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Study on the biological characteristics of cross-pollination in kumquat

SHANG Haole, WU Juanli, LI Manti, ZHU Changwei, YI Zili, HUANG Hongmei’
(Hunan Agricultural University, Changsha 410000, Hunan, China)

Abstract: [Objective] Pollen viability and stigma pollinability are important indicators for assessing
the quality of parental gametes. Understanding the changing pattern of kumquat pollen viability and
stigma pollination rate and finding the best pollination period can effectively improve the quality and
success rate of hybrid breeding. Simultaneously, the growth of kumquat pollen tubes under self-pollina-
tion and heterogametic pollination conditions was studied to find out the biological characteristics and
mechanism of kumquat heterogametic pollination to provide a theoretical basis for kumquat promiscu-
ity. By studying the fruiting rate under different treatment conditions, we can provide some practical ba-
sis for kumquat promiscuity. [Methods] Embryo types of 23 Fortunella germplasm resources were sta-
tistically analyzed. Materials with different embryo numbers were selected to analyze pollen viability
and stigma receptivity at four different stages (Small bud stage, Big bud stage, Early florescence stage
and Full bloom stage) by using TTC staining and benzidine-peroxidase methods, respectively. Subse-
quently, three treatments, including emasculation without pollination, artificial self-pollination, and hy-
brid pollination were conducted. The growth of pollen tubes was compared under both artificial self-pol-
lination and hybrid pollination. Finally, fruit setting rates after three treatments were statistically ana-
lyzed and compared. [Results) Fortunella japonica (Thunb) Swingle had the fewest embryos, making
them suitable as female parents, followed by F. hindsii (Champ) Swingle, F. crassifolia Swingle and F.
margarita (Lour.) Swingle. F. obovata Tanaka had the most embryos. Pollen viability of all tested Kum-

quat materials at all four stages followed the same trend of “increasing first and then decreasing” and
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the peak reached at the early florescence stage. The highest pollen viability was found in the Lanshanjin-
gan (F. crassifolia Swingle), which was significantly different from other species, and Liuyangjingan
CQ (F. crassifolia Swingle) had the lowest pollen viability. Stigma receptivity followed an increasing-
decreasing trend at all four stages, with maximum receptivity observed at the early florescence stage.
Lanshanjingan exhibited the highest pistil receptivity, while Liuyangjingan CQ showed the lowest.
There were no significant differences in pistil receptivity among other kumquat varieties, and therefore
they can all serve as female parents for hybridization. Analysis of pollen activity and stigma receptivity
revealed that kumquats exhibited synchronous maturation of male and female reproductive organs,
reaching peak values at the early florescence stage. Pollen tubes of both self-pollination and hybridiza-
tion treatments began germination approximately 2 hours after pollination. Hybrid pollen tubes showed
a faster elongation rate compared with self-pollination pollen tubes. After 12 to 24 hours of pollination,
most hybrid pollen tubes reached the base of the style as a result of fast elongation, whereas some self-
pollination pollen tubes had already ceased elongation at 2/3 of the style length. After 48 hours of polli-
nation, all hybrid pollen tubes and a few self-pollination pollen tubes penetrated the base of the style
and entered the ovary. Under the condition of emasculation without pollination, all 7 kumquat germ-
plasm obtained fruits, and Lanshanjingan had the highest fruiting rate and showed significant difference
from other kumquat germplasm. The kumquat flowers can develop into fruits without pollination, dem-
onstrating the characteristic of parthenocarpy. Under conditions of artificial self-pollination, Lanshanjin-
gan had the highest fruit setting rate, showing significant differences from other kumquat germplasms.
Under the condition of hybridization pollination treatment, the fruiting rate of Liuyangjingan CQ was
the highest, followed by Lanshanjingan. However, there was no significant difference in fruit set rate be-
tween these two kumquat varieties, but there was a significant difference between them and among the
other 5 kumquat varieties. Except for Ningboluowen CS [F japonica (Thunb) Swingle], the fruit setting
rates of the other 6 kumquat from cross-pollination treatments were higher than those from artificial
self-pollination; among the 7 kumquat varieties, only Ningbojindan (£ crassifolia Swingle) showed no
significant difference in fruit setting rates under both artificial self- pollination and cross- pollination
treatments. The difference in fruit set rate indicated that the cross-compatibility of kumquats was stron-
ger than self-compatibility, which was more conducive to the hybrid breeding of kumquats. With the
same hybrid paternal parent, the higher the stigma pollinability of the female parent, the higher the fruit
setting rate. The fruit setting rate of intraspecific hybridization was higher than that of interspecific hy-
bridization, and there was a significant difference. [Conclusion] The female parent with single embryo
should be selected in kumquat hybridization; kumquat belonged to hermaphroditism, and the best time
for pollen collection and pollination was at the early florescence stage; kumquat cross- compatibility
was stronger than self-compatibility, which was beneficial to kumquat cross breeding.

