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Abstract ; Wild rice ( Zizania latifolia) is a famous, perennial , emergent vegetable in China. The current work explores the
anatomy and histochemistry of roots, stems and leaves and the permeability of apoplastic barriers of wild rice. The anatomy

and histochemistry of Z. latifolia were studied by optical microscope and fluorescence microscope. Sections were stained with
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Sudan red 7B for suberin lamellae, berberine hemisulfate-aniline blue for Casparian bands and lignified walls, and phloro-
glucinol-HCl (Pg) for lignin. The results were as follows: (1) The adventitious roots in wild rice suberized and lignified
endodermis and adjacent, thick-walled cortical layers and suberized and lignified hypodermis, composed of a uniseriate
sclerenchyma layer underlying uniseriate exodermis; The stems of wild plants included stolons, rhizomes, and culm. Rhizo-
mes, stolons, and culms had two rings of thickened, lignified cells, the peripheral mechanical ring and the sclerenchyma
ring; The latter delimits the cortex from the CC (central cylinder) and was usually associated with vascular bundles; Stems
had thick epidermal cuticle, a narrow peripheral mechanical ring, cortex, sclerenchyma ring with vascular bundles and pith
cavity from the outside and inside. Leaf sheaths had epidermis and cortex with vascular bundles, and leaf blades had epider-
mis, mesophyll and vascular bundles. (2) Apoplastic barriers were found in roots and stems. The apoplastic barriers consist
of that adventitious roots had endodermis, adjacent suberized cells and exodermis; Stems have cuticle, suberized and ligni-
fied peripheral mechanical ring and sclerenchyma ring, and the cell wall of apoplastic barriers had Casparian band, lignin
and suberin. Leaves had cuticles at surface. (3) The air space consist of aerenchyma in roots, and pith cavities and aeren-

chyma in stems and leaves. (4) The peripheral mechanical ring and sclerenchyma ring were thinner in wild rice stems that

39 %

adapt to wetland environment, but limited distribution to drought environment.

Key words: Zizania latifolia, anatomical structure, apoplastic barriers, histochemistry, permeability

IR ( Zizania latifolia ) J& R 78 B} 6 0 Bk 5 % FE
Wz —, 5 K% (Oryza sativa) [8) % ( Judziewicz &
Clark, 2007) , & — Ff E 2L A K A2 AW, PR 5
b £ I8 ( Zizania aquatica) —FE T VE R Y& H
(Sculthorpe, 1967) . FKH 2 4F A AR =X 1) B 25
ZALE S W == N N L oS S RV 411373 S B A
PR AT AR e =, LA R X b S AR AR
A —SEHESE (Stover, 1928) , HoJm XA D6 T
ALY (RS DORIAE G IK0) AR M2 A0 A 7 45 4 1F
5% (Stover, 1951 ; Metcalfe, 1960; Jorgenson et al.,
2013; Tateoka, 1969) , 11 i H gk 1) 14 F 55 U] 4%
HRA (Metcalfe, 1960) , #AT, A b i 5 22 A1
A HLE - 1 AR 25 R0 R R 2R AR, AR R b s oK
FEASTE ARBF 5 B £ ( Tateoka, 1969 Colmer, 2003 ;
Kawai et al., 1998; Kotula et al., 2009) , KFGZE4
Fe AL I N K2 )2 (Metcalfe, 1960)

Y Ml R A ) Y ERE AR R B AT A A R
B, AL AR Y P B 2, Ah B2 2 R B2 (Armstrong et
al., 2006; Seago et al., 1999; Soukup et al., 2007 ;
Armstrong et al., 2000) , UL S 25 i) JEBE HL A 2H
UZ (SCR) M 2% JE BEHLAK 4 21z (PMR) |, A g
F IR ( Cynodon dactylon) WFEAE M ( Paspalum disti-
chum) SEREH) Y 25 B AT A BT Ak f) J5E BE AL B
ZH L2 2 5 REALBRZH SR e fA B2, B R 4

A 2 ) A 0 PN R LA % 5 R R K L B R
AP BRI A R B R P S (AR A, 2013,
Enstone et al., 2002) ., U0, 7K F 7F & 1L 5 W 85 57
FAFT ARHE TR B B 2 A0 A BE A% 5T FNOR BT R
TURR I 42 LR 3G i, BE A 0 M BEL 1 B T 0B o
( Ranathunge et al., 2011) , X 2% i A 4 14 P9 #4F
HLA A 38 AL 2L, Ry /K 38 T 14 A 4 8 1t
AR, AR IE 4 21 (Seago et al., 2005; Jung
et al., 2008) Y HE S A1 )28 < 2H 21 ( Armstrong
et al., 2006) ,

