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REEAR S Bt el 2 e Ak 2B, REE 300384

i ' APPSR 2R A, BATAOA M8 2 108 F 5 (Buchloe dactyloides)ff £ FE L FE A AHE e
VT DR HS A IS AR S B AR C IR b . AT TCIER, 7SR B SRAET, MR i ffp 1) 235 A4 52 B T AL 6 R A A X R,
11157 B 2% A T S I 20 MR BT Pk TR A AR ) 5 K0 72 75t SRR 7 AR BT ARG TR 2% A RO REMA I R AR IE o 383 B ot (AR
RICCERDPIANKT, X e ) ) ZEARIEE A 24 5 0 8 23 Bl LA TR B A S S PE D AR B, IR T 17 St o e g B 2 S o g 1) 4540 14
SO SEARURDL: ARSI VE YA, SR BRSO R E K EAR . 4R ACANI AN TR DA RS ek R e
I PAJEAR I )5 P2 42 0 25 BRI [R5 P AR ' A B SR SRR BRI B AT S 35 R RS DA TR, AR B R i (A 2 it
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B FEANEAE SR B 2 AR [RIBT e AR B N v B i b MDAz b 0] 0 <AL EEAN AL/ B3 i T R RO . B
A B R Al U R At 0 P DAY R PR R L AT ALK/ IN A I 7 R i A I R 26 P 1) 2.3 i 12 F TE 45 SRR -
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Effects of light heterogeneity on leaf anatomical structure in Buchloe dactyloides
HAO Chen-Song, WANG Qing-Kai, and SUN Xiao-Ling"

College of Horticulture and Landscape Architecture, Tianjin Agricultural University, Tianjin 300384, China

Abstract

Aims Essential resources for plant growth are usually patchily distributed. During the process of propagation,
interconnected ramet pairs of stoloniferous plant buffalograss (Buchloe dactyloides) may therefore experience
contrasting resource supply such as light. Under heterogeneous light supply, anatomical structure of newly devel-
oped leaves is regulated by the light condition of mature leaves. However, little is known about whether leaf ana-
tomical structure of clonal ramets is affected by the light environment of interconnected ramets in clonal plants
under heterogeneous light supply.

Methods Two light levels were set, with high light (natural sunlight) and low light (shade, 10% natural sunlight).
Interconnected ramet pairs of buffalograss were exposed to homogeneous or heterogeneous light conditions.
Important findings Main vein diameter, bundle sheath cell number, leaf thickness and adaxial/abaxial meso-
phyll thickness of shaded ramets were remarkably decreased in spatially heterogeneous light environment; while
no signifiacnt difference of these parameters was observed between ramets developed under homogeneous high
light and low light conditions. Under heterogeneous light supply, adaxial/abaxial mesophyll thickness and abaxial
stomatal size in unshaded elder daughter ramets (EDR) were remarkably increased, while adaxial/abaxial meso-
phyll thickness, stomatal density and size, leaf thickness, and bundle sheath cell number in unshaded younger
daughter ramets (YDR) were reduced. Ramets under homogeneous high light conditions had higher stomatal den-
sity and larger stomata than those under homogeneous low light conditions. Adaxial/abaxial mesophyll thickness,
stomatal density and size in buffalograss ramets were significantly affected by the light conditions of intercon-
nected ramets.

Conclusions Unshaded EDR benefit from their connection to shaded YDR, while unshaded YDR experience
marked cost due to its connection to shaded EDR. The plastic decrease of shaded ramets under heterogeneous
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light may be associated with its reduced survival cost, and elevated survival rate under shading.

