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Screening of pollen viability test methods and comparative analysis
of pollen viability and stigma acceptability from 25 species of
Passiflora L.

WU Bin!, WANG lJiazhi**, XING Wenting', SONG Shun', HUANG Haijie!, LI Hongli', HU
Wenbin', MA Funing!, HUANG Dongmei'*

(!Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences/Key Laboratory
of Crop Gene Resources and Germplasm Enhancement in Southern China, Ministry of Agriculture and Rual
Affairs/Key Laboratory of Tropical Crops Germplasm Resources Genetic Improvement and Innovation of Hainan
Province/Germplasm Repository of Passiflora, Hainan Province, Haikou 571101, Hainan, China; *College of
Tropical Crop Science, Yunnan Agricultural University, Puer 665099, Yunnan, China)

Abstract: [ Objective] To study the pollen viability and stigma receptivity of 25 species (including
8 local varieties, 15 introduced varieties/strains, and 2 selected varieties/strains.) of Passiflora L.,
and provide theoretical basis for the selection of crossing parents of Passiflora L.{ Methods JUsing
six representative species of Passiflora L. as test materials, including TN, HX No.1, GH, W-1, XG

and KSTS a single-factor experiment was conducted using a basic medium containing 0.02%
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boric acid (H3BO3), 15% sucrose, 15% PEG-4000, 0.08% calcium nitrate [Ca(NO3)2-4H,0], and
0.02% MgSO4-7H0. The aim was to screen for the optimal concentrations of sucrose, boric acid,
PEG-4000, calcium nitrate, and incubation temperature. Using 25 species of Passiflora L.
including TN, HX No. 1, W-1, XG, XTN, QM No. 9, MGMX, LP, QP, FMHJ, HG, YYM, ZZ-Bl1,
D1-Al, THX, ZXMB, D2-11, 1I-Y, ULGRQG, GH, KSTS, JMCH, RX, ZL and LX as test
materials, basic floral morphological parameters were measured using methods such as
microscopy and vernier caliper. Pollen vitality was detected using pollen vitro-culture, TTC
staining, and [>-KI staining methods to compare and analyze differences in pollen vitality among
different detection methods and species. Additionally, the stigmatic receptivity of the 25 species of
Passiflora L. was compared and analyzed using the benzidine-hydrogen peroxide method.[ Results ]
The results showed that, the all 25 species of Passiflora L. exhibited stigma receptivity, but there
were differences in receptivity among them. Specifically, 19 species, including TN, HX No. 1,
W-1, XG, XTN, QM No. 9, MGMX, LP, QP, FMHJ, HG, YYM, ZZ-B1, D1-Al, THX, ZXMB,
D2-11, II-Y and ULGRQG exhibited strong stigma receptivity. Three species, GH, KSTS and
JMCH had moderate stigma receptivity, while another three species, RX, ZL and LX showed
weaker stigma receptivity. Among the six representative species of Passiflora L. including TN,
HX No.1, W-1, KSTS, XG and GH only the optimal sucrose concentration differed in pollen
vitro-culture conditions. The optimal concentrations of boric acid, PEG-4000, and calcium nitrate
were 0.02%, 15%, and 0.08%, respectively, with an optimal incubation temperature of 25°C.
Among these species, the optimal sucrose concentration for TN, HX No. 1, GH and KSTS was
15%, while the optimal sucrose concentration for W-1 and XG was 10%. Three detection methods
for pollen vitality, including pollen vitro-culture, TTC staining, and I>-KI staining, were used to
compare and analyze the pollen vitality of 25 species of Passiflora L. Although all three methods
were able to detect the pollen vitality of Passiflora L., there were significant differences among
them. Among these methods, pollen vitro-culture was the most effective for demonstrating the
pollen vitality of the 25 species, followed by TTC staining, which could serve as a rapid detection
method. However, the results obtained using [>-KI staining differed significantly from the other
two methods and were not suitable for detecting the pollen vitality of Passiflora L. Based on
pollen vitro-culture and TTC staining methods, a cluster analysis was conducted to classify the 25
species of Passiflora L. into three groups. Group I consisted of 21 species, including FMHJ,
ZXMB, W-1, 1I-Y, LP, XTN, TN, THX, QM No.9, ULGRQG, HX No.1, D1-Al, D2-11, YYM,
XG, MGMX, QP, HG, ZZ-B1, KSTS and JMCH with pollen vitality above 70%, considered as
normally fertile. Group II consisted of only one species, GH with pollen vitality between 50% and
70%, also considered as normally fertile. Group III included three species, ZL, LX and RX which
belonged to the high sterile category. [ Conclusion] Among the three detection methods, pollen
vitro-culture is the most effective for evaluating the pollen vitality of the 25 species of Passiflora
L., while the TTC staining method can serve as a rapid alternative. Among the 25 species

