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Abstract: [Objective] During crossbreeding, there are problems of asynchronous flowering and long-
distance hybridization. Pollen storage, which keeps its viability for a period of time, helps to overcome
the temporal and spatial barriers and enables free parental selection, contributing a lot to success in
crossbreeding. Studies have shown that besides pollen genetic factors, pollen viability is also deter-
mined by external factors including low temperature, low relative humidity and low pressure. Vacuum
conditions can help to extend the pollen storage time. Although there have been many studies probing
into plant pollen storage, not much attention have been paid upon the storage of pollen of carambola,
which is a minor fruit crop produced in southern China. There have been some studies related to nutri-
ent composition, scanning electron microscopy (SEM) observation and in vitro germination of carambo-
la pollen. In this study, carambola pollen preservation methods were investigated for storage of caram-
bola pollen for crossbreeding. [Methods] “Hawaii” carambola, introduced from Hawaii, has light yel-
low flesh, sweet flavor, less pomace, ample juice and excellent quality. A previous study found that

fresh “Hawaii” pollen had high viability and resistance and could be a good pollen parent for cross-
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breeding. This study used “Hawaiian” carambola as the experimental material. Well-developed flowers
were collected in the morning, and their anthers were taken and wrapped with sulphate paper. For dry-
ing treatment, the pollen grains were put into 50 mL frozen storage tube and filled with silica gel desic-
cant. For vacuum treatment, pollen grains were packed in a bag and vacuumed with a vacuuming ma-
chine (MeGIS MS1160). Pollen grains without drying and vacuum treatment were used as the control
(CK). The dried, vacuumed and control samples were stored in incubators at 25 °C or in refrigerators at
4 °C, =20 °C or =40 °C. Pollen germination rate and pollen tube length were measured at 0, 3, 7, 15, 30
and 90 d of storage. [Results] In the drying treatment and control, the germination rates of pollen pre-
served at 25 °C for 1 day were 12.12% and 9.57%, respectively, and those preserved at —40 °C for 1 day
were 35.68% and 32.59%, respectively. The germination rate of pollen preserved at 25 °C for 10 d was
0 in vacuum treatment, while that of pollen preserved at —40 °C for 90 d was over 50%, indicating that
low temperature could effectively prolong the viability of carambola pollen. The germination rates of
pollen in drying treatment and control were 0 under 25 °C for 3 day, indicating that silica gel desiccant
had no significant effect on carambola pollen storage. The germination rate of vacuumed carambola pol-
len was nearly 20% when stored at 25 °C for 7 d; the viability of the pollen stored at —40 °C for 90 d
was more than 50%; the germination rate of the pollen treated without vacuum was 0 when stored at all
temperatures for 3 d, indicating that vacuum treatment was an important factor in the effective storage
of carambola pollen. In summary, the combination of vacuum treatment and low temperature (-20 °C
or =40 °C) can effectively improve storage of carambola pollen. [Conclusion] At 25 °C and 4 °C, both
silica gel desiccant and vacuum treatments fail to prolong carambola pollen preservation. At —20 °C
and —40 °C, silica gel desiccant treatment does not help long-term carambola pollen preservation, while
vacuum treatment can effectively preserve carambola pollen for up to 90 d. Both vacuum and low tem-
perature can effectively extend the storage period of carambola pollen.
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Fig. 1 Effects of different storage methods on pollen germination rate and pollen tube length at 25 °C

WL RE T, & AE R B AER ORAT I [V, Tk fie T
IS AL BRI BRBAEA DR AT 3 d S FER 20 , L5 4k
FEATBHBRAERD TR AT 10 d 516K 2R3 -
2.2 74 °CTHkEMIAL EMEMEKENTK
M2 AT, 7F 4 °C N ki TG A X R AL 2R 1) A
WHRAE 3 dJETERY B R N 05 B2 RE I TEN (R AT
90 d LR B K F N 6.18%, LK & KA 107.16 pm.
EHUE AT DL, 76 4 CCIEZ R B2 T, Fe Ji 5 At i 4 2
() BE AR FE A BR A7 B )0, AR A7 3 d S AE R R0, T

TS A B ) BABRAE A TR AT B T A, R A7 90 d 15
TER S I AR B R 2K, 2 6.18%
23 FE-20°CTPHMIEMBLAEMIEMEKEDN
Tk

FH P&l 3 AT, 7620 °C N FeE Jie 4 Rt b 2 (1)
TENHRAT 3 dTER B R N 05 B 25 A FR AR AT 90 d 1)
TR TSR B W R T ek i K 260 24.13% e K
ERKEN231.99 um. AT UL, 7E-20 °CIpRIRJE T,
i J A5 R X R A BER ) B Bk A6 (R AT I ) B £



