMLT CK4(P<0.05), 7ECIANFET , 5%}
HRAHAH L, 4R a 2R R b HER R a+b T RARIK
WA T 25.71% . 18.81% ,24.03% , £ A L[] 2% S 45935

E K (P<0.05), 7EC2AFETR , 5 CK 4 HE, 4%
Ka MGEb MEE ath S EMKIKFEILT 35.08% .
32.63% . 34.48% , 4% kb 3 6] 22 5 44 3k 1 2 K S (P<
0.05), 7EC34LHET, 5 CKAHMLL M4k a 4K D,
M2k R a+b & EARKIKEER T 52.22% . 42.23% |
49.79% , £ b PR A 22 5 413k 1 25 7K1 (P<0.05)

%2 DEHPXEXRZEMEZS=HZIN

Table 2 Effects of DEHP on chlorophyll content of maize seedlings mg/g
ik 3 MR a B M b i M43 ath &
Treatment Chlorophyll a content Chlorophyll b content Chlorophyll a+b content
CK 1.622+0.082 a 0.521+0.033 a 2.143+0.038 a
C1 1.205+0.071 b 0.423+0.025 b 1.628+0.061 b
Cc2 1.053+0.059 b 0.351+0.024 ¢ 1.404+0.071 ¢
C3 0.775+0.041 ¢ 0.301+0.026 ¢ 1.076+0.045 d

2.3 DEHPXERGEHXESEHHEI
i & 1 AT 40, PRt DEHP & & 09 s A W R
K%, 5 CK 44 M HE AR IR B AR T 21.97% . 22.12% F1I

34.14% , 454k PRIA) 22 S5 2473k i 35 7K F-(P<0.05) 5 G I
DEHP & & ) Tt & 12 W 5 , 5 CK 2 F Ak v 3
T 29.77% . 48.29%F1 71.72% , 45 4k P[] 25 355k
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B KF(P<0.05); G.BE% DEHP & H TH 5 g i~
K, 5 CK MR 21 AH HE AR IR AR T 4.19% . 6.58% Fil
8.10% , #5 Kb B[R] 22 5 A< 35 Wk 3 7K1 (P>0.05) . Tl
& DEHP & &t (19 Fb /55 0 2 W T B, AR K BEAIR T

3B

10.77% . 17.65% F 26.22% , H: ¥ DEHP ¥ & Xy
50 mg/kg I} 5 CK 41AH 25 574 1. 3% (P>0.05) , DEHP
WM 100,150 mgrkg B 5 CK 1A Fr 25 573408 2%
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Note: The different letters mean significant difference(P<0.05). The same below.
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Fig.1

2.4 DEHPXEXRFEXXSHIIZIT

H &1 2 ) 401, i DEHP Y BT L F./F, B B 1%
o TECIALER F./F, H CKLFRAR T 35.41%, 5
ik B E K (P>0.05); £ C2 /bR, F./F, L CK 41
REAR T 55.41% , 25535 B35 7K F-(P<0.05) ; 75 C3 AbHE
T, FJF, H CK A FRAR T 71.56% , 25 53K i 2 7K
(P<0.05), PlysFiti5 DEHP ¥ B i TH 25 1 2 ) R
FEC1AFET , PLaus 5 CK LA ELREAIR T 38.37%, 25 5+
I8 I 35 KT (P<0.05); 76 C2 AL BT, Plus 55 CK 4141
FUREAIR T 55.35% , 2553k i 3 7K F-(P<0.05) s 76 C3 4k
T, PLus 5 CKZHAH LUFEAR T 74.50% , 22 535 1 3
JK-(P<0.05) .
2.5 DEHP X EXR4 &N A EEER N

& 3 AT, 76 DEHP 8 A0 3R, RuBP R 1k
il 1% 1 PEP FR AL 1% M 22 Wi A . 5 CK 4148

DEHP 3 E K4 K & S HHIF
Effects of DEHP on photosynthetic parameters of maize seedlings

kb, C1.,C2.C3 AbHi RuBP & 1kl % M AR IR T
20.86% .30.41% .45.28% , £5 b #1[7] 22 57 335 I 250K
- (P<0.05); PEP 2 1k il 1 1 AR U BEAIK T 18.14%
31.59% .46.06% , 75 4b B i) 2% 5 ¥4 15 i 27K - (P<
0.05)
2.6 DEHPXE X4 EMENEFENZIY

i & 4 FfR , B DEHP 3 B 34, SOD % %
B BT, 2 DEHP ¥R 8 50 mg/kg Bif, SOD {14 %
Ik 1.45% , 5 CK 2 A1 Lt Tt BH & 2% 4k (P>0.05); 4
DEHP ¥ J& 1 100,150 mg/kg I}, SOD 1% PEAK K T+
T 23.72% .61.13% , 25 Kb B[R] 2% S 34 38 I 257K (<
0.05). Bl DEHP V& B 3E hn, POD 3 74 &2 56 1 7t
J& TRER &S 24 DEHP YR E S 50 mg/kg B, POD 1%
5 CK AR FLEE I T 22.05% , 25 53k i 2 7K (P<
0.05); 24 DEHP ¥ J& 4 100, 150 mg/kg i, POD 7 1
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TR, 43 MIEAR T 25.75% .23.15% , 5 CK 4 AH 11
IKE S B IEKF-(P<0.05), DEHPHRJE 4 100,150 mg/kg
ALFRY POD 1V 25 e JF N 35 (P>0.05) . AN RV B2
() DEHP X} CAT 3 4 (%) 5% i 22 57 AN B &, 5 Ab 3L )
22 S YR Gk B K- (P>0.05). 3 Bl A [ e JE 1Y

