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Response of Oat Plant Growth and Leaf Physiological
Activity to Soil Cadmium Stress

MA Fengyi', ZHAO Baoping'* , ZHANG Ru', WANG Yongning®,
GUO Xiaoyu®s, WANG Meiling®, LIU Jinghui'
(1 College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010010, China; 2 Inner Mongolia Agriculture and
Animal Husbandry Ecology and Resource Protection Center, Hohhot 010000, China; 3 Ulanqab City Pollution Prevention

Intelligent Supervision Service and Technical Support Center, Ulanqab, Inner Mongolia 012000, China)

Abstract: In this study, oat cultivars ‘Yanke 2’ (high grain cadmium accumulation, Yh) and “200919-7-1" (low
grain cadmium accumulation, Y1) were used as materials, and pot experiments were carried out under the condi-
tion of soil Cd stress. The changes of plant growth, leaf photosynthetic physiology and antioxidant enzyme activi-
ties of the two types of oats were measured, and the differences in the responses of the two cultivars to Cd stress
were discussed. The results showed that: (1) under Cd stress, the plant growth, gas exchange parameters
and chlorophyll fluorescence parameters of high Cd accumulating oat cultivar (Yh) and low Cd accumula-

ting oat cultivar (Y1) were inhibited, and the dry weight per plant, P, and qP were the most prominent.
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The decrease rates of Yh and Y1 were 38. 2% and 40. 8%, 35.0% and 57.1%, 14. 7% and 27. 3%, respec-

tively. (2) Cd stress induced the activities of antioxidant enzymes in leaves of the two types of oat culti-

vars, especially SOD activity was significantly enhanced, Yh and Yl increased by 41.9% and 44. 9%, re-

spectively; at the same time, Cd stress significantly increased MDA content, Yh and YI increased by

22.2% and 18. 1%, respectively. The study found that under Cd stress conditions, compared with the low

Cd accumulation varieties, the high Cd accumulation varieties had higher biomass and antioxidant enzyme

activities, as well as stronger net photosynthetic rate and excellent chlorophyll fluorescence characteristics,

showing a relatively high level of chlorophyll fluorescence and strong Cd resistance.

Key words: oat; cadmium stress; high and low cadmium accumulation; growth; physiological characteris-

tics
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A 50 MR AR AT I 18 A e i b T A K T s 1k
JE A F, e 200919-7-17 (YD FI“#e R 2 57 (Yh)
PR HE A it il o (A R, Hir, ©200919-7-17 H
ARFRAR Cd LR REPE 78 W5 4F 3 58 HokF R 7 3 Cd
Bl 0.122 mg/kg, M F W ILA KK O R
Bl Bt ; <R 2 5 B AR R Cd FLR Rtk
TEW AR thoFRLF- ) Cd & 30 0. 298 mg/kg, Fil
T H NS AR R ARPOL R E B FE 4
1.2 RWigit

I E N 52 i ARl R A 88 22 7 Ml B 5T 0 i
HEAT o Ak - T X 0 b (s e
Cd) TN 5t gl K 2= e e 3 (o R CKO . it
+ 3 Cd &84 5N 0. 96 mg/kg(Cd) Al 0. 23 mg/
kg (CK) , fibia +- 3 J@ 52 B Cd 75 4 - 8¢, LA sk
PEFT PR LR 1. BERERLAS N 240 mm X 180 mm Y
R A B 5 ke, AR 30 KL AAIR N
— RS A4 R 3R 16 A B A I I B
2 "%k 3 . TR A AH DG A K M AR R AR .
1.3 MEmMBSAE
1.3.1 HEKIEHR T &4 MR 5 bRl
EMRERIER L LB F K TE.85 CF AR
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Table 1 The physical and chemical properties of the pot experiment tested soil
{:‘ s =3}
pom i e IR AR wogm R P8 St
Ab T()?’ll Total Total Organic Available Quick-acting hvdrolvsis pH {8 Cation exchange
Treatment nitro eJn/V phosphorus  potassium matter phosphorus potassium ofynilroyeh pH value capacity

e ! /% /(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kgg) /Cemol™ /kg)

