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Preliminary Study on Floral Syndroma and Breeding System

for Five Species of Rehmannia (Scrophulariaceae)

CHENG Yongqin,ZHAOQO Jianhua, HAN Kai,ZENG Shuyun, HUANG Jing,LIU Zhanlin*
(Key Laboratory of Resource Biology and Biotechnology in Western China, Ministry of Education, College of Life Sciences, North-

west University, Xi’an 710069, China)

Abstract;: Reproduction isolation is the basis of species preservation and divergence, but little is known a-
bout the breeding system of Rehmannia. We studied the floral syndroma and reproductive characteristics of
the five Rehmannia species (R. chingii,R. piasezkii,R. henryi,R. glutinosa,R. solani folia) through inves-
tigating the following indices in field: flowering dynamics of natural populations, floral morphologies of
flower organs,nectar volume and sugar concentration,out-crossing index, pollen-ovule ratio, pollination and
bagging experiment. Our results indicate that: (1) Rehmannia species flowers are hermaphroditic. The flow-
ering duration of a single florescence was 5—7 days,and the whole population flowering duration was 40—
60 days. There are distinct difference among the five Rehmannia species in inflorescence types,floral char-
acteristics, flower color, pollen amounts and P/O values. We found that R. solanifolia were pollen abor-
tion. (2) The evidence of the out-crossing index, pollen-ovule ratio and hybridization experiment supported
that the breeding system of Rehmannia was belonged to cross pollination system, partially self-compatible,
with no apomictic ability,and pollinators required. We also found there was vegetative reproduction in Reh-
mannia,especially in R. glutinosa and R. solani folia. (3) There are nectaries on the base of Rehmannia co-

rolla and they can produce nectar with higher concentration of sugar,and this also supports the existence of
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pollinators. However,we did not observe any effective pollinators in Rehmannia species except in R. gluti-

nosa with bees,which might be due to the scattered individual,isolated habitats and the bad weather condi-

tions during pollination observation. Longer flowering duration could compensate for the insufficiency of

pollinator wisits. According to our results,we suppose that the different flowers display of five Rehmannia

species possibly attracting distinct pollinators, together with genetic, geographic and ecological isolation,re-

sults in the differentiation of the breeding system in Rehmannia species.

Key words: flowering characteristics; breeding system;pollen-ovule ratio;outcrossing index
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Table 1 The functional floral morphology of Rehmannia species
pURRTE] K H i # 240 4 5% L st 8 ¥ i I b 8
Ttem of observation R. chingii R. piasezkii R. henryi R. glutinosa R. solani folia

Tl bk FE Plant height/cm 52.67+18.30b

FEE 5 A5 4 B ins 4N W~k
Petal color changes Light yellow—Violet red  Light yellow—Pink
% F Y Ii] I i 7% [i] I i 7%

Flower organs wilting order Simultaneously Simultaneously

AL B o JF it £ The opening 8. 7h 10. 4a
angel on the base flower/

eI .

Qﬁﬁﬁ,’;ﬂ], ﬁgﬁﬂ\ﬁcﬁ] (,o.rolla hf)r 1.04b 1.08a
izontal axis/corolla vertical axis

PRt/ KAk 2

Column/long filament 1.10b 0.94¢

T/ Rife 22

Column/short filament L 44b 1. 26¢
(iSRRI A RE—~k RE—H
Stigma color changes Light green—Light yellow  Light green—>Orange
K3k Bk Stigma shape 2 K4k Bilamellar 2 Ik Bilamellar
M W F £ The percentage of 394 97¢ 76+15h

pollen abortion/ %

118.50£13.97a

68.17+6.15b 65.00£20. 34b 68.00£21.15b

W B W) e 2
Light yellow—White  Rose pink—Light yellow Rose pink—>Mauve
I B IR I B
Simultaneously Simultaneously Simultaneously
10. 9a 10. 4a 8.7b
1.02b 1. 08a 1.08a
1.17a 1.10b 1.21a
1.48b 1.49b 1.56a
&L W& H WH—EH

Light green—>Light yellow Light green—>Light yellow Light green—Light yellow
2 J Ik Bilamellar |7 7% Round [7 7% Round

38+28¢ 5349c 100a

A ARNG P28 2 5 835 (P<0.05).

Note: Different normal letters in the same row mean significant difference( P<C0.05).



2

PR B 45 5 Pl BB MR ER A S 5 B/ R L MW 0 ¢

407

100 %0 , 41} 1 25 (AR T 36k 76 0 o 1 B 19 A6 A
B RN 53%, K BB LR ME RN 392, )
JbH R B 2R 3804,
2.2 TEEHNNE

b B J AE ) 1 A6 AE T e AR A WA AR S
B MR AN A 6L BT AR AT LR L by T om i e E UR I
WG A Z W AT K AL T 2 A A W
K R A I A X 4 b Y AR A
v B2 00 R 5 S L o e (R 1, AD RIOBE MR B (I
1, B) 2 A S AH L. A 8:00 I 32 i I &, 12:00
A 3 38 g o AL B JS 2 T R . NI 1 3R AT AT LA
F 50 At b B RN M ) AR A 2 (HE I E 1Y
Wk FE & b 38 1 A6 2R R B A R A1
2.3 EERGEMWNER
2.3.1 BETMEREH KK AFEEYME
Ky -WRER L (P/O B ol LR BAE Y AR BB RS
FKA, MR Y5 Cruden P/O HFEH &R 4 19 X R &
U gk 2 Fras , R HHE W P/O BN 220,14k
LB P/OE R 2524 T 31.9~396. 0 Z ] , B F
RGUJE T HME A A Rt 5 P/O (R 456, 3
#I P/OfH R 400, 4 F 244. 7~2 588.0 Z i), &

