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Physiological Regulation Mechanism of Antioxidant Enzymes in
Fruits and Leaves During Growth and Development of
Navel Orange in Gannan Region
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Abstract: The navel orange of 10-year-old mature was used as the experimental material to detect the adapt-
ability to high-temperature environment of 5 antioxidant enzymes (SOD, POD, CAT, APX and GR) in fruits and
leaves at different growth and development stages. The results showed that the activity of the 5 antioxidant en-
zymes varied significantly, and there was a coordination mechanism among different antioxidant enzymes. SOD
activity was the largest, followed by CAT and POD. The activity of the antioxidant enzymes in fruits was lower
than that in leaves. The activity of SOD in fruits showed a 'decreased-increased' trend, contrary to the 'increased-
decreased' trends of the activity of POD, CAT, APX and GR, among which the peaks of POD, CAT, APX activ-
ity and the valley of SOD activity all appeared in September. In leaves, there were peaks of activity of all antiox-
idant enzymes, with the peaks of SOD, CAT, APX and GR activity appearing in September. Therefore, the resist-
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ance to high temperature stress in fruits of navel orange was greater than that in leaves, and the resistance to high

temperature stress in fruits from July to September was greater than that from October to November. SOD, CAT

and POD constitute the key enzyme system against high temperature stress in navel orange.

Key words: navel orange; fruit; leaf; antioxidant enzyme; physiological regulation

B A R T T IS A e g SRR, IR R SR
e, EEMAEREE R 23 ~33 cl. EEER
[ o B IR AL R, Al AR IBERS ( Citrus sin-
ensis ‘Newhall” ) [H 4 &, &5 5g J& A 51
P W S, PR T E N AR X
7—9 J1, ZZ VRV R AT R e B0 i e 45
Wi, ZRNELEHHRRA, BKISEAY, R
B, AR, HILBFERAAFRBEERN T 2K
Az, R AR 2 B TP E G

IEFGOCT, A8 P A A B AT AR
RGEAFEFEAM AN TE A (ROS) 774 5155
PP, Wik (FR. K. &R, KE%)
SUTamAEBENETFAHHEE (0,). BA
3 (OH)., AEEHA ('0,) . RS
(H,0,) MARZat ALY 5 B A WG TR A T
ROS, M4 ROS 477 A FIFR SR 3 R T4
RGERIEEREBUEZ S, 0N ROS REZR,

IR Go i e se v M sh b, iy A4 K &
HP, Foyer S s tLIERA , A4 2m it i s A
B w5 55 P AL il RN B ARG ) R SRR 4R R R
ROS WISV, Al W, B4R iR s B s
R BT R EE T, sEEE TR e AR RE T .
Rk, AR DAL R A A RL, BIFSEAS )R
K], SR A A L fL B (SOD) .
Ak (POD) ., A LEM (CAT). it
IR0 2 o B AL W B ( APX) FTA B H K A 5 il
(GR) 5 P S AL IG PE AR LB I, TS
PR 2R 550 A AL VR AL

1 #RlEF=*E
1.1 iR

KA EBEMNTEEEREN (R
115°00727", Jb4h 25°23'44", 4k 181.7 m) I
P EAT, Rl s R WAk 1.

®1 BFEELEERTE

Table 1  Soil nutrients in navel orange orchard mg/kg
12U EE /em N p K Ca Mg B Fe Mn Cu Zn
0~20 8929 7 505 329 0.668 7.3 289 189 325 236 988
20 ~40 6138 6169 297 0.867 7.7 185 155 388 211 1022

1.2 X B R b IR

BEHC 10 4R A A KA e . 25 SR ASRE A AL s R I
B 30 BRI M, H IR g R IX BT AN X
10 ¥k, 3WEE., 4351F 7—11 H&H 20 H9: 00
RRFE (BN RSIRASIES 1~24d),
FI AR RR AR T8 A B 45 SR A R0 4 ST ) SR L {g
FEA (AMME AR LR/ Y ) 8~104, A
R AR AR e A1 L e A 08 4 4> T ) SR B {ge
FEM R 15 ~20 Ao RIGILRIVREHET, SRIEHR
RIYIRRIRS), BT 2Bk =k 1 em PR 59 %
B, WA RERER, W T-80 C LR IK
i, HTIAIE RS (SOD. POD., CAT.
APX F1 GR) iM% -
1.3 RKEHE