Cd 0.098 0.100 8. 33 17.4 36.0 226 123 7.67 14.4

CK 0. 066 0.079 8.28 13.4 27.6 227 108 8.11 13.2
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Table 2 Plant height and plant dry weight of two types of oat varieties under Cd stress

5l fh g 3= #%E T Organ dry weight/g kR E
VDD. ¢ Treat ¢ Plant height Dry weight
arety reatmen /cm R Root Z£ Stem I Leaf Fi7t Glume per plant/g
200919-7-1 Cd 64.6+1.103b 0.03040. 005¢ .35640. 008c 0.08940.011d 0.05940.004c  0.53420.080d
(YD CK 90. 34 1. 65a 0.04440.007b .57740.014b 0.19940.016b 0.08040.008b  0.90040.007b
R 2 B Cd 66.4-+1.02b 0.04840.007b .4934+0.009b 0.13140.014c  0.07640.007bc 0. 748240.039c
Yanke 2(Yh) CK 91.3%1.835a  0.06470.004a 0.78740.010a  0.30970.014a  0.11620.010a 1.276%0. 049a

TE < [ 81 BUHE 5 AS TR) 57 R 3R R AR T3] it i 2 [ 7 76 B 25 22 53 (P <0, 05) 5 Bt P 0 = b ¢ 22

Note: Different lowercase letters in the same column indicate significant differences among different cadmium treatments (P<Z0. 05) ; Data

are means + standard error
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Ak A2 E L R SPSS 22,0 #4707 20007

2 HEIRHH
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Fig. 1 Photosynthetic gas exchange parameters and SPAD

in leaves of two types oats varieties under Cd stress
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30 R 4 ) 5 B 40, 1% R 47, 8%, Ui BT 2K
T FRe 22 b Bl A K AR AR B 38 T 3 22 3 2 M, R
¥R Cd B8 & b Az 210/ 40 i F2 5 4/, Je HL D
kT ERRIE R H,
2.2 CdRrEMEANLBERZSWHASEL RS
HIMEESENEIE

Bl 1 os AN SRt i PG il SPAD
FE Cd Wit 2 R EE AR CK B 5 FR AR Yh (R IR
I3 HIh 35.0% .28, 4% Fl 16. 4%, Y1 (1K 8 53 5 A
57.1%.71. 3% Al 14, 8% (P <<0. 05) , Hi Ay 35 45 0] 6
AL R e, YL A C e CK O 35 R IG
13.6% .1 Yh A9 C, LA R A T, 370 5 3%
Ak, fE CK AbBEAME R Yh 9 P, #8 Y1 B3
P 24, 3% H CTL Y1 B ERRAK 5. 4% i Hi4c 45
bR YI ¥ E £S5 7E Cd &4 T, Yh il P,
G, 8 Y1439 52T 100 % F1 143, 6 % . 1 3 C
G. f1 SPAD 5 Yl ¥t #2257 . 45 R Ui Cd rin
R T WS SR O G R LS
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Fig. 2 Chlorophyll fluorescence characteristics of two types of oat varieties under Cd stress
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Fig. 3 Antioxidant enzyme activities and malondialdehyde content in leaves of two types of oat varieties under Cd stress

*3 ‘mEYHEKERSEEERZ BEXE
Table 3 Correlation between growth indexes and physiological indexes of oat seedling
i/ R T AT HE T FoeTHE kT &
Ttem Plant height Root dry weight Stem dry weight Leaf dry weight Glume dry weight Dry weight per plant
P, 0.852 0.955" 0.979" 0.948" 0. 947 0.972"
G, 0. 879 0. 781 0.852 0. 822 0.761 0. 837
C, 0. 606 —0.112 —0.152 0.216 0. 000 0. 149
T, 0.493 —0.019 0. 249 0. 380 0. 244 0.278
SOD —0. 849 —0. 204 —0.495 —0.584 —0. 388 —0.504
POD —0.468 0. 287 —0.027 —0.151 0.058 —0. 044
CAT —0.744 —0.994 " —0.965" —0.920 —0.963" —0.958"
MDA —0.617 —0.978" —0.891 —0. 820 —0.893 —0. 878
F./F, 0. 639 —0.110 0. 204 0. 315 0. 100 0.198
F,)/)/F,' —0.558 —0.932 —0.824 —0.738 —0.814 —0.806
qP 0.537 0.977" 0. 865 0.792 0.891 0. 854
F,’ 0.353 0. 816 0. 649 0.539 0. 641 0. 626
ETR 0. 545 0. 981 0.872 0. 803 0. 900 0. 863
Ppsil 0.543 0.981" 0.871 0. 801 0. 899 0. 862

