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Research on the Reproductive Characteristics of
the Distyly of Primula vulgaris

LIU Liu, LIU Yan, LI Jinfeng, ZHANG Lu, ZHANG Xiaoman"

(College of Landscape Architecture and Tourism, Hebei Agricultural University, Baoding, Hebei 071000, China)

Abstract: Distyly are usually self-incompatible and show different levels of fertility in different plants. In
order to investigate the breeding characteristics of Primula vulgaris, the floral characteristics, pollen and
style morphology, pollen vigor, stigma fertility, pollen/ovule ratio, hybridization index, hybridization af-
finity, and pollen tube observation of pin and thrum of Primula vulgaris were investigated through green-
house cultivation. The results showed that, (1) the corolla diameter, corolla tube length, stigma height,
anther height, and mid-tube diameter of long and short styles showed amphidiploid. (2) Pollen and stigma
observations revealed differences in pollen polar axis length, pollen equatorial axis length, stigma diame-
ter, stigma papilla cells, and pollen counts. (3) Pollen/ovule ratios of the long styles were 384. 20, and
those of the short styles, 369. 70. It belonged to the type of parthenocarpic heterosis; the pollen viability
and stigma pollinability of long and short styles maintained high viability for a longer period of time. (4)
The value of hybridization index of the long styles was 5, and that of the short styles was 4, which indica-
ted that the type of the breeding system was heterozygous, with partial autogamous affinities, and pollina-
tors were needed. The six pollination combinations were all able to set fruit, and the number of fruits of hetero-
zygous interflower pollination was significantly higher than that of homozygous self-pollination and heterozygous

homozygous pollination; the short styles were the affinity of heterotypic interflowers pollination combination with
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short styles as the mother was better than the other combinations; self-incompatibility existed in P. wulgaris, and

the self-incompatibility of long styles was lower than that of short styles.

Key words: Primula vulgaris; distyly; reproductive characteristics; floral morphological characteristics;

hybridization affinity
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1.3 #iEssE
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2.1 TEEPRASHFENRN

38 3o 5% A6 45 FA) 1)  BR L K i A S LR g
RUEREAE Y . KAEAEAE ke TAE 25, 76 465 1 Ak v]
ULCE 1, AVB) s J AR AR A SR I T A6 25, e 8 A 4K
FART UL (K 1,C. D)

H 2 1 Al KAEM AL B AR 3. 86 cm, A
AR 3. 74 cm, KAGH R TR AEH: 0. 12 cm, 22
SRR E KA ERKER 1. 43 cm, FAEH
1,55 cm, KAEM /N TR 0. 12 cm, 2R B 3%
KA B E N 1. 28 em, B AEHE N 0. 79 em, K
AR TFEARE 0.49 e, ZR W B E; KIEHEZ
= BEH 0,83 em, BB 1. 35 em, KAEM/N T4
64 0.52 cm, Z R B & s KA P ER N
0.37 cm, W AE M 0. 36 cm, KAEH: KT EIEH:
0.01 em, Z S B, 28 LTk, KB FUEIEH
AH R AL HB 2 [ AE A 25 57

<«—Anther

THE

“— Ovary

=k

*— Stigma
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o T
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A, KAEHEAETRIEZ ;B KACAERIIT 5 C AR AL TIE 2
D. FLAEAE F T
Bl 1 BR#E R AT IE S E
A. Pin floral morphology; B. Pin dissection diagram;
C. Thrum floral morphology; D. Thrum dissection diagram.

Fig. 1 Floral morphology of Primula vulgaris distyly

R RKEEMERER LR ST

Table 1 Floral morphological characteristics of pin and thrum
I A1 583 B9 5 A% Measurement and statistics K AEHE Pin BAEFE Thrum t

178 B 42 Corolla diameter/cm 3.86+0.56 3.747+0.57 1.523
AL fE K E Corolla tube length/cm 1.434+0.01 1.55+0. 16 6.185"
FE 3k 55 ¥ Capital height/cm 1.2840.03 0.790.01 15.319™
255 Anther height/cm 0.83%+0.03 1.35+0.01 18.574
B P ¥ B 4% Middle diameter of flower tube/cm 0.3740.02 0.3640.01 3.850"
WA Polar axial length/pm 15.62+0.19 24.08+0. 22 28.836 "
#RiE 4K Equatorial axis length/pm 17.0940. 18 25.5740. 18 33.328"
A HAE Style diameter/pm 1 570.584+12. 30 1802.33+22.16 3.076 "
Sk FL R 4N Stigma mastoid cells/pm 36.27+0.15 27.154+0.11 6.220"

e oxx RRTE 0. 01 KFPEREE, » RRTE0.05 KFEEFRFE.