(varieties) of Passiflora L., ZL, LX and RX are suitable as female parents for hybridization, while



the remaining 22 species including FMHJ, ZXMB, W-1, II-Y, LP, XTN, TN, THX, QM No.9,
ULGRQG, HX No.1, D1-Al, D2-11, YYM, XG, MGMX, QP, HG, ZZ-B1, KSTS, JMCH and GH
can be used as either male or female parents for hybridization.
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Table 1 Passiflora L. species information and flower morphology parameters

31 i g ek B
5 . i K 5 HIZRIS 1624558 k& k38 TRk NAZAS % BURER
FHRAAFR E=
Introduc Petal Petal Anther Anther Stigma Stigma Style Filament Pollen grain Resource
Resource name Species
tion length/cm width/cm length/cm width/cm length/cm width/cm length/cm length/cm diameter/p type
number m
N ar P. edulis 2.51+0.04 0.59+0.03 0.50+0.01 0.28+0.01 0.18+0.01 0.300.01 1.17£0.02 2.41£0.06 84.1542.53 by
HX P. edulis f. EH i/
HE1S 3.25+0.10 0.86+0.08 0.63+0.02 0.2440.01 0.18+0.01 0.30+0.02 1.08+0.04 2.75+0.06 82.404+2.18
No.1 flavincarpa LA
P. caerulea 5k
GH WAL 3.34+0.07 0.79+0.04 0.64+0.02 0.26+0.02 0.25+0.01 0.36+0.01 1.24+0.03 3.57+0.11 74.01+3.49
'Purple Haze' A
P. caerulea Elbsidnyi
KSTS REST IR AT 3.04+0.06 1.03+0.04 0.57+0.02 0.2440.01 0.17+0.01 0.284+0.02 1.27+0.05 1.72+0.03 69.70+3.90
‘conatance elliot’ iR
Bl nyi
W-1 / P. maliformis 3.07+0.13 0.89+0.03 0.54+0.01 0.26+0.01 0.17+0.02 0.37+0.01 0.99+0.05 3.34+0.12 83.49+1.89 hz
HH >R
Bl nyi
XG EAW ik e P. miniata 4.99+0.08 1.43+0.03 0.51+0.01 0.224+0.01 0.22+0.01 0.24+0.01 1.08+0.02 2.06+0.11 76.28+2.28 oz
HH >R
XTN maRr P.edulis 2.62+0.93 0.64+0.04 0.56+0.01 0.29+0.00 0.16+0.01 0.30+0.01 1.14+0.07 2.24+0.07 84.05+3.14  HuJy S Fh
QM ) P.edulis f. .
WE 95 3.00+0.14 0.83+0.04 0.51+0.01 0.30+0.01 0.16+0.01 0.294+0.02 1.07+0.06 2.33+0.10 83.654+2.30 Hh 5
No.9 flavincarpa
Bl nyi
MGMX E Sl P. alata 4.82+0.33 1.78+0.10 0.55+0.01 0.27+0.01 0.18+0.02 0.31:0.02 0.75+0.03 5.24£0.11 83.15+1.41 0 =
HH >R
Bl nyi
RX i P. ‘SoiFah’ 3.06+0.09 0.76+0.04 0.42+0.01 0.17+0.01 0.15+0.01 0.2540.01 1.19+0.09 3.26+0.11 60.29+5.72
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4.1840.13