T * Fom 0,05 K LAY AR IEHE , %% 3-8 0. 01 7K P b i A I 35 A G 1k

Note: * means significant correlation at 0. 05 level, ** means extremely significant correlation at 0. 01 level

2.4 CdRpExI@mMERRERMITFRENEF
5 MDA &£/ N

HY &L 3 AT, P D 28 R e A2 R R R AR AR
B AR (SOD) | i A Ak ¥ il (POD) | i & Ak & 1§
(CATDIEEFN 8 (MDA) & 78 Cd i F 1
I CK A2 B £ 5 . fHA SOD & PEF MDA % i
g 35 B KT Hodr, YD SRR 5 R 4 oA

44, 9% F1 22, 2% Yh (b A 08 i D0 43 5] A 41,9 % A
18.1% (P <C0.05), & CK #1 Cd Wit & F,Yh
s P ) SOD 76 P4 Y1 4351 W 3 48 /5 36. 8%
22.8% .MM H MDA & &8 W4 Y1 B FREAR 27. 1%
F1 30. 8% (P <C0.05),POD HI CAT 7if ¥ 76 #§ &
()3 22 S AN b 2. W] UL, 4R a2 e s S - 2R A
e S AP - SOD 36 PEF MDA & 4 35 82 5 . 1M
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] B 44 1) O A VAL & 52 31 Cd e 1
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B, 2 B A 1 A& sz LB B Z s s 24 P,
MREARERESE C, T MERIVDEAE R Z RS
FLIH BRI s T B g R W e 2 R A
Te 35566 1 I R AR AL BR i A AL BR i 25 6
VERI R 45 R s 38 = g 5 W e R W4 o AL IR
HIFRAR T BB AL S TER . MAh, S8R 4
LI Cd R B /N2 i O & 1R T Y B AR 43 I 1A
SEAALIRE B R G 0, 53 A R AT RE O gk R
b ORGSR S FLBR S R R 1 . AW
FEERRW L AE Cd b 500, #He2 ii & YL A Yh
A P, G, 1 C, % CK 4k ¥ 34 [6) i 58 F [t
B KB Cd B 3a T A R OGS 1R R AR T R
s 32 ALBR I PR 3R A5 5 A, e AR 2R it
T EMPNTEYS P, REFEMX, WS
CAT IG5 W& ARG, R Cd i FOLEAEM

F8 REAIG AT R 5 A DG Bt ST i 0 M A AR ACFL R PR 3R
EmYIM,

Bk, i 2 R 50 S HOZ VEA0 Rl W AR PR AR bR AR
PR AEBE R FH A — R A dp 4G I 7 =L FL 508
BAE R BOGRN TE 6, 54 3k B A G, AR fb ]
DA PSR A0 32 81 1 396 55 ol 3 A9 400 o) o
i F /R RO A 8 BT a0 R A 4 A PR
A3 A B 3 FH R S T L ) 2 5 A2 Bl T 5
M- s g PSR &k PSR H 0 fil B €0 3 T i
Wz J5 B AR BaT LR R PS T IR B H o0 19 %)
B HAE A S Ul R g0 1T A 1Y o 7 1% 8 705 7
1 PR ORI, M R o P EIRR D RS
I1 FF ik b 4 98 /0N, o 6 4 1 48 4L 9 AE & b R
R S ETR R WEAE SR 6 IR B 9 26 WL 1%
R AR A Cd B ad A 0F R L B S
Yh R F, A I R YL @, B Cd B xit
AR Yh B I  RR BE R AR AR YL FL/
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Xt AV FH A 5 i K,