SOD i Mk H AL DU (NBT ) G Ji i )
FE, 560 nm FERMEH OD fE, LI NBT Ytfk

SRR 50% A 1A PE LT, POD 1§ PER
AR Y ELmE, UIASIKRE AIKY), 470 nm
PR e H OD A, LAA 44 ODy, 281 (Tt
) 0.01 & 1ANEEIE ML, CAT I& MR A%
ARSI AE , 240 nm EA I 2 OD i, LIS
434 ODoyo Y0 0.1 A 1 ANBETE PR BT, APX 36
PR A48 A W e 0 %E L 290 nm K I s H
OD fH, MR ¥ &4 0Dy H25 4k 0.01 8 L h—
ATl TE PR B2 U GR T PR SR R A1 W i ik
FE, 340 nm FEKINEH OD H, PAEES534 0D,y 18
4K 0.01 & SR 1 ANEEE AT, SOD. POD,
CAT. APX Fl GR iM% H Rg 5t @t ik ) T A2t
% I APE o) %) Tl 0 ) s R A T e, A Y
HZERILL Ulg FR .
1.4 BUESH

X £ s H Excel it 43 . SPSS 16.0 # 4



5 6

TN R R A R RN R U AL R AL 21

TG HT, R SigmaPlot 10.0 1EA .

2 FERESH

21 FEEKAZSHRERIMMFA SOD FEESH
SOD JEHH YA PN Bk O, M EZY i, X
ETREA LY R R = A (R = S R (o 3 I SN ES I T 1
JF RS A K R B R SR SOD i PR AR fk #a A
R, FSZSOD FH g M i Bl 11.29%, S5k
SOD i SRR G FHm ., 9 H B EINE A B, B
W& A 31.59%; M SOD G ST &, J5 FRAK,
9 H i BIEPEE(E, THIE N 82.34%, B3 TH
Ay 11 A6y, 32 SOD iEMER A 349.51 Ulg,
TR 17.66%. P2 EESRY 7—9 A #k
FMAIRTHE, BRI B SOD i Bk 4 i H = A
() O, YEFIIGSE, W T O, 5IRMIEG FE,
At ALK, DN ORI o 32 8 i 3 i 4
FoOBANAERKEEY, RIHM R SOD AR
tHk, 2B SOD Rg7E 18 A R 2L 2L R[] & B
MR EAFIER, RS R3S BRI AL

HfETE2E 5o
500 r
—o— M F a
e :
ab
400 b 5

a
A

SOD ¥&t:/(U-g ™)
g

100

7 8 9 10 11
ioRINER S
AEVNEFHRFRR 25 B3 (P<0.05),

1 FrERIHF SOD FHET{L
Fig. 1 Change of SOD activity in fruits and leaves

of navel orange

22 FrEEKABHRIMME POD &S

JE B AR K R E R SE R - POD i 1 34 %
PR “CTHE—REAR” Bk (E2), AR A
POD it 22 bk i 3 . SR 5C POD 3 M AR IR &
TR, i H RS2 POD 3% P 04 {5 PR A4 B Ja]
HF kR 30d. 9 H i 52 POD i M H 30 06 {i
126.45 U/g, HaiiEH 33.09%; 10 A4y A POD i
P PRI AR 161.49 Ulg, 1R A 45.80%. POD L
AR RN EEN O, TR, 5 SOD WraliE B
WA NF= 1 0,7, H POD Z7F SOD 2 J5 & %
XFH B IEIEBREAY, HiL, FEAERKEF
M, Rscfint B POD &g PE/NT SOD iE 1, R

SC POD i AR L #a 5N 5 SOD JEPEAH A, i
IS PEIE(E e 8280 T 30d, B POD FiJE i
BRIESEARIN O, 1) EZ P A -

180 ¢
ot
160 | e R 2
0
S 140 |
H
= 120
o
[
100 b ¢ .

80

A 43
ANE/NEF R RS B (P<0.05),

2 FrERIFM A POD EEEL
Fig. 2 Change of POD activity in fruits and leaves

of navel orange

23 FEEKABTHREIMME CAT & %S

CAT 2 A77F T 41 e 0 1 A A 1R LA H,0, H
KW BEE, CKF AN 2 8 Hy0, fiE 4L O, Al
H,0, #pdiiZ3 H,0, 7F, LA ELIIE
RVER . BB A K R B IR SC RN B CAT {642
“OETtaE, R (E3), 5 POD G
R —E, M CAT G4 s TR, HF
Yum v TR 5L 39.81%. 9 Ay, Rt
CAT 7 P[] i} 15 3] 16 125.46 U/g F11 193.47 Ul/g,
AR 4 0 ok 48.72% 1 83.75%; 9—I11 H, Bz
CAT {HEMET RS2, KRR 26.30%, M A CAT
TP R %, FRIE R 41.28%. X S5YIIERZRHY
WIRRE A G, 7—9 A R LTt BrERE
At B RN H0, LR BN, CAT I M 4% i
1k, HEMINEE TRN H,0, B0, BEIRT O, 1Y)