3.59+0.03

3.4340.15

4.2340.09

3.2740.05

3.07+0.07

2.3240.10

3.99+0.28

4.08+0.08

3.42+0.09

3.2740.05

3.83+0.04

1.16+0.11

0.83+0.05

0.96+0.01

0.93+0.03

0.77+0.04

1.04+0.03

0.56+0.03

0.96+0.05

0.90+0.03

0.95+0.01
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0.31£0.01

0.29+0.01

0.30+0.01

0.28+0.01

0.16+0.01

0.07+0.01

0.16+0.02

0.16+0.01

0.18+0.01

0.20+0.01

0.17+0.01

0.16+0.01

0.19+0.01

0.16+0.01

0.25+0.01

0.19+0.01

0.30+0.01

0.26+0.02

0.37+0.01

0.30+0.02

0.29+0.02

0.44+0.02

0.2940.02

0.28+0.01

0.40+0.01

0.34+0.01

0.31+0.01

0.33+0.01

1.4740.03

0.86+0.02

0.85+0.05

1.7840.03

1.01+0.08

0.93+0.02

1.08+0.05

1.49+0.02

1.2940.02

1.24+0.01

1.18+0.02

1.2840.01
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4.1140.14
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4.06+0.55
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3.93+0.07

5.20+0.02
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2.94+0.07

4.1240.16

69.09+3.46

82.31+3.87
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86.22+2.87
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87.13+2.63

84.44+2.47

87.39+2.78

86.75+2.29

13t b
i AR
13t b
i R

13t bl

7

13t b

i AR

HbJ7 A

513t bl

i AR

7 A

HbJ7 A

7 A

HH Y

i R




-y

ULGRQ

LX

2% B U

LB R

P. maliformis

P. caerulea

P. ‘Incense’

3.2940.12

3.06+0.02

3.5140.14

0.98+0.03

0.94+0.02

0.82+0.07

0.46+0.02

0.56+0.01

0.56+0.02

0.26+0.01

0.23+0.01

0.19+0.01

0.13+0.01

0.20+0.01
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0.33+0.01
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Fig. 1 Flower morphology of 25 Passiflora L. species
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Table 2 Stigma acceptability of 25 Passiflora L. species
ElRLE TR HESR TR A

Introduction number Stigma acceptability




N 4+

HX No. 1 +++
GH ++
KSTS ++
W-1 .
XG -
XTN -
QM No. 9 -+
MGMX -+
RX +
7L +
IMCH ++
LP -
QP -
FMHJ +++
HG -
YYM +++
77-Bl +++
DI-Al +++
THX +++
ZXMB +++
D2-11 +++
-y +++
ULGRQG -
LX +

2.2 FEbE. WIEE . PEG-4000. FREZSAIEFIRAE X 6 MABR RN EEFELM ALY
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HVEREN (32 3). 6 FhPG A EALR W K R REMIR L 1O N 2.5 ETHE N REnEs, £
REBE T BRI N 15%0F, TN. HX No.1. KSTS Al GH 2% 4 Ffi G % S AE 4 i & RIA B e,
I35 87.81% 91.17%- 70.12%1 67.03%. 1 W-1 Al XG TEREMEAE N 10%H 1% 21 52 5
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Table 3 Pollen germination rates of 6 Passiflora L. species under different sucrose

0

concentrations
51 A0 w (B
Introduction Sucrose concentrations/%
number 5 10 15 20 25
TN 26.39+1.11d 55.87+0.99 b 87.81+1.05 a 39.73+0.43 ¢ 11.37+1.51 ¢
HX No. 1 22.834£0.94 d 67.49+1.34 b 91.17+0.61 a 46.68+1.07 ¢ 12.50+0.53 ¢

