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i E: 5 (Amomum tsaoko ) & EA LA MIHLTIM LR , 288 L WS TN A AT A R 3 DT AEA T R R
TAAERE S WA RS A 45 5535 IR BHAR S 1 I S A AT o AR ELOC AR | DA SO JH P AR A bk S0 1Y) 5 il
SH LR B R R AR AR IR 1 d AEEARY 16:40—19.00 B A AT 0, E2 048 1L T T2 K076 fE A S 1t
WEMEE, N IERAEN LR W2 AR SRR 8 R 1 s L SR IR AR, AR
W (Apis cerean cerana ) &= WA ;SR B 2 A U4, 76 1 d FE 1 BL U AR 00 8 52 B SUIEEARE = | D 784 T 32 B3R
B () 2R, 78% 1Y 18 °C BEHEE VAL, | d BB 0 1Rk, DL S AR S 1 B 28 43 i 5 = 3 ]
PRI — XU AT R, R AL S A RO 7 AE AR 1 5 B S B Sk A2 s DU, X i 5 S M
FETAENT ARG LRI S L, IR MAE R Z 0], A8 R R BT A 2 431 0 5% ) i 28R [R) 3
TER B AR I TTAEA T R N AT B A S5, 3 Y3 B 2 BRI, , nTRE R = B — A 0Tk,
KA RUR, fEE IR SUETTIER K 25908 BEE

RESES. Q945 XEERIAE: A XEHS: 1000-3142(2017)10-1312-10

Difference of reproduction between the two morphs
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Abstract; Observations and analyses were conducted on visitor behavior, nectar production and final percentage of fruit

to explore how Amomum tsaoko, a flexistylous ginger, build an insect-plant interrelation to influence on reproduction of
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its two morphs. The nectar production of both the morphs reached a peak during 16:40-19:00 in one-day anthesis, al-

though the anaflexistylous flowers offered significantly more nectar than the cataflexistylous morph, which was influenced

significantly by temperature, light and humidity, and whose fruit-setting rate was significantly lower than the former. The

visiting frequency of the effective pollinator (Apis cerean cerana) was an bimodal visit pattern in one-day anthesis. The

bees were significantly affected by both temperature and humidity, 78% or 18 “C was suitable for them to visit. In one-

day anthesis, temperature and humidity influence on the bees and the dynamic secretion of nectar of the plant collective-

ly promoted the bimodal visit pattern of the bees. Both the rhythms of the nectar secretion of the plant and the bimodal

visit pattern of the bees matched with the flexistylous movement of the plant, favoring to the precise pollination and main-

taining flexistyly of the plant. Between the two morphs, the influences of the environmental factors on the nectar secretion

were significantly different, and had consequently different behavioral responses of the pollinators and the reproductive

success. Properly increasing the anaflexistylous morph in a population of the plant would obtain higher prolificacy.

Key words: Amomum tsaoko, nectar production rates, bimodal visit pattern, fruit-setting rate, reproduction