Key words buffalograss; light heterogeneity; anatomical structure; stomatal density
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F PP SR A R AT AE I, S PG %A
J& B R ) R ZE R ) A & S I R b A T kA )
IREEPRMHI R R . 2 ow AR Y AE ELE B2 5 b 2 Ak b
TR F BN, AHIE bk 2 [0 Al R 2>
FAETRT . K BOGCE R s G, X Phv b
RGO PN R AEYE B AR SR — R R I
(Yu et al., 2004). HA{X et P s
IR T, 46K 2 50 BR T X 2E 9) & (Stuefer et al.,
1994; Alpert, 1999; Guo et al., 2011). TR
(Magyar et al., 2007)HIHT 5T, IH DEXIEESH
(Wang et al., 2008; Li et al., 2011; [N 2%, 2013)
A2 & B (Alpert et al., 2002; Qian et al., 2010))
WS, AR BV G261 T v BEAE A I A 2 A4 1)
72 5 R Z A A AL

JeREMAEKNEERFR, EENPET, E
Vit R AE BRI S50 b2 RAE— R AL, i AR
RS A SR 4R A 2R JE B AR /N WA 2
SISV ERbA  AHMSE BN I R SRk
BHA A AR B D 2R BRI R
S FLEH 25 /b % (Murchie & Horton, 1997; Weij-
schedé et al., 2006; F3#Fd4%, 2007; Jiang et al.,
2011). SRUE T 4635 KB 5 1 CHE ) 8 4= 2 (Buchloe
dactyloides) & 5t il X B Z K A . CoEH
R R A 4 A TR LR AT AIA R 4R R A
LT B AEPA S e, 278 R A0 i v 2 O g
ZRAk, FL 5 BB R 51 1 - PA) 240 i 1) £ 72 K
IIELELZ, AR TCE M. FECHHEDT,
KAHHICO, B S AE M A2 L 4 90 [ 58 2E i Cy
W2, B Jo CaRR WY e B4k SR B V) i BE At o, R
JHCO,, Z5RIRIAEFR, TR G, FikgE
B DR 240 i 5 P DA 200 P P ik AR L s e A AR
PV CA R IS i 2, b A, AR A%
I RCR R, RAE SRIECHE Y & 7 F A Rt
17 (Jiang et al., 2011 ) o 3 Flr ] Azt Sty ] et P 4 e ) J52
JE£ R 5 255 P PR) 4 L 1 1) 7 BB 25 ] R SR TR AR, T PRI
PR L, o PR 4 BT [ 470 L ) 2 T RO, S
LSRRI HEAT SR L 77 [ 23 8], A R T COpitk A i

SRAATF A E (LIASE, 2014).

Karpinski % (1999) A& IR & B Ak BE KT R
7¥ (Arabidopsis thaliana) ¥ 7> B #71 & T = G b 2
i, %A mE R S SR A
RGO, RPN 2 BOR BERN G AL [ 5 o
BhfE, HAhRlE RS R IR TF . WA (Nicotiana
tabaccum) = % (Sorghum bicolor)i 4= i (- F 5
FEE T A R S 0] - PR 200 R FEE B ) Az e
AP B S 27 RO 20 B 3R T A A ZH 24
i ] 2 R AUE S5 B T O BT A PR D R 2% A, TR
H 5 FT AL 6 IR 2 1F(Lake et al., 2001; Thomas et
al., 2004; Jiang et al., 2011). =2, W T F—HHE
VISR, EE T30 B P R A 5 A B A A I ]
FEAEEE SRR, BUE AR 08 A= kR I AR
TR S, BRI A i S iR 4512 B
EOGHR AR IR A K

B A= B AR 2 — Pl B4R ) (Qian et al.,
2010), ELXAHE R, EHEEIEEE N4,
BT IR = AR BT . B AR B e B o R AR 2
WHEELERRE R, EEEdEY, hEE
ZERHIE IR R Ik 23 RIS 5 Ab T AN A G R 2% o FRAT]
REHITEAE S PR 25 A0 T B o) ) ZEAH I (1) 47 8 A [
(V5P £ R 5 I ik 2 TR A5 AP TE B (S 5 1A%
S, M0IX 5 BRI AG A5 I P 85 R A )< 2
FRERTBAR? ARSI, FRA TR R —BEbk %
HH ) E PR R 2 R s Ok A3 R AR R — AN A B A
DIWrHL 5 RERR I DRI, it A ) J5 R S5 1 e Ab B,
RIS 0 5 AN [ S AL BT B AR R () A 25 AL R
FLERFRI 225, KA AT 7 BT 1t Dl A 382 T s e 7
A B T [ A R R I R 4 R AR AR YD, DA% F R
ZERH S AT 4 AN [R] PR B ok 3 o 2 TR e At 2 A7 LE
BESHfES,

