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WE: [ B8 ] KK KX Pelargonium spp. A6 & N BAE K TR ETAE L, ARZEREZIFAREHZRE, [F
R A AREZR ‘K¥ER FHE’  ‘Savannah Hot Pink” ARFEMA, KB ERFRBH R ERE, iR, BT
B 4000 (PEG 4000), #AL45 4 AMASTH BARFH L0 Hwm, HARFREREHH LG RERAThdirs, FEIR
EREHBRFALENMNE Tk, AZAERHRART AABMNE ‘KR¥ER BLAM’  ‘Savannah TexMex Merlot
Sizzle’ . ‘KAKF HE KW ‘Big EEZE Pink Splash’ % 9 AN&AF 69160078 # . A BEFE M- BAL SRR R £ 3K
‘RER EHE BEEATREGEMFEL, [BR] BEASNREE KRER ZHE LHHROY A ERHEIIRIKR
KA. PEG 4000, #HER . AALES . EAE; RAEAIEMA A 50 gr L E 4E+250 mge L A1 B2 +200 g+ L' PEG 4000+5
mg- L7 fALA5, Einfe s &0 T, - TFHARALERD, &L 68.89%, ERERFAL, INABHGENEILFNE,
HRFES 2556%~76.67%. HEBIH, MIEXLF, L FRREGRLEEELTIRERR, ARDORELT .
R 10:00 A4, ZRAEMHELTRERR, AneREin, [28 ] AR ERKIEH B R L REERART
ek LS T REREWEANE T ik, RERR SN ENCE N 25.56%~76.67%, AT AALBKHORELT
B ARt ), A8 TRIRZERELFAGE, B2ER7 434
KHEIR: R2R;, ZWEh; BARHA; HEATHRME; EEH
FEZES: S68 YRR : A XERE: 2095-0756(2025)05-0975-09

Research on pollen viability determination and stigma
receptivity of Pelargonium spp.

WANG Wenjing'?, XU Junxu’, WANG Hongbing', SUN Yi’

(1. College of Life Sciences, Shanghai Normal University, Shanghai 200241, China; 2. Forestry and Pomology
Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract: [Objective] This study aims to investigate the pollen viability and stigma receptivity of
Pelargonium spp. and provide a basis for hybrid breeding of Pelargonium. [Method] Taking the cloning
cultivar ‘ Savannah Hot Pink’ as the representative material, the effects of 4 components, including sucrose,
boric acid, polyethylene glycol 4000 (PEG 4000), and calcium chloride on the in vitro pollen germination
viability were evaluated through an orthogonal design experiment. The optimum medium for geranium in vitro
pollen germination viability was identified, and a method for determining the in vitro pollen germination
viability of geranium based on this medium was established. The pollen viability of 9 different geranium

cultivars, including ‘Savannah TexMex Merlot Sizzle’ and ‘Big EEZE Pink Splash’, were determined by the
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optimum medium. Additionally, benzidine-hydrogen peroxide method was used to observe the changes in
stigma receptivity of ¢Savannah Hot Pink’. [Result] The results showed that the order of influence of each
component on the pollen germination of ‘ Savannah Hot Pink’ from highest to lowest was: PEG 4000, boric
acid, calcium chloride, sucrose. The optimum medium was 50 g-L™" sucrose + 250 mg+L™" boric acid + 200
g-L' PEG 4000 + 5 mg- L™ calcium chloride. Under this formulation, the average pollen germination rate was
the highest, reaching 68.89%. Based on the optimum medium, the pollen viability was obviously different
among 9 different geranium cultivars, with the pollen germination rate ranging from 25.56% to 76.67%. During
the full flowering period in spring, as the flowers developed, the geranium stigmas in the flattened state
exhibited the strongest receptivity, which was the optimum developmental stage for pollination. The stigma
receptivity in this state was the strongest at around 10:00 on sunny days, indicating the best time for pollination.
[Conclusion] Based on the optimization of the optimum medium for in vitro pollen germination, this study
established a method for assessing the pollen viability, obtaining pollen germination rate ranging from 25.56%
to 76.67% for different varieties, and identified the optimum developmental stage and timing for stigma
pollination, which helps improve the efficiency of geranium hybrid breeding. [Ch, 2 fig. 7 tab. 34 ref.]