5340, MDA J2 41 i B 53 33 40 7= 0 . B I R 2R
R SRy A R A AT A7 R R G FE R
SOD.POD 1 CAT 3 [F] 2H 1l A% 9 74 P9 1 305 1 48035
bR 2R G0, A RN BR R R 9 B E R A A fk
P, Cd it N POD F CAT I 1 i 16 in 5 3% o
SR I A A S AR A SRR Cd Wy
AR PIAHEEE S RD CAT 36 Pk 58 i, 38 2 & il
Y1 B MDA & &34 i B2 T Yh, H & A YL it A
9 SOD ¥ P Al MDA & £ 35 W 2 & T bl Yh, 3t
WIAR LG T Fl Yhe SRl Y152 Cd 38 359 09 5 45
e FEB R, @F YL 5B MDA & &% Yh &
ATRESE oA YL I POD 36 M 8 AR B 8. 70 3 A
SEHU Y R W L2 AN KR R R Cd v R L 1
MDA &K SOD,POD 1 CAT 2547 48 1k B i
P 357 i A A P 3 A R VR BB ) T e T 5, HL Cd
WAL R Cd S Fl MDA £ 58 5 4 3t A A0 B S 7
358 %k JUR A9 A X 388 o £ /0N T 8 R o o 5 R [
5T 2B L Cd it 52 P 58 1) K RS P A il 0% P B 3
F Cd U A Fh, 1 MDA A5 8 WK T Cd Uk b
Fir, AWFFE R R Y1) SODLPOD 1% 1
W T & A Yh. il MDA &= ¥ 8 3% & T ARl Yh,
XL EE LRI Y1 X Cd OB, 1 Yh X Cd /T 32



8 ] ThJRASL o 55« 8 22 PR A K R e A B X AR 3 114 T 1353

4 4B

Cd Wi W24 1 AR Cd BB M2 i Fib A
KR ot A SRS He S 50 0 5 R 0O S 50k
PE BRI T A @A A SODL.POD #1 CAT
PR AL T L e SOD % 45 3 B A
% Cd LA A (200919-7-D M L, 55 Cd ]

B3k

(1] MR, Abeds, B, %. T MaxEnt 525 ) o [ B

M E BT T b E AR R, 2021, 26
(9): 1-10.
BO X Z, SHI X Y, ZHAO J C, et al. Climatic suitability of
naked oat (Avena nuda 1..) planting in China based on Max-
Ent model[J]. Journal of China Agricultural University ,
2021, 26(9): 1-10.

(2] BRPHFEYS ., XV X, 2R, 50X VR 052 ) K AR ) % 4 7 58
m A SRR D], AEIBESY . 2016, 30(1): 105-110.
OUYANG Y S, LIU A Y, LI R L. Research progress on
effects of cadmium on crops and the response of crops to cad-
mium[J]. Crop Research» 2016, 30(1): 105-110.

[3] LIUSL, YANGR ], TRIPATHI D K, et al. Retraction no-
tice to “The interplay between reactive oxygen and nitrogen
species contributes in the regulatory mechanism of the nitro-
oxidative stress induced by cadmium in Arabidopsis” []].
Journal of Hazardous Materials, 2018. 344. 1 007-1 024.

[4] WILKINS K A, MATTHUS E, SWARBRECK S M, et al.
Calcium-mediated abiotic stress signaling in roots[J]. Fron-
tiers in Plant Science, 2016, 7: 1 296.

[5] BRASHE, WIZLFY, W54, 55, BURMIZIM o & %5 vk Xt 50 i iy

W RI[T]. A AR, 2020, 40(11): 3 738-3 746.
TIED X, HUH L, YU XY, et al. Responses of photosyn-
thetic characteristics and chlorophyll fluorescence parameters
of Phoebe zhennan saplings to cadmium stress[ J]. Acta Eco-
logica Sinica, 2020, 40(11) . 3 738-3 746.

[6] 3k WL, AEHEE, B A AT R &0 B SRR A

T2 (A s M m R m []]. AR =M. 2014, 28(3):
485-491.
ZHANG F, WAN X Q. ZHAI J. Effects of nitrogen supple-
ment on chlorophyll synthesis and chloroplast ultrastructure of
poplar plants under cadmium stress[J]. Journal of Nuclear
Agricultural Sciences, 2014, 28(3) . 485-491.