B (Amomum tsaoko) W5 Ry H H 2l , Wk
PRI, F B 2 AR E S HE IR AL TR
Tee; IR O B BUNE IRTS Kk Ak
AN o R 2 Mg W OBk %6 SE ( Chinese
Pharmacopoeia Commission , 2015 ) ; tH4FE 3= 7 KL
TEYh, P, BIREZRE N R L ED
B, ey i v L BT R 5 AR 7 A O )
B, ZRHEYIA 291 300F 2 0 #GHT b X ) Fh 2
RS I — 1258 (Larsen et al, 1998) . ZF}
PR TER BB T E, o 22— O HE Sk 45 il AL )
(Smith, 1989; Cui et al, 1996; Sakai & Nagamasu,
1998 ; Renner,2001; Barrett,2002; Ren et al,2007)
A Sk A b AL ) o il e A Sk Y 35 i gl ks A
B A A e A S — R 1Y L S R AL
(Renner,2001; Li et al,2001a, b, 2002; Zhang &
Li,2002; Barrett,2002; Wang et al,2005a,b; Takano
et al,2005) . F AR E HATE Sk Ml HLH A9 22 BHE Y
(Cui et al,1996) , P, 76— A FOR G #E b, 7
FEAE 28 BRI S R PR AR R, B AT Y 22 X7
TIFAERHE KA il 4 J7 1) A [a] DT el 45 79 2 A ok
PIAEAEAE Ry Th Ak T B B AR AS (Cui et al, 19955 Li
et al,2001a, b) , BRI IA 1 d;7E 1
d AR A E2SBURERRAGAE ( B2 BIAE) (AR
e A THEZ AR AR s T AU R Y 4L (T JE A
1E) AEk B2 AR R B B R G AE 25 T 4L,
A NERBE AL N SR A2 4G Ky, B2 RIAE Y
sk B2 DORETF (G R B R fE 25 TR 2L PRtk T 2
BUAEF e e, H 2R O B2 RGBSR A K5 |

ZERUAE Jp Ml S R AR T R BRI AE R
TP SFRI I T8 S i AL 4T I Ok TR 5 4 oy
ML 2 — A E 2 A (Kayna et al,2011)
T 5T 2R B . 2 1 I =F T 10 A 0 i e AR A5 A%
& £ 1917 1) ( Waddington, 1981 ; Zimmerman ,
1983; Galen & Plowright,1985; Thomson et al,1989;
Cresswell ,1990; Neff & Simpson,1990; Real & Rath-
cke,1991; Mitchell, 1993 ) ; 14 ¥ 2 1) 15 46 5 R 52 i)
Y IE A ( Zimmerman , 1983 ; Real & Rathcke,
1991 ; Mitchell & Waser, 1992; Miichell, 1993; Hod-
ges, 1995) s (LB WA AT RE S0 IR R AHY)
EUR B AC B SE R A X R (Ordano & Ornelas,
2004)  FEYIIE LIRE E AT Ao WA AE S, DL SE B
FIEHH (Kayna et al ,2011) ; £85I 2 AT BRI
7N T HE N B Wy AR P 22 TR] Y OC & ((Galetto & Ber-
nardello, 2004, 2005) , ZFHEY B £ ZAEL R # W E
e SRS (Ippolito & Armstrong, 1993 ; Kato
et al,1993; Sakai et al,1999) ; B 1AIZERHE Y BOAE
ZAIAFAE R BEAL S & (Kato et al ,1993) , k3
AL Z 18] B B A AR ] — B e AR 2 i —
AR A ( Yuan et al,2007; Kim et al,2011)
e IRE AL W L B9 52R DU 2R 5
Sy UAAEE A KA 5 A5k B L 2 ) A S A LG AR
T e H BT AN AL A A AR 252 i 2 3, T L
BT R AT B FOR P i AR AL By AR W) e N E
AWrE R G . A BB R IR R RS
Tifef i v HR S i BRI, BT AR SR
FEOELUT =R (1) 78 1 d 9420 L, FOR
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37 %

AE T WAGE B (2) B AEE B A
ek B Z A AT S R &R 7 (3) RER PR R Y

BH B LR
1 #M# 5%

1.1 #F#4

RN ZAEAE R Gl S 2~3 m, BDIRAE)T
AT MEBEE, I 4—6 H,9—12 35
J# (Wu & Raven,2000) , 7E5Z 50 WLEE ., 167 18
O 21 ~ 135 ZeBE B0 1) /INELL A, B R 2~ 15 2/
AETFRL, B Ao 1 d, BBk, 6 B PR 25, (L B h
PR TR A o7 B A o3 i, BR R AE A e A B,
FE D) F 1R @ HAA 0 1 3 A TE S RRAE . 5 ff 5%
0, HA WKL E RS 5100 B 25 R IR A
L ey e A N 0 1
1.2 BFSh M ER R

