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Abstract

Aims Taxodium ‘Zhongshansha’ had a strong submergence tolerance, but the biological mechanism is not
clearly defined. The respiratory metabolism for the tolerance of Taxodium ‘Zhongshansha 118’ ((Taxodium disti-
chum x Taxodium mucronatum) x Taxodium mucronatum) to long-term flooding was investigated through the
measuring and analyzing the changes in root starch and soluble sugar as well as the contents of anaerobic respira-
tion enzymes, including lactic dehydrogenase (LDH), ethanol dehydrogenase (ADH) and pyruvate decarboxylase
(PDC)), in the ‘Zhongshansha 118’ seedling. The biomass and activities of the seedling roots were also measured
and analyzed.

Methods 24 1-year Taxodium ‘Zhongshansha 118 seedlings were randomly and equally divided into four
groups and each group experienced one of four different levels of flooding (i.e., no flooding, waterlogging, partial
submergence, deep submergence) from August 8 to November 8, 2014.

Important findings The results showed that the contents of the anaerobic respiration enzymes in the seedling
roots and leaves are increasing with the levels of severity of flooding, which indicated the roots and leaves adapt
to long-term flooding by reinforcing their anaerobic respiration and activities of ADH that were higher than LDH
for roots and leaves used in alcoholic fermentation mainly. The activities of anaerobic respiration enzymes in
leaves were higher than that in roots, while leaves were more sensitive to flooding. The starch and soluble sugar in
roots and leaves had similar trend with anaerobic respiration enzymes. However, roots starch was higher than
leaves where soluble sugar was lower than roots. The higher content of starch were the important reason of strong
submergence tolerance, and we consider the strategy to fit into long-term flooding is patience type. The paper
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demonstrate Taxodium ‘Zhongshansha 118’ have the physiological and the morphological properties to adapt to
long-term flooding, including aerial root and basal part of stem expanded and the outer wall of the root lignified to

protect the roots from flooding.
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RFAELE 35 M0 2 R A AN [R) R ARAS (] s i) F 7K
W iE (Candan & Tarhan, 2012), JtH: 2 /K e i 1%
WO BRI T8, LK e R A A T e, FERE
FEIN™EE o Y Y R R A b S AN R R B K
o7 S TSN 573 i e SR T /P e t=adg s 0 L] =
JE R ZE AT K AR AE T (B K B3 4%, 2015), i RN
o TR M AR T Ak 2R 2 BRI SR e D
()5 1) % J&é (Liu & Willison, 2013). 7K 1358 rh 5,
AR D, SRR REVA, TIREEREL. R 138
WA S R G370, IR Fo i okl i AR
b3 12 A BE 5 in 2 (Sauter, 2013), 2 52MAR &
1 —VIFEREIG B OK A4 7RI AEP R b
FAHU L RO FHAITE SR AE) « FEYLE SRR
AT 2B G N £ R AN (ADH) - LR I S
(LDH) A Bz P4 1 12 Jit 32 15 (PD C) if £ i3 21 TG 460 Il
AN o R4 3835 (Zhou et al., 2012) .

PEI S MY I e RIS, MDA N R R
FLHE S5 R MR OK A1) (2 B TR 25 2 1) A1
LKA (S5 B R, JEZ ek
KAE P (PTIEPERE . VR ) AR ITEIR KFEE b
YeE T M A KRB B0 P85 13 B e 7 (it 55
5545, 2010). RIVETERES SHEYR N BRI AR T AR,
NP AL RE R, TER R EE R R E M.
IKHEEXTBE B BRSO B 2R, E BRI TR
IR IRIIT RSN o ARLADIE B 7K HE (1 SR e 2 LA HG 16
TR RN AN B . R T AR A L R A R IE AR 2, @
TV FERE A 3 25 A K AR K T, AT 3 5 )
P B S AR SE He, SRAFTE 2 O, 1T 2L ALAE A58
o ) 2B KSR ik A7 BE B (Akman et al., 2012). H A%
TR D& B K HE IR SRS 7R Z AP TR R, KR
ATV FURLD, HARAHE Wi N 7K ) S5 0
TEILA BT o