W-1 33.87+0.47 ¢ 86.67+4.77 a 75.73£1.22b 6.54+1.50 d 0.00+0.00 e




KSTS 13.42+0.49 ¢ 52.06+4.98 b 70.12+1.57 a 12.05+£2.40 ¢ 0.00+0.00 d
XG 59.64+0.76 ¢ 92224229 a 86.27+2.41 b 27.50+£7.90 d 0.00+0.00 e

GH 15.45+0.73 d 45.36+1.11 ¢ 67.03+1.39a 48.35+0.86 b 11.61£1.60 ¢

e RBFETHERAR NS FHRRZEREE (p<0.05). TFH.

Note: The data in the same row in the table with different lowercase letters indicate significant difference (p <
0.05). The same below.

2.2.2 MBR  VPETEACKD B K 2 52 B IR A TR MR B ) R E MR (3R 4) . 6 B A E
FRIAE AT T 2 25 B 45 R Mk B P 388 280 2 0 5 ETH S R R Ra %A, 4B RR B ik N 0.02%H
TN. HX No.l. W-1. KSTS. XG I GH %§ 6 Fft i 25 ¥ (1 4u A 0 R 58 Bl e s, ok
88.70%. 90.92%. 77.86%. 71.91%. 88.53%7%1 68.76%.
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Table 4 Pollen germination rates of 6 Passiflora L. species under different boric acid

concentrations
51 Fhéhi w (IR
Introduction Boric acid concentrations/%
number 0 0.02 0.04 0.06 0.08
TN 21.51+£0.70 e 88.70+0.43 a 86.97+2.14 b 84.16+0.28 ¢ 67.60+1.19 d
HX No. 1 20.10+0.77 ¢ 90.92+0.66 a 89.23+0.84 b 84.60+0.83 ¢ 70.95+0.45 d
W-1 30.16+3.83 ¢ 77.86+2.34 a 66.81+1.80 b 62.21+1.97 ¢ 36.13+£3.75d
KSTS 22.36+2.37 ¢ 71.91+1.89 a 63.31+1.32b 52.78+3.51 ¢ 39.84+2.42 d
XG 20.64+3.29 ¢ 88.53+0.78 a 87.13+1.64 a 84.87+2.36 a 78.39+5.81 b
GH 12.07+2.82 ¢ 68.76+1.07 a 64.13+0.85b 54.20+1.61 ¢ 37.27+1.38 d

2.2.3 PEG-4000

PEG-4000 /2 PU #3400 B AR K b B 7y 2 —, FREGEFFSE ISV, TUEREeh
BE AR R F 32 5 57 B h PEG-4000 I B2 S FMERE I (32 500 6 Al b & 468 W K % b
PEG-4000 ¥ 2 138 N34 2 1155 ETHE TREAES, 25 PEG-4000 iKY 15%0, TN,
HX No.1. W-1. KSTS. XG H GH 5 6 F Pt 232 [ 164 i & R TE B e i, 7090009 87.64%-
91.10%- 86.10%-~ 71.20%-. 91.49%%1 65.82%.

*5 6 MAEEATE PEG-4000 K E THITEM AL E
Table 5 Pollen germination rates of 6 Passiflora L. species under different PEG-4000

concentrations
GIEE TR w (PEG-4000) /%
Introduction 0 5 10 15 20
number
N 1.79+0.45 ¢ 12.05+1.85d 31.89+0.43 b 87.64+0.52 a 22.05+0.62 ¢
HX No. 1 1.54+0.36 ¢ 10.84+0.80 d 30.30£1.00 b 91.10£0.47 a 21.94+0.56 ¢
W-1 1.33+0.38 d 8.75+0.79 ¢ 25.45+1.29 b 86.10£0.36 a 24.60+0.64 b