Key words: Pelargonium; pollen viability; in vitro germination; stigma receptivity; orthogonal design

KA I% Pelargonium spp. i HE 4 JLTH Bl Geraniaceae K238 J& Pelargonium 25 4% H B0 A K W) w7
AL R TR R R, RAAZE /AL & 20 280 A2, S RKIA TS MEF L T 25 26,
R Z I 40, Bt . (At Hese . b M H ek A 5 &SR, Cloh 2sREZ W5 s &
FEPCA RN RAZAZE R 2 A THHE 5 . Puwa M RS RIMIT L S at, mHAE
A AR W RS AR R B = o 4B T 1 KO AR D8 2 28 B L2 38, SRR a8 5 an R & 1Y
REEATERU . ARk B R e T IS ) A6 Ry I T 5 S BR i R R E RN, AR JE Heuchera, RS
Iris SEAEAU2 (ORFST A . BERE . 5B 2 T 4000 (PEG 4000) ., IR 254 FRLH A 7 A SR THENS B 1K
W &R, FESRAR Y MENE AR B AR B A O 22—, XATZY Paeonia lactiflora. Y2248 Paphiopedilum 55
WFFE R Ak TR RS RCAE R IR L R A B SR, TR T ARG I AR BE A R
SEMGe AHIRFE RN IE 1 AT S TR 0L, ARWFSE DA TCHE R R 2L A A L, B A ) 15 7 0
20 4 T BT S TR BT AR B AR R e, JRERBIR TR & B RS SRS A T A Sk rT etk iy A8 fb e, DA
IR RAZEZ A B R B RA LR 5 N TR LA S ISR

1 MBS &

L1 iXmeHf

T 2025 4 3—5 AT, B A ORI TR ERRE N, & THEFEBEAIARR KZAZE G
Bl EEURAESE KB 5200 Savannah Hot Pink” EMy FIRESL , 43504 Ry A6 B A 8% 35 Sk i 1k AN
FESK AT A0 Y B4R o IR 9 A R AEZE SRR AR K3 1% 5 AR kL, 230 RREJED M8kl

‘Savannah Pink Mega Splash” | ‘K& 5 LI [N#E’  ‘Savannah TexMex Merlot Sizzle’ . ‘ KJJ/KF

¥t ’Uk’  ‘Big EEZE Pink Splash” . ‘KJJ/KF 208" ‘Big EEZERed” . ‘KJJKF R K
Wz’ ‘Big EEZE Apple Blossom Splash’ . ‘ZFIEY ({4 Kk’  ‘Santana White Splash” | ‘FIFYH %
ff,”  ‘Santana Purple’ . ‘R ZH B’ Angel Eyes Candy’ . ‘LM Fifflk’ ‘Elegance
Bravo’ . TEWEK 8:00—10:00, i FHAR k5% RIBUERIF 622 N E 2P AE 2, e miisE 2 2 mL &
O, B TUKAE 4 °C ROGIRAE . AR IR EER LR 4 °C fHBA L 2 h I4EHR
12 EHMBREFERNE

SRR B AR A58 05 10, AT R IR AR B AR 771, 08 TR (A). #IiR (B). PEG
4000 (C) FIAAL4S (D) 4 NHFE, BEHERBE 4 DACFHEAT Li(4Y) IELBIHAR (& 1), BGHER
3 K.
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13 MR ERRES Rt *1 RBEZRAE

W BSOS B VA B 3 3 5 A0 R 0 2 1Y T gk Bk A Table I Experimental factors and levels
L Sk B T HGE KSR O AERY , A A T A7
FEREFWT, IR IERBOTE AR KT sy Wme)Y e oocy ROy
GRS T PR ES VSR e - @%”<m§“ &L (WEW
b, BEFRARIRIE N 25 °C, JGIRIREE N 8 kix, JRJF , 5 5 100 S
H75%, WiFE4h, EIEFWME TR, o o o
BRERTRST WS AN EOES. - ‘0 s

BRAALEE 3 RER, BRR 3 DWEE, AL
TG A>T 50 Rifeh o AER i & = &k ALY BB LS T AE KR 5550 100%
1.4 FESLRTIZ M

SR R -3 A A AT Sk T B2 . RS AE AR IS K 10:00—12:00, FHRSLEETRANFE L &R
B RAAIERE L W, 7EAEI RS K AIBA K 8:00—16:00, 4F 2 h FIJSKBEFHOE BIR S AE S, 1
KA K 5 A R AL I 6] 550 BR B8 45 14 09~ X908 43 30 o - OGBS BE 44.90 F1 11.38 kix, it & 27.70 il
22.32°C, {J¥ 65.78% F187.06% . K RAEZIIHSLIEIR A S A PO EA RN [ B (10 g-L™):
HAAE (30 g L) /K=4:11:22, {RFALL ] WP IEBE T, 15 min 5 FUE BRI AT ISR .
Sk JA] LB R VA R A B, SRR S HLnp Lo =, o
BEbE: R, W RIS WAL, . i;ji:tiﬁfﬁiﬁ
5% FERREIRA I SRS MR My ik B B A W RO FE T R
Sk TR IR AR (32 2) ~ :