A, EEbtE e, iR,
250 ¢
ey
200 | 4 AF b a
o0
g, 150 . ¢
£ a d
2 d b
1
=00 | be
£
O
50 |
o L. . . . .
7 8 9 10 1

A& H
ARNEFHRFRZEREE (P<0.05),

3 BHERLAMN A CAT EHET
Fig. 3 Change of CAT activity in fruits and leaves

of navel orange



22 [ NN A = S 4

39 &

24 FAEBEKABHREIMMH R APX FEESH
APX FEAFAE THIY SRR di fa i, 2
3 fR v 3 B HLO, 19 OC S i, LR MR T
O, FeAE MR T, Mg Fad &b /E s,
Bl 4mrsn, R APX ISR TR, HAEY
TR TS 42.29%, 7—9 H, SRS A CAT
WEYEZ W T & 9 H [ i ik 2] % {H 60.18 Ulg
F1 88.79 Ulg, 43 A3 T 134.35% F1 109.16%;
9—11 H, BSHIMF APX WG PEIZWFEAL, 2059
FEAR T 62.81% F1 55.54%, XF 45 R &M, 4K
KB WRIL  APX {E AR5 CAT
AR, (HOE R SR R APX JF M 3 T
CAT W& M, Z0 ol & JL3E PR 1 2.58 % Fn 2.54 £% .
KL, APX 7E R AE YIRS A AL h R 45 HEAE
M, X5 H S 5k S0 R 40 i Y H,0, 18 35
AKX,
100
80
60

40

APX 3itE/(U-g ™)

20

7 8 9 10 11
A 4y

RNRNEFRFRZERLEE (P<0.05),

4 FERIMMA APX EHER
Fig. 4 Change of APX activity in fruits and leaves

of navel orange

25 FFBERKEZFHPRIMME GRIEESH

GR J&— F i) FH i J7 0 NADP 5 42 1k 8 45 B
HIK (GSSG) fEALRA A A e H K (GSH) 1
fit, A H,0, MG BRFEALIRJF 1, A K& F W
RS GRIETEM 7 H B9 6.62 Ulg B i FH . 10 A
K F|E(E 24.97 Ulg, ¥R K 277.03%, 10—11 H
BUWREAR T 41.21%; f R GRIGYEN 7 A 63 (1
10.86 U/g FW Z#i k&, 9 H ik F|ig(H 28.54 U/g,
4R A 162.88%, 9—11 A B FEAL T 39.59%.
GR 6 P 978 b 5 POD {if P A7 7F — 2 1Y 22 57k,
POD i PR R LW (E H T | 30 d, 1 GR {2
SCUEE M T 30 do ARSI 2 Pl E S
S Yrbt A A R b R R A K

30

25

20

15

10

GR 1EME/(U-g )

A 153
AR/NG FHR R 225 B3 (P<0.05).

B5 BrERIHMHE GREEEW
Fig. 5 Change of GR activity in fruits and leaves

of navel orange
3 &SIt

TP 28 A B B SEAR TR 1 T IR0 35 35 W 360 1)
ARG, B IRA ROS R 1) 3 &
i, 32 HE P AR 0 5T a6 405 5 %) FE AL U
SOD J& ROS W& BRI P28 1 A R HEVE R Ak
AU, AR AR LR R U, POD J&TTIZ A
TET AR N B S AR B, DL HO0, 1R 4k
F A HyO CAT N2 DL & —E R Y H0, I
A H,0 O, WAL, = BEA77E T 0t gk A
A0 i ) 3 A AR N T, SOD BEATTER A AL & A=
b |2 1 A R O, i Hy0,, A2 O, A H,0, Fi£2
POD 1 CAT f# £k A= B 7K, i 8 % M & 17
O, XTI P i i ELHEA E P2, APX 2 —2K S
LY AN AsA-GSH 1§ 5 19 2R, Didip
IR Ay v R, bR Ak 20 v ™ A 1 ot i
H,0, 43 A= i HyO Fl Oy, A4 370 i S A i H: Al 41
ORI B Tk = = NN T 8= R K 7/ DO = W
Jip 360 B i 32 P, T GRS S — b R A R
NADP #8 AL BEH K ( GSSG ) AL ik i A
ABEHRE (GSH) WBE, mI4¢& GSH & i, °
ROS 385 B2 5 1