th 1L #2 (Taxodium  “Zhongshansha’) & H17T. 75 4
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Hh [ B B A Vi 9T A aE e 7 P A2 (Taxodium - disti-
chum). 25 78 & 7% 2142 (Taxodium mucronatum) P4 & ittt
12 (Taxodium ascendens) ] 2252 55 & A0 K A
(FEERIESE, 2011b), 32 BEAE KA ALFE — R (VI |
LWL ORI DA K =le P2 [X 9 ¥ iy (R ER) AE N (R KL
HOR LI (X3, 2013). HHILAZTRE . B B TE
i3 (King & Arnold, 2012), HiitE oo, o
DL SZ 35K B (] () K 8 38 (Orren et all., 2001). %if
‘L #2406° #EAT A3 H B /K HE IS 5 H I B AL
JEOR K AR AR R K IR REAE, /KM% A
SO O SRR (R IR 4%, 20118, 2011b). {H
LLAZ KT WEIR AL DA S BB S5 A R A 5 B R T
25 Je 55 (201 4) 75 3 P PN I V& A AR A AR <
tiA2118° (V& P2 x5 74 5] V& P2 ) < 52 74 51 74 P 42)
HATIEM LSS, RIS E KA 2 122K
KB TREL2 mPsKAE S, 756 90% 1) LR A7
o MY RGeS DAL B SRS 5 K 2R % 1)
G, KTV RARBIE R, FEEEKR
(Crawford, 2003), &4 Az K 27K A RBURS B B8 K
(Jackson & Ram, 2003) . A 7 = 2 [X 5 M B i 7%
HE N R R L AZ SR (A R T A, R AR B (1 382
FERFPEIS S 5 iV 7 R A K KA IR IR A A K,
FH LIRS SR T 3 AT o S S 3 A [ 24 K K
ATy TR B AU R 0, DA SCE i
A2 I 48 52 AR K TR AN [F) A BE 7K B3 i it AR
ZIFI K BERACHS, MR THFER A IR R Il
TN AENLER, LS ILAZ i AR K 22K e e
()3 B R, I A B B AN TR AR e E
VIR R e R PR A

1 #RFEE

1.1 R R SRR
B R — A L2118 401, T bk
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15 e AR AL, TN E 7R L (R IR A b
R3:1), IR N EIR25-30 C, FIAEMEKT
(20858 A Ys= 2:22:20) %%, S HIA13/11 h
(light/dark), Y38 5200 pmol-m™2.s™, /KHEZ 2K
400 LAY T7 1R B B AE G B KL KHE (980 mm x 760
mm x 660 mm). 7KAHKK, KIETE20 CLL .

F201448 H8H, ffikEKAEE. K/AHIEN
2475 L AZ S HEAT AN [F) R B ) K AR A B %o B
(Ab B, TEE A, R BE—0K) KR (3K
e, FEAR L o 5 s S B ) R (R AR R
FoKef, AEAKAETR) A ERE AN T KT, 1E
BRI /K IR0 em /A A), F4l6NEE, F5KH
—UK. T20144E11H8H, X LG iR &R Rt
TR AR AT I E
1.2 EEEMNE

1 gFEA+ 9 mL PBS (0.01 mol-L™, pH 7.2-7.4)
ZIRL, VKK BB BE, B0 R R AT B T
5000 r-min”, 2503 min, B EERNE. ADH.
PDC. LDHPgE M S5R F 26 EIRB A =] 4£ 7™ I ELISA
Mg, MaeNER.

1.3 EMMAAMESENE

FREXL gk #5100 H i A JE T #F 4, B T 15
mLZIEERE S, AT mL 80%M ZEF, #£80 ‘C/K
7 P30 min, B B3 000 r-mint) 5 min, &
£ FiEW . BERERIEK, WEIK LG EIFT1E
., BT85 CHHl/KM, HomAKE2-3 mL,
250 mLA IR, DAZRWKE S, HErTarErE
FEME .

] 25 O JE R AR I TTEY N3 mLZEEK, sk
5], KBRS min, W EIE N2 mLA 9.2
mol- L s SR, I HidE, $RE5 minfEinzE s
KZE10 mL, JB2A), 010 min, EiERHAS0 mL
HEM. HRTETMA2 mL 4.6 mol-L 4R,

R KBRS AL T AR 7 AL (P P B AR HE (i 72)

TR KWIKHEEXT A2 118" A I AR S e 587

PEFEFEENLS minf5 N7k 210 mL, Y275 55010 min,
Wtk EIRCT B AR A K BRUTIEL-21K, B,
HIFELIRT50 mLA & 2K E At vE ks &
BN GE o VE By AT M R R VA SE
(Yemm & Willis, 1954),
14 REFEHNE

R RIE ST R HTTCEN E -
1.5 HYENE

e AR R R BT R AR, ARG
TR A SR R TR 4ERCR TR (LA-S)IR R 70
FTACCBUN 3 IR A DA A BR A ], BN )&
16 BT

FHExcel EAT 505 8 3, FH SPSSiE A7 24 40 #r,
FOrigin 8.0/E K.