BRFEJE (Oryza) A, A A H At A5 W2 R A 9 38
O 1 b B 45 1) 45 4 AR AT 1 AF S IR A PR IGE R
M EL 2 40 A0 TR M R B | AN GO A XU 2
P45 RE 2Lt 5242 R 55 ( Yang et al., 2011) , 7%
TLDCFJE A 15 Y PR B8 4B 52, R Xt = ik J22 [X iR
PRI Hh ) k 5E EL A A, Rk, FRATTXE R
MO ZEF0 - 10 % 351 27 F0 20 24k 24 RR A LA J% JiR A A
5t 5 138 325 1 e T RS, K D IS 7 T PR
B RN 5347 Je B 1 A5 A R AT

AR

T 2017 4 H R {1 WAL 00T 5 R 4
TR R bR P SRk Ve T, 0 OR S 4R OF
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KFH FAA [ 5E (Jensen, 1962) . FHHr ff 1 4R AR
ARZEPEAT BOMAE BT . FBUE ) AR BE A
HARZE 5.10,30,50,70 .90 mm, ) &) 25 ARARZE A
- B )y 55 AR AL AL 23 U0 . R4l 22 BCE M
I i A 19 T, 22 28 0 H T30 26 i st
1R LA M 1 5 ) A

TERR )5 T S T 7 %R A 25 SRR
an AT GE T . VIR g 4 | Se 98 7B
(SR7B) #4642 5 fk ( Brundrett et al., 1991) ; 5RJ5
FHBR SURR 21 3% 28 - 2 JHe i ( BAB) A6: 56 L QA FIA
JAL B 4 9 BE ( Seago et al., 1999 ; Brundrett et al. ,
1988) , #hAR —[A1 % = 1 ( PG ) K 56 A J5i 1k ( Jensen,
1962) 5 5ieJi F R R B W (TBO) J& (0, W42 440 Jifd 285
e, AR 00 BB MO WU T R AT
BTATE SR

AN RE HLFIARUCIR 25 19 Jot 2 38 37 PR 13 4% LA T
AT, VIEL 30 ~40 mm K A9 B, 40 M #2
T, FHIEAE ¥ A0 00 445 fl Ay 055 235 B oMo, AR ZE A
v DI IBUTH S A9 A 9 T R e S o B g R
RAER AR ZER U BS54, B & R i
AT BUAMAE A, F IR E T 0.05%
FERBIRELH YL 1 h J5, FH 4.85%10° pg « mL!
AR AR 1 h, XL AL B WA S 2R AT
FEFU A, BT 9O0 B U T W% (Seago et al.,
1999; Meyer et al., 2009; Meyer & Peterson, 2011)

2 SR 5

2.1 AERGEHWFARUE

RIS EMRARAS 5 mm &b, Hofg 1) 45 44 By S0
WW?&(%%@&EXXLF%B@W&E’J&FF S 2 4
M IEFER B AEEERAL K2 A
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M0 K 2 A% 1) BE b B 59 B BIL G, B /vy
AR ST 200 L) 1S 1 B T JERRE 441 fL )2 (SC) A AE R
TR EL (& 1.B) ; BEARZR 30 mm 4k, 41 2 )2 41 it
BKRBICARZ, N R 2P B, 4B 3 N K
V2 1 2 J2 A R RT B TT JER R A4 L2 T s K Joi Ak RS
JEAL(E 1.C,D) ; BEARZR 50 mm A, N 2 )2 8981

AR 55 (B 1. E) | B2 T R RE 24 82 R4k 2
JZ ) A R AR B Ak A B A RS BFEAR 2R 70 mm
b R ELIRA & B e 4 HIE ke i)z (81 1.
D,F,H), b5 = AARBAC R ABE (K 1:H)

FEARZS 5 mm, DA R0 B2 J2 2 24 A Ml
SHLL(E 1:A)  FERZYS 50 mm, WTE B T 40 LA
TR AR R A R AL (K 1. F,G) . 7E
AR N o B 8~ 12 /\JT?TEE*J?‘?%B'% (K
1.F,G),2~3 NMahEARmH 7 (K 1:A,D,F,G,
H) . fEER, JLFrfs 4e 58 8 4R 2 40K
Ak W EREH AL (E 1.6)