KSTS 0.63£0.22 ¢ 7.35+0.76 d 20.37+1.14 b 71.20+1.57 a 11.14£1.56 ¢




XG 5.12+0.88 ¢ 23.81+1.38 d 50.34+1.46 b 91.49+1.14 a 30.54+1.57 ¢

GH 0.33+0.10 e 9.88+0.63 ¢ 18.61£1.06 b 65.82+0.80 a 2.90+0.40 d

2.2.4 FHERAS  RHERES BN VG EAE R PR ST 1 6 TR AL 07, (AR RRAS IR FEXT 6 b 2 3
TER A R R BB (3R 6). 10k il R R B IR IR FE I G Ny 2% EJHS TR
fass, 4RYERAES BRI E N 0.08%KF, TN, HX No.l. W-1. KSTS. XG fl GH % 6 f i
T IAENT A R R IIE BB, 43 BN 87.55% 90.60%- 86.13%- 70.46%- 91.06%F!1 68.75%,
BI5 SR EE R 0.04% M RES 15 A 0 22 5, AT {8 0.04% PRIl R 5 ot Bk 1 g % 77
Moy

* 6 6 AT EETEHERIGKRE THEMIALE

Table 6 Pollen germination rates of 6 Passiflora L. species under different calcium nitrate

concentrations
g1l S w CREERES)
Introduction Calcium nitrate concentrations/%
number 0 0.02 0.04 0.08 0.16
TN 30.03+0.96 ¢ 78.08+1.12 b 86.73+0.61 a 87.55+0.52 a 78.09+1.23 b
HX No. 1 28.06+0.71 d 81.01+0.47 b 89.85+0.84 a 90.60+0.54 a 77.48+0.94 ¢
W-1 23.88+0.89 d 45.08+1.83 ¢ 84.91+1.44 a 86.13+1.01 a 82.29+0.83 b
KSTS 10.94+0.85 d 38.36+1.81 ¢ 68.84+2.46 a 70.46+1.52 a 46.77£1.45b
XG 41.68+2.01 d 86.35+2.19 b 90.06+1.95 a 91.06+2.78 a 76.32+3.23 ¢
GH 10.78+0.53 d 37.51+0.71 ¢ 67.91+1.12 a 68.75+3.52 a 47.40+£1.26 b

2.2.5 BARBEIREXTVEEEAR IR R A KB BN (R 7), 6 MG E Lk i
RABWEEREN T =3 258 B FERE . 4GRS 25 °CHf, TN, HX No.1.
W-1. KSTS. XG 1 GH & 6 F U7 3% (1 400 0 K 338 Bl i mr, 707000 88.38%. 90.58%.
85.81% 71.22%. 91.28%7F1 65.55%. M4#EFRIRAN 45 CHF, TN, HX No.l F1 GH {£¥73
ANHFR, T W-1. KSTS Fl XG ERKAF TR IR K, B8R 5508 21.46%. 12.04%
H153.01%. HILATH, KSTS. W-1 F1 XG W00 B A — & M @i e tE, o XG M7ek
TR v e P 5 1
K7 6 MABEETREFRE THEMBLE

Table 7 Pollen germination rates of 6 Passiflora L. species under different culture

temperatures
51 R i 5 IR
Introduction Culture temperatures/°C
number 20 25 30 35 40 45
TN 84.37+0.82 b 88.38+0.99 a 81.09+0.94 ¢ 58.86+2.77 d 29.31£1.80 ¢ 0.00+0.00 f
HX No. 1 85.67+0.56 b 90.58+0.72 a 79.77£0.94 ¢ 60.11+1.38 d 18.94+0.98 ¢ 0.00+£0.00 f
W-1 78.63+2.20 b 85.81+1.79 a 68.36+1.59 ¢ 46.61+1.69 d 31.09+2.50 e 21.46+0.92 f
KSTS 61.98+1.63 b 71.2242.72 a 59.23+0.82 b 47.5942.19 ¢ 33.55+5.53d 12.04+1.06 €

XG 82.67+2.02 ¢ 91.28+1.13 a 86.87+1.19 b 83.04+1.98 ¢ 76.81+£3.69 d 53.01+0.60 e