Key words: Kumquat; Pollen viability; Stigma pollinability; Pollen tube development; Interspecific hy-

bridization
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Table 1 Test materials
Fist SNl B3] Tt e Eit]
Germplasm Origin Type Germplasm Origin Type
TR WHL, T £ WLl <At WFT L S
Ningbojindan Ningbo, Zhejiang F. crassifolia Swingle Lanshanjingan Lanshan, Hunan F. crassifolia Swingle
TR CQ WHL, T4 &5 TEm G At WE WA e
Ningbojindan CQ Ningbo, Zhejiang F crassifolia Swingle Huayejingan Liuyang, Hunan F. crassifolia Swingle
P H <At HFE WA i fit 2 ff 2 U Rl B
Liuyangjingan Liuyang, Hunan F crassifolia Swingle Rong’ ancuimi Rong’ an, Guangxi F. crassifolia Swingle
WA CQ IR, WA i TWE L WL, T 9% T
Liuyangjingan CQ Liuyang, Hunan F crassifolia Swingle Ningboluowen Ningbo, Zhejiang F. japonica (Thunb) Swingle
WFA A CS 1R, WA i TWE L CQ WL, T zar
Liuyangjingan CS Liuyang, Hunan F crassifolia Swingle Ningboluowen CQ Ningbo, Zhejiang F. japonica (Thunb) Swingle
T g WL, i e TP LLCS WL, T B
Wenzhoujindan Wenzhou, Zhejiang  F. crassifolia Swingle Ningboluowen CS  Ningbo, Zhejiang F japonica (Thunb) Swingle
T B CS WL, Eif HE KR T, KA B
Wenzhoujindan CS ~ Wenzhou, Zhejiang  F crassifolia Swingle Fujiandaguoluofu  Yongchun, Fujian F. margarita (Lour.) Swingle
EEE UV, b i SR LE) Jv B B
Fuyuanjingan Rong’an, Guangxi  F crassifolia Swingle Niunaijingan Yangshuo, Guangxi ~ F. margarita (Lour.) Swingle
T B A JPE, BRI e INREE 1 S A <A
Huapijingan Yangshuo, Guangxi  F. crassifolia Swingle Xiaoguojindou Chenzhou, Hunan F. hindsii (Champ) Swingle
TUATCS WHL, 7+ e KREE T S A Ll <Al
Ningbojindan CS Ningbo, Zhejiang F crassifolia Swingle Daguojindou Chenzhou, Hunan F. hindsii (Champ) Swingle
IR ) B Ead NI =R BT KAp Gt
Guangxijindan Yangshuo, Guangxi  F. crassifolia Swingle Gongsunju Chengjiang, Yunnan  Fmargarita (Lour.) Swingle
B L7, )1 e
Suichuanjindan Suichuan, Jiangxi F crassifolia Swingle

1 :CQ R 51 BT Hh E VB B ARG ST BT (R PR ; CS 7R 51 B T3 44 el 2 9 B (Kb

Note: CQ means introduced from Citrus Research Institute of Chinese Academy of Agricultural Sciences (In Chongging); CS means introduced in

Hunan Horticultural Research Institute (In Changsha).
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A NE Table 2 Acceptability test standard of stigma
Small bud it 1k R R HeSk T b it
Color change Bubble production  Stigma acceptability Score
A N e 6
Turn blue Alot Extremely strong
£34 e i 5
Turn blue More Very strong
i g i 4
I — Turn blue Less Strong
C. YK D. & H . .
N AR = A5 O
Early opening Full bloom A2 K & J,’L 3
Unchanged Alot A little strong
A L2 L&D 2
Unchanged More Weak
A b Begs 1
Unchanged Less Extremely weak
A Josk > W 0
Unchanged No or few None

1 SHEFHEMEES

Fig. 1 Four forms of Fortunella flower buds
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Table 3 Self-pollination and Cross-breeding Combinations

of Kumquats
2 GH A
E! LA ﬁ‘i‘ﬁ‘ﬁéﬂﬁ
Self-cross e . .
L Hybridization combination
combination
T TR xR E L CS(F)
Ningbojindan Ningbojindan ( ¢ )xWenzhoujindan CS (d")
WFH A CQ MIBH AT CQCROxIE II4A (o)
Liuyangjingan CQ Liuyangjingan CQ ( ? )xLanshanjingan (J")
T L TUWE LRI A CS(a)
Ningboluowen Ningboluowen ( ¢ )xWenzhoujindan CS (&)
TP L CQ TP B CQUE i E#ECS(F)
Ningboluowen CQ  Ningboluowen CQ ( ¢ )xWenzhoujindanCS (J")
Wl WA CROx MG CQla)
Lanshanjingan Lanshanjingan ( ? )xLiuyangjingan CQ (J")
TP LLCS THBLCSCQOIE LA (o)
Ningboluowen CS Ningboluowen CS ( @ )xLanshanjingan (J")
A WAt A CQOxBH &M CQa)
Niunaijingan Niunaijingan ( ¢ )xLiuyangjingan CQ (")
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Table 4 Statistics of the number of seeds and embryos of a single fruit

