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Floral sex allocation and reproductive success within
inflorescences of Delphinium trichophorum ( Ranunculaceae)
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Abstract ; Intra-inflorescence variation in floral sex allocation and reproductive success are common in hermaphroditic
plants, and several non-exclusive hypotheses, including resource competition, architectural effect and the mating

environment, have been formulated to explain this phenomenon. In order to investigate the optimal allocation mode of
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male and female reproductive resources between different positions in the inflorescence, through comparison of floral and
seed traits, the floral sex allocation and female reproductive success within inflorescences of Delphinium trichophorum
(Ranunculaceae ), a typical alpine plant of Qinghai-Tibet Plateau was investigated. Observation of pollinator
movements, artificial flower-removal experiment, and hand-supplemental pollination were also used to investigate the
effects of resource competition and mating environment on allocation of reproductive resource in the inflorescence. The
results were as follows; (1) From bottom to upper positions of inflorescence, stamen number, stamen fresh mass/pistil
fresh mass, pollen number and pollen/ovule ratio all increased significantly, while pistil fresh mass and ovule number
declined gradually, which showed upper flowers performed male-biased function. Seed set ratio of upper flowers were
significantly lower than those of bottom and intermediate flowers. The number and mass of mature seed per fruit
decreased significantly with the increase of flower position, indicating greater female reproductive success of bottom
flowers. (2) The flower-removal experiment improved single seed mass of the remaining fruits, but did not increase the
number of mature seeds per fruit. There were no differences of seed set ratio among positions after hand-supplemental
pollination of upper flowers, which suggested that the position-dependent pattern of seed reproduction within
inflorescences was attributed to pollen limitation rather than resource competition. (3) The protandry of D. trichophorum
and the directional visiting behaviors (from bottom to upper) of pollinator Bombus sushikini led to variations of mating
environment within inflorescences. All the above results indicate that intra-inflorescence variation in floral sex allocation

and reproductive success of D. trichophorum are results of adaptation to mating environment, and this strategy is of great

importance to optimize the male and female fitness for the species.
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mating environment

H AR KL 90% 11 FF 16 AF ) 2 M ) A
(Ainsworth, 2000) , HA P B4 14 % 5 53 iC 7] LA
G3 RPN FR 43 - W ) Re RN R PO BE . PR M T RE
Z AT — Fh AU O 28, BIDORE — b P | 456 A 110 3
N2 5 B 55— Bl i 58 A B4 98 2D ((Charnov,
1982) , M43Fd (sex allocation ) ¥R £ 3= Z 2 M HfE
Re Y BE 2% AR 19 35 5 B A0 98 S0 B IR AE
PR ) RE =22 [] 1) S5 P 4 T 1) AT (X 25 I 4%, 2005 )
PEIT RS TR A A ] A A P B 28 02 W] — 8 1 1Y
AN[RIAE Z [ 3 AT BEA7F 45 22 5 (Kudo et al., 2001),
AR DA P R R A RN B B Y
LR R E NS B TN D e T
2008) . UL AR AR T 1] T AL A W, HE Ak
TR R BAT R AE R B 2 IR Bk R 5
AT~ DL K AR B A6 43 IR Bk e 25, B AR A7 A
ARl A o | T O T e R
( Ashman & Hitchens, 2000 ; Buide, 2004, 2008 )
1] 35 0] FFAE AR, — M2 A S A =