22 i FE HEEMRRENEHIMALRLFE

HOIRZE ) B b 25349 K Ak J5 B
21 L 2 15 1Y ) 2% PR BE LA AL 202 ( PMR) A F
] B4 JE B 41 2 )22 (SCR) |, Ji 5 8 AT 4 45 o f0 3 L
o JTRE B JZ RN AR A PR A B O (BT 2. A-H)
JA SR RENLI AL ZUZ (PMR) Ml — 2 40 il A5 A A%
(Kl 2.B,C,E,G) MICHLH (K 2.A,B), #i L
25 )R 2R R MR A i ) 5 A R A AL 4G R T
AR, SZER R MR RIE (B 2:A) 5 K
JZ R YRR JERE L 2 )2 0 JE 25 R RE AL 2 2L
JZ VT 22 A MO 2 B0 BT 4K ( Schreiber & Franke,
2011) (K 2.C), B F22 (K 2.C) 58 E 2%
(l‘é‘lz E) Y JEREGUZ e8| R S5 BE LA
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T AL AR 155 mm BEARAR 5 mm; B2 (Fik) ; ARARMREREN K ZHA (RS K2, RRtE AR, K TAH,; &
Hi s JEEEILUR . J,?fw/;\ﬁ%l{z, )afr/mﬁ s Yt (TBO) , B. MK 155 mm, FEHEZS 10 mm; 476 W35 9L ECHE AY B0 2 20 A % Y
MR (HT k) 5 AR ; Y4 (BAB) . C. 1K 155 mm, BEARZR 30 mm; 5K ZAHEBM AR T ZHA(RS) ; HZ 4000
R Ah B2 SELIGAH (F7 k) 5 B2 A be nAY JE R 42 AR AR BTHR ; Yo 8 (BAB) . D. AR 155 mm, MEARZR 30 mm; Y%
BB (Fik) ; HBZANEERTA(ES) ; MEMEEA8; e RLERE A SUZ ML (Hik) ; A (SRTB) . E. i
155 mm, BEARZR 50 mm; P RZJZELRA (FikFTR) 3 RBUEHISBNRIZ (BS) Eﬁf'éﬁiﬂ@ﬁﬁiﬂ’]ﬁl\ﬂi};fﬂfﬁﬁ(%ﬁ%) ENGEe
PG| EREH LU Y@ (BAB) , F. AR 155 mm, BEARSR 50 mm; PR ERE MM (7)) ; REEAHS, *éfr%ﬂc ﬂ*éﬂ,,f' il
%EZ)E(HU%), Pt (SR7B) . G. A 155 mm, FEMIR 50 mm; ABILRI N EJZ (k) 3 ABLAISB AR (RS 3 ARk
JELEEHLUZMAP R (Fik ) s RURIEE AL, ARBLPAESEAINE ; S5 AR, Gt 6 (SRR -H 4 =) 5 A I BoR s A R
B RO (HER) . H R 155 mm BEARZR 70 mm; PR JZELRAH (FLBTR) 3 KRB L2 (RS ) 5 BF15M K
ELJUEE?H( i) s RPN E *éﬂ,,\i, A AL HH A élﬂﬁ@ BE@ (BAB) . co. BZJZ; ep. FREZ; hy. T HJZ; me. JGEARR
i px. A KBS ; ae. A ERERHL; se. JBREYNMIZE ; st. AL, 3R = 50 um,