Note: in the figure, ** show significant difference at the level of 0.01, and * show significant difference at the level of 0. 05.
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2.2 M HELNE

WA 10 6 AT R A AT AR R R 3 /0N, IR LA
FURL B ARTE TR R B K EKE , A 2 A
& BB 2 FAe A DX I 5 46 A ois 18 T 08 349 Sy T 6 15
B 2, ALC) s il T W3 2 3k B/E (K 2,B.D) ; 4b
RE 201 Ay AR e 2805 I R R o 2% I 0 oA i &
T8 5 K AEAE A AR B 4 0 R gl 4 43 00 R 15. 62,17, 09
e s A AT AR B 253 430l R 24. 08,25, 57 pm, K
AEBNF R, BB EZEF R D,

KAEAE M6 R AN T AR, S b B 3 22 7
(F D WA Sk R MR R BB MY L, B2 Y
B R (B 2, E.G) ;s 8 3k 5 16 4 %
FLAD 56T A A6 SEE Ay 241 Bk 1 0 DR 225 44, i A A
Sy R (0 DO ER 235 440 5 4 Sk RT3 A3 LA, K ABREAE Sk
ML AR B W K TR R D, W% S
I 6 A6 T 7 2 1 5 R AR K i A A A S 1 2L 8
B0 (B 2, F CHD S DT T 25 B [ 52 K A6 R 6 7 7= A
MR NAERS

A RIERETER . FRR =5 pm; B KIEELER . R =10 pm; CBAERELER . SRR =10 pm; D, RAERELER . R =10 pm;
E. &AM, #R =500 pm;F KR, R =200 pm;G. MK, R =500 pm; H. FAEH: A8 R =200 pm,
K2 JEmAEETES

A. Pin pollen, scale=10 pm; B. Pin pollen, scale=5 pm; C. Thrum pollen, scale=10 pm; D. Thrum pollen, scale=10 pm;

E. Pin, scale=500 pm; F. Thrum, scale=200 pm; G. Thrum, scale=500 pm; H. Thrum, scale=200 pm.

Fig. 2 Pollen and stigma morphology

2.3 TE#y/BRERLL (FEME S A SRR E

Wi A A AT SR AE AR Ry S S 18 425 KL, M Ak
FE 14 918 Ki BB B 22 5 AN B 38 (3R 2) s KAEAE
WREREL B 48. 00, JAEAE Ry 44. 08, IRER iR 22
AEE; KL P/O ol 384, 20, %6 46+ K
369.70,%% Cruden MR UE . BRIREMWEFT R4 T
etk AR,

F2 TEm-BEERLLE

Table 2 Pollen-ovule ratio

W45t 56 T (19 46 A PR
Measurement RAERE
and statistics

SR
Pin Thrum

BAAE SR
Total pollen
BLAE B VR B AL

Total ovule

LK / HERER L

Pollen/ovule ratio

18 425.00+£509. 60 14 918.004+364.16 8.105"
48.00£0. 68 44.08£0. 65 4.162

384.20+7.53 369.70£9.08

W% FoRTE 0,05 KFEELFEE,

Note: * show significant difference at the level of 0. 05.

FH 2R 3 R, AN [] A6 o S A A R 8 4B AT 4L
WG A AE — 0 25 5% AL R 0% 0 Bl R [0 149 28 AR A AL
KR AR I AR 06 ) FE A6 5 23 7 T & A
557 Rk R, 4 Bk 73,06 % F 79, 90% , SR 5
TRREAR 56 15 RETIEM R 2506 J1 . ARIFFAER I
FEAEREMRE Sk T B A — o 22 5 BR 2 e TS
Fefass, JHES 1 R KA C B& h SR E ]
B AR RE ] B AR TR AR 7~ 11 REF, K
WA B A m T B2 0 R AESE 156 R K VR AEAE Y AT
B m R A, ZF LR K AERE R AR 1R
3 15 F1FRE Sk T 52 R A A 4 IsF [ PN 2 4R 55 v T T
2.4 ZETISHMEMFNZ AT E NN E

HE4E Dafni X 2% 3¢ 8 BAG bR fE (GR O, K AEAE
A ACAE W PR B AR AE KT 6 mm, WAE N 346
G FF M S A r B Z BORR L WE R 1; K
AEAE AL 24 5 FE Sk A6 25 ) A B9 B R e 42 kL TR (L



1590 (LT A W 7/ = S 43 %

N1 AR SR BE D 55 JEAEAE B AE 25 5 4 Sk R AE
23 0] A R e (A Sk T AEZ R 7 BT AAE 25 5 4T
Sk AT RE AT H ik, WRAELA O, A% SCHRBUE Dy 4, IR IEAR
P& Dafni A5 E, B 00 B H RGER B A2 4 57
5Ty F S SE N i ALK