1 #RFEE

1.1 #RMERR T
ARG K 7R s 6 vk, B v B A
YERRIGA R, FhF B b S et e S F 3L . 201445
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HI1H#EF, 201447 H15HE H K H B i HESFH
PR AR N BERR, S451.5 em K A& ZE, 34N .
3 em KRR FR BT AE AR RS A (42 cm x 17.5 cm x 13.5
em)H, f# IR S A (V:V) = LIERNIE R . R
B, BERRA MR 2R BAE %4 b, SRR
B PN AH S RAR IR, B BERRIE I 70 R PR 2 A
Ii¥k (elder daughter ramet, EDR), B§RFERIZ )7 #k
R Z N URAE (younger daughter ramet, YDR). i35
(AL F A AR FLAR o 75 20k 22 a5 FH B AR 4R Al
FaFr, VAR ik SoRE o MR IR RAH FL2E 4, Haede 2
By ik AR 2N R R E R . SRR 2 B A
RGP AL B, PRAIE SR AR T AEBEHR /N —
Hitk. 20144E8 225, frlhthrRINHARIE, RE
FH ) B ZEAHIE B ok ik, B BR FL AR A (). Pk
BAK—FG, X845 5 B o bk S [E) BT PG
(R BB eHH . [F R SGLL)ALR B e (b bk st
IRMRASOGHL . SRR R SO LH) AR B (R D).
N IEF GG AR FH 90% 8 BH R 138 BH 9 2R 4T
T H AL F(10% 1E % e 8. MR E7ANES, £
56 BRI ) &) 2R 1 se e . RIS LR AN H

B 06 Ak (1) 73 i oS g BEATL U TR =
SE RS AL DA/ B R R IE U R ZE . AL
L2 HT, PRIERTE RIS AN — 80k, B34
R, MRARBTAE3 emi, SEIG I FE, BANREAE B
85830 mLI{4: A Hoagland’s 77 (4.373 g NHyNOs:
L', 2.063 g NaH,PO,-L '#12.876 g KCI-L™"), B4
PR#5E1S mL, (RUEAEYIN R IEART R(Yu &
Dong, 2003). JEHBEK, TRUEAEYIAZFIK 53 i .
1.2 MR REIEHREFINE

XA [ o Ak 2 (1 B 2 B o 43 ke, e I )
BRI, ARSI 3 KR 1 1/3 0 B (3 mm x
3 mm), 2RI FAAIR &R (HE /R Gk £ 1R:50% &
B AR L M 10:3:87) 8 &, FILEICA ASP200SHii/K
Hl(Leica, Wetzlar, Germany)ZBEMG/K, HHEM gt
Jr, B[ S X Yk g th, LEICA RM22351)
Ji Hl(Leica, Wetzlar, Germany) V] Jy, V) F JEJE N7-8
um. RJG/ELEICA DM4000B LEDY: 2 & %
(Leica, Wetzlar, Germany) ¥ %%, FILEICA DFC450
WAL (Leica, Wetzlar, Germany)#H47 28 AH, H
LAS AF Lite BUE 7 844l & F Ik ELAT . 4E 8 SR
Y H L i R kT RS, 4R AN, o
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L )

T
AbFE HLAE Treatment unit

Bl RITT AR b R S B AR R SR AR
Fig. 1 Diagrammatic presentation of a Buchloe dactyloides
stolon segment consisting of mother ramet, elder daughter ra-
met and younger daughter ramet at the start of this experiment.