2 ZERMITHN

2.1 KEmERTFLAEZSEEKAFMm

KK A 0 ) T A R AR K
(FR1), xR R i 2 0 B v T KV AL 3 AR &R,
JKIR 5 A AL F ) TG I B 2 5, (ER AL PR AR &R
5 57 R I S BRI o AR il A TR A P 1 389 i 35 PRI
(P < 0.05). AN 7K v Xof R 5 2 5 AR 2 THI AR 1) 52
Wi AN 3 (p > 0.05), {HIRAACEE ) H LI AZ AR K HI AN
/N o MR T YEBUR RAEN R AL 25 (8] 2040 [P 4B AR,
28 S AR KA 3 1) R L AZ AR 2R 20 T 4 B0 2 PRI,
AELAN [) 7K Adh BB 1 28 1) 22 53 AN S5 3% (p > 0.05) .

S AN KA SRR ILEIRZR KA T2
AR, HZEFEEI A . SFhAS A 2K i 1 &b B i v
AN TR Rt B, T R AAR Rk, X
AT REAZ RN /K A 51 AR 2R AMBEA 5 16 BA SRR R T
BIFTE. AANESZKFEMNE G IR R R
R T B (B1L).

K By 3 TRLRE 1) T Hp L A2 35 i AR K

Table 1 The underground part biomass of Taxodium ‘Zhongshansha 118 after 93 d flooding (mean + SD)

AbER R IS HRE WM AR5 AR
Treatment Root mass (g) Root length (cm) Root surface area (cm?) Root fractal dimension
X Control 10.23 + 3.03° 873 +101% 256 + 87% 1.67 +0.05%
/Kig Waterlogging 759 +1.21° 666 + 105" 227 £ 94% 1.60 +0.09%
¥ Partial submergence 7.89 +0.94° 655 + 114° 236 +59* 1.63+0.04
7R Deep submergence 5.26 +0.54* 508 + 99° 164 + 87% 1.61+0.07%

Al —FIAN N BER R 22 5+ 2.3 (p < 0.05)

Different lowercase letters of the same column indicate significant difference (p < 0.05).
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Bl AFEZKEAL B L AZ AR J 2R3
Fig. 1 The changes of aerial root and basal part of stem in Taxodium ‘Zhongshansha 118’ under flooding treatments.

F2  JKHI3R G LAz b4y AP (P AR 22)
Table 2 Overground part biomass of Taxodium ‘Zhongshansha 118 after 93 d flooding (mean + SD)

P ¥k Stem height (cm) Hi#% Ground diameter (cm) Mo EER TR RS/ R
Treatment Fresh mass of over-  Root mass/fresh mass of
ground part (g) overground part
JKHE R KA )G IKHERT IKHE S5 KA )G
Before After Before After After flooding
flooding flooding flooding flooding
X Control 47 £3.6° 48 +4.2° 0.65 +0.02¢ 0.61 +0.06* 35.78 £9.71% 0.29°
7K Waterlogging 39£4.1° 34155 0.58 £0.02° 0.55 +0.02° 29.56 % 6.45 0.26°
VRV Partial submergence 47 +3.9° 38+21° 0.62 +0.03° 0.57 +0.04° 18.21 + 2.49° 0.43°
R Deep submergence 38+6.8° 31+33° 0.62 +0.04° 0.53+0.09" 12.99 + 3.66° 0.33°

[ — BN BRI 72 57 2.3 (p < 0.05).
Different lowercase letters of same column indicate significant difference (p < 0.05).