T AR T N R 3R 38 R S o T 25 S i D
LT, EEAA LT IJUM#R, (1) 5k S

(resource competition) ;- FF L sk 4b F L A7
AL (RE I 5 FRoR IR DG G 7 PR IR ) B8 I8 A%
e B WK ) i 4 A 3 ( Thomson, 1989 ; Guitian et
al., 2001) . WEUETE G T 3 B Y A ] A0 8 [ ) %
2% 5 2 A6 T PN M Ik Dy e 43 A i DR R Ry
BEUEA R XoF ME A Ty RE B 52 e AN (W) AE G T
TIRE , 4k 5 1 1 T B8 1) A B2 AIK (Torices et al. ,
2019) ., PRI, BRVE TN 7E 5% 5 50 A2 09 AR P 0 B HL
A s R 1 1 S T T 9 BIR ) ) 7 R A D e 1Y)
P48 ( Brunet & Charlesworth, 1995), (2) %54
R (architectural effect) : 467 N AS [R] 57 & 8] 46 19
T 25 R ETE I T 1 22 S 2 b AR Y Sl AS B [ A 1 45
AV RR AR T2 114, A WA 6 IR 46 1) 72 Ak i A2 Ak
(Diggle, 1995, 2003) . Z5H RN Ny, 1A 9 A
Kk F of B rp S8 45 B AR 1Y 2 4K (Midgley &
Bond, 1989) ult izt ¥if; 4 45 45 14 (19 25 4if ( Wolfe &
Denton, 2001 ) 235 BRI T Iz i 205 AL 7 2k
TS 21 TOU A8 2% T AR AR, DATTT 8 g A B R A A R SR 52
R 2 F/ AR A R ALE, (3) 38 AL FR B
( mating environment) ; JFAE R [R] | (1) 22 53 5l AL 4 &
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() 7€ 1] 1z 1) F] e 7 BUAE P N AS [R) 7 8 Tl A 2k B 9%
BB RS E A A R (Brunet &
Charlesworth, 1995; Wiggam & Ferguson, 2005 ) ,
Brunet & Charlesworth (1995) A K, # ¥ B T 315
SRR B M e 1% 5 B2 B R BT [R) %) A I 20k
(SR N B 22 | T A8 W 8 5[] 1) 48 07 322 %) T
MEIBAEZ

XSRS, DA E 45 5% X R A4 A7 7R
B 22 57, R i) 2 A K A 7 e it vy JE R ) B
SR g LA ) 2 SR BTG R 118 5% R 4 T S s fifT LA
A it P A5 S R A 3 S B A O A (RS TR AR
TP IA) BT, AR 4 A DR 2 1 5 Rk L, B R4
A€ ( Delphinium trichophorum ) 4£ ¥ P A [A) 6L & B9 46
TEACTE R /N S A TR AR LA BT AN [m] 400 2 4
FETF P A () 57 [] 1% B 58 5% 8 IC 7T RE A7 12 22
St o P A SON B AR 48 A AL 7 N A [) 6 8 0
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1.1 #FR B

AWFFETF 2016 4 7—9 H 18 F Bl 24 e i b
R FER AR A R G WE STl (LA R BRI L )
(101°12'—101°23" E,37°29'—37°45" N) [ff i IF
J& VA A5 7 G s D AR G B A T 9 T L R
BIAM TR EL B8 N, A8 3% Ll A6 2% e 14 7R Br e
I b 1) R SE T RT 48 P B, il bR T R VAR R
3200~3 600 m (S50 HE MR R R 3 220 m) ,
DU T B A0 3% Ll R B8 e i AR g R A i A
ik, WEAbG TE I W00 2R 2 4y AN R R —FE 2 5,
BB KIMIES BF N S5S—9 A, M7 HA
SRR 1001 °C BB 1T A H-15.0 °C,4EF
¥IR-1.6 C, FFHBEM & 560 mm, 17 2= 1
T AR TR 79% , RIS AU o 7 5 v R

LR () M vy PEAE 9 . 4 BB AMF (Potentilla fruticosa) K
@ﬁﬁﬂ@%%?@%gﬁ]%Hu%ﬁE(Kobresia) Iz
Wy b R B e T R ) (AR DRAE AR 2004)
1.2 s #

TREMEBRARERNZHEEEAREY
(K1), BRI K 6~30 cm, BAZAE,TF
PRIy T 25 25 e 5, R 8 IR e 6,
PEME 2 R ALMERE 2, HESE 250, 0 F2 3, BARELL
F A2 R AL TE 8—10 H
1.3 AR A&

T AR R AR Y il ) 07 B /AR B = A
X353 R H A EF 3 (Kudo et al., 2001)
1.3.1 J6 /7 A R R B 89 fe 3045 42 (ERHAETTAE
T BEALARIC /AR BRI #23T 19 20 A
Po TEAE RIVKS TF 0 AR BORY I KU IBRCH: 32 46 77
A AR IR ATAE FAA [ % W (48R DAk -
LR - KRR =5 : 5 : 90) (Zhang et al.,
2012) , ENGETHERY BRI EREL . (1) #HE Dafni
(1992) W77 ¥ , PR B A AE 25 58 3 WE S | (1 4E K
56 A I B AR R B, I DV SR TR R 50% & T
EARF 5 mL B P, S50 55 PSR U s X
10 nL il T2BE A b, 76 40 50627 Wi T~ 4e it
AL B, R 10 K, JJq RIG B 461
SAERYEL, () TEEI A b B T A AR
(0 B FER R U T Ge it A AR R i IR Bk AR
S5 S Ak 24 A 00 46 by B0 DL B 09 IR B, 15
ALK IRER L ( Cruden, 1977)
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Fig. 1 Inflorescence of Delphinium trichophorum
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Fig. 2 Pollen and ovule traits among positions within inflorescence of Delphinium trichophorum
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Fig. 3 Stamen and pistil traits among positions within inflorescence of Delphinium trichophorum
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32 MERAREHMNLEAETK