5123 KM 55 0 AN TR EE 26 A T PRI 58T O B AEA I 1 B 52 2515

O Xf ¥ Control @ fiffiz T/ Silica drying 8 L% Vacuumm

100 400
| aaa 350 -
T 300
s g
2 ol .l 5 20
- a %
ﬁ 5 o f{M 5 200
= 40 g o
iﬁi g I a . % £ 150
=
28 5l b 5 100
U vl ool ool b bb.a bl_).a = %0
°
[ o U L L L L L 0
0 1 3 7 10 15 30 90 0 1 3 7 10 15 30 90
5} [H] Storage time/d JE LI (] Storage time/d

2 7 4 °CTAEIEXFEMEA LRI EKE R
Fig. 2 Effects of different storage methods on pollen germination rate and pollen tube length at 4 °C

O X} i Control - @ fiE:Jii 4% Silica drying  ® H.%¥ Vacuumm

100 400
350+
°
2 g_ 300
< =
B g w g 250
8 =
o E ¥ 5 200
R £ e
R E EE 150
S O
® & R 5 100
b5 S
E ~ 50
0
0 1 3 7 10 15 30 90 0 1 3 7 10 15 30 90
T3k 8] Storage time/d T3k [F] Storage time/d

B3 720 CTFAREX LA L RFEH EKERF M
Fig.3 Effects of different storage methods on pollen germination rate and pollen tube length at —20 °C

173 dJEAER R0 1 B AL B BRBRAE Ry OR AP IR IR) (AR R ORAT 3 dAER T R 08 0 B s AR B A 168 £

B ARAE 90 d e & RN 24.13% 1790 d 1y B A ALK 0 = 1, FE K i R 2N 56.33% ,
24 TE-40°CTPHBLTEM AL EMIEMEKEN TR KB N 246.76 pm. 7] WL, 7E-40 °CIE s iR
T I FEE TGN X HE A B P SH Bk AR R A B ()34

M AT, fE-40 °CFRERS TR AR BELLBE  ORAF 3 d SRR R - 1 3202 AR B ) B A4 DR A P

O Xf i Control @ #EJE T4 Silica drying 8 J1%¥ Vacuumm

100 400 -

c\° 350}

£ E 300

EQ £ =T 250
Rg 2 g

-Ex: g 1"[1[[ — 200
R E <8

ol BE 150
™~ o0 :b_] o
=) ~ 15

5 2100

£ & 50

0

0 1 3 7 10 15 30 90 0 1 3 7 10 15 30 90
T (8] Storage time/d T (8] Storage time/d

El4 7E-40 °CIOELEE T AN EALIE X TER A & R R EKBERFZ0
Fig. 4 Effects of different storage methods on pollen germination rate and pollen tube length at —40 °C



2516 3 L)

S 4 H4a14

B K, PRAT 90 d A8k i A RAE 50% LA L.
30 W

TR ARAT I H 02 ALK 1 75 iy, R R A58
B P SE AR A — SR A A A H B R S ) PR A
I &, M BE G R AR AT 2428 B i, 3 v SR 5K
PR, WL A E R T B S EE R R
Ab IR R AR KR, BRI, AR R
Wi £ 73 (14 2 iy » — MR UL, Ik P R ) ek 1
W5t LR ERARIRIREE T (=180 °CH-270 °C)—1]
A BN U5 1, BRS Bk, FER AR TS T DL
WIGRAF™, MY SO EAREL , P B GAER 1E-180 °C
AT R ORAE — T AW, PR E SRR 1R
25 °C I3 120 dFEA3 7 K 2N 0, T £E-80 °C R I
5,360 d KSR B A 40.50% A R F, SO ALK
7E25 °C MU AEMEAF 15 d, 1T 7E-80 °CH M N R 1F 1 a
e R I 50% . FE A 58, ik I -1 AN
ot HE AL B I AE K » 78 25 °CLRAF 1 dAE R i R 435
N 12.12%F19.57%, T 7E-40 °C FRAF 1 d 1R i &k
Ay N 35.68% 1 32.59% ; L4 Ab FE I LK, £E
25 °CRAF 10 d AR i K 24 0, T AE-40 °C T IRAF
90 d FEM Y A RATHIE 50% LA F o Ix gk B BRI
A DA RICE K FHAR TR (1 4235 77, 1 ] B2 F IR
TRFEAR T BABC AN BT R A FH AN A= AR S 20

