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Abstract: The discontinuous distribution between alkaline limestone soil with high calcium content and
acidic red soil with low calcium content is characteristic of karst areas, and strongly affects plant species
composition in natural communities. Whether the soil types affect plant reproductive success, however, re-
mains unknown. Two populations of Corydalis sheareri, a species commonly occurring in alkaline limestone
soil and acidic red soil, were investigated. The soil properties of the two habitats were examined, and flower-
ing phenology, flora traits, floral visitor types and their behavior, breeding system and reproductive success
were compared. Organic matter, total nitrogen, total calcium, and pH value were higher in the limestone soil,
while soil moisture content was lower than that found in the red soil. Floral longevity was not significantly
different between plants from the two habitats. However, plants found in the limestone soil were shorter in
height and bloomed one week later with a shorter flowering period (4 weeks) than those found in the red soil
(6 weeks). Floral traits (inflorescence size, flower length, opening size, spur length and stigma diameter)
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were not significantly different between the two habitats. Corydalis sheareri was obligately xenogamous,
with sexual reproduction dependent on insect pollinators. The major floral visitor was Anthophora melanog-
natha, a long-tongued nectar collecting bee. Bee visit frequency and seed set per flower were not signifi-
cantly different between the two habitats, but fruit set per plant in the limestone soil was significantly lower.
Our results indicated that, no difference in the seed set could be explained by similar pollinator abundance,
while the differences of flowering phenology and fruit set could be caused by differences in the soil

properties between the two habitats.

Key words: Corydalis sheareri; soil property; flowering phenology; breeding system; fruit set; seed set; repr.
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5 A ) SR TR R ) G e 3 S s PR SR R A T 8
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5, 2012). DAMERIWFIE RN, —SLE Y
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ZGHAME SR B R . ISR AL Ry & 1) T B R A R
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2004; EEMZHE, 2017), MR A A 1ER
2K &3 (secondary pollen presentation) f45 5, Bl
ek AL 24 B 5 78 B A Sk S R 2 1 180
S50 E, FRHUIREE I RIS ER
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Fig. 1 (A) Plants of Corydalis sheareri inhabited in the red
soil (acidic); (B) Plants growing near the moist limestone caves
with moss (calcareous); (C) A bee (Anthophora melanognatha)
collecting nectar from C. sheareri; (D) A hawkmoth (Mac-
roglossum corythus) sucking nectar from C. sheareri.
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Tablel Comparisons of soil properties (mean + SE) between the limestone and red soil from the two habitats of Corydalis sheareri

T #RM: Soil property FeA R Samplesize fRE T3 Limestone soil 413 Red soil T P
47K Moisture (%) 3 21.73+0.98 25.15+ 0.62 2.95 0.04
HHLF Organic matter (g/kg) 3 61.10+ 1.36 2837+ 1.44 —18.36 <0.001
478 Total nitrogen (mg/kg) 3 214.36 £ 7.31 87.46 £ 5.89 -13.53 <0.001
4% Total phosphorus (mg/kg) 3 11.09+0.81 13.32+1.14 1.52 0.20
441 Total potassium (mg/kg) 3 12135+ 7.17 110.06 + 6.45 -1.17 031
44 Total calcium (g/kg) 3 28.62+3.84 318+ 150 654 0.003
pH 3 7.75+0.12 6.29 + 0.08 -10.27 <0.001
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Fig. 2 Flowering phenology of Corydalis sheareri in the two
habitats with different soil types
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AFEAEST, RV RMEEAGREZRL =
1.25,P=0.21, K3).
25 EMXW
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2.6 Tﬂiiﬂﬂ%ﬁﬁklﬁﬁ’l ]
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Table2 Comparisons of floral traits of Corydalis sheareri from the two habitats with different soil types

FEHFHFE Floral characters FEAR Samplesize 403 Red soil fAKELHE Limestonesoil T P

Hibk=E Plant height (cm) 20 348+18 302+£13 —2.08 0.04
%465 Flower number/inflorescence 20 20.6+0.7 19.7+0.7 -0.95 0.34
1K Flord length (mm) 20 27.96+0.24 27.39+0.22 -1.76 0.09
FFH A/ Opening size (mm) 20 13.02+0.27 1245+ 0.23 -1.62 011
B Spur length (mm) 20 17.45+0.15 17.12+0.17 —-0.98 034
¥k E4E Stigmadiameter (mm) 20 154 +0.01 1.49+0.02 -1.86 0.07

3 WMERSHEEAEERMGERRILE. ZitER GLM o, B—3FRFERREAMLTEEELTFERH

EBEFREZP <0.05).

Table 3 Floral visitor types and their visitation frequency to Corydalis sheareri in the two habitats. The different letters for the same
column indicate visit frequency was significantly different between plots for the same floral visitor at the level of P < 0.05 by GLM

(Gaussian distribution and identity link function).

et Syt P WLEZ N 18] B Ui I REAER /I Visits/flowersh
Soil type Plot Observed censuses (0.5 h) 2% Anthophora  Z#% Honeybee K Sphingid
AR ML Poolside 14 0.19+0.02% o° 0.10+0.03*
Red soil §434 Roadside 16 0.16+ 0.03° 0.07 + 0.02° o

M 7% Yad'scorner 16 0.24+0.03° 0.11+0.02° 0.16 +0.04
AR TS Near the cave 12 0.20 + 0.04% o° 0.05+0.03
Limestone soil Fisi4b Stony crevices 16 0.11 + 0.03° o° o

filli/ME Stony pathlet 16 0.17 + 0.04® 0° 0.12+0.04®
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RPN PEEFRREER, *RTREMIIEEEHE
K SEMEMIFOENREMENREEREES.