GH 60.89+0.78 b 65.55+1.04 a 57.57+0.53 ¢ 43.52+1.83d 20.12£1.79 ¢ 0.00:+0.00 £

2.3 3 MIERE SN E AR 25 M EEL M IE IRIELI 747

HRLAEHY B ARRE TR . TTC Gl L-KI He 2% 3 Fhoy s0EAT X EE, B 3 Fiek i /it
D7 40 Aer 0 L PG 2 S AR RS 1, ABAS R IN 7 ik I VU A b A e R 5 (3R
8), AHEL TTC M L-KI JeiEIM 5, 10b B AR R I8 B RE 2B 25 i i4 A A4 35 7 f ke il
Jiik, TTC Btk 5160 B R B IRE 0 00 1 IR I 25 SRAR B, AR D9 PG 2 S AE ks
T PRSI ik, R, FEBEAT ORI S0 FC R T AT DO TTC Bethik S1ek B ik 5%
AR EL, M0 To-KT Bty i 45 R A5 A P 5 Z2 5 K, IFANIE I P8 3 S A0 35 0 (KA

%8 25 MABELMBHIETR. TTCH 1,KI REMTEME LR

Table 8 Comparison of pollen viability pollen culture in vitro, TTC and I>-KI staining of 25

Passiflora L. species

TERIE 73
R TR Pollen viability/%
Introduction number ek Bk IR TTC #eth I-KI 4 ff

Pollen culture in vitro TTC staining I»-KI staining
TN 88.14+0.74 a 84.59+0.98 b 14.09£2.73 ¢
HX No.1 90.82+0.56 a 86.66+0.81 b 19.0240.04 ¢
GH 67.92+0.70 a 56.60+0.83 b 15.52+0.86 ¢
KSTS 72.36+0.41 a 71.06+1.72 a 24.61£2.00 b
W-1 86.78+1.41 a 82.98+0.27 b 28.91+2.88 ¢
XG 91.67+0.24 a 89.06+0.97 b 27.88+0.62 ¢
XTN 84.90+0.31 a 82.86+0.61 b 14.77£0.70 ¢
QM No.9 89.41+1.06 a 85.09+0.92 b 16.94+1.37 ¢
MGMX 92.49+0.98 a 88.68+1.29 b 9.78+0.50 ¢
RX 5.35+0.44 a 1.01+0.52 b 0.91+0.31b
ZL 1.21+0.25 a 0.26+0.01 b 0.00+0.00 b
JMCH 76.72+0.72 a 69.73+£0.87 b 8.72+£0.27 ¢
LP 85.06+1.22 a 80.88+1.02 b 14.44+0.15 ¢
QP 83.21+0.38 a 78.05£1.73 b 10.88+0.77 ¢
FMHIJ 86.42+1.51 a 82.09+1.79 b 16.78+0.38 ¢
HG 81.19+0.67 a 77.48+1.13 b 9.70+0.44 ¢
YYM 88.14+0.33 a 80.93+0.83 b 10.92+1.64 ¢
77-B1 81.20+0.40 a 74.44£1.19b 7.20£1.05 ¢
DI1-Al 91.41+0.33 a 86.60+0.19 b 21.29+0.49 ¢
THX 87.55+0.50 a 84.32+1.15Db 11.10+0.68 ¢
ZXMB 86.10+0.97 a 81.96+1.25b 12.68+0.61 ¢
D2-11 91.42+0.17 a 85.55+1.70 b 21.41+3.84 ¢
I-Y 86.36+0.43 a 83.36+1.62 b 16.57+0.94 ¢
ULGRQG 85.31+£0.75 a 84.60+0.87 a 28.07+1.52 b
LX 0.63+0.41 a 0.25+0.01 be 0.00+0.00 ¢

2.4 ETIEMIENNRES
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Fig.2 Cluster analysis of pollen size and vitality of 25 Passiflora L. species
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