R AE 2 F AR AE PR A v e Y A T
JLFE K4 (Wu & Raven,2000) . EFAMILEE Sk 75 &
Rour iy A B JEH#E 1 (24°50.289" N,
98°46.501'E, 442 070 m) FE B fE#E 2(25°3.702'
N, 98°30.129" E, ¥#4%2 219 m) £ 3 km, JEH#E DU JH
A i o i i RIS e . R A T LU A B T R A
K, BT 20 Z4F,
1.3 Ef5h 22

HPHMERAE AL WIHES T, B 2007—2009 4F- 434
15 H o TERERE 1 BENLIE IO BURE R A 12 Hk 3k 24
W, MRS MEE 2~3 d, B RBEPLIEIR 2~ 4 &
1. BAAEBIEEARIC, R R 22 B L
WG R U AE . FFAEIE], BERIRR 2 h, T — Rk T
S (ZI RSB 0.01 mL) (Li et al,2006 ) i B &
FALITIHIAEE . NIRFRACE S B, — S A
T 77 S EAAIAE RN 83 S N RAIAE, A EFE 30
min , £ JEHE O W0 10 i I R R R AR A
1.4 BF5pRIE

FE A — KRl — B R, B 3 A [ BUA K , B
—FERRBEALEHL 8 ~ 14 Z5 46, BV R 2 41, 35 1
A4, JFAE T P A A 2 DLk 4 BH O3 Ot
FHJGEEAX (ZDS-10) M & AL 2 YOG RAEE S 0 1x; 46 2
2 g xof BREH, T AR H AU B2 20 A B AR 2, LA gkt
Ho B WL IR W 1] A6 2= DB REEE S 155~ 91 300

Ix, BEEEHU ALY HE R bR ; FF A [a] &5 1] B 2
h, FH— U R 25 (ZI RS R 0.01 mL) U 2
TEST U AL . AR FROI KT AR A6 A6 25 43 W6 11
SEMA, —HULER 2R RIAE 40 2%, T IEAULE 38 %,
1.5 fEHMEE

X2 ASFER TR A IEE L 90 h, I HIAH
HURSREHLIE S, B OISR, S 76 R — B B b BE AL
EHL 3 AR AR EA T R 20 08 VE R 3 AN
T AR FHALIEER 5~ 8 24, R #E4T1E 42 30 min
MIRERIC S . 241 46 R e i 30 46 1 M B, 3
RUFAE 1 WG B IAE, Ui A6 B ORI U5 26 i ]
(ViR BU7E A6 2% B4 R st ) ) ¥ i sk, — 3t
WEET 301 446, PN AEE  BWALH L]
LRI RS, B R IR 3 A AR =
M ES R 2 AR A R, TR R
FE 3 HAY HURTE W s N ISR ], 1 R AR Y5 7F
EATER L E , LTS NS A6
1.6 530X

2007 4E5 H 25 H,7E 2 R REHLE S 30
AHIRIEATIESE 2 a AUNREE, U4 14 A L2 IR Rk
16 A~ FEARE R (FERE 1. 8 4~ 2SRRI RE+8 4
AR R 2. 6 A LA AR R +8 AT A
HERR) . 2007 4 10 H, ZBUETE 1 2 Akt iy
ZERIFERRAETE T IR TRE 1 HL A 6 MRARIE
1A LA, B — AR BELZE R 1 ~4 N RF, —
HOREE 26 AN 28 AU Bk 1 SR 7 (1T 316 MR
52) 32 AN I AU RR AR (SE3T 303 AR
2008 4 10 H , B—HHRFENLIER 3~8 Ny, —dt
SRAE 52 A~ LA RUREAR (W SR F (HE31 503 AR |
64 T AR AR YR P (it 590 MR . Geit
FE— R G SR S BCR AN AR RO, KR A 2 (R
Bt + /ANERGE x 100% ) THE ST A5 5905
1.7 #ES