R IR IO R AL 2R
Table 1 The pattern of light treatments to elder daughter ramets (EDR) and
younger daughter ramets (YDR)

RIGALFE Treatment itk EDR ¥k YDR

HH #56 High light #it High light
HL #it High light &t Low light
LH 6 Low light )t High light
LL i) Low light i)t Low light

JJELFE < 3 A R I8 Al 0 P PR 4 R R S R bR . I
Sl 0 S Sl ) et PR A B ) 52 2 R Jiang 5
(RO 7%, 326 B 2 A o A e (0 R ) ) P A7
PR, LADK 3]0 2l ) A0 32 B 0 - PR R P PR 4
JE P DA A SR A g o s, W AR g HE S e
RIS . AR E S .
1.3 SILEEHNE

K PRI e S LB o IR A EE R I
BCGA BRI, I BT R R ) B R
R, et &S, FOE IR B i i v
A, BT8R L, SR/57ELEICA DM4000B LED
6B MAEE T, FILEICA DFC45018 A HLiEAT E1%
HEAH, fELAS AF Lite RUE 2 BT 804 i o5 <AL AL
H. e DA . Bk T e rE
BFAEAR, DR FH AR T4 i i B AR R AL I Bk
SRIFFEEE, BIASLHIR/N, T8 W E LI S br
5K FEE (Xu & Zhou, 2008). EELTHEFEA, FEANFE
A EALIER 6 M HLET .
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E2 Ot BEE N B AR BRI S A B Sl A
000 v PR 20 P B E 275 Jiang S (2011 AT i, 1L 4E
BRI B Rk, I FERELETR. a, i
YEH; b, 4B TRERAIAE; o, JERELE d, RGN e, K
B £, PR, g, RGN,

Fig. 2 Tllustration of an image used to measure the adaxial
(lower) and abaxial (upper) mesophyll tissues of Buchloe dac-
tyloides in a cross-section light micrograph. The adaxial and
abaxial mesophyll thickness were measured separately relative
to the middle of the bundle sheath as shown by the dashed line,
which generally represented the middle of the leaf (Jiang et al.,
2011). a, mesophyll cells; b, bundle sheath cells; ¢, scleren-
chyma; d, epidermal cell; e, xylem; f, phloem; g, motor cell.

14 HIEAE

18 HISPSS 20.0% A REAT Bdls ot - =I5
7243 M7 (three-way ANOVA) LLEAERS . ik H B ikt
HEORAE S A AR HR BT AL G RE A X 5 F R AR 2 e L%
BN B AR . F B 2R J7 2 73 HT (one-way
ANOVA) L [F]—Fi br A [ b 38 2 Ta) 1) 22 S 3 3 1k
Ft H DuncaniZ S MEHEAT 2 B LA, p = 0.05.

=
:Z

2 HERFMSH
2.1 FEPKHEERFHE

SRIE TG R KA JEE R
<2

RN TR X B A B AR S MR 249
L) RO = S e RS e RN
I3 R E 5 BT Ak 6 R 2% F FRH T 43 ik T Ak o' R 2% A
28 A2 2 R (3R 2) . [ 5 M A ' Ak B %
MR ERKE AR 45 SR AN 2 4E5 R
200 5 T R T PR R VR R 3 A (B13) .
P25 PG A BT, Y 23k 00 4 & OB 4 A
H R 2 PEAR(BI3B); 3 B 1) b ok bk 11 3= ik L A% (1
3A). B LR 0 4R TR 20 PR 5 PR ik T ) K
£ (B3C) 5[] o i e b B AR 2 25 BRI o 78 7 I
RIS I Qo R 1) 4 R A A S 3
G T A8 B o e ) 4 A BB 4 0 A e
A (EI3B).
22 MREESHAMMEE

=R E TG R R, B4R o bk
T 00 2 ) PARD 4 L B B 52 4 AR I 40 R
T Ak e B A A 1 S S A (R 2) . R R b B R
P A B QAR 3 A0 R 2 0] 9% - DAY 00 R BBE ) L
IRk IR 2147.6%M47.3% (KI4B, 4C). [8] 5 14 K
ST R I JE R VA S R, BRI T 4k
PRIl 0 (42..5 %) R 328 2l 01 P PAT 448 o %) J2 FE (53.1%)
(El4). 7ESF PRI, BRA BRI R
T b 0 RS el 0 P PR 4 ) PR, DR G B e ke st
P PR 1) ) Y 2 AR (B4, R [T bk
T 0 R S 2 0 v PR £ 1 L SRS B o, T A
ISF o Aok 2 2t 0 R 3 et 0 P PR) 4 L ) PSP, DA R
JE S U 2 PR (B14) o 5 57 PR S5 H A i
T bR AR AN TR, S8 B Aok 30 el 0] £ Pt PR 4
J5E L2 KT AT A I GRAR (K14B) o