Note: A. Root 155 mm long, sectioned at 5 mm behind tip; endodermis (arrowheads) ; adjacent endodermal cortical layers with thickened walls
(asterisk) ; cortex; schizolysigeny aerenchyma; hypodermis; epidermis; sclerenchyma layer; protoxylem; metaxylem; staining (TBO). B. Root
155 mm long, sectioned at 10 mm; uniseriate exodermis with weakly Casparian bands (arrows) ; protoxylem; staining (BAB). C. Root 155 mm
long at 30 mm; lignified adjacent endodermal cortical layers (asterisk) ; uniseriate exodermis with Casparian bands (arrows) ; uniseriate SC;
protoxylem ; staining (BAB). D. Root 155 mm long at 30 mm; endodermis suberin lamellae (arrowheads) ; adjacent endodermal cortical layers
suberin lamellae (asterisk) ; schizolysigeny aerenchyma; suberized SC and exodermis (arrows) ; staining (SR7B). E. Root 155 mm long at 50
mm; endodermis Casparian bands (arrowheads) ; lignified adjacent endodermal cortical layers (asterisk ) ; uniseriate exodermis Casparian bands
(arrows) ; lignified uniseriate SC; staining (BAB). F. Root 155 mm long at 50 mm; endodermis suberin lamellae (arrowheads) ; schizolysigeny
aerenchyma; suberized SC and exodermis (arrows) ; staining (SR7B). G. Root 155 mm long at 50 mm; lignified endodermis (arrowheads) ;
lignified adjacent endodermal cortical layers (asterisk) ; lignified SC and exodermis (arrows) ; schizolysigeny aerenchyma; lignified stele pith
cells; metaxylem; staining (Pg) ; inset show protoxylem elements; staining (berberine). H. Root 155 mm long at 70 mm; endodermis Caspari-
an bands (arrowheads) ; lignified adjacent endodermal cortical layers ( asterisk) ; uniseriate exodermis Casparian bands (arrows) ; lignified uni-
seriate SC; lignified stele pith cells; staining (BAB). co. Cortex; ep. Epidermis; hy. Hypodermis; me. Metaxylem; px. Protoxylem; ae.
Schizolysigenous aerenchymaj; sc. Sclerenchyma layer; st. Stele. Scale bars=50 pm.

K1 IRAERBEY] R Gl

Fig. 1  Photomicrographs of Zizania latifolia adventitious roots
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E: A-D. Jitih B 25 (KL 200~280 mm,5~8 79 ) #EYT A i AR A, 2050 HE 55 — 19 [R] (4025 ) M3 =R (CE28) 1)1 E,F. R (K
i 900 mm, 8- 11 45 %25 Y F 70451 1Y) G, L HUIRZE (K JE 800 ~ 910 mm, 20 ~ 24 1) U1 F , 245 £ 40 101 ; 1-3. o o
A AR = 100 pm, A. %%,?@BZ?F@JHE%;%’%@(BAB) o B. it 2% *@1&HQ%HH7K“E 2 A2 5 AL 2 K 20 [); %%‘f’
ﬁiﬁlﬁ’ﬁéﬂr/\,ﬁ’é@(SFUB) AR =50 pm, C.#Hh F25; 14 bR 5EE 2HV/JZ'( 1) *éWtFJ%%MWE,AF( [); *%ﬁﬂﬁfﬁmﬁfﬁiﬂ@

