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Pollen morphology of triploid Salvia miltiorrhiza hybrid
PANG Junxiu, XUE Huifen, LIU Wanqiu, LONG Hong"~

( College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300384 )

Abstract: To study pollen characteristics of triploid Salvia miltiorrhiza (tetraploid S. miltiorrhiza {. alba X diploid S.
miltiorrhiza) hybrid, morphological variation of triploid pollen during the triploid process was examined. Triploid and
diploid pollen were observed at microscopic and ultra-microscopic level using light and scanning electron microscopes.
Pollen size and shape data were analyzed to determine statistical significance. The results were as follows: (1) Compared to
typical 6-colpate diploid pollen grains, triploid S. miltiorrhiza are 6- or 8-colpate, with increased number of colpi and
heterogenous granules on colpus membranes, and abnormal colpate. (2) Exine sculpturing of triploid pollen was reticulate
like the diploid. Both 6- and 8-colpate triploid pollen had no perforation or a few small perforations, whereas diploid pollen
had many large polygonal perforations in each lumen. (3) In terms of size, mean of the polar axis (P) and equatorial axis

(E) in triploid pollen were significantly smaller than that of diploid pollen. The pollen size of triploid hybrid followed a
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skewed normal distribution, and the coefficient of variation (CV) in P * E value of triploid was greater than that of diploid

and existed extreme values. Comparison data revealed variance in colpi and sculpture between triploid and diploid, however

no significant differences in pollen shape is found. Overall, the triploid S. miltiorrhiza pollen has more morphological

variations due to genetic effect of both ploidy level and heterozygosity.

Key words: Salvia miliiorrhiza, S. miltiorrhiza f. alba, diploid, triploid, pollen morphology

F}2: ( Salvia miltiorrhiza) 42 J& 1 F} ( Labiatae )
SUBHE ( Salvia Linn.) Z4F A A Yy, H A 18
AR ZE A ge v 2 B T 10045 5% i 28 1k 9
T BT B T 45 I A (T K 2 2 B 22, 2015) o 1S
SRR, A 20 tihad 70 AR HE A S E AR
RETH R T oK, TP S Dk as & o 2 3R il 2
K HYHEF A R, RS N TS, FH&MiE
F R A1 S AR B B KR LR, At 2
FPANTE , DT 5 B R R A% R IR AL 254 7
FISCRE T 6 (i LLAR S, 1995)

f 8] 44 22 ( hybridization ) 1 £ {5 & fk
( polyploidization) J& 5| Aist (58 R M EE TR, £
A it o 3 R AR S T P A D T T
TG 25 AL ) 22 8% A . 35 1 vk 9 AR 38 7
YIny& & (Salma et al., 2017) ., WA PFSHEEE N
TAER, ZAE R E B G T 1987 AR DA% R AE BE LE
FH[R]PEIR 7 260 AW Ak 2% 53 B i | 2 3T
PERE 7 00 F A A (R bR Sy, 1995) o A i
FELLEE AR bR R B B e S ()
(S. miltiorrhiza f. alba) YeOARINAS | UL DU A5AA H 16
FHEHERR R BEAS 5ok B AN TR i DR Z A5 R 2R 1E
P25 i E BRI R B9 P2 S AR R 2 A Fh
(BRJI 2575 24,2008 45 75 ~2 Rk J7,2012) , 1
EFFS (B ) T 2018 4F 2R IGE 4R 55 45 0y rh 4
FAEFEZ (S, sinealba) (ZEWRIRAE,2018) . —AFHA
FSEMBIES LRE T 24008, 5 51k
EIRRE Y N AU L WA SR S I O RN
B AR 5T S 4G 05 AE E Y LA b, AR IR
PF2 R e A AL P S AP 20 1, &
BT AR AR R CE A PR B AR 2
M &t S ToRA Z 0] (2555 22 MR 7, 2012)
“AERFI SR A Y B C N TR A,

AR e, AR ARG TR Sy AR 5 A Y
SRA KL PR B B 2 H At ¥ B b ((Ehlenfeldt &
Hanneman, 1984) , DA = A5 K40 4 7 VE 16 05 1t
KA H A B , AR A A4 T AR R AR K
AR (x,2x,3x) Bl -, I H H 58 J5 A8 (BC1)