L= A
Z

=74
5

R R B B TR RE AR P AAR E 2 BRI AL Y6 JE R A1 B A LA DR B A B AR R PR = PR 3R 22 0

Table 2 F-values of three-way ANOVA for the effects of age (A), local condition (Lc), remote condition (Rc), and their interactions on leaf anatomical traits of

Buchloe dactyloides

Qb AE EAKERS A S AR oy iR iR a0 Sz umhhoU b

Treatment Degree ~ MVD A% Sk REE IREE IRERE SILEE SILEE SIS AL
of BSCN K LT AdMT AbBMT AdSD AbSD  AdSZ AbSZ

freedom CLBM

ERE A 1,48  0.754 0.388 0.017 1.168  4.19° 428 0.368 0.116 33.925" 22.998™

AERE SR 1,48 10667 0.028 1.864 4027 0910 3.740 23.540""  31.0307"  55.8457 85.684""

Lc

AN REFT AR 1,48 3.265 0.447 0.209 0.559  8.380" 17.550"™"  29.793"™"  35.030"" 130.628"" 98.520""

Re

AxLc 1,48  0.018 2.495 0.988 0.008  0.110 1.630 0.828 0.485 37.874™ 102.998™

Le x Re 1,48 112277 28.096™ 6.339" 102217 16.570™"  20.700™" 4.506" 1.486 2.041 0.112

A % Re 1,48  0.883 4.457" 0.001 1.380 12.780"" 3.730 0.092 0.059 21.304™" 81.604™"

A xLc % Re 1,48 0285 2.592 1.299 0.079  1.390 3.490 0.368 0.021 0592  66.281""

MVD, main vein diameter; BSCN, bundle sheath cell number; CLBM, total contact length between bundle sheath and mesophyll cells; LT, Leaf thickness;
AdMT, adaxial mesophyll thickness; AbMT, abaxial mesophyll thickness; AdSD, adaxial stomatal density; AbSD, abaxial stomatal density; AdSZ, adaxial
stomatal size; AbSZ, abaxial stomatal size. *, p <0.05; **,p <0.01; *** p <0.001; ns, p > 0.05.
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Ih#k EDR I FkE YDR
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Kb Treatment

T
T
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EHKEE MVD (um)

¥k EDR Ik FE YDR

A Treatment

100 8 6 4 2 0 2 4 6 8 10
A TRB 41 M BSCN
¥k EDR Ik kk YDR

—
jan

hb 3 Treatment
jan)
=

an)
an)

300250200150100 50 0 50 100150200250300
YA AR A PR A IR 1R CLBM (um)

B3 [RIJFUR S o PG A R B A B AR AT AR I 3 IR B AR
(A~ 4EF OS2I AN H(B) AN ZE 5 SO AN A 5 PR B2 i 1)
KE(C) CPIMEL R EIRZE, n=7) NE/NE/KEFRERIR
LbFR[E) 2 7 B2 (p < 0.05), HH. HL. LH. LLIAIZ1.

Fig. 3 Main vein diameter (MVD) (A), bundle sheath cell
number (BSCN) (B), and total contact length between bundle
sheath and mesophyll cells (CLBM) (C) of Buchloe dactyloides
elder daughter ramets (EDR) and younger daughter ramets
(YDR) under homogeneous and heterogeneous light treat-
ments (means + SE, n = 7). Different letters indicate significant
difference among treatments (p < 0.05). For HH, HL, LH and
LL, see Table 1.