(322). XA R KA M E A B AR A A R I B2 R (p < 0.05). RME. IRMEALEERIZ)
BUN, ABAFK AL FRA R 22 R AR 2 (p > 0.05). BT/ P o e 5 ) B S 2 R TR
KK 5 LA E o e i ERE KR KIRAEH (p < 0.05).
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I B I AZ AR R0 ) 2 B (p < 0.05)
(E2), EEFEZES0 ng-mL™-g-h L b, 501
LG, KR MR SRR LA AR R 3E 7155
SN F% 1 12.57%. 33.53%F141.18%. & HH/KHEMHiG
BRI TR R A S RIRRE 7T, s2m TR R IhRE

=
1

5

o] o
< =
T T
o

BRI H Root activity (ngml=-g-h)

0} é
d
60t —
5 0 1 L 1 1 I
R K kit BRE
Control Waterlogging Partial Deep
submergence  submergence

E2 K KAEMEXT H A2 4 TR 5 IE 27005 (P 4 +
PrEm22). ANF/NG FREFRORZER B (p<0.05).

Fig. 2 Effect on root activity of Taxodium ‘Zhongshansha
118’ during long-term flooding (mean + SD). Different lower-
case letters indicate significant difference (p < 0.05).
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TR R PDCIE M (1K13) . 4 K I/KVE i id Jig v L
FZAR Z AN v 2 i S0 37 14 (ADH) A1 7L R it &
B IE £ (LDH) 5 PDCY& M BAT ML R4 (B3) . #R
ZAIH: Fr A ADHYEPE Y 5 756 R LDHIE 1, X3
B AT K A Bl ) H LA AR R R R e 28
LR A ST PR R T 1) DA R i T S 2 1) T SR
AR,

TR ACFL A [ 5 4R RPDCYE M ) 22 MH e/,
M 5 RADHIE M ZE R K, A 51R RLDH
TEPEM 2 SADHEAG MR, XATRem T
SFREG A ThBEAN A, i B PR e A L A2 i
W ORI S LR R = TR R
24 JKEBEXTHILAZIER . FTAMIES 2090
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kIS KRS LA 118 4 i PR 2 589
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Control Waterlogging Partial Deep
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I 1 Root XN A Leave

3 /K ol X o v Ly A2 &y 1 0 S R A ) S
CrEMEEbR e ). ARKREFRER AN ZREZP <
0.05), NE/NEFRFRRANZREZE(p <0.05).

Fig. 3 Effect on anaerobic respiration enzymes of Taxodium
‘Zhongshansha 118’ during long-term flooding (mean + SD).
Capital letters indicate significant difference among groups (p <
0.05) and lowercase letters indicate significant difference in
intra-group (p < 0.05).

0.05). 4FpA A b AR RIER & =8 mt , AR
RATEPERE S EC T Fr (B14).

L HRAAH L, KR PR PRVESFI AR EE Y H
AR ZR AT MR S 2 53 3G N 1759.6% . 75.3% A1
103.9%, VEM &= AIIE I T 19.5%. 33.1%F
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g Z = 3t o Z
s 60 P : Z %
y : [ M 1
3 b £ 2} 7 7
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T af 1
0 0
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B4 KWK LAl rTE TR S ek & BRI Cr s Eshr i ) . ANFIRS 5B R AL 2 52 103 (p < 0.05),

ANFE/NEG FRER IR A 2 57 22 (p < 0.05).

Fig. 4 Effect on soluble sugar and starch of Taxodium ‘Zhongshansha 118’ during long-term flooding (mean + SD). Capital
letters indicate significant difference among groups (p < 0.05) and lowercase letters indicate significant difference in intra-group (p <

0.05).

3 KIHIARHEXT AL AT VERE 55 T80 e A 0 B ma (O 2 (i b v (i 22)

Table 3 Effect on soluble sugar and starch conversion of Taxodium ‘Zhongshansha 118’ during long-term flooding (mean + SD)

i VER+TT I MERE Starch + soluble sugar H/(HR+1) Root/(root + leaf) (%)
Treatment A Root A Leaf JER Starch A ERE Soluble sugar
X Control 65.38 +3.01° 41.07 £ 2.83° 62.42 + 2.40° 39.88 + 3.80°
JKIE Waterlogging 78.85 £ 457 47.41 +3.10° 62.78 + 2.30° 47.56 + 3.10°
W Partial submergence 87.83 +2.34° 55.86 + 3.75° 61.82 + 2.40° 47.29 +2.30°

95.71 + 4.58° 68.71+4.21° 58.76 + 0.10° 46.73 +3.20°

VRVE Deep submergence

[ —BIAN R /NG B3R R 22 57 2. 2% (p < 0.05).

Different lowercase letters of same column indicate significant difference (p < 0.05).