1% 5 TR AN R A 20 5 2 T 45 5L H 25 SR
Z A AE 25 5 FLR R B N S A R O B AS 1Y S5 U AE
)52 3 = (K AEAE g B AR 10 S5 R AR ] 452 0 > R AEAE A
AEF A FI AL AE S bk [F] 20 52053 = S AEAE I AE 520 Al
JEAEKE S AR [R] B B0 > R AR AL R AEAE RO XS 1R . 258

W 72 hon] Bk F By (B 3,00, K AERE 53 Bk ] B 4%
WA > BEAERY A B R AL RE 5 F 5 3 e b s J Ak
B AL By S B R[] 2 A8 H B R B0 8 25 (A 3,
D) ARG R B & S5 2R K R 5 7RG R 2 T W
E2ES . & LR BRE A A SR E KAERE
() A 38 AN S5 AR F A A A

R3 RBEEMBEASELTEERDLE R
Table 3 Pollen viability and stigma fertility test

results of Primula vulgaris

ek 1 Sk T 21

R L AL LS UL R 21 B Pollen viabiliy/ % Stigma fertlity
Sk IR 0 A0 R S B A gy S g g e, et RER man KR mRE
A ML T HALE A B X RB AT E A R 1 411345, 26 38.78-£3. 17 + +/
HR =PRI FE D885, 3 45,983,139 52.25-3.67 + +

R BRI 55 S e ], K AL RE S AL RE S AE 5 62255440 66.87£3.33  +/+  +
SR TE S I 1 K 26 TR 538 T B K AE B 7 73.06%3.31  7T9.00£481 /4 /4
g REAS g SR AR AR ] BERS AL RS AE 72 h N F s T 9 70,5242, 53 60.13%£2.92  +/+  +/+
B (B 3, A) L S5 16 AE R A f S5 700 76 [ 45 09y 16 0 4 n 19.565L84 43.0182.48 o/ f/+
ﬁ48hm§u3‘$¥‘%(@ 4)7#5}15}*2%%(@ 37B)9 13 21.50+2.16 11.05+1.75 + +
TERY R 11 £ K 3 B B s R AE AR 1 B B2 B Th B840 Ak e e O

T4 BBELRTIRHBMEN
Table 4 OCI of Primula vulgaris
L I IHE o e T LS e Oct fi

Observation index . ;
diameter/mm

dehiscence time and stigma

. OCI value
space location

KAEH: Pin =>6,3 & e 3 Protandry., 1 /3 Isolation, 1 5

4 AEHE Thrum =>6.3 JifE S ¥ Protandry, 1 A48 Non-isolation, 0 4
K5 ANIEMEIH
Table 5 Artificially pollinated fruiting number

e [F] 7 1 AL 8 5 bk R 4 A 5 T AE 5] #2493 X 1 I3

Style type Self-pollination Heterologous pollination Cross-pollination Contrast

K AEHE Pin 23.20+2.51b 19.74%1.51¢ 33.28+2. 44a 3.09740.37d 176. 964
JEAEAE Thrum 11.00+1. 83b 13.7441.40b 42.21+£3.21a 3.69£0.31c¢ 564. 354

t 13.632" 17.518 17.072° 1. 251

W WA/ PR R R 22 5 B3 (P<0.05) 5 x* FIRTE 0.01 KFE2EHF W3, « RI/RTE0.05 KFEEFWE.

Note: Different lowercase letters indicate significant differences among different treatments (P<C0.05); * Correlations are significant at

the 0. 05 level, ** correlations are significant at the 0. 01 level.

¥ 5 Ovary

¥ 5 Ovary

N

F /5 Ovary #£3k Stigma

B & 7 3k B0 48 07 B IR ER s D 7 3k R AR B &
B3 AR T7 0T R SO

The location of the arrow in Fig. B is the ovule; The arrow in Fig. D shows pollen germination.

Fig. 3 Observation of pollen tube {luorescence under different pollination methods
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w5 0.6l OT*T & TIxT1
U8
C, 051
B2
EE 04}
2 031
0.2t
0.1 L
0

6 1218
A I i) i R

Time after pollination/h
TXP. A X KA PX T, KAGH X E A P X P KA X
[R] R AE AT s P X PLL K AEHE X R R A AL
TXT & TIXTL. fAEH: X IR AEFE & AL X AN R RREAEAT
Bl 4 R[S 7 2UTF AR 45 9% O WL 1Y) A X B
EB B/ HER O
TXP. Short stylesXlong styles; PXT. Long stylesX short

styles; PXP. Long styles X long styles of the same plant;
P1XPI1. Long styles X long styles of different plants;

TXT & T1XTI. Short stylesX short styles of the same
plant & short stylesX short styles of different plants.