K JH SPSS (16.0 version) FEATRUIE 00T, AL %
S (mL) AEE W (AL mL - b - 2
Th/ /Nt B4R (B ) Ui AR (.t - 30
min” - 1 RE/30 4/ BEAE) (B 45 B s i) B
PARE AL PRI ] (B 2 s - v £ BB/ R R 1)/ 4
16) R EE VR 2550 AET/INMERR S gt Ty
22 55K B ( Homogeneity of variance test) , 9% 5 2K
— MR APERE AL (GLM) #4707 2250 M. R FH 2k 1
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IH ( Linear regression ) # il % ¥ 17 4 70 51| 15 48 % 7
Wh R BE R Z R AH S

2 HERH4M

2.1 ERABENLE HibiER

TE 1 d A6 BLER R 46 73 W B 4G 2 B i, b2 Al
14 0.176 £ 0.094 (x +s, 281§ :0.010~0.338) mL,
FHERIAE N 0.113 + 0.067(0.004 ~0.266 ) mL, P&
ZIRA W 2 5 (d,=91, F=19.203, P=0.000
< 0.01), PIRIERIIEE /MR (mL - b - 1)l
I ] A4 RS B TR N, 7F 16 :40—19 .00 ][] 34 5]
T 5 - 28 AR 43 I R I 2 v T N B AUAE (df =
67, F=5.554, P=0.021 < 0.05) ., M 8.40 JT4, &
(BB 2 h BOAE%E 3 WA R FE B2 HUAE Z (1A 8 3
225%(d,=34, F=3.410, P=0.021 < 0.05) , i7E T
e R (8] A ] e 3 22 5% (d, =33, F=5.782, P=
0.002 < 0.01) (1),

kS — £33 Ana
-~ U
§ 30. 004 TEH Cata
3
W o
&+ +20.001
BE £
B8
= ,10.004
£52
o
RT 000 I
c
3 : , ’ . .
. 08:40~10:40 12:40~14:40 16:40~19:00
10:40~12:40 14:40~16:40

BfZl 0'clock

BT RERAEE M ARTE 1 d B L

Fig. 1 Rate of nectar production of Amomum

tsaoko in one-day anthesis

2.2 EXEFHABEELE SRR

FEJERE 1, AEEE /3 bR AR [7]— K (2009/5/12)
3 A B2 BRI AR Z A R B 5 22 5% (d, =9, F =
33.302, P=0.000 < 0.01) , 7£ [ — K (2009/5/13)
M7 A BBk Z A B 2R (d, =21, F=
3.595, P=0.023 < 0.05) ., FEJEHE 2, L5 7 W %
TE[R]—K (2009/5/10) i) 6 4~ F T RUAE bk 2 18] WA
B¥EXER(d,=18, F=0.967, P=0.475 > 0.05) , 1E
[f—K(2009/5/11/) B 3 A~ F TR Y 2 0] 3%

AREESR(d,=9, F=0.849, P=0.474 > 0.05) ,
FERERE 1, [F]— K B A6 5 53 W R AE 3 4> 2
TURIAR Z T8 A B 38 1 22 5 (d, =9, F=8.915, P=
0.009 < 0.01) ,{H 2, 78 A5 T [7] — ik 6 42 il 20
XHIRAH Z B B4 R E 25 (d,=6, F=0.131, P=
0.727 > 0.05) , A, fE%E 5T WA ARAE 3 A T2 Y
MR Z A 8325 5 (d,=9, F=3.473, P=0.082
> 0.05) ,fH 2, >R U5 T [a] — k1) 42 i 41 1 2 v
X4 (d,=6, F=6.098, P=0.039 < 0.05) .
WA 1] (45K 8:00—19:30) HF 215 B
19.1 + 3.2(16.7~22.2)°C , NEIWE H 2 [a] 4 % 2
EHX5F(d,=168, F=28.755, P=0.000 < 0.01) ;i
SERIRRIE R 70.3 + 21.9(50.9~95.7) % , ANFEWEEH
ZIAG B2 5 (d,=168, F=124.532, P=0.000 <
0.01) . XT NHERIAE , F0%E 5 W H R LA [m] (Y PR 45
T e 2 1) A W] 35 22 5% (d, = 32, F=4.066, P=
0.007 < 0.01) (&l 2) , FEAS[R] (%) A58 00 FE 22 [ 47 I
FHX(d,=46, F=3.405, P=0.012 < 0.05) (K 3),