23 SAEESSIAN
[R] St et 016 2% A1 B 4 T bk R R L
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htk EDR itk YDR
A ‘
gl | AB
R |*'*
T R
150 100 50 0 50 100 150
AT LT (um)
bk EDR itk YDR
LL
g
% LH
EE—:: HL
=4
HH
40 3‘0 2‘O lIO 0 1IO 2‘0 3l0 40
AR AR R ADMT (um)
Ik EDR Zh#k YDR
LL
=
éLH
&
ﬁ‘.HL
&
HH

40 30 20 10 0 10 20 30 40

TR AR ADMT (um)
B4 [R5 A Ak FR R B 2 B o MR R ) - 5
(A~ 2 00 e AT 4 1 J5 P52 (B ) AP a2 el 0] P PRI 40 ) ) FEE(C)
CFEIEARHERZE, n=T)o ARV/NG/KE FRER R A B 7] 2
5§ ¥ <0.05). HH. HL. LH. LLE#*]1.
Fig 4 Leaf thickness (LT) (A), adaxial mesophyll thickness
(AdMT) (B), and abaxial mesophyll thickness (AbMT) (C) of
Buchloe dactyloides elder daughter ramets (EDR) and younger
daughter ramets (YDR) under homogeneous and heterogeneous
light treatments (means = SE, n = 7). Different letters indicate
significant difference among treatments (p < 0.05). For HH,
HL, LH and LL, see Table 1.

AR/ 22 v T R BRI 2 T BOAR R 7 R (&1 5) o
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825 17 8 I B SR 3 o T RS it o P PR 20 L
AL — U (K4B, 4C), RIZESE BG40 T,
AR B Rz b TSP LA 2 IR AR A 5 30 el R i T
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ARBRTR, R B Y koA S8 el T 14 AL B R o e

Ik#k YDR

Ih#k EDR

AbH Treatment

250 200 150 100 50 O 50 100 150 200 250
IR L3 AdSD (mm~2)

IF#k EDR Ikkk YDR

hb 3 Treatment

30 20 10 0 10 20 30 40
ALl TSR ADSZ (um)

&5

AR RS ST B A R AR SRR 251
A R 25 BRAR, T il i ) <AL S TR ol
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31 BREXRIMET, B4 ERESHNBREIFER
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MERHAESE N, WP 4R BOoa B o bkt v AR 2540 5 TR

J P e A B 2 S AN K (RS AL B 5 KN, X

Fh B % 4 1k (Kalopanax pictus)F122(Chenopodium

album) 1 45 41 (Oguchi et al., 2003, 2008). £

BHAESSE R, ARk e PR 4 P A7 7 K R A I S

HARZE, WEECLE, A4S0 N 3R ik
CRARTE TR ARG N T 17%, 1EREREE I 7 27%,
Itk EDR IhHk YDR
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5
£LH
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X
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250 200 150 100 50 0 50 100 150 200 250
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CPMEHRERZE, n=7). ARNE/REFEERIRAC R 2 5 %% (p < 0.05). HH. HL. LH. LL[A#*1.

Fig. 5 Adaxial stomatal density (AdSD) (A), abaxial stomatal density (AbSD) (B), adaxial stomatal size (AdSZ) (C) and abaxial
stomatal size (AbSZ) (D) of Buchloe dactyloides elder daughter ramets (EDR) and younger daughter ramets (YDR) under homoge-
neous and heterogeneous light treatments (means + SE, n = 7). Different letters indicate significant difference among treatments (p <

0.05). For HH, HL, LH and LL, see Table 1.
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U B - SRAR AR AL 0 S AR F (R 820 m] g K Tt
JE FE 454k, (Oguchi et al., 2008). FE S 0] AP
TEIE L TR AS AR RESR BB 2 SRR TS 0L B 4 2 2t
[, T ELTAS v IRV ) B o 1 B — e SRR Y,
et e 5 T IR AL M HAESE, JoiRixX i
T2 25 1] %8 14 2 38 K I 2 4 8 (Alpert & Simms,
2002), 1] fgiX Ll S8 7E [F] i EE AR A1 R, B4R
B o B AR AR RS 5 R S AH B O T R
Zrt. MR, B4 RLE] R E I jd b i Y 4 i
A SR AR AN B0 7 TORE MR, 1 e d I FL e
S8 SRRl s 1 2 0 ik — IR S