JiE ;AR ; Jefa (SR7B), D. Ei#h 25 AR ﬂcﬂ’ﬂﬁ’"ﬁﬁﬁfﬁﬂ@ RFASAGHRALSE ([ )5 Ha(BAB) , E. %’?ﬁ)’zjx,
rﬂi‘éﬂ//\):( E @ﬁﬂtﬁ‘%ﬂﬁifﬂmﬁ( [); ﬁﬁq‘ﬂ’.f’ﬁm‘ﬂi B 5 B PEE AL 21, Jefa( SR7B) ;?fﬁl}ﬂﬁf ENERALE IR
ZR([); R =50 pm, F. ZREZE; JEREHLUZ(]); ﬂiﬁﬂﬁyfim%ﬂﬂﬂ@ ARBEJZHUBEHZUZ ([) 5 BRI RIEA ﬁﬁ’iéﬂr/\,
”’“@(*’\E& FZE=1) . G MR, J—EMIHH@J:'( 1) s AR GHUBAH LR ([) 5 MBI T Pﬁ AU AR H,
P (SR7B) , H. BHARZE, %E.%éﬂ%”\?( 1) ﬂ(ﬁ%%?’ﬁ"’sﬁﬁéﬁﬂﬂﬂ ﬂ?ﬁq‘ﬂ:ﬁ%ﬁlﬁiéﬁr/\}z( [); B B ﬁlﬁ’iéﬁr/\ 7t @( hiR
—[E R =) . L O i Sk ) I Bl i (7 ) B’Jﬁ!ﬁ‘)ﬂ ARAEACAET R AN ; 240 E P 44 m@( SR7B) o J MR I
)—Tg%ﬁ( Huﬂ:)*ﬂ)@ﬁ]ﬁ( 5 ) B AR BT AR AEOR AR 7”“@,(SR7B)O ew. %%&QHJH@E;; ae. %%(ﬁéEfilﬁ HEL; pe. BIE; vb. 4
Note : A=D. Photomicrographs of Zizania latifolia culm (200-280 mm long, 5—8 nodes) sectioned at the first internode ( young) and at 3th internode
(aged) ; E, F. Stolons (900 mm long, 8—11 nodes are aged) sectioned at the first internode; G, H. Rhizomes (800-910 mm long, 20-24 nodes)
sectioned at the 5th internode (aged) ; I-J. Leaf sheath and leaf sectioned; scale bars=100 pm. A. Young culm, epidermis outer tangential walls;
staining (BAB). B. Young culm, outer layer of PMR with suberin lamellae and suberized epidermis ( bracket) ; schizolysigenous aerenchyma; stai-
ning (SR7B) ; bar=50 pm. C. Aged culm; suberized SCR (' brace) ; suberized PMR ( bracket) ; suberized vascular bundle cells; pith cavity;
schizolysigeny aerenchyma; staining (SR7B). D. Aged culm, lignified vascular bundle cells; lignified PMR ( bracket) ; staining (BAB). E. Aged
stolon; SCR (brace) ; suberized PMR (bracket) ; suberized vascular bundles; pith cavity; schizolysigeny aerenchyma; staining (SR7B) ; inset shows
suberized PMR ( bracket) with suberin lamellae; bar=50 pm. F. Aged stolon; SCR (brace) ; lignified vascular bundle cells; lignified PMR ( bra-
cket) ; pith cavity; schizolysigeny aerenchyma; staining (Pg). G. Aged rhizome; SCR (brace) ; suberized PMR ( bracket) ; suberized vascular bun-
dle cells; pith cavity; schizolysigeny aerenchymaj staining (SR7B). H. Aged rhizome; SCR (brace) ; lignified vascular bundle cells; lignified PMR
(bracket) ; pith cavity; schizolysigeny aerenchyma; staining ( Pg). L. Leaf sheath; cuticle on adaxial surface ( arrowhead) and abaxial surface
(arrow) of leaf sheath, suberin lamellae on vascular bundle cells; schizolysigeny aerenchyma; staining (SR7B). J. Leaf blade; cuticle on adaxial
surface (arrowhead) and abaxial surface (arrow) of leaf blade; vascular bundle; aerenchyma; staining ( SR7B). ew. Epidermal cell wall; ae.
Schizolysigenous aerenchyma; pe. Pith cavity; vb. Vascular bundle.

B 2 FREERIMREY) A A SR A

Fig. 2 Photomicrographs of Zizania latifolia adventitious stem and leaf
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T 7E4K 130 mm B @ AR AR 03 30 mm 3] 60 mm (9 R B, PIECE B, 2 AUARARZE (Hb 1 25FF AR B 25 5 2 BBy &5
FY AN LA 2 AR ) BE R — 5 (8] (DREE P BLA9 ) 5 BRAFSIE DI AR R =100 wm, A. 758 MR8 AL A0SR Y P B2 2 19 5 1) B2
JECRS) PR (k) FS 2 A A BE (77 k) 8055 IR (0 AU R R =50 wm, B HRUIR 2538 B AR ML 2 2022 7 iy
B E (Hik) ARG, C. ANERBIHL BN EZERENEZE (RS, WEZ (k) F0 R R aE (Fik) #e
PN 5 /N EEGRAR FUBRER SR (-5 ) G RSP B JZ A /BRI (0, FR R = 50 wm, D. HRURZE3R BRI AR 2 2UZ & 28 (.50
(k) s/NBERL 2, E. AN ERAR R SR R Z M KR (RS, WEE (Fik) , P2 I RE (i k) K # @
P P B AN SN ) /N BEGAR BURRER AR A (NS ) s /N EERRURIBR EUR B UL (1, F. ARUIRZE 0938 K 4 B R LB 4 82 50
B (FR) s /NEE AR IR EI G (1, G R E AR B R S B 5 /N BERAR R ER 1A B A AR AU ZU R k) FNA B (i
) 5 INEERR AR TR AR Y s AR R =50 wm, H. ARUIR 2S5 (5] A9 R AKTAT 5 /N RO fib 1A ( 9 3% ) B T8 A A SURIMBE Jis v 5 /DN BE AN
RN L L