=
B = 5 0.0200]
S 3 T
Lo =
H o« _ 00150
%530
K S 2. 0.01001
B g.2 <
R 8 10 0050
25 E”
R o s
A% 8 0 00001
e
2 -0.0050 -

14.0~14.5 17.2~17.8 20.0~20.5
15.5~16.5 18.0~19.2 21.2~21.8
2 Temperature (°C)

K2 JRBEX R R A AL
3 U TR AR Y
Fig. 2 Influence of temperature on the nectar production

rate of cataflexistyled flowers from Amomum tsaoko

2.3 BHEH

AEME Bombus spp. f& HL A ) L PEAL K R AL ( Cui
et al, 1996) , 7EML USSP LSBT I 4 B 6 H Mk e
BSRVIAE, EA MR SRR I 1 h, e
W (Apis cerean cerana) BIVIAEIN R &5 , i T REAL
W, AT AR R fil Al 3 48 2 Bk Sk R
fih #7354 Al e SR A B, AT LRI B AT
BURMA MRy B, e AR R P R R



—
W
—
[@)

70 A W

37 %

0.01204 T
0. 0100

0. 0080

Y

. 0.0060 1

<
- 0.0040 4

|
E0. 0020
0. 0000 A

—0. 0020 4

of cataflexistyled flower

TEHENLE S FIRE
Mean rate of nectar production

37.0~45.7 50.8~62.3 70.0~74.0
39.8~59.3 64.3~78.0 95.0~96.0
JERE Humidity (%)
K3 RS HOR N SR AR AL
G TR A 5
Fig. 3 Influence of humidity on the nectar production

rate of cataflexistyled flowers from Amomum tsaoko

PAERRL, UL A R BRI AL (B 4)

TR X 28 B4 T 1 AU AR I U AR R
W& 8.074 + 4.1107(1~21) F1 7.919 = 4.5591 (1~
18)t » 30 min” - f'hﬂﬁ%Zl‘Eﬂ‘]ﬁﬁi%%ﬁ(dﬁ
300, F=0.045, P=0.832 > 0.05) , H4gsiext -
ZEHUAE T R AE 1 LAY A B B[R] 43 51 9.968 +
12.8640(1~125) F17.533 + 9.1425(1~63)s - v' -
BRI R T N AL (d,= 1877, F=
8.256, P=0.004 < 0.01), H BN PTEFRY
IR A TAE () A6 5 43 Wb R 2 (B A7 AR R 3 I IE
FHEE (1=2.366, R=0.591, P=0.036 < 0.05)

AR 7E T 4 (16:50—17:30) BY 7 AR
e, HORTER A (12:40—13:10) , G 7E 1 d
IR 2 S (B S) o DIESTRAE 15,1617 .18,
1920 CHEA FIPREE IR 2 [0 A 1 & 1) 22 5% (d, =
6, F=5.207, P=0.000 < 0.01) ,18 “C AT H ik
{:7.960 + 3.3971(3~15)t - 30 min™ - ;7 78% .
80% .82% .85% .88% .90% .92% .94% .95% .96% .
97 % %5 AN R BR 52 1808 HE 22 (] A A 2 35 i 25 57 (d, =
11, F=6.906, P=0.000 < 0.01) ,78% I} 15 %) H:
FAE :8.786 + 3.5121(5~16)t + 30 min™ - £, Hi4E
B0 ALY A TG B] R A [R) PR B IR 22 (1A W
W25 (d,=6, F=17.176, P=0.000 < 0.01) ,7E/
7] P05 00 B 2 ) W S I 25 5 (d = 11, F =
19.485, P=0.000 < 0.01), AbFHAF [B] 1 IR 5508