0 I I

1.5 #iEAE | b WE ()

FKHEAR BB T V3.1 2 IfiHE L(4%) 1E 2 B/ B (++)
LRI AR E MR 2EME. 3 iz i ()
Excel #E4T5088 5391, K SPSS 16.0 /7B &7 4 L AR ()
20T o
2 ZHRE M
21 TEMiEH

211 el di AR iRk ONIRGT NIRRT RS0 B R L s, R T T AT Ry
FE 16 RS R LAY AR DL . 5 R . KRASEENTE R R FRIEE 7 L A B & SRR (K
PIfEAE i 22 5 (3% 3 MIEL 1), UL IR XEAE M 0 & RO A i oy B R . e R IR I p 4 4 o T
RHEY R 0 (B )7 1, AIBICIDL) IR, MBI L F N 28.89%, kY& HE; 7EBL)T 8 (A2B4C3D2)
MR, AEREE R R E H W S T A AL B (P<<0.05), 1k 68.89%, H.AEM MK A R R,
VLEHTE B B AL 4 NS OU T, BERE A A U R A 40K 0 B AR & o TBL T 4 (A1B4C4D4)
FITC )T 10 (A3B2C4D3) 1Y &R EAK, (N 12.22%, HALBE M09 BEAEE (& 1), DL e Rk
JEE T 20 8 0 2 1T 2 0 R A S AR R B AR & o E— 2B e BT A TR R R R (R 4),
T AR 22 4B FL B T IR 22 (R) MR EI/IMKIR K. R(C). R(B). R(D). R(A). M1, PEG 4000 f#K 2
HI K, ZHEZETKF 3 ME (K3) 2KF 4 BH (Ky) 19 3.53 £, BEHIAR IR BT R EE Y PEG 4000 X 4£H4
W BRI RS 0 25 S e Ko RERR IO 22 B/, IZ R T KOF 2 B (Ky) 2K 1 3(E (K) 19 1.24 £%,
Vi U BERE B S e AN . 255 0TI . PEG 4000 2 5200 R 2438 100y B AR & fe B4 0y, &4
G305 M R FE DA BRIl PEG 4000, BITPR . SUALES . FEME . OfE 3RA5 00 R 2228 10 M i AR & fef:
KR EERL 7R 50 g- L' BEME+250 mg- L' #IER+200 g+ L 'PEG 4000+5 mg- L' & fL45 .

2,12 KRB SAREHE A ME TR EREFREAL T SR b, XA R SRR AR R TR S AT e . 5 &
R REE KRIPKTF B ik femiigRim, J76.67%, Ve IHAENE s Hikh
REJE MR, AN 57.78%.  RIIKTF R I L RN, K 25.56%, ULHIH
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Table 3  Statistical results of pollen germination rate of ‘Savannah Hot Pink’ on different mediums
[LWE e (RS a BEWH (- L) W& /(mg- L) PEG 4000/(g- L™ AL/ (mg- L) TENRY T KR/ %
1 A1BICIDI 0 0 0 0 28.89+1.92 g
2 A1B2C2D2 0 50 100 5 48.8945.09 de
3 A1B3C3D3 0 150 200 10 61.11£1.92 b
4 A1B4C4D4 0 250 300 15 12.22+1.92 h
5 A2B1C2D3 50 0 100 10 57.78£1.92 b
6 A2B2C1D4 50 50 0 15 37.78+3.85 f
7 A2B3C4Dl1 50 150 300 0 23334333 g
8 A2B4C3D2 50 250 200 5 68.89+3.85 a
9 A3B1C3D4 100 0 200 15 43.334+3.33 ef
10 A3B2C4D3 100 50 300 10 12.22+1.92 h
11 A3B3C1D2 100 150 0 5 56.67+3.33 be
12 A3B4C2D1 100 250 100 0 61.11£5.09 b
13 A4B1C4D2 150 0 300 5 15.56£1.92 h
14 A4B2C3D1 150 50 200 0 50.00+3.33 cde
15 A4B3C2D4 150 150 100 15 54.44+1.92 bed
16 A4B4C1D3 150 250 0 10 44.44+5.09 ef
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Figure 1
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Pollen germination of ‘Savannah Hot Pink’ on different mediums
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Table 4 Influence of different factors on pollen germination rate of ‘Savannah Hot Pink’