44.7%, A AVEPERE RO A TUEk g KR
SR, KR R RSB LS
P AT VA R B B G N T 12.51% . 27.74% AN
53.90%, V€A & L5y i A T 15.66% . 37.89% Al
68.30%, I ¥ie o (¥ H K S Ky o T i PR 2 i 1Y)
HERE

R 5 AR 2R ) OB B B (U b + T TR ) IR A
I 7 TR P2 P R 0 2 25 6 I (p < 0.05) . S BE &
EHRETRERSES . RREH & R R+
Fi) BRE 25 B PO B ZK IR P2 P 088 0 52 B0 AN 1)
A, EFR T IR AL HE (58%), HAth3ANAbH 1 L H
BTE60% LA b o T AR 2R AT VERE 5 B (IR R+ )
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AV PR B R A U I S Ba S, K ALBE
¥ ELABL 34 v T AL 2 (2 3) o

3 g

YT YE 5PDC. ADH. LDHIEME LK 2
i L RS AR B %5 V) FH 2% (Cuiying et al., 2010), ADH
5 LDHXS T4 18 SR 4A B e %2 9% 5 22 (Botondi et
al., 2012). {ESREFINEL T Y BRI A ENFIR %
R CATRT RS R I FIRE IR A D 5 () TG S8 P I - TA A
A F I 8 VP R B A 1) T B LR R R ) B — 7
¥, PDCs& LEEACHITF A KB R+ . ADHIENES
BE TR I A2 12 4T % VI AH ¢ (Johnson et al., 1994),
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HADHSE ZJ& R B VMK, LJanT DR
BARALTERK, 12 ER RO ) H 2% (Sairam
etal., 2008), X7k /5 ADHZEGIEZE T H L2 R
ROWTW =g, A frt— 2. 5KEER
Kosteletzkya virginica %)) 75 R % #H 1L (Zhou et al.,
2012), /K#EI3 KRG, LAY HIHR R Ay () 3Fh
0 AU % Pl 7 1 30 i K R B PRI I 2 R (p <
0.05), i BHZ 2 /KM AL T 5 1) 40 P i v AR SR P
77 2 DAL A PRI Sy 3 A7 AU v DR AS K
BN TR EEAS . AR A PFRAT IBAZLE, [
RNEZIKHERIH I AER 2245 5Kt T KIS
AR, HEEFEEEZ R, XA BT R A B SRS
e, 35— 2 B0, (de Oliveira & Joly, 2009). [A]
I EH 1 b L A2 AR 28 700 €0 o 7 o FEE 189 i
W, RYKETES LR RIMEER B, HR R
AN KRR &, X R 2R TEH,
[R5 1A 22 55O, 145 2% (Sauter, 2013). 518 &
FHEG I 7 il 2 7K B RE FE AR, KR AT
HIEE I A ER KT, IR AL EE I R 4
&Kz b, AL B e K, HA
[7) 7K 78 Ak FER ) Py e 37 G 4 e W 1 7 11 (ADH
PDC. LDH)¥Jm TR &, [AIEUERA 1 A i AZ 4 et
JORE TSRS AT S IO, B I A Al T K
B, TR PFR R . X2 R M Fr g b
[FAGAS B, PPIRARHAE LU R 258, T HAR R4
) & B2 (ABA) In) iz =t fr, S0 <Lk
W, BESERH IR, AN A e S R A o
HHIAZ AR R AN T ADHYE 44 = FLDH, &8+
LAZAR R 5 0y (R WIS g A% 35 LRSS R R 3, 5L
PRI FLIR o TSR 9P K A T A 7L TR T 1) 32 4
JH BT pHABL RIS, LI P 3 o ) 2 L o R A PRI
TR pHE, AT Z A PR R T, (IR
K % (Rivoal & Hanson, 1994), i [A] 7K #2248 +
B A N, K SRR T PR AR 1 AR
1FRJE, T PRSI AE ) I ABNE B2 7= A= X i A
FHFMEY (WS £R), JLF A A Re s iE
IR R -1 214 (Johnson et al., 1994), Xt F4%
KPR LR R S ED R AR R &R, A
JAR R WHATE LS A B N LIRS, I
BRI

TCAAPFIR AL e (BEmol ] &) # 7~ 4E2 mol ATP)iz
KT =R ER A FF (R mol i %1 %™ 4238 mol ATP), H.