G G JE%
Germplasm Number of seeds Number of embryos
T 4.92 2.60
Ningbojindan

TREHCQ 4.82 2.35
Ningbojindan CQ

W BA A 7.85 2.54
Liuyangjingan

WAt CQ 7.82 2.57
Liuyangjingan CQ

WEH A CS 6.83 1.52
Liuyangjingan CS

R 4.82 2.47
Wenzhoujindan

M CS 6.41 2.64
Wenzhoujindan CS

1A 4.05 2.73
Fuyuanjingan

T Be At 3.07 3.30
Huapijingan

TR CS 4.18 2.53
Ningbojindan CS

IR 5.64 1.75
Guangxijindan

B 5.54 2.87

Suichuanjindan

il G A
Germplasm Number of seeds Number of embryos
LAt 8.67 1.23
Lanshanjingan

TEI G At 5.57 1.10
Huayejingan

fih 2 ffa 2 5.13 221
Rong’ancuimi

ERE228 6.51 1.00
Ningboluowen

TWH L CQ 4.47 1.00
Ningboluowen CQ

T LLCS 6.31 1.00
Ningboluowen CS

TRERRD T 3.45 1.21
Fujiandaguoluofu

SR LE ] 5.02 3.31
Niunaijingan

NREE 2.35 1.75
Xiaoguojindou

KReE 2.57 1.31
Daguojindou

Sl 17.85 4.33
Gongsunju
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The error bars are standard errors, and different small letters indicate significant differences in pollen viability of different types of materials at the

same time (p<<0.05). The same below.
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Fig.2 Determination of pollen viability in kumquat at different times
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Fig. 3 Determination of stigma pollinability in kumquat at different times
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Fig. 4 Comparison of self-crossed and hybrid pollen tube growth of kumquat
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Fig. 5 Statistical comparison of fruit setting rate of different kumquat germplasms
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Table 5 Differential analysis of fruit setting rate of

kumquat between artificial self-pollination and cross-

pollination

ANFIRL LT AL R

Fruit setting rate of different
VN 7y processing method/% tE pli
Female parent NTHZTRR <5583k t-value  p-value

Artificial Cross-

self-pollination pollination
T4 8.25+0.49 9.08+0.31 -2.451 0.070
Ningbojindan
WIFH 44 CQ 9.56+0.57 47.56+2.11 -30.122  0.000%*
Liuyangjingan CQ
TG 9.100.09 22414126 -18.214  0.000%*
Ningboluowen
TP LCQ 10.44+0.17 20.3540.30 -49.619  0.000%*
Ningboluowen CQ
W Ll At 16.65+0.62 46.84+2.35 -21.900  0.000%*
Lanshanjingan
TWDLCS 5.97+0.29 4.37+0.33 6.37  0.003**
Ningboluowen CS
e L) 9.70+0.15 26.44+2.10 -13.79  0.000%*
Niunaijingan

TR SRR (p<0.0D) . FIA
Note: ** indicates highly significant (p<<0.01). The same below.
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Table 6 Variability analysis of fruit setting rate among different hybrid combinations of kumquat
2 A AL BEAHEL H_%ﬂﬁﬁ?%ﬁ 465'&%(%1’2@1%7‘%2) o o
Male parent Female parent Stigma receptivity Fruit setting .rat-e (mean t-value p-value
score standard deviation)/%
R 450 CS T £ # Ningbojindan 5.00 9.08+0.31 -17.763 0.000%*
Wenzhoujindan CS T % 4 Ningboluowen 5.67 22.41+1.26
7% 43 Ningbojindan 5.00 9.08:0.31 -45.108 0.000%*
TP 4 CQ Ningboluowen CQ 5.00 20.35+0.30
T % 4 CQ Ningboluowen CQ 5.00 20.35+0.30 -2.749 0.051
7% % 4 Ningboluowen 5.67 22.41£1.26
W L&A T ® 4L CS Ningboluowen CS 5.33 4374033 -35.039 0.000%*
Lanshanjingan RIBA 424 CQ Liuyangjingan CQ 467 47.562.11
WIFH & A CQ 244> H Niunaijingan 5.67 26.44+2.10 -11.209 0.000%*
Liuyangjingan CQ ¢ |, 4t Lanshanjingan 6.00 46.8442.35
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