FEVFZ m LA, A B AR ) 2 ik 0 2 AR
SR R AR BRI P 3K 2 — (Lee, 1988; Korner,
2003) . BAREALN LI AEE N TAMZ T L6
o AR E R, U AR A2 B T AR R BRI
S R A0 S TC P 45 AR U0, 7 e A S AR A
S By B A R P B B A E PR o A AR R =
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Fig. 4 Seed traits among positions within inflorescence of Delphinium trichophorum
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i B 2 1o i L A oA R S0 A i M | 16 300 A8 D
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52 ( Brunet, 1996; Kudo et al., 2001; Hiraga &
Sakai, 2007) . 40, Ishii & Harder(2012) X 4
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BE A T AL IR T B % | - 22 g e A ) e 385 508
T JARBR 508 /b, [) B e e B0 2 ey P 3B 4
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RIS K B, A6 77 PN 5 06 T TR 1 A6 AT B K 1 I
SO RS R ) O 1 ST A TG A I TR) e R (2
4 2016) , Huang et al. (2004 ) Hb#¢ T MM S #uig
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33 EMEEREHSHHNZEFMETWL

W1 M e S 3, A oy 5 AR AR A Y SE ) D5 B
U 23 AR ] 22 TE B 5 19 22 5, DT 52 Wil 1 4 P
#5L ( Brunet & Charlesworth, 1995 ; Harder et al.,
2000) , X FWi I AERBRENL AL
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K5 e snikag
Fig. 5 Pollinator Bombus sushikini
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Table 1 Seed traits of control and flower-
removal treatment (x+s.)
5 gy S g
Flower-removal .
Ttem Control Significance
treatment
AT 0.379+ 0.402+ P<0.001
Single seed mass( mg) 0.063 0.063
RE TR R 52,760+  52.770= P=0.755
Mature seed 1.025 1.001
number per fruit
KAMFE/ R 22142+ 24.074x P<0.01
Mature seed 0.440 0.455
mass per fruit( mg)
SRR 0.728+ 0.733+ P=0.335
Seed set ratio 0.004 0.003

I PRI — B 41 R AR P 5 3 31 L 0 ) Ot
Vide, ARV A T LAY 1] as 3, A
SR 2 L AN IRAE R, A A T B
EVE DI RE 5 0L 3 46 76 1 453 25 8 T I RE A8 45 5L
KAEAEAT , AR T8 9 R/, S BUE R D) fE
e, 0 T AT A A ME MRS 5, B R AR T
RS0 O O T 60 400 4 O 1 1R 43 C . D A, X A
FEFF A 53 38 1) 5 1) 3 ) L e B M 2 3 [

SEACE Ky i B AR B> AR ARy X R
FAEAL EARAESE A R BUR R FEZ T A H A —
SE BAT G by 5 E 10 Ui AE R A D R BT
ABARL Y 45 5 9110, Kudo et al. (2001) % Corydalis
ambigua WIWFFERYT, 4617 P TG AE b - %0 ek 2>
SRS AEAE R R O EE DT ER R (—
o g e e ) S DA A JEG 340 38 0% 1) U 17 4E 114
SLIGETN 55 (2011) X 5y v & 5 ( Ammopiptanthus
mongolicus) H@ﬁ%kfﬂ,%ﬁmi%ﬁ%ﬁéﬁﬁ\%
FFZRIAD ot 1 AR Y I KU AR Y ARk 5
SE s S AR IR IR G, EAR RN, BARE
AEAETY A S JU0 06 Ol fE 1) P 73 B RE B FE — e R |
W/ P A by 5 S 1) 32 B3 Y [ R S AR R, B
ALK PT 35t ( pollen discounting ) FIl R ER T 45 ( ovule
discounting) , M\ Ty 2> fE i 38 5 BE AR Y

4 b

LR L BTIA oy TR S S T AR R A A AL B
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