TR KWK A2 118" A IR AR e 591

KA AR L AZ R 2R IE 77 53 R (p < 0.05), 1R
A FREK Iy FR5 AR W5 ST R M e ) 23
BREAR, PRI 22 52 7K 3 (1) L A A K B R 52 214
], IX 54 0§ 25 (2011b) LA J Visser Z5 (2000) f) fif
FEERANL o v A2 2P A BT B/t 706 Jo )
LB B 7K VR VR FE R 189 i 2 B3 a5 (p < 0.05),
X 5ihAz BA M, byl E 2
MAEYESTE) TR R, A B T4 & i A
(EZ 1H4E, 2008).

PEAR O T A& K e 2 e 2, K
TR S B K AL & 6 B -5 R A i A 1 %85 DA 0%
(iti3E 254, 2010; Ferner et al., 2012), X /KU 1)
Fagus sylvaticaft £z /K AL BEJ5, AR 5 ATV 14 4k
FVE Ky & &35 B, 1 A I R 2 AR (Quercus
robur) IR & AT PR BE RO A 7 5 %A R A AR AL
(Ferner et al., 2012), 7K#EA#i 4 i f& (Medicago sativa)
i %& (Castonguay et al., 1993) 1 & J#k (Corchorus
capsularis)# % (Parvin & Karmoker, 2013)M- J [ 9%
R RN, 293K /KAa I HEAE
I BRI B AN R IR, K S B A i SR
ATV RE R Ry 2 B 3 I A TR P 386 35 3
M(p < 0.05), 1% KK /KA L2 AR R S
Jr TCEA RN R, A R kS, R TR
FIH R AR, PG IR EREAR R . BT
HlAZ A K2 2], B LRy S ] i 1 hE AR
2, BT DAHEWT A LA 6 T AR K R KA 1 3 Y SR
W A A AR 2 BLAKEMIAE 4 52 A K = K
IF, 2RI o Y () 3 B B B (it 55 55 4, 2010;
Voesenek & Bailey-Serres, 2013), {H& X} T FA%K
i, HAKEHHEAK, HAEKEFRLEARRE,
[, 75 BV FE K BN A £ 1 ik i B3 7 5 W Xof
TR FIR ARG IR R A KR w AL, &2l
FE) IR UL T B FLAE AR, DRk DL 2R PR e
KR T FERFAE Y 16 ke B B SRR A — B FE A EIEA
&G TR A i, T L i B e U BN i, AR
s B SRAR BB K S IR B A KRt 1 R &
it &, $&m 1B /K 5 14 1 IR A7 2 (it 3% 2% 55
2010). X2 LS AR (1 B SRR AE . ARDAS A AL
PR ILAZAR 2T Uk 2 A v T T v v
e, U VE R A AN TR A S KR B R A
HHERBEMIEM.
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A E B4 AT e 2 5 M R A 1 T R (Angelov et
al., 1996; F)%%%, 2015). MM R ETEk & &2
FE W VA (1) BB BRI (Gravatt & Kirby, 1998), il
EHRRERSREZS T, BARKRER SRS
SOBEST BRI 23 P 2K VR B N S B
{E KA FR A B ((p > 0.05), &HIITE
58% LA b, X2 H LS B A B i i e 4 ) A
(i) s, 3 B 7K e I A 7 S G S T AR
R Hi. TR RIEHE AR T, ™ bkl
28 E, BT AR A AR R T i RS & =B AR T
Fro R TERE AT DABR v 2 2340 B 1535 K (Molina-
Montenegro et al., 2012), MG Bl A i i 4 2
WK 77 AN TR K 58, PABRAME R AL T S A0
BRI JovE IR [ M B kK gy, Xl
W AT R v TR R B — AR

RELI PR T 4 P 5 oS 7K TR (1 A B e B 5 7K R 221
FIAH I (Crawford, 2003), AHFFEHI25 MR AR 1
CLK DT FE I A BERAIE T 252 A K ZR03 KK I
40 LA &) 1 R B T e D R R, EL: R T sk
X i B “AOK B RE R AL, BRIEAE VR A
AR E B 2 AR A K TRk il A2 R REAE
B ZER I T AR A A 1 (B = e 55, 2014;
TkHEEESE, 2015), XA I AZIEA K ZR R A AL
WA — D RN, 25 KEKIEYF TR
K JE AR e 70t A th e FLN A e ) I 4R AR
(Liu et al., 2015), 1 iLAZ7EIR/KJE IR S e ) [RIFF
wE— DA

HELmB J$EIEREERAAMFEELEFK
9K & 5o B (L1322017)0
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