TTE KB 5 R 4H 5 4H ( Marasek-Ciolakowska et al.
2014) , B (Populus spp.) F M, = AF A d 2
VERMR R B LT = A5 DU A (A R0 R S A5 A
JEAR (A4 ,2019) .

e th e R 5 i, 52 Hb 5 30 58 52 i 4570
FLAER A AR IS , S I R — A5 R TR ) i
RIECHE . DUAEAR K/ IR |28 L B AR R 58 B
GESHON ARG E AT 2 BB SR IE o K B,
A ILE LA Paeonia lactiflora W) PUAT AR S Fh A0 — A%
%&ﬁ%’%j@—éﬂ,ﬁﬁlﬁ]#u P. lactiflora R [E] EA
1) = AR S A A 5 — IR [FEEA P officinalis i
RAE T I —H  RIAEIE S 0] T A58l 2R 4 %
R EE I WAL E FHEHELHE F (Hao et al.,
2016) . FUEHJEAEYIE F N 6 18 46K (Henderson
et al., 1968) ., Maurizio ( 1956) #% i % Ji [l & #
(Salvia pratensis) Fl—EBZT.( S. splendens) ) 2n i &
AEAREI R 6 15,30 An fi RACKY PN 6~ 12 152
PR & 1B = A6 K (Henderson et al., 1968 ; ¥R
e 1978) , ULH BUR B8 09 245 1R 5 R ALKy Bl A
PERG I A v B K, B & o Ak
T R/NEGHZ Y DNA & 2 IE ARG FE DA IR oS
FEARSE ZAB AR A R S oh | Ry L XU AR (3 IR ¢
£ 1978) o R AR AR IR ALK AR Y AR
A DX )28 K T R () 4% 52 20 6 A% 1A I R 79 A6 4 22
b HEMR B T = A5 RS 2 0 G e AR 43 25 A7, A
FRAER T B A AN 1 G R B DT =A% 447
A RN — B AERY (2RI 45,2019 ) o X SEBFSTHR
T, A RIE R L S RESZ S5 AR 2, R 4238
FEE R SR 7= A AR Ak

AR S 23 B 2 A RN Z 28 A OB AR
AR PE 2008 % 2% A8 T 2 A5 AR & A i) 2 A i b
(IRPEHESE,2019) . ARSI SEMIEEC A #H
B (B AT A4, 19905 1 78 42 25, 2003) , 2 e 1A
(2013) BF5E T FH S RAAE ST S (2R 168 (B
S, ARSI U AR 2 AR LA
AR EIAESE 2 (A2 HY) Ry BEAC I 2 52, {H A By
B2 M AR AR 0BT o A SCUL ZAG IR 22h
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1.1 #l

P& R T S B 8 00358 P S RO, 7 R
R, PURF R F AT S x A5 R S5 44 A8 ik
H I = AR R B IT K28 A A Bl 22 BE Bk 1 3
FREW N ARG, 2R R R A B KAk
SRR E, FIRAM R AR, E R g
=11, R KA G, &K IE 3R
i 2~3 MRZE BRI 10~15 em, TFHSEHED
(2019 4% 4 H ) #5155 R | = A5 16 7 # [H]
TR IR FF 14 35 fif 26 4%, FHAR F R EBUIE 24, 5
BT TER 1.5 mL ELDE NRAT, —H50 ey
HF 62 W AU (light microscope, LM) WEE, ) —
W A6 25 T 3 # HL B8 ( scanning  electron
microscope, SEM) W%
1.2 /&
1.2.1 BB AR L DM, Kk
KRR 7 b 2Rk, 3% 83 R, LEICA
DM4000B i & & fi 55 76 (1 000x) ) HLEF T ik £
Sy HL ST AR KL, 56 LAICA DFC 450 504
MLFARE , FE FH LEICA LAS 54385 S 48 #3 1Y

KT,
PR WL . S BIUR S (2013) 5k K557

45 (2016) A FRAEM B 75, S A B MU bRl
JH pH=7.0 BEIR 22 vh il TR VE , SR 5 H 3% 1% — 1
B2, BT 4 CUKFERE A, [BE J5 ] pH=7.0 A%
PR 2% MRSV 3 R (BRI EIRR 15 min) , FREAT &
T BE At 7K (30% 50% . 70% 80% .90% 45 =¥k 15
min, Jo/K L BEEPE 3 WK, B BB 10 min) |, il 7K
SEREJE AT TR SRR RE S & I8 SR AT 15 45 X
AR A, ALK, 7F FEI Quanta 200 944
BTN SR AL By kL A T8 T RN AR T, 0 R 15 KV,
Pk i BA RN 8B A ALk R 2 i & AL
F I H A BE S0 DL K i AT A0 IR fdE H Adobe
Photoshop CS6 {4l /E I .