FER U GACFE T, B A= B ] 40 R ) 3 ik B
B, AEERESAN AN K, o ERE L kAT A
AP PR) 24 ff ) JEE P 45 4 255 B A T ()it P AR I e Xt
X EEFR AR U A 2 2 . Weijschedé%5(2006)
3 = i 5 (Trifolium  repens) fi i 5 7€ 5 J5 1k
S AT AT B AR T 5] A I B ) A . AT
AT AN, BlandE A, oA BT
JEHRBHIEAN R R KB AR H (van Kleunen &
Fischer, 2007). MTI{EASZIGH, o ESCAAEET,
FF 50 R TR 285 &5 0 F ] S8 M 538 B i — Bl 3
TR T B8, T HOR A 5510 7E4 H 8B s ie
bR, [R5 AR A B B A B AR T AR AR
(60%), T 7 o 4 1) 208 B 2% AR N 00 A BT 28 B [
SIMRICT RIS . BRI R AS 4 n] 28 1A=
K SERR N T I8 5 5T IR B v 4ERF I B 23 PR AF S
HITHAE, DRIEHAFIE R, NIZ 2B 4 5 AE 7 o Ak
BE T I — MR SR R AE T AL A o
32 REXRIMEF, SHAE T KR E0 R

FE S BOGAE IR, AT B 0 T ke A el 00 R 32 iy
] P ) 2 4D JE 8 S 4 35 1 e A ) £y R LA AR
KT o 1EF IR o B 4= BR8] b MR B H
AE S 5 42 v 1 X MR S 5 4 R 2% % 5K (Potentilla
reptans)Fll ik Jik (Potentilla anserina)Z&fLl, 5 iyt Ak
T A B P P ) 23 g S R BR RR 23 R AR A B B 1
n, EE DN RE S sl o TA G, BRI 4
A e 52 ZIE R 73 PRI K 73 5 B (Stuefer et al., 1994).
Qian%5(2010)f F1 *CO R ERE, & DR B 4 B rh %
A B GE P B AR5 DL I THAE 4 32 E4hPE
B2 e s, [m e G & a2 B .
FEAHEFUH, S35 AL B AR 3 9 F def k )
RITSZG il 0) et PR R EE n, FRATIHEW, R R
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S A= B G PR 0 A% i DA e TR A o 32, AR R YR AN
FE ) S At A FA AL, o fok ke 208 9 2 B0 2 9 16 K
A T8 (9 g Aok 30 ok 3 o v DA 4 L ) )R R AR v O B
71, AP Z HGE T LB B IR T R Rk

FE 50 JOGFR I, A8 B R o A 0] 0 iz Ay )
HPIH R SR RE . AL BRI ALR/N S W R,
DL A8 IR A A B35 S 3 PR AR, AR B iR R AE
I G AR TR T R A PR Y 5 IR % S EAE S
HSH 5%, TiangZ5(2011)ilE B [F] 8 C, M8 W0 1) 5 A
FSCER I EE B () 2541, B AR I B R SR A B 2B AR
(e, ity BN R RSB RN, R
ARV ety 00 P PR 2 S R ), AR RO A S A
I EE M AR R/, B [F AR S SAL S FE R R, B
Gy ARG TR AR S, X A ) 1K
FRPRIA A 235 052 o AR I B () A 2 45 1
AR IE B BT A i B A5 5 1 B 12 (Lake et al., 2001;
Thomas et al., 2004; Jiang et al., 2011), FATHERTIE
FF 38 R Tk PR (G 1R ) R % A2 R IR R (SR i T
B S, FECRMENT SRR H 7 HE B e i
TS B

BhRIA R A RS X AR E A 53R4T
LI 2 B 7 S 0T I AR R, AR I 9 0 b e ik A
TEARGNHEEZERE. ML MR EES) EREN
PLEOGE ZH A2 —BURN (R K R) . B4
DRIRAE S B E AR BN, AR 143 BRI v i) 45 44
AL I AN [5] o 3 ] R 5 e A R AR
FEMEAHOC, DUREF a5, il 2 i 5 2 40tk
ZETEIRFE WA SR — B IE %A A
KARiE, 7P IR
33 SAEFEEMANZHERMESRETAKEBE
R EIF