- TERYEH K%/ %
Bzt
HEREA) IER(B) PEG 4000(C) SAALES(D)
K, 37.78 36.39 40.28 39.17
K, 46.94 37.22 55.56 47.50
K; 43.33 48.89 55.83 43.89
K, 41.11 46.67 15.83 36.94
R 9.17 12.50 40.00 10.56

BT K ~K 3R a BRR TR 1~4 T AR I 2R3 RIS, BIRRIE S i/ M Z I 22 (H

FARTF HARA (P<0.05), AR T B9H::L
AT ARSI IPIRAEST, R, %
AH IS R A SR Sk mT 2 e 55 5 5 FLARAS A 1
TR RS KEA e, Bk 2
2% m T HARES (P<<0.05), 160 H A B2 L4
5 AR SKAE S AR B RS T A A =
e, BEITAE Sk T BEPEARXT R (18] 2D~E). BfifE %
R, REERLWEESRAEHEAEL, 2
PR St 1 5 P32 0 5 1 R A . i L IA R 7 A TR A
By, BRI KR R, IR
(e & B

222 REFRBERTHEMG B T 7EHHEG R
FERE S & B A IERE b, dE— BB g ke Sk vl 2k

RS INREERMEMBEERFELE

Table 5 In vitro pollen germination rate of 9 cultivars

Hn Al e K2R /%
R By Rk 57.78+5.09
R BRI LTI 32.22+1.92
RIKTF Rk 76.67+3.33
CRIKTF et 55.56=5.09
CRIKTF AL IR 25.56+1.92
R AR 28.89+1.92
I R 38.89+3.85
CRMEZ IR AR 37.78+1.92
Atk FiEE 36.67+3.33

LT BB PRI o

(0 H 2SI, B 7 AT FEBRAEI 8:00—16:00, KAEZE-FEIRZS T MAE Sk BT REA I 3] — & B 1S,
W, SO EAA — v . JCISIE RSB, RN R A e A AR AR ST L TR R R
24 1Ak v B2 (B A I (E 2 H BUAE 10:00, FLEE K 10:00 #9708 2 35 w5 T HAB A ] (P<<0.05), Tif/h
A Sk AT B2 A (B 3 H BRAE 16:00, HLFAK 16:00 A4 20 (B & I T HAR ] (P<<0.05). EVAII S, K&
ERCLIER AN MREZ TR, T2 TN, HknT MR K E 1 ARG K 10:00, H/hE
HIAEBI R 16:00, $8 LI R ZEREAC AT Sk i T #2022 e FH G B 0 HAS (R AL, BB M ) [i] Sy

R H 10:00 277 o

1 mm

AKESIFE; BOAESKSKIT: COHESLRE; D HSkE M Bk RCES

B2 ARAARETRER ‘KER BHE HLTRETAEL

Figure 2 Changes in stigma receptivity of ‘Savannah Hot Pink’ under different developmental stages
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Table 6 Stigma receptivity of ‘ Savannah Hot Pink” under different Table 7 Stigma receptivity of ‘Savannah Hot Pink’ at different time
developmental stages ‘ FESk AT et
AIRE RS B AT RS T - _—
FEAIFE 0.60+0.55d 8:00 2.60£0.55 b 2.80£0.45 a
FESL ST 1.60£0.55 ¢ 10:00 3.80£0.58 a 3.200.58 2
FESLF 3.80£0.45 a 12:00 2.80£0.00 b 2.600.58 a
ek 2.40£0.55b 14:00 1.60+0.00 ¢ 1.8040.00 b
LA 2.20+0.45 be 16:00 1.40+0.58 ¢ 0.800.00 ¢

BT, PR bl RTINS S s VO LT B PR NG T e

S (P<0.05), S (P<0.05).