(7] % ., 8w, & A, % BHEEN Cd A # L a4
B RE B Cd R FHAELT ] AR 224, 2019, 33(7): 1 415-
1422,

LUO Q. WU M X, LONG Y, et al. Changes in photosynthe-

FMA A CHERE 2 5 B B R R AR R
PR TR LA AR S e 2 BT 2 R DO S
RMWE, ZRETRET R K, & Cd LR
ah AP C AR 2 5 O N AA L BB ADE & R B
Pk TS + 33 Cd BT A2 PEEAIR Cd BUR A dh
oft B 5

sis and Cd accumulation characteristic of Malva pusilla Smith
under different concentrations of Cd[J]. Journal of Nuclear
Agricultural Sciences, 2019, 33(7). 1 415-1 422.

[8] skKRA. BN, BIIM. 5. Cd Wi T /2 0T 2 A B 1
o Cd RS AR AR L], Ak B4 B 2222 4, 2019, 38(9):
2 031-2 040.
ZHANG D Z, YANG H C, JIAN M Y, et al. Physiological
response and Cd accumulation and distribution characteristics
of wheat under Cd stress[J]. Journal of Agro-Environment
Science, 2019, 38(9): 2 031-2 040.

(9] 3k Jik, EIA, TGO, 5. CdBraxt 2 A Cd GE 1 AR
B /N2 R 4y B AR R R AR SRR Y 2 e [T ], R U R 24 2
W CHRBHE D . 2020, 40(6) : 30-36.
ZHANG X, WANG Y J, DOU X T, et al. Effect of Cd stress
on the growth and physiological characteristics of the seedlings
of two wheat cultivars with different Cd tolerance[ J|. Journal
of Tianjin Normal University (Natural Science Edition),
2020, 40(6): 30-36.

(10l WA, Hnf EKE & 9 ML E 33 1 4 ) A FACHHAE Y
Fm D], W . R R, 2020.

(110 PAIEAT, XULDH . FpR L R B aa o AN [R) K A b b i 0Ot &

FRVE S A A AR R R 2 R (D], fRdb AR 244, 2017, 32(4) .
176-181.
SUN Y L, LIU H M. XU Q G. Effect of cadmium stress on
photosynthetic characteristics and physiological and biochemi-
cal traits during seedling stage of different rice cultivars[]J].
Acta Agriculturae Boreali-Sinica » 2017, 32(4): 176-181.

[12] A I, by, W, 45, Cd W xd WAl 28 5% & 4 5
K- G R YORFER [T ], LOb IR 2224k, 2021, 40
(1): 26-34.

ZHOU J, HAN P P, PAN Y Z, et al. Effects of cadmium
stress on photosynthetic physiology and chlorophyll fluores-
cence in Solanum nigrum and Solanum americanum [ ]].
Journal of Agro-Environment Science , 2021, 40(1) . 26-34.

[13] wRRA. MY ERELREF M) Jbat: &%5HF R
it 2006.

[14] ko, B 8, F M, S AR K G R R T i & 0 i
eI, 4 A E R, 2016, 14(11): 3 166-3 171,



1354

mode Moy oF

Eird 42 %

[15]

[16]

[17]

[18]

(191

[20]

[21]

MENG G Y. TANG T, ZHOU ], et al. Analysis on cadmi-
um tolerance of different maize varieties during seed germina-
tion stage[J]. Molecular Plant Breeding . 2016, 14(11).
3166-3 171.

RIZWAN M, ALI S, ABBAS T, et al. Cadmium minimiza-
tion in wheat: A critical review[J]. Ecotoxicology and Envi-
ronmental Safety, 2016, 130
RALAL. 0 Mol 38 X T A b AN 22 A R PR R A Y R
(DI, KB & i) 55 A&l K 2%, 2019,

BB, XA, BN, L WA NRELD R AEK &
A B R L) ], PEALRTY A, 2020, 40(3)
JIAY, LIUCL, LANX Y. et al.

43-53.

454-462.
Effect of cadmium stress
on the growth and physiological characteristics of Primula
forbesii seedlings [ ] ]. Acta Botanica Boreali-Occidentalia
Sinica, 2020, 40(3)
F e, XIARE, FBE M, . MRS Y TR X P a T
GO EEN W E B L) ] A%k,

2013, 33(6):

454-462.