(t=3.198, R=-0.074,P=0.001 < 0.01) JaJE (¢=
1.979, R=-0.046,P=0.048 < 0.05) Z [ # A W2
Y R DG
2.4 HExE

TR IR AR T 45 SR 4 B2 15.013 =
1.059 (1.03 ~ 54.00) % £ 10.615 + 0.965 (0.78 ~
37.78) %, bR F W T N IR (d, = 174,
F=9.298, P=0.003 <0.01) .

3 ik

31 ERUEESMEX

AR5 3 B R SR T R AL (1) 46 3 WA R AE 1 d
AL LA A5 Ak 1E 16:40—19:00 8] 34 3 &
g, b B RIAEAL T B B A RDIRES (N R
RUAEIRE Sk 1246 625 TF 24 B AE A ; Rl %%
TUAEARE SR I 232 A0 0 T B RIAE S 28 AL
PRAEAEAT ), H AL B o3 W R AL 43 0 i /D | B
o A E) P AEAS TET  RIE E TR IR Y
TR A A e R W AR AR B, BT T
BT Z B AE BT AR WA, XA F) TR R
TEMTER LR, IR A A T B2 TR A Sk 252
K. FA(16:40—19:00) , 9 51 48 1) 45 28 43 Wh
RYGRF|RIE , KB B2 IE A6 25 06 Rk |
ReJE P, KR A6 RO R Sk T S T kA 2R
RS (RGN T RAACAR LR ) s h AR B e 1)
VIAE R 2 3k B &0, i /F (13:00—14:00) ,
KREH T RAEAL T TotE" RS k2 enTm
FESL IR WA T A T4 52 400 IR 2 T 76 24 3%
ARJEZS B, 6 BL ], 36 TR 46 0 16 2 o W R T
B, T AR B e 1) U AEUR A DR AR, YRR
AT TR AL b T ot ARSI 1528 & 1)
DA FEA S TERK A, I A 2 o 10 3 56 11 R AT, ]
BRI e T A6 28 43 WA XX A Sk 35 A2 B i A
B2 WEPE B B, A AE A6 0 B0 B 2 1 R A A
PEBY BE, 55 B A6 A 1 82 fE R (Zhang &
Jiang,2001) , |28 RUAE 2 ME PR S 2 | R 00 1 e
B BEAT IR A A2 HE 300 A 1 I B/ T e A R T
HACH 0 AR S, — o R L R e T AR
B MR SL 4 2 sh LG

L2030 3t A 8 43 WA 2R ) AR Ak A 73] B 2
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Bl 4 PO FURPTRIERY I A, B. (e CARCRAE TR GIEE, LSRR 0, C. UTAEIIIR ) Th AR e
Ep PRI AN LT A AR ; DL USAERT, PR E RSB N AER ; B, s g e N R R AR E sk
2L TR F, G PAREEW& F2RRIEMAEE KL T RMAAEZ A I, Scale bars: A=1.0 cm; B-G=0.5 em,

Fig. 4 Activities of Apis cerean cerana visiting to two types of floral morphs of Amomum tsaoko A, B. A. cerean cerana flew

into flowers and foraged nectar, its body carried pollens; C. A. cerean cerana which foraged nectar during visiting flowers of A. tsaoko, carried

pollen on its body and there were pollen in its digestive tract; D. Before visiting flowers of A. tsaoko, there was not pollen on the

body and in the digestive tract of A. cerean cerana; E. A. cerean cerana sucked nectar of a cataflexistyled flower of A. tsaoko,

which stigma moved upward and anther discerned; F, G. A. cerean cerana sucked nectar of a cataflexistyled flower of