Fig. 4 Relative length of pollen tube fluorescence
observation under different pollination methods

(pollen tube length/pistil length)

31 i’
IR A B2 S T e 2
SN AL TR AE 09 Z BEE . BRI AR K A8 AR 19 46
5k AR IR A Hh R AR R T AR A 3 E A R
ST FIAILR o LR A8 By s ) 2 K AB AT 10 fi 22 L 38 fif
KACAE L R AEFE R 5| 3E 2 i i Ry L Bl E K
AEAE B AR & B2 5 AR AT I 4B 25 v JE AR, 53K 4
FE X 3 % 46 (Acantholimon alatavicum ) W) WF 5%
g — 0, gy LRI N AR OB e M A B A0 M LT
PE (6] I (2 i S B A8 1] 1 528y . 0 90 % I BR Al 7 4G
AEAE R ALK FAEAEIE 25 5 B AE AN [R] R AR AR AE Sk
LR B AEAE A 1S, 25 b [ 7 S AR HE 7 A i R
FIAEAT » RLAEAT AL Sk 0 FL 2 B0, DT BE 25 By [ 5 K
TEREAE 7 HE B BE/ I W AR B 595 1 4 55 AT 7 5 55
B (Arnebia euchroma) Fl 5 WiAw X} /R F (Primu-
la forbesii) (RIFFE 45 2 — 5, FERY I 25 AR Sk
FLIE Y 22 5 2 S HOTE By RS BT AE 1 B89 AN R] L DA T
Wi AR 40 ) B R R X A AR AR R W A AE ST
(Plumbago zeylanica) W AEH MEE 543k M )2 2
STy WA ALY BE DS L IR A S U - |

Hb A B ST R WIS S5 R0 N 5 48 0y AT Sk 25 44 A4k
AR,

R EX Y R B H b A S S BRI )
FAE Sk AT B2 Pk 2 5w 4% Ry B T 1Y BN R,
TTC G0 HAG PR  MER L 22 8508 = S5 5 0 BOR
JHig — 3t AR A Sk I i A Sk T PR R A v T B
RSN o RE Sk R AZAE S BB A LT M B 26 R 1Y
B R ANAE Ry A R . SRR ) S AR Sk R 4%
PEHB AL T i 15 3 I o 2 WA AL by 1Y B A I ) L 2
FE R 4240 5 B, A 1] T A ) IR 47 452 0 20K 1 7
MR AE B /R BR LE L 2% 52 48 BOfil I 25 2ROk & L WO
MET RGNS AZHEA . BAFERI
LRGN AZLARNET R
£SO /NP e 7 (N [ I (E e R 2 B 7
A ELAT 043 38 SR D00 e RORL A — s 5
WA [ 3R MY, 1R F (Primula ob-
conica)" RM A (Primula patens) " WAETE A
ZERAE . [ —JE AR 5 A A ) B E R AT
REW AR, 5 B AL PRI AT 5C , I AE /KAl b He A 4=
W B KAl ( Narcissus albimarginatus) Fl % 18 Y8 5k
(N. calcicola) , /2 H A EHAY, 11 3B P Z 287K Al
(Narcissus rupicola) & F 2836 FHY 52 A% Py Fh
e T RO Y AR X A B, B R R
B, R AR £ AAEM ARG, K
WO B A D) . BRIRFBF XA A R R EE &
G 0] A e 5 HL AR T S AR S R A9 S X B A — b
AT R B

A B I R W AEAE 1Y F 32 A 2R A 2
KT M . X 5 Massinga 55 AR 45 R, 7
o AL B A ) R K AEAE B — & 1 A 32 R A
P o 1M AE AR RN AR 1 A SER E I — B R
A 75 it — 4R 50 . 2Ot BIMON 88 R W], Tk 2 A
FEAERY S BUAE By 30 J2 53 A6 A By 3 RE A8 K AE A 1Y A
Sk B, H o S B AR By 4 0 R PR T AR S A
M AT AEAE Ry BEA A VR TGI8 F 2838 42 [F] AL S bk 52 6
WZ R RN B A B A TCETEAE L Bk,
55 HB & S A K P R A 1 g A R — B
TX 2 PR Ry R A AR 428 T AR A 8 1 A R X AR B R AT
RPN R AEAE T 48 B 76 4 Sk 3% W W7 & 1 B Be
XAE AT B . Tremayne X 4R F 1L J8 M W) 0F 5%
KB H AE BRG A A A AGKE B 2 R b B 28 BELAS & A
TEAE Sk 2R 0 J R T 75 5y 7= A Fp Y AR 4 R
H— LR T X —4518.
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