A5 38 o3 B A AR K R F b #E H SOD
POD. CAT. APX Fl GR iGPEARfL AT 0, A[E k&
BE, RS S B A AR M2 R
=, ANFEPEAE Z AR E S PMENLE, Hrp
SOD 7% hf K, CAT fl POD K2, APX 1 GR
Wt/ MRS Rt A ARG g PR TR S,
AP A AL BTG PR B “ PRI B
B RMEFWR, R b s v m B
FEN I AR AT A TR R A

dr

HX



5 6

TN R R A R RN R U AL R AL 23

Pk, X 52 AP AR A R — 8. R,
B 7—9 Hnism IRZE TR, R4 R
{kH§ ( CAT. POD, APX. GR) HIM J 5 FhHi s
FEBE HEER S Z W TR, R IR SOD il 2>
SHEHA WA N H0, M RERE, MR A
Py % AR P 40 M T RE B PR IR @ EAR S CAT Rl
POD 2 it ity & [/ F R A fk H,O0, ARk, LK
S35 B = I8 T RS A A R B B i ROS H i,
[H 1l SOD. CAT F11 POD 3] 2H Al Ji 48 A8 9 1K 5
BRI 255, APX T GR U B B R 4 O e
fiti R4 B R N Ry i & ROS. 7] Ik, SOD.
POD., CAT. APX Fll GR 7& B M ¥4 ROS K7
BrrAH B, JEE S 5% ROS A F4n e
i EACRR R, A R A R BT s e A — )
AL, Ay s e A 1 7 e T R 5 Rt e 32 4
e =

(& % x W]

(17 KEHA, 22Ut RGBT B 1 DX RS e <Ak
XS (7). TLPG AL 244, 2010, 22(4): 90-92.

20 /%, B \GE, FEE. B Tk T e kY
BRI [1]. A 235%, 2015, 34(4): 149-152.

(3] HE24TT. o i Ml e e ik %) 2 BR800y B it 44 1
WS [D]. 7 PUILARARFHL R, 2004,

(4] SRR, A, PF53, A5 N IA]RE R ARUK RS i 9T 4R
P ZR GRS RR B A WA S [J]. AR5 41, 2019,
37(1): 63—69.

[5] Noctor G, Lelarge-Trouverie C, Mhamdi A. The meta-
bolomics of oxidative stress [J]. Phytochemistry, 2015,
112: 33-53.

[6]  Foyer C H, Ruban A V, Noctor G. Viewing oxidative
stress through the lens of oxidative signalling rather
than damage [J]. Biochemical Journal, 2017, 474(6):
877-883.

(77 a4 YA A SR R [M]. e &
SEHCH AL, 2000.

(8] /N, Wk, ANAHN, . WLBOP S S AR IR AR AR
SRIR B P B ] PP i AR AR RIS (0], =
Pl R0, 2010, 25(6): 835-839.

[9] Tan W, Liu J, Dai T, et al. Alterations in photosynthes-
is and antioxidant enzyme activity in winter wheat sub-
jected to post-anthesis water-logging [J]. Photosynthet-
ica, 2008, 46(1): 21-27.

[10] Nakano Y, Asada K. Hydrogen peroxide is scavenged
by ascorbate-specifc peroxidase in spinach chloro-
plasts [J]. Plant and cell physiology, 1981, 22(5): 868.

(] 20, 2, MR, 55 7E S —PIRR G W) it

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

I TR BT SA AL (7], 2= F IR 2224l (F
SREFERR), 2002, 22(6): 44-48.

SEWE, BT, ok, . ARG I A BL AR VR IR
7% [7]. R, 2007, 32(4): 85-88.

Sk, ATy, AT, . BEXK AL AR B bt
FAL RGBT (1], )™ 5 B 5 %4, 2019
(1): 55-61.

AR, K2R, HTEAR, 45 NaCl FI558 PEG X3¢
# SOD K APX i PR B9 52 Wi [J]. Y195 Al B2
2009, 37(5): 101-102.

Han Y, Chaouch S, Mhamdi A, et al. Functional ana-
lysis of Arabidopsis mutants points to novel roles for
glutathione in coupling H,O, to activation of salicylic
acid accumulation and signaling [J]. Antioxidants &
Redox Signaling, 2013, 18(16): 2106—2121.