1.2.2 ##E5H STRERMBE T ARIES Kt
¢ WA FOER 0 A R B R 4 28, AL B AR 3B T
L) R i 0 (B AR by A6 A A il ( P ) K BE AR

EHI(E) S0 R 2E W 9E Jr ki35 P« E P/E
{B, Hob P« EARRIEN KN, P/E AREBIEH AR
R AR 10~20 wm J& T/NERY 25~
50 wm J& T 4 K/ANERY , 50 ~ 100 pum J& T K 4E
¥ (ETF &K E RS, 1983) , I JH SPSS #k 14
(IBM SPSS Statistics 25 FRAS ) 20 Hr 16430 2 B

2 R 59

2.1 BB GG ZEEEMTEXT
21,1 HAA PSS AR S AF R AL K S AR
IR FORAER (B T ) . AR AER O
WA (ER L A) FIER RS T (B 1.D) 7k
T DU AT WK 2 3 AR AE I B W R T KGR
W, VAT, ARTE A 8 . A6 Il T O 222 e 3RO |, 1
A SR E AR (ERR 1 E) o a6
IR (ER1:B,C,F,G) BB T, 5 KkTE
R AT BE AR SR AR ], 6 451 & 1 5ok TR HES
(R 1:B) , BCAE A6 0 10 4 5 6 AN VT A (&R I
C) 5 HBE T A% M A6 4 A T WL 52t 1 1 HR 2RO
B & VR MR (AR L. F ), 52 B R i A 18 A 4]
Fa (B 1:G) o AR AE K W & V8 50m AU IR 5
HIN (TR AE 2B, 1990; 17 75 45 45, 2003 ; 4% % 1A,
2013) il —2,

AR AE G 2 0 BT A B A UL A
N FRIE E I R IHECE AR 2 6 A (BRI,
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HEN KN~ Zih B 1L, FAZ Bk
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A-L TAERAER A-COL¥RRMEEMA; D-L AMBERA; A, D. JET; B, C, F, G. #%4h; E. il ; H1, H2. #i%
OIS W T | e
A-I Pollen of diploid A-C. LM micrographs; D-I. SEM micrographs; A, D. Equatorial view; B, C, F, G. Polar view; E. Side view; H1,
H2. Colpate; I. Details of polar view.

FIiR 1

P12 T ARRIERIE S

Plate I Pollen morphology of diploid Salvia miltiorrhiza

L, B LB D FL/N, 3 SR KT RN 4 SR K
(8 = AB AR AR 53 2% 3 T A BE AR AE A ] (BRI - M1
N1,01) , ZASAAHRT =A% 1R 46 b 19 A T8 UL A1 BE 2
M AE T, 7E AR T AR I HR A5 /)N | 28 FL A A8 /N (TR T
L;ERRI:R),

AR B MESC S TN (R4, 1990 #4518
45,2003 ; 2520, 2013 ) R 3E — B, = AE IR ALK
JELSC 5 2R 6 AH (2013) il 1Y L AEFH S (288 3
U IRAEAE (1990) iR P2 1 ALK S BEFE G2 1
T A AN S i AR B, A e, AR R R
AERAE AR TE G2 W U5 T 20T 43 9% i A BE 1 )
ARECHE , A5 AL MY He = A% 1 48 53 S0 BE 4R 20 i
TEVE U DN 5 7 A e g LR R (R RO R
ENCIES PSS

2.2 MR
2.2.1 ek Ko TARRFN = AR R AL A 43 5
FHAEE T 70 F175 Bifeh . SHEMAE R ML,
AR RE AR RS 27 R, =A% R R T AR A
50 ki, PES AR IR AL M A S (P) KA 31.57 ~
67.86 wm, YN 52.03 wm; =AFRIER B EK N
24.00~65.28 pm, HJfEH 43.07 pm, AHEER
R (E) 5K 26.06 ~58.16 um, YI{E Ky 43.83
pm ; =AEARAE R IR I8 9 22.25~62.75 um, 1
H4 36.23 wm, —fFAEER P A X [R5 A5 4
I LEHXER T ZAK, (HP ELIKLP+E R
HY W E /N T A5 ARER (P<0.01) (£ 1),
TR AT R AR R A RO /N TR Y
FEXT, BV LE R TR AE NS . AR = 5 ik A



MH; J-K, M-0O. Riif; K, L, P. #4himm; Q1, Q2. Wik,

J-R. ZAERAER  J-L. OB B R ; M-R. S5
R. AT

J-R. Pollen of triploid J-L. LM micrographs;
Q2. Colpate; R. Details of polar view.