1 935-1 943.
GAO H L., LIU J L., ZHENG Q S, et al. Regulation of ex-
ogenous brassinosteroid on growth and photosynthesis of He-
lianthus tuberosus seedlings and cadmium biological enrich-
ment under cadmium stress [ J]. Acta Ecologica Sinica,
2013, 33(6): 1 935-1 943.

AR, AT B L S R E X RO A E T R
RBMEML]. B4, 2017, 31(8) .
DONG Y Y, SUN Z, YANG Y, et al.

1 640-1 646.
Effects of cadmium
of photosynthesis and Cd accumulation of Corchorus capsu-
[l
2017, 31(8):

laris L. Journal of Nuclear Agricultural Sciences ,
1 640-1 646.

WILKINS K A, MATTHUS E, SWARBRECK S M, et al.
Calcium-mediated abiotic stress signaling in roots[J]. Fron-
tiers in Plant Science, 2016, 7. 1 296.

O, BILE, XIatE, 5. B EM X8R =
PHER B AR ORGSR PR S m [T, B AR S AR
2020, 31(9):
CUI Q, XIAJ B, LIUJ T, et al.

3 101-3 110.

Effects of biochar and EM
application on growth and photosynthetic characteristics of
Sesbania cannabina in saline-alkali soil of the Yellow River
Delta, China[J]. Chinese Jowrnal of Applied Ecology .

2020, 31(9): 3 101-3 110.

[22]

[23]

[24]

[26]

[27]

(28]

[29]

REM, MK TRBE T EDLS
JEA, 2018, 2(2) -
SONG F P, MENG Z Q. Research progress on photosyn-

SHRTEH LT, &
138-144.

thetic parameters of crops in drought stress[ J]. Journal of

Plateau Agriculture , 2018, 2(2): 138-144.,

ff 2. SR TEAR Y 1 R XA DL R A A A 2 B G I SR
mE[D]. dbat: ML ARSI R, 2015,

B, WA B KA W30 X 5 A B R oK B 28 I R
SALFEMZmL]. B, 2011, 19(2): 215-221.

LUO Y Z, CHENG Z Y. Impact of water stress on leaf wa-
ter potential, transpiration rate(T ) and stomatal conduct-
ance (G ) of alfalfa[ J]. Acta Agrestia Sinica, 2011, 19(2) .
215-221.

ECR. LT MRV 1R T 5/ NaCl B0 52
SrHrID]. TEBH . EBHAR ML 2, 2018,

£, ik &L BRSO E A I BT R ot
oG Rt g Z IO R ML), P ERL R, 2016,
49(11) .
WANG Y, ZHANG X, YANG W Y, et al.

2 072-2 081.
Effect of shad-
ing on soybean leaf photosynthesis and chlorophyll fluores-

cence characteristics at different growth stages[J]. Scientia

Agricultura Sinica, 2016, 49(11): 2 072-2 081.
M. XIROME, R, L Fh MR e 2 TR B M R
Na™ (K Wiy m )], AEdbA 41, 2009, 24(6); 88-92.

LIQ, LIU J H, WU J Y, et al. Effect of salt stress on
membrane permeability and Na™ . K absorption of oat[J].
Acta Agriculturae Boreali-Sinica » 2009, 24(6) ;. 88-92.
CHEN A W, ZENG G M, CHEN G Q, et al. Plasma mem-
brane behavior, oxidative damage, and defense mechanism in
Phanerochaete chrysosporium under cadmium stress [ ] .
Process Biochemistry, 2014, 49(4) . 589-598.

B M, MUHAMMAD Jaffar Hassan, %754, 4. f@/id
Xof AN [i) 7 e e PR B A k2R KRBT AR B R GE i s2 g [T ], b
E K FERL#, 2004, 18(3); 239-244.

SHAO G S, HASSAN M, ZHANG X F, et al. Effects of
cadmium stress on plant growth and antioxidative enzyme
system in different rice genotypes[ J]. Chinese Journal of
Rice Science , 2004, 18(3): 239-244.

(3. KT 1)