Note : Roots segments sectioned at 30 mm to 60 mm from the tip of 130 mm long roots and sealed ends. The aged rhizome ( as stem representa-
tive for culms and stolons have similar structure and histochemistry) samples excised with one internode and two end nodes and not sealed ends;
except where noted, scale bars = 100 wm. A. Roots with aerenchyma; thickened adjacent endodermal cortical layers (asterisk ), endodermis
(arrowhead) and exodermis (arrow) cell walls faintly brown; unstained; bar = 50 wm. B. Epidermis and PMR of rhizomes faintly brown (ar-
row) ; unstained. C. Roots with aerenchyma; thickened adjacent endodermal cortical layers (asterisk) , endodermis (arrowhead) and exodermis
cell walls (arrow) fluoresced yellow; crystals of berberine thiocyanate (cross) enter into exodermis or out of it; berberine stained; bar =50
pm. D. Epidermis and PMR of rhizomes fluoresced yellow (arrow) ; berberine stained. E. Roots with aerenchyma; thickened adjacent endoder-
mal cortical layers (asterisk), endodermis (arrowhead) , and exodermis cell walls (arrow) fluoresced yellow; crystals of berberine thiocyanate
(cross) enter into exodermis or out of it; berberine and KSCN stained. F. Epidermis and PMR of rhizomes fluoresced yellow (arrow) ; berber-
ine and KSCN stained. G. Roots with ruptured exodermis; crystals of berberine thiocyanate enter into aerenchyma (arrowhead) and exodermis
(arrow) ; berberine and KSCN stained; bar=50 pwm. H. Transverse sections of rhizomes internodes; crystals of berberine thiocyanate (arrow-
head) adhere to aerenchyma and pith cavity; berberine and KSCN stained.

K3 N EARFIARDIR ZE 4 I A AR 57 il a5 1 16

Fig. 3 Apoplastic barriers permeability tests on roots and rhizomes of Zizania latifolia
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(K 3:A,B), AUBIERAL BB, A E MR N B
JZ A ILEE R B T = 25 4 3 B2 ) 2% IS BE HILAR 4.
BUZAE A RO, BT 11 R i R
B TEAEMS B JZ 40 0 BE b | AN E MR 10 B T R BE
AR A SR OIIE (K 3:C,D)

B 2R P, ORI A B ) B, AN E AR B I B
JZRERE A SR 1) 4 BE | RRCER 25 10 2 R 5k B
W s i 2R I HL 5 ZURE B 9O (18] 3. B, F) s WA
A HIBRR 25 08 R R G AR, LA
SE MR I S B TR AT AE— 2 R (18 3. )
B 2K A R A A B A R AR RIARIR 2574y 1]
SMEJZ R, AR R B RUR B AR AR AT B k5
ALK 3:G,H) , A EMR P REEEH LA
RIRFNEATIE (K 3. E,G) . ZMF R R ER
SR B V5 BE L SR RE WO BH 14 B 5 ik A B = K
P, HRARZE R B S M B J= M B 8 Tk A
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AR, FATT T T T VLD I BE e it /K
P SCRE T 0 R 1 e ) 4 R N 2H UL S R AE
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drica) (B 7R 55,2015 B W AR M 5K B, 2013 5 1K B2
4,2013) , EANFEHRIE T KA (Oryza sativa) |
IKEH S ( Glyceria maxima) A2 .5 ( Pontederia cor-
data) . % 2B ( Phragmites australis ) . 3k ( Triarrhena
sacchariflora) M7 ( Typha orientalis ) [ AN %€ #R F1
HR 25 A9 Ml ) 45 A AN ZH 214k %= (Soukup et al., 20075
Seago et al., 1999; 2002;
Watanabe et al., 2006)

AT, A 5 AR A 1) 45 4y A0 T A AR T
SRR SRR JRRENLR AL )Z )R R
AL, HBEFEAS I B AL T NI P B2 2 S AR
T A BTN LN MU Y A0 B SR A R, X 5 Rl
MR HAE )M AR SRR R L KRR TSR
I 45 A [A] ( Yang et al., 2011; 5KEF %% 2013,
Watanabe et al., 2006 ; Simone et al., 2003) , XF
T 5 S % B 245 K40, R PN B T2 7 T S A ) AR