Fig. 3 Comparisons of visit frequency among the three floral
visitors in the two habitats. The same letter (case-sensitive)
means no significant difference between the same floral visitor,
while different letters mean significant difference of the same
floral visitor between the two habitats;, * mean visitation fre-
quency of Anthophora melanognatha significantly higher than
the other two floral visitors.

2.18, P = 0.04); Ifif1 2% 358 b (1 it i () 45 %
(66.9% + 2.3%, n = 30)-5£14% b (1 &5 FF 23 2 8] ) 3%
A Z5R(t=116,P=0.25).
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WM i A8 (Olsson & Agren, 2002). #il4n, @it
[7) Jif [ie] 52 5, OlssonAllAgren (2002)%} £ 45 4F B A
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TBEAFF TR B, SRVET v 2 B 1 X () T JE SR AE 5
ARG o A I AE A %o - SR 85 IR 3 (3
IR0 FK 23 25) AR Akt 25 77 A AN R R FEE 1) S
¥ 1 R %5 (2003) X AS [F] A= 458 H (1) 7 H 26 (Mikania
micrantha) i) FF 1€ 45 S WL 2% B, 3R ) B,
HoH A MIFE SR 2, WM N, T &
B 2 308 v 9 ) e R Bt A 2 855 b A8 R R 4 O
i o ELRIE 92 22 W, it BT ) X7~ AL P o A v A S
F (MRS5S, 2010). HEYI N 1 AEK 53 i E FR

Bi v AR A7 8 o i K F i (Kazan & Lyons,
2016). McMasterflWilhelm (2003) & FIL{E 5 A ™ &
(RI7K 53 B 2 AR, ZINZZ (R T A B RN BG40 Sl B
Xof R BE (78 40 HEE) 2 AT L3R MG KR, I & FEE
MEE iR . XSRS RBUR M 3M — A RLAR
TEPII7K 53 I ia da i) e 56 25 SR FIAE R B, 7Ky Jiie
FEACTAE A FIREE AT, JF HAE RS2 8] 44
JH(Aronson et al, 1992), {H &, Z4EAEMYITEK 5 b
BB T IT e fige R W 82 4 RATAE 5 810 —4F A
FEAAE DI T 45 AR . KT (2014) % A [l AR
1% /N H % (Cancrinia discoidea) 477 fig W 7 B,
FE LIRS KE P AES S, N RAENIE L3S
IKEARH AR 5T Hh AL BASE AT 56K o FRATTRF P 2E
Birh 20 AR RO HUR G R B R, A A S
+ R T AR TE A LR M 4 3 ROHEIR, KT
WERRT, A8 R S (R 4540 (E2) . A FTIR L
B PR AR AR BRI AREE S 22 km, YRR SRS
WA ZER, MEEESMEKERGHEER, &
oA KRR R 0 E AR B, I
IR, A SECENMEE NG XU A K
b A B XS b B ) AR A M B A B R ) e
EH.
32 ARHEEXTEEBFFERI 2N

TEHRAE AN e A 1 B (e k5 52 K5 55) 1)
R IhZR (Waser & Price, 1983) 5 i X3k 14 21 i fll i
4 & (Conner et al, 1996; Thomson, 2006), [A] 4k
SE FLNT AP B AR THE (U B Y BT 22 ) HE L RE 77 11 528
§5(Herrera, 2005; Fan et d, 2012), Ak, £
TEA R A58 AR SR E o 8 A7 A B3 22 5% 9l
X6} P o A 458 HHGEAE (I ris japoni ca) AL BB HREAE 1) EL
BRI, AHLET ARG Mo AR 5%, A7 AR A 355 r g b e
T EA KM 14 e (£ 7k (4%, 2010). XF 7Y )11 35
VA PR b AR 558 A D AR S T 2= (Phaius delavayi) 1
TRFAE LA I, ARAR A B (0044 5 45 4 b
AL, B RA 25, HEFHEKE
PE (B R A 2245 %, 2013) . 4T LR AN E HIAEY)
ME, AT AN [E] A58 (R Moie I8 v] RE T 4%k 2 R0
MR 22 5, JUH 2 F M 83— A8 o A
X 355 1) S B P A SR 48 0 3 3 I JR) 8 B A A
" 58 215%$ (Johnson & Steiner, 1997; Fortuna et
al, 2008), [Alit, Ab-T-As[F A58 5 P AT BE i
IS J ALK 2 AL 49 A1 1 2 (Robertson &  Wyatt,
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1990; van Kleunen et al, 2007; Huang & Shi, 2013).
FATTRS P b A2 358 %) M T 0 A S R A 0 R 2
R, BRI KA I8 F A K Hb R B 7E A
PR ey AR BRI S EAR AR
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33 AREEMEHMEIT AN

R A TR A B A A A 49 N 20 B e B HR ] A
NS R AR AL I %%, (HR ZHT 5Tt EI
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ViteAT NA IR REdg . BN P H- 8% (Megachile) %5
KWy S L i 2R R 7] LLRSCOA HAT XA ¥y # (Ohara &
Higashi, 1994; Kudo et al, 2001; Wang et a, 2014;
EEMENE, 2017). £ E(2014)% 404 T A
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