M-R. SEM micrographs; J-K, M-0. Equatorial view; K, L, P. Polar view; QI,

KR A5 AP S 2 e 2
Plate I Pollen morphology of triploid Salvia miltiorrhiza hybrid

x1 ASEE ZFEEFETRIEH KN
Table 1  Pollen size of equatorial view for diploid and triploid of Salvia miltiorrhiza
e i bt
Polar axis (P) (m) Equatorial axis (E) ( um)
5 5 R E A S R R
Ploidy S + Coefficient SEAE £ Coefficient S {E + Coefficient
bR 2% of variation PRifE2E of variation bR 2% of variation
xX*s ecy) XS ecy) xX+s ocy)
(%) (%) (%)
%A Diploid 52.03+10.46A 20 43.83+8.07A 18 2 353.60+818.11A 35
=% Triploid 43.08+8.47B 20 36.23+9.31B 26 1 628.78+791.81B 49

I FPIARKRE F8FR 2252 E# (P<0.01) (JISLAEA (K l) .

Note: Different capital letters in the same column indicate extremely significant differences (P<0.01) (Independent sample ¢ test)

MR A B A8 S RO TR, Y958 20% , = A5 AR AE#;
(% 18 fh 95 A8 B R B(26% ) KT AR B

AL P

(18%) . —AHAKAEWS P = EH IS S5 250N 35%,
« E(HMAE S REN 49% , h —£%
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3 g
5 5
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0
g =
& 30.000 F sm 30.000
32 &
20.000 . | 20.000 . |
%44 Diploid =A%4E Triploid %4k Diploid =A%4k Triploid

A, TAMAIER A AT SR E O I B AR MR B AR B C AR AR RAE R Al > A R A DL A%
PRAERY AR TE A A R BT (5 B AR IRAE R AR IE R 0 A R BT 1R B AT R AR R AR R R T il 2 A IR A

A. Histogram of pollen polar axis of diploid; B. Histogram of pollen polar axis of triploid; C. Boxplot of pollen polar axis of diploid and triploid ;
D. Histogram of pollen equatorial axis of diploid; E. Histogram of pollen equatorial axis of triploid; F. Boxplot of pollen equatorial axis of

diploid and triploid.

BT PRSI A AR R /N IE A AR 56

Fig. 1 Test of normality for pollen size of diploid and triploid of Salvia miltiorrhiza

RAER Y P E M fE X (B P o+ E(HAAR S /A0 (mmZ20U, PR E (9 0 JBE 45 X (53 51 0.875 I
KA, AR AL R R /N 22 S8 L AR 1,557, 18 1B, B) 40 A5 ARIERS P UK fi B 4 %}
MR, X AR =5 E R 1 P E M5 (H (518 -0.469 F1-0.625, 141 1. A, D) iy 2 f%,
PTIES AR A, BAR AR =Mk O R T AR, AR PR E &
TIN5 72 S RO, (0 = AR R KN ARE, SAFRAER PR E YA AR (L.
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C,F), R =F5REHR T, P AE B/ T HEM
kB 2 1 XA F AR PLE fE
TR

2.2.2 Ak T AERIERLL P/E £
7, Hrh P/E<0.88 M BRIE,0.88<P/E<1.14 K
EEKIE ,1.14<P/E<2 AKERIE , P/E>2 il K EK
W(EIF R MELER,1983) . AR =15k

¥ P/E {HI7E 0.88~1.14 F1 1.14~2 JE RN, 168y
TR R 3T BR Y A BROE PG Fp 28 25 45 B )8
BB — 45 ( Henderson et al., 1968) , 1%
& P/E B M 1.19+0.11, =450 P/E BI{E K
1.21+0.15, 7 AR 8% (P>0.05) . XHEHES R
TR R 2 4l Sz vE XP RS 56, P>0.05, & B AEH)
RO RA Z A (£ 2) .