A. tsaoko, whose stigma remained downward and anther did not discern. Scale bars: A=1.0 cm; B-G=0.5 cm.

(ALK ( Deng et al,2005) , KM, 1684 — & 19T
AT 43 (Kayna et al,2011) , £ 40 WA R T
TERY RN B A5 A R AE | LS 4B B — A B
R AR, BN AR A P9 BT R 43 T 0 R R OR ek
(Rathcke,1992) , %I F45 fEAEY , 165 10 21 245 53 W

SN TR A TE O S | Xk T M A S S ) A )
S EE %L (Nepi et al ,2001) , 5B MEREEE S 2B
57 [) 20 B M 88 S 5280, W1 o R e S e 1) O 1) 4K
(Renner,2001) , TiHE sk % dhALH & —Fh 4Rk 00 5
TR 8 S o, 3 RS R 9 15 K 15 LL4EERE (Ren et
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Fig. 5 Visiting frequencies of Apis cerean cerana

in one-day anthesis of Amomum tsaoko

al,2007) . PRI b T HAH LA AL S g R R =
LB NI A TR B M iz 30, iz K
B AR EER 25 5, X W 5| B HURS B A% by | 4E e A Sk
G PLHA S
3.2 WEHHER

X T A5 BT W5 (1% B R A, v A8 0 2 A
Re R A T o T AR5 I 1 U5 AL R A —
KB =, 73 BI7E bR (12:40—13:10) #
T (16:50—17:30) , A5 AL X 7 B A Ak
LM ) 55 J& (Amomum sp.) (Ren et al,2007) | 1lI
%8 (Alpinia sp.) (Li et al, 2001b; Takano et al,
2005) A PR IGE , R T HAESRAE 1 d 4B
PEDIRERAS TN 5 1 T AT 2 VE T 19 5 o 7] B
PERAE LA AL B E A & A TR I A 5 158
HAEP A Ui E478)) (Takano et al ,2005) .

O 10 B e 38 8 17 o0 I o1 e WY, 8 0 1 A L
W T IREEIREE |, 2 B AT SR SRAT J2 0 1) B i if
ARETFUR TG £, PREE IR B2 B IG, W RE W T IR T &
AR I [E] B ( Heinrich, 1996) o 24 PR3 I B K i,
PRBU R B R 2R AU 1k BB, PR Dy o vy 1 iR 3
FECEAT B IK 3 1 T B 3 5 A (Takano et al,
2005) o AW R IL, FREEIREE 0 R A W
Mg rpr A g e R LS TR BE T B9 TE B, 78% Y FRBEIR
JE, 8518 °C By PSR IR I E 35 L AR S S B
2 1 B B AR N e A S e g R DT AR AE A 2 B

B4 452 B8 BsF (DR JE AR BIF 5 10 2% 07 A7 1 360 2 1)
WAL 13 :00—16;00 18] %) 75 38 H
18 °C , MV REH W T 78% (AEH WEL) . Wik,
PRI U 5 I B XA A 25 A7 R s i), 2 R 5 A
BEIE B BRI 2 — BbAh, B 7 AL A6 2 43 0k
1) B A AR AR OB 7 AE RS =X T B, R SRy 4
P W PR T AR A R R IR 26 R AY B A6 o I R
Z A W A S T AT TR A8 2 43 b £ A
R R, A, — 5 T A6 5 53 T R 32
Bl AR AW 225 55— 7 T2 IR EE IR 1 2
W, AR B MR ARG R, B A1 12.40—13.10
R BN — AV R W, X — W R A R T T 2
RIAEHIAER Y B - 28 B AE AT Sk 520 . T4, 4
BOP W R PRI  7E 16.:40—19 .00 8] ik 2] 5
W | I 5 | A 2 e AN WK Rl AR S, 7E 16 50—17 ;30
BN AN, IR, BRI AL 25 I B
TS, T T A AE 0 A Sk R 3R 1 E A 2 R A,
BE 58 AT I B B A T 2 R AR A AE R
TR AT A AL 2K . #E13:10—16:50 JH[A],
B RILE o3 AL T M S AL B B, 280 AL T
PETIRZS, OB B R Y R e S 3 rp AR i
VAN R B R, 78 S50 Bk T ERLifE, F
DL, WU 7 A A 2 R B 1 e Sk 3 il 52 ol 2 DE
B, A R T R B R () AR
3IERMEEMNETER