Mcmanus et al.,

o i ELHLRVERAE ( Yang et al., 2011) . HARAISMNE
2 57K 2540 (Soukup et al., 2007) , {H K &5
A1 Bz 2 A7 1GR9 UR AR 20 B BE 1 1 A JEE BE AL A
HAZE , DO A S 2R 2 T s ek
VI 22 HCAME st ) -t A7 1 M BB KR AIE ( Seago et al.
2005; Jung et al., 2008 ; Sangster, 1985) , X L0
DI G Al 3 3 b R 1 5% )23 45 0 A 0 5L B e e
55K

PR (AL 45 ) B 25 ARIR ZE Al | 25) i i )
S5 i A1 ) AR F )= 3R B | JE G R BE LA
HA)ZE R JEREH LR BRI, WAL
Bl S SUMRE Ji 25 FL N ) 5 RE BIL B 2H 21
JZ AN £ JoT J2 R ) 2 D5 B AL 2H 2 )2 2 R
JrBEZE R | 5 B 235 0 1Y) 40 e i 5L T R A Jo
ARBTRVIIR A LU e i, 2R 5 00 P AR W
BRI A WRT B AS "I Y 25 LE N TR] . — 7 T, 4K
EAR AR BRSBTS A 2 S BE DL 42,
AHE W) 1) 25 R0 Z2 A KR BT A 1 77 7E ( Fahn,
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Bl B BT Ak, T 7E 6 28 AR R R | LA A R A
A b HG A A5 O A i SR B Ak (E R R
1 ] 25 JEL BE AL 2H 22 )23 R JRE B 2H 202 L o) 2F AR
TR UUREE 2 FLAEE 174 A L 2 500 B D 3R TR A=, AT
DU GRoK  (HARE R A, JRHEE TIEREH LR
B, KoK i Z2 At [ A0 LB KT 2 38T, S
—J7 I, b b 25 (FF) e R 25 A R Ak A
e A i R BE 2H 2R T A AR AR XU R
FEURN A i 7 (1Y) JEE BE 2H 22 UK B4k ( Yang et al.,
2011) . 5 H A AR ARG Y (0K FEFE S5 ) AN TH
(Metcalfe, 1960) , 325 i H 1% £ 2 45 50 4 )2 10 )52
BEAN M) A il oA BA BT 09 Ah B2 )2 FIA B
JZ(Yang et al., 2011) ; PiCH] & 25 19 3R 5 40 il 5
T 0 AR A 2R B 25 19 R FAH UL ( Yang et al.
2011; Mcmanus et al., 2002) , B ¥ E K M E A
) s 7E T, HoR B A0 M AR D 4 B4k (- Schreiber &
Franke, 2011)

HAELH LB AE R P E AL, X2
SHLIRBEIE , 500 5 ARG A kSR
(Seago et al., 2005; Jung et al., 2008 ; Yang et al.,
2011; Sangster, 1985) , FZEFIM 5 JZ v iy 2L
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AR AL R R R IE W LG, AR X SR
WA B B S8 ( Kawai et al., 1998) , A B THE Y 1F
B ERBTE b U A7 RS i B A 2R (Arm-
strong et al., 2006; Vartapetian & Jackson, 1997) ,
S A R0 3 1 9 PR S A AR

DREE Y BTAMA R B 32 2EAFAE TS0 B2 )2 A
B AR ZE 1 il G IR BE LR A 21 )2, 31X 26 5t B
(EEIESELP RSN YA aNE S (R P e E A ]
T X L LAY Y 0 M A ) B AR 2 ARz AL B
ST 2R SR G} IR REALAZH 2U)2 5 00 A AR S A ) AH L2
b TR EEHLAZH 22 W B 10 AR A5 Rk
PP AR IR SR A T, R R BE DL ZH 22
FIELRE AL L 22 PR3 Ll SR AR ) R P AR A
PR, 25 55 JRK AN RE D 55 A8 W) 1A% [T A5 2225 ( Meye et
al., 2009; Mcmanus et al., 2002 ; U4 2009 ;
Yang et al., 2011; E 5%, 2008) . 75 A5
T, PRI 6 5 Bt O 370 45 48 7T LUA RGP A AR ) 16 5
PRI 2 6] i SRS 1 69 A T B ( Meye et al.
2011 ; Krishnamurthy et al., 2011)

ST A X B A )45 A R 2 2L 2 R AR
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K AN BE LR AR A ¥ 200 ML 31 A7 28 285 T A BEHIRAE -+ 5
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