®2 ASZEEK ZEFEFEERENER

Table 2 Pollen shape of equatorial view for diploid and triploid of Salvia miltiorrhiza

P/E S (AL, %)

o P/E frequency (ratio, %)
Ploidy uil
0.88<P/E<1.14 1.14<P/E<2 P/E>2 ol

Total

“A#%{A Diploid 10(37.04) 17(62.96) 0 27(100)
p

= A& Triploid 19(38.00) 31(62.00) 0 50(100)
B3t Total 29(75.04) 48(124.96) 0 77(200)

3 WikE4#

WL FERE R MR, 160 Hh BE S 1Y)
AR E AR AR 2% 8 22 S W i, 2 0 10 4 284K s, B
S S E AR B RN R 2 OC R MR IR (B 0 A
2020) , AW TS5 o, = A5 R4 R A 8 & VA 5L
i AMEERESL ARk KD S AR RN TR, BAE
Ky i B VA 6 VA 8 IR AL A6k KN AR S
FREOH K, F W = A5 A 70 A5 PE RN R 2% & P
EL W N RETIEESZER, B ZMIESAL
fb. RURBF B AP ALK 0 — BCRRAE R AL KB R
IEERIE A BRE , HA XK 6 Z% 05 k18 M £ i
TE WBR BESL , AN [] 400 i 1) 78 H5ORE 1] o HR fE 25 PN 1
SEFLECR TR /NS [R]85 & 780 B30 B A% 1 185 i
341 ( Henderson et al., 1968) , FEARMR H, — 4%
KPS b1 Bty 35 B P S R0 B R IR LR
JIN I RV B A BE R SO R 5 AN [R] B ] B AN
[EF5E# (fRAEAE, 1990 ; 47 45 55, 2003 ; 2= % 4H
2013) Ml — 20, RS AR ITE S 46 % R
TE . AR RIE R R O T BROE MK BROE |, A X AR
() 6 455X 8 251 &8, Z 1 IE MRS, 75 & U2
L JE JE N AE A I I [ R AE  FE L 2 AR Rk
BB IN A 2 5 AR R AE L B & 78 B30 Bl A3 1 3
IINAE LA Z2 A5 VR A W A6 853 Th IR A 8 (X SCHEAE
2003 ; Lazarevié et al., 2013; T ¥ {45 2015) ,{H

TEHLRIARF . 4n dh R FELE 20 BE+F, N E
& 4n ah R LL 8 ALK H L, DB 6~ 12 3
(Henderson et al., 1968) #il| , =f5& =iy 8
ALK AT RES AL R AP AT ¢

SARARAE A 1 1 EE AR e S0 0 HR PR A 2 AL
s HA DR /NG LB TE A5 0 1] T~ 2R 56 4R (2013)
TR B AN 0 AR 4B P 2 (B AL, RS
EASH AW, BAr, WK AT S
HIAERD TR 285 1t R A i, 0 A% IS 1Y 1 AE P 2 0
LR AEAE B AS TR A5t B X st % (i 4
PEAEATHE— 2D 0F 5, DL 3 X5 = A5 1R 2 46 8 S
R T 507 S IR 110 LA

AR RN R F R R S5, AT
FEH ARSI SRR PR B N T AR
FEK3, P UE (9 BCE 35 5 O 1E AS A A1, H B0 AE H iR
1B, B = A8 A ™ A 1 5 22 09 i /N AR 8 A /D 5 R AR
o TR RS FAE R B K T IR A =
FEAR AR, 4653 5 /MBI 5 K AB Y 22 Ak LR
TGRS A, BHE 52 0 1E 3 A3 A (AR 4
2019) ; MEJE ( Betula ) =A% VR Tl 8] Z 22 Fh 7 £ ) Aol
KANTIAERS , INAER B i 22, AE By /N3 A 5 R 2
MIE(E (Karlsdottir et al., 2008) ;A7 25 i) = 514K 4¢
B/NT ZAE AR (Hao et al., 2016) ; 75 )R = 1%
PR AEA R /N T DO A AN A A 22 ) () S
45,2003) . XLEHFGE 5 CARRMLL, =GR AR
W RNGERIGA —B, FIER) = AR J4 10 08 8K
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