ZHKE S5 d LA, FRTF B IFRAR K, e 8 F ORI
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T T 5 B 7% (Cui et al, 1996) . 33 %6 ffif 7% (1) T
P RPRE AR I B B AT BTk, T DA, HEBR 3 28 46 1 LA
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B BRCRAE . AR L2 R R 45
SCRM BT T AR, v B4R T LA AR
PRAGIE 5 BT 5

TEH S I 2 B R ) A BEARAS B 5% ] 348 52
BT | - 3 B B R 0 45 R R I
(Rathcke,1992; Boose,1997) , AWF5EFRH , MALE
IR B AR B AL, RO PRI AR (4E) Z 15
AEREER, EHERNASRE T, 2R
TE By WA R 25 8 T TERUAE 5 16 5 50 W o R A
AR R Z B D 22 5 A R R 2 AR
AR, HEIRE G B R EP T 5
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RUFE R T WA TR (<64%) , B L
AIAET o WA R A0 1 e s Y BRI 2058 20
C I, Ho o WA AR GR B — A e, fh T X PR 5 iR
B2 R EE DGR AR 10 38 Ry U, X L B2 AL R
RUAC R AE B I AE L 1 d AR A BL B AS [R) B ) =2 ) A
W AR, BT X AT 4B S I — A
AE R AR BURRAE , A F 2R W B AR 22 [E] 2 AN R Y, A
EATEIRA L2, C A Do 16 % 7 i 3%
TEVEZ2 Ji B 300 A Y A [ A bR 22 18] A 3 22 57
(Pleasants, 1983; Marden, 1984; Wyatt & Shannon,
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Hodges,1995) , A£%8 b it 75 [7]— Py b (4 1 AL FI1HE
A6 2Z [8] 1 AT BE A ] ( Pacini et al,2003)

X TR BT, M /D & 1 AL e B A4 D A
PRACHE 73 WA 11 1 247 A8 A DN 118 Ak =22 T ) 22 S
KRBT FJE— DG, Bl E MR T R
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JaE P B B R 252
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ZHH ] fE 2 X — B Y H 45 R (Pyke et al,
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1992; Mitchell, 1993) , B |- 2% A PR 52 4L Y 46
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() BEHR P Y 22 57 , W] BB T E A TAE 5 2 I 1Y)
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B AL R E AR B VT AEAT N, e A BB
WRZIEZE SR L E 2R B, AR, 5
S 2 BUAE B 1Y 45 S R AE A R ARy Z ) I 3
ZE 50 AU, T RUAR B %) 45 S5 R AE AN ) 4E 1y Z [A]
AR YR B2 R 0 SR b 2 A 5 A
RIS i 1 AR AR 1 B 5 2 AR R (5
Wi ( Yang et al,2016) . 5 B4R A 93X — 22 51 AT
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H A0 % W R AE L 28 RUAE AR 22 (1A o 2 sl
FWES AR TE T AR Z AN A B35 22 5
XF T A [ PR E A A T — P IR AR .

XI5 ( Epilobium canum ) W) 3% 55 1856 26 01
HACSE oy W RS FE R s R TIL 1
(Broose,1997) . A% 53 Wb 3 58 748 Ak 19 388 4% IE 45 7E
FIE W E $E ( Teuber et al,1990) . = ¥ ( Hawkins,
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