8 -

DEHP X} APX {f P34 — e i &l /e, 5 CK 4140
Fb , APX 3G PEAR IR AR T 37.85% .55.60% .53.71% ,
b F ] 22 S 3k KT (P<0.05), DEHP ¥R B2
100, 150 mg/kg &b BE ) APX 35 1 22 7 K i % (P>
0.05),
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Fig.2  Effects of DEHP on fluorescence parameters of maize seedlings
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Fig.3  Effects of DEHP on photosynthetic enzyme activity of maize seedlings
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Fig.4 Effects of DEHP on antioxidant enzyme activities of maize seedlings
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26 5 (P<0.05)., DEHP RE 5 A i I £ 32 114 5 il B 40
SR R A, S T R e SRR, X &
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ZIE bR SR AL RN R R 22283 506
YE B BTG 71 DA K A B A A3 R 2™, K4
42 DEHP ZbF1 )5 W& T B, 55 0 FEZHAH L
F75 4k (P>0.05), C B DEHP ¥ /Y T TH i o 2 4%
1 (P<0.05). [ DEHP & B2 B3 N, 6l Pk 2
R AR AL CO.RIRE 1 T R, 4k S 2
MilE) CO ¥ B 7, 9 H G 5 HADLAE S
B R SEAE R, BEA AR 1 PR R R RS
FLPERR I R R B . RIS, 78 DEHP #8368 75

T, RGN S A BT E A, T e Ak
P 7K A3 R R, R &I B SRR B 1 25 1
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RSO . BT AR, 32 AN AR B2 DEP(4B
K T HER RO T B RLN T F./F. A PLasts
FR¥ I MK, B DEHP Mk BE N W55 PLas i 2
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RuBP RALEETE VT B . AR T 2% £ oK 4
Hi PEP AL EE P52 b 2 30, A H 3T Rt
PR FORL T (1) PEP SR ALEEE P2 7 T W, 7EME
KUFF LA MRGZH T —EBE L E, S35
T [ AL A8 2% , gk i sg 6 AV EH E 7 ik AT, A
g, B4 DEHP ¥ B2 19 F & , RuBP 3R 1k il il
PEP J2 A A0 15 M 20T B, 5 00F REZE AR L 350k 25
S 7K (P<0.05).
TEWEET MR N 258 o & Fhig i - i %
(14 AR 1, 0 O A 1 3 e A P 2
BEATHELY, SRy Bl 1b 35 1 AR R0k 2 W IR A R 455 14
el 240 e S5 B ) A A AR AR N BT AR S
o FIAEBEAR SO P RO R Ge . B Sy 2
Ja 2l SOD . POD ,CAT LA Bt 2 i i 1 4, i
XTI AL 3 o M SV I Bl G 255 e S
PE 58 1 SOD IE PERB i Ak 0.5 Fe™ B AR AL 2
N AE B HL0.F1 0%, A5 R, 78 PAEs 15 4 554
L A TR A0 D T SR TR AR B SR A
ARG RO R, 5 SOD i BT, AHFSY
H, Bl DEHP MR B ) F+ 55, SOD T 4 1 2 I (P<
0.05). POD. CAT & H % 11 57 % B H.0. 1Y ¢
fifg ™, AWFFEH, 24 DEHP ¥ & 4 50 mg/kg B} POD
W Mk B KA 5 24 DEHP V& 75 100, 150 me/kg I,
POD 3 5 5% REALAH L 5 25 R IR (P<0.05) , FEBH s
FORL AN AE DEHP /i T 52 21— 1434
FE I T A A 1 2 B, S A7 4R 7™ Tl 3K
T, Bl DEHP W EE A TR, CAT G 4G B 3
EAK(P>0.05) , B £ K4 1 40 M ARGl DEHP o 72
H1, SOD . POD 2 £ 3= B2 4E 3% W Al il 2 i
DEHP 38 (1) G5 . ARRFIE 2 =278 APX (1Y
YERTF S H0, B4 . Bl DEHP B 1Y T 55
APX i M i 25 R (P<0.05) , 2 B L IF DEHP X Tk
L A K, APX IR
DEHP 1E R A MG Y it , &5 4F -8 h R

B B8 TR, DR A 1) I a2 4 32 3] )™ 5
M), Xof AR R 3 ol — o A . AR A58 DEHP
X} E RGN B E A FEE K PTE AL RE 1 52, 55
L5 F W], W4 DEHP R (9 7+, 238 a2
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