LA F 38 B (%) — R e B A2 i AR AL 3 B AR I
(Abrams & Kubiske, 1990; Jiang et al., 2011), A
TG R G AT R SGFET, whEs
PRI I SLE E f ;. O e B A B )
ECFIM G AR B[R] BMERJE 26 F T, hakik it
R AL R K. — T R AR Y0 AL
/N, AR B FEUE B RH AE R Y I SFL R T B AR HE A,
{E A FE RIS ALK /INE A A0 BH A= R P Hh 9
JRAE AT I (Abrams & Kubiske, 1990; James & Bell,
2000). fEABFLH, [FF L N AEKB R SILKR
T BTSRRI R. &S FRILERE
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e T M A R B R AL AR NG AT B IR A O,
M H A LB BROK, 781 1 R A, Bk R A X
WU -3 37 73 (James & Bell, 2000).

S 2 B g 3 R e A R o el 00 ) S L
FEFIRANAL 52 53 1k H 5 B b6 IR SR AR 52, 3k
SRR AR AT ARG HE S AR B 2 5 . AR 5 Bt
AEERTR, 4R AR BE RO/ OR, AR IE Y
Iy R SLEE FE AR /NN o R s 28 AR A=
Z S S S EE, Lake%5(2001) WA A HT AE 1
AL FEZ T DA 22 52 S B Ak D' SR 1 5
F& DR R e L J I 1T AS e A S 40 L COL ik
£, T R ] DAAE A HO AR I K S COL IR B
DLF | SALRTT AN S . FRATTHEDN B 4 5 v f
PRI 72 R B IR A2 20 bk E B st &
HIE T M, 052 AHIE 73 AR G251 BI4E 5 1Y)
AR

FEF PG, 2 B ok AR Bl O ) <AL
JEE I P PA) 4 i JEE 2 5[] o v Dl AH B A S S
(El4B, EI5A); Tz S i =L 25 B AT P 4 i 5
J B 2R T 1R 0E m  AR R T 1A B 43k (Bl 4C, B
5B), 1t BH AH I I R P Ak 1) 1 't 2% A4 6T G ok A 2 1)
(1R AL 2 R P PA) 24 o JE 58 ) s il v Tz ) .
2 e JR AR 2t 0 R 32 et 0] et PR 4 R R L
X SGAE 5 RIAN [ e 12 8 55 T - AR 5 et 0 o)
A5 5 I N2 A SRR . LongZF(1989) 8 4IE HHE
S CAEY T, A B b A e Bl 0 v TR A A —
ANCOF B P EERRAS, CO, 1P BRI [F] AL it FE A
ATREAR PR ASAS R R B BT o XX Fofr 43 B T e B P P
F RGA AT ARG E AR, T B AT LA AR
W38 #1155 (Soares-Cordeiro et al., 2009). ZUI{E 5
GErp, A v A R L R A R 4 R R XS
R S R E {E 5 B BUR (Jiang et al., 2011). 7E
ARSIy B AR B T A ) e P i R NS
FL% FE o AHE 2 MRAL S0 0 = G A5 5 Loz il ] ek
TES PG ER T, B A= R 8 B 23 oz b ) 1) <
LI/ IN 5 A0 R 3t 00 P PR 280 JE ) AR A DR R 1
FE I — S (E4B. 4C, EISD). [FAH-FIHCAEY)
) K (Zea mays) sy & oz Bl 1) S G AR
TR S & TR (Driscoll et al., 2006; T REHK
55, 2012), BUONST I CAEY— M5 Tt I T
78R IRER BEHIX, 5025 Zy (530 Sl ) vt P 4
ASGHH], FEOCAEER TR, R e g —

RN TR XT B 2 By AR | 25 R (KR 253

FBEAN 2 PR D ' HE B COL R 2 B A2 T e 2 e A, A
1M A] PA— B Rt AT e & 1F (£ B EE, 2012).
PR BB A4 e il I LR S X AR 2 A B T v
BRI RIS R

B il=| KB ARFF A4 (31201847) 6
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