Gill S S, Tuteja N. Reactive oxygen species and antiox-
idant machinery in abiotic stress tolerance in crop
plants [J]. Plant Physiology and Biochemistry, 2010,
48(12): 909-930.

AP IE-RE, XEAE. T 5 X 3SR A L AN i
PRI [J]. WAz, 2010, 18(5): 673-677.
Alscher R G, Erturk N, Heath L S. Role of superoxide
dismutases (SODs) in controlling oxidative stress in
plants [J].
53(372): 1331-1341.

Smékalova V, Doskoéilova A, Komis G, et al.

Journal of Experimental Botany, 2002,

Crosstalk between secondary messengers, hormones
and MAPK modules during abiotic stress signalling in
plants [J]. Biotechnology Advances, 2014, 32(1): 2—11.
H#oe, KGR, Bigse, 5. ALY E LR (SOD) 1
N ST R (], E Al BHE 4R, 2013, 15(5):
53-58.

hfhoR, B, ko, AL YIELEE (SOD) 1Y
FEE S AR R T5 T BT ST HERE [J]. B 6h Tk,
2013, 34(9): 154-158.

2R, Bl R HTIR LR de SR A L D S eI 5
PERE [J]. BOEB 2244 (1 AR BRI, 2011, 30(2):
97-101.

BN A STIR MR S A I TP I (7], 17
AV RL, 2013, 41(6): 650-652.

AW, BETTE, XIDOAK, 45, RIRURSSHI & F il
FERHTIR M AR AT AL B P R 22 4L 0], bE 2254,
2007, 34(5): 1293-1296.

TAEmB R A

Elsarm

iz


http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;8581.2010.04.030
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;8581.2010.04.030
http://dx.doi.org/10.11913/PSJ.2095&amp;#8722;0837.2019.10063
http://dx.doi.org/10.11913/PSJ.2095&amp;#8722;0837.2019.10063
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1005&amp;#8722;9989.2007.04.025
http://dx.doi.org/10.3969/j.issn.1005&amp;#8722;9989.2007.04.025
http://dx.doi.org/10.3969/j.issn.1674&amp;#8722;8255.2019.01.011
http://dx.doi.org/10.3969/j.issn.1674&amp;#8722;8255.2019.01.011
http://dx.doi.org/10.11733/j.issn.1007&amp;#8722;0435.2010.05.011
http://dx.doi.org/10.11733/j.issn.1007&amp;#8722;0435.2010.05.011
http://dx.doi.org/10.3969/j.issn.1008&amp;#8722;0864.2013.05.08
http://dx.doi.org/10.3969/j.issn.1008&amp;#8722;0864.2013.05.08
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3321/j.issn:0513&amp;#8722;353x.2007.05.038
http://dx.doi.org/10.3321/j.issn:0513&amp;#8722;353x.2007.05.038
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;8581.2010.04.030
http://dx.doi.org/10.3969/j.issn.1001&amp;#8722;8581.2010.04.030
http://dx.doi.org/10.11913/PSJ.2095&amp;#8722;0837.2019.10063
http://dx.doi.org/10.11913/PSJ.2095&amp;#8722;0837.2019.10063
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;390X.2010.06.016
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1007&amp;#8722;9793.2002.06.011
http://dx.doi.org/10.3969/j.issn.1005&amp;#8722;9989.2007.04.025
http://dx.doi.org/10.3969/j.issn.1005&amp;#8722;9989.2007.04.025
http://dx.doi.org/10.3969/j.issn.1674&amp;#8722;8255.2019.01.011
http://dx.doi.org/10.3969/j.issn.1674&amp;#8722;8255.2019.01.011
http://dx.doi.org/10.11733/j.issn.1007&amp;#8722;0435.2010.05.011
http://dx.doi.org/10.11733/j.issn.1007&amp;#8722;0435.2010.05.011
http://dx.doi.org/10.3969/j.issn.1008&amp;#8722;0864.2013.05.08
http://dx.doi.org/10.3969/j.issn.1008&amp;#8722;0864.2013.05.08
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1004&amp;#8722;5422.2011.02.001
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3969/j.issn.1002&amp;#8722;2481.2013.06.32
http://dx.doi.org/10.3321/j.issn:0513&amp;#8722;353x.2007.05.038
http://dx.doi.org/10.3321/j.issn:0513&amp;#8722;353x.2007.05.038