3 itk
3.1 EFREASMNRLEEEHBEEFERIEFNZM

PEG 4000 J&—FP 0 B8 H, e RBIRE . 4ERFAN B3 R S5EH, nl @ ad el 28 160 IR Y
gy, PRI B W A A0 A, SR AR 0PI RGEAE M, R A R U AR R B B & LA AR R A R A
KU, BAM LI : PEG RESEHEZRAEY AL i &, SRR [RIAR Y 1Y Fl PEG 4000 T 2 vk
R FT AN, Uk B Rk % Begonia masoniana 4 50 g+ L', 10 4A~2§ 48 Chrysanthemum x morifolium i
A 200 g L' KR Cannabis sativa 24 100 g+ L', 4 i K 22 J& Magnolia ¥%) fy 150~250 g- L',
TEXSAS[R) ZE RUBE G Chimonanthus praecox WIS H & B : PEG 4000 J& 46Ky 2 1A 1% 357 It b 77 10 85 77 3 1%
g3, Bl BRI R 250 g L' XA AE K B AR & T 58 Tkl PEG 4000 AT gk B 325
YEN, Sl ik 2478 200 g- L', ARAFFR 45 RIFFE 7R . PEG 4000 252 Wi K22 58 A0 0y B A4 I
HERA Yy, AR 200 g- Lo HULHEN, PEG 4000 Je K 2455 J@ AR W) AL B B PR A s 5 Sk
LT, WA AR R B A IR R e A AL 0 B e R R T AR OGRS, o mT DSk A UL B A
WAE Ry BT & B IR BRI e SR it T B2

REREAE S AE b e A5 s s i A% O HEBEY B, R D 7R 2 3 8 1 D BE LLZER LN AR S i
FEFR: ALK BRI A TR O e v B A AR BR800, R BRI 7| & AR i T B i ol iy & 121,
Xof WA FOMEAE Prunus mume™ BIRTSE X2 W (A 5 4640 B & 30 5 i v B8 2 AR OG . TEAR ST ik
By 4 FpEE ZR b, A R R AR AR M T A B A VR HTAR G /)y, BRI A Jo s R B2 S LI (0~150
g L) AERy i K R [RIAE S S TS B 34 . DRI, 7E SRR R S 15 9 L 20 45 LUK ) 08 1k 46 by s 1Al
KBRS, 58378 JE L BEA .

BT Weigela florida AEK3 B R A9 3R] . B R FE P R IR A 65 16400 W A RIS e 5ok L AR
M 2R S IR i A E R, MR SEny U R R, Hah 8P At
Ja B A K e CEAE R AR I G I BT AR B R s B B R R A S Ay W A ) i SR AN
T RERE, S E TR (5~10 mg- L) AL BB IMBE RS (2 i &, i i PR RE (15 mg- L) Haok)
W R HEAREE N . UL B T IR ARSI R A SRR IR R i) E R R, B HABA 0 U R RS

KL Z A ECe Py, RBUZRE, SRR s YA R 22 8] 28 B 52 8 32 T J ™ ¥
WGP 9 AR AL AR5 i AR B s B T vE R SR, BT R A A A ] e 22
o UHTERII N TARBE A & fe vl , G JOPE 3R R A8 Al 5 L R3S, bRl AEH 1% TR0 A
T, B, TEBRCEAERENT XL G RGP RTHA T E o HEN X — G5 A s 157
e AR AT AL FOIRDLAE A OCRY,
3.2 HELARIERISESS

FE K AT H2 1 S LA 24 AC SR AN IR B RN A S ) 2 B R 2 — , HESRTE SRR 5 324 0 1 I 3 U AR
K, MMEANTEHEMEZESZEP, R-KEDX 2 “GRYE Paphiopedilum  Pacific
Shamrock” #1:3k AT M MR GY R B . FLAE Sk T F 0k Bl AL 8] 56 55 5 s PR AR 55, P 4K 10~20 d Ak AT
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BYERm . BBk Heimia myrtifolia 3L 7ETFAE)S 48 h SR EE, KR ETTEMEP, RFFEFEFELI . KX
PESERCSTT UG, RSk AT S BT B o P 5 R B, BT RS AR Sk AT e R . LT D R
G HRAE Lonicera japonica 1Ak R 2L T P Bk, 5N GY Hh KA SRR Sk RoR S R vl 32 e (19
SR —3. CAMIRERN . LIRS R S X AT Paeonia rockii FE 3k AT 42 Vi i — i 5%
M4, AT A BAERG K 10:00 247, “FROARS B RZEZERE L T 2ok, AIREM T ULRHE R | |
JEFIWRE e NG B, AR S R B o A Sk TR DN 14:00 FFER T T FE, 16:00 iR fik. B,
MOZIEBEAENGE K 10:00 247, X RIRESRH LT8R, et e — e BT LI s sl %,

4 Hip

AW FEAETACAE 0y B AR % B FE S 2R FL W0 7 B FERE B2~ 1T RAESEAE MG I T, 3RASATA] 5
ARG FITE R 25.56%~76.67%, FEBILICIEREAERIG F1 50% VL B S FRE R 3258 R ACAS 3 FEBA
T RSB B EE R BRI R], A5 B PR R F R BIRCR
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