HARYE TR .
BBOEANHE P/OHE.
2.3.2 EXXERBNIRER (DEFTLAA
w25 R AT BY 452 400 40 3 — 25 1ff 2 b V% T8 A
YNERRGRM, £ 3 B8R, X
EARAE G YR W59 Ui B b v SR AR A A AE T
filA AR B s R H M b T R ) B AR AN
55, M B AR A LIS S, BARSEMET
A% 4 RN T S R S R 452 B 1) 45 S 3R A vy R RN
HEMARIE SRR R ERME UL %
(DOATHRIERER 5 PB4 L0 25
RN 4 PR i 8 A A8 BIR G5 5 AR B e 58
AP BR R H 5 Y 1 AC M R b
9 IE A TOL, SEAN LR B A 4555 o it i b 2 AR A
VB TG 42 4 2 L R i R R AR I
HB B AR 2 T A B R ARG, o T
AU UE 45 S E B0 FRATTFI AR % S 45 5L i R g it H
R 5 AR K H Bl O A b B Y 1 3SR R
R F TR R 100265 K H H#E X 2 b % 1) 1
PR A R RN 100 %0 L A PR A B R

H1 T 0 - B AR R O€ 4

-a X H M 3% R chingii —e— Z4W M 3% R piasezkii —a— ] AL HL 3% R henryi —o— M35 R.glutinosa

181
161
141
127
101

A

16 % 5t Nectar volume/ 1 L

0 1 1 1 1
8:00 10:00 12:00 14:00 16:00 18:00

I} 8] Time

&l 1
Fig. 1

B W< £ Sugar concentration/%

457
401
35¢
30T
25t
201
15}
10

B

0 1 1 1 1
8:00 10:00 12:00 14:00 16:00 18:00
i+ i) Time

3 B T ) 1) 6 ek CAD R R BE (B)

Nectar volume(A) and sugar concentration(B) in Rehmannia species
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Table 2 Pollen-ovule ratio of Rehmannia species

i35 5
Ttem of observation

PNEE N
R. chingii

L0t 3 ¥
R. piasezkii

1L 2
R. henryi

o #
R. glutinosa

il P 3 8
R. solani folia

FEAEAE KB Pollen grain number per flower 88 0002 000b

189 600413 948a

307 640425 733a 160 70014 849b -

HAEEEEECH Ovule number per flower 400+50b 1074+63a 12934399a 402+45b -
HIREE P/O 220+30b 456+ 34a 252+72b 400+9a —
BEH R G Type of breeding system FA FX FA FX —

T FA M A28 FX etk 558 RAT AR NG P RN 2 5 B3 (P<0.05) s — RN ZRIE AR,

Note: FA. Facultative autogamy; FX. Facultative xenogamy; Different normal letters in the same row mean significant difference( P<C0. 05); —

cannot be carried out.

means this test



408 odr oY % R 36 &

R3 SHHMBERE ERXRATIENIBRNER

Table 3 Tests of emasculation, bagging and artificial pollination for Rehmannia species

S Tr X K HH# ZA0t 3 W1 5% il i I B
Treatment R. chingii R. piasezkii R. henryi R. glutinosa R. solani folia
(1) A4 ## Open/natural pollination + + + T —
(DR LIEELL— AZF Autonomous autogamy 0 + 0 0 -
() NTLIR# ALK Artificial-self-pollination + + + + -
(D NTHHFAERR Artificial-cross-pollination + + + + -
(5) AR &1 F R 1888 Natural-cross-pollination + + + 4 _

0 FRA R 5 + IR B R s — R AR AE AN AT

Note:0 means no fruit setting; + means setting some fruits; — means this test cannot be carried out.
x4 WMERBEVMBREZELEHERSIT

Table 4 Fruits setting and seedling rates of interspecies crossing of Rehmannia

£ 4 ¢ Female

e XA Wi B sk i
R. chingii R. piasezkii R. henryi R. glutinosa R. solani folia
KB R. chingii +15%) +(100%) 0(—) 0(—)
MW R. piasezkii +(100%) +(100%) 0(—) 0(—)
WAL EE R, henryi +(100%) +(30%) 0(—) 0(—)
HH R. glutinosa 0(—) 0(—) 0(—) 0(—)

M R. solani folia - -

0 R AR + R B s — R A A REEAT A 5 MR R R R

Note:0 means no fruit setting; + means setting some fruits; — means this test cannot be carried out. The data in the bracket represent seedling rates.
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Table 5 Outcrossing index (OCD of Rehmannia species
JURIISES PNEE Y Znt 3 2 L 2 ot i 3 2
Item of observation R. chingii R. piasezkii R. henryi R. glutinosa R. solani folia
1624 12 Diameter of the flower >6 mm=3 >6 mm=3 >6 mm=3 >6 mm=3 >6 mm=3

AL 2 OB 5568 Sk AT 42 390 01 B i) )
[ Temporal separation of anther
dehiscence and stigma receptivity
Bk 55 76 26 0% 10 i B Spatial

positioning of stigma to anthers
OCI i OCI values >4 >4
EHAGRY

Type of breeding system

Protandry=1

Mg i=1
Protandry=1

Z =1 Z =1

Spatially separated=1

Spatially separated=1

M =1
Protandry=1

M =1
Protandry=1

Protandry=1

=1
Spatially separated=1

AR
Spatially separated=1

=1
Spatially separated=1

>4 =4 =4

A WY [SSER L B

Outcrossing, partially self-compatible,demand for pollinators

B FALR 15 00 5 WA b 35 X< S0 by B 1Y 1F 38 77 AR 1Y
P 7 W R R 100%, A PR B T TR R
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