AR R mEm F i —EEZEE. &
A I RE T P e 6% S ) A 1T 5 48 AR T P ity A AR O
A AR AR 4 R BRI R R AR VS . KU
ARACH 5 AH 7] 0 I i, 3 2% PF T J8 T J Ak 2 e
L Z BRI RNt NN ST SN (R 1 P
TERAIE T, 2 B R AN T vl K R g K AE K
(Wt HAA B T dE A LA AR A T e
NI 7K 2 & BB T 40% , 75 WAL KT F1 £ ik %
%, W H 7 22 VAR B A AR FESE Y FEARA i,
B I P T R A B R PR AL ORAT A B 1) 2 S AR X
MR, UABIERAEA e i H 1. SR, RERR 452
FT B AR B (AR 7 SR AR 3 d BT R R BN
0, 15t FRE T J A 385 BB AR A 380 5k G ¥ 5
PEREVE L IX AT BE S B TR i T I8 A 2 B A 1 A6
(27K B, T BH B AR PR & 75 2 — e 1 &K &L, A
I Y8 A BRI T BH B A K0 IR A, X AE IR R T
=2 VAR & A FIAREA L FE SR A A O R RIS

W 5E R I, AR TEAR R A 5E  A FF1e R K

HIORAT i 1 45 7 3, BRI R R S R AR
W (HE 2D, R FITE TR R IR ] 7 i
PERT, ATTIA B RE K AR 35 7 1 B I oot 7 me A
TER IR B B 78 A & B, #E-10 °CH1-20 °C K &
TARATE , BeA SR FFFAC K 3% 5™ R T HEF AL
K BRI FE R I, E-20 °Co&AF N, i T4 b B2 (1 4E
WHRAF 100 d B RN 15.77%, 1T B2 T-HE A FAE K
HA K 265 26.43%", 1R 75 NIE¥ i 7, £ -18 °C
=25 °Cilf 5 T, R A 323 05 NARAT , R AF A
186 d LA L HIAEk 1% JIT5TE 50% LA _E IR B 2SR A7
BE A RO R PH IRAC R 2B 35 020 TEARBF A, B2
AR BHAR AR , 75 25 °C R ARAF 7 d 575 1L 20%
B R, M AE 40 °CLRA7 90 d 488 1% 71 AT 7E 50% LA
b K R A S AR FE S IR T ARAT 3 d AR A R R
B A 0, U BH B2 b R P B AR A A A0 e i
BRER, A R AT 1. PR R B, |
25 M FE IR (—20 °CE-40 °O) i 4 & fe
RO AEFHBRAER o

4 # B

LS AR IR 2 BE A R K BHA AE Ky 1 I e 34
TE-20 °CHI-40 °CEAE R, E 25 M FRBEH BURAE FH
ek 90 d.

2 #k References:

(1] BRAE SRR 2 %10 BT AR M. 3 Wi . b st s E R
AR, 2003:551-563.
CHEN Jiezhong. Monograph on fruit cultivation: South China[M].
3rd ed. Beijing: China Agriculture Press,2003:551-563.

[2] RiE . FIHEWERIEE 2560k (4verrhoa carambola L)
PRI I ERBARG T D], ERK T g AR 2%, 2002.
WU Qing. Study on technology of breeding polyploid of Aver-
rhoa carambola by biotechnique[D]. Chongqing : Southwest Ag-
ricultural University,2002.

B] =, Lol ERF B T2 A 0 RO i1k ).
PEIEA L 24,2010, 19(5): 157-161.
JIANG Chuang, WANG Chong, LEI Jiajun. Determination of
pollen viability and screening of storage methods in Clivia min-
iata regel[J]. Acta Agriculturae Boreali- Occidentalis Sinica,
2010,19(5): 157-161.

[4] MRS RCERL . TER TS S R KSR AR s IR 1] T
e 23E 41, 2005, 21(4) : 110-113.
YIN Jialei,ZHAO Huien. Summary of influencial factors on pol-
len viability and its preservation methods[J]. Chinese Agricultur-

al Science Bulletin,2005,21(4):110-113.



5123

KM 55 0 AN TR EE 26 A T PRI 58T O B AEA I 1 B 52

2517

[3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

TOWILL L E. Liquid nitrogen preservation of pollen from tu-
ber-bearing Solanum species[J]. HortScience, 1981, 16(2): 177-
179.

BOYLE T H. Environmental control of moisture content and via-
bility in Schlumbergera truncata (Cactaceae) pollen[J]. Journal
of the American Society for Horticultural Science,2001,126(5):
625-630.

HANSON C H, CAMPBELL T A. Vacuum-dried pollen of alfal-
fa (Medicago sativa L.) viable after eleven years[J]. Crop Sci-
ence, 1972,12(6):874.

KUSIAK, i e, RS0 . 3R [ g # ) LA SR i E K0 B 57 B
HEFL[I]. A B HAR 1996, 17(2):36-41.

LIU Jiangiu, ZHANG Qingqi, WU Wenshan. Nutrient consti-
uents in bee pollen of fruit trees in South China[J]. Chinese Jour-
nal of Tropical Crops, 1996,17(2):36-41.

T » BB 55 » BB, [ AR 52 L LR R AR SRR R M B
BB T]. BT B AR, 2002,21(2): 158-161.

LUN Xuan, CHEN Xinfang, ZHONG Yimin, LU Dongwen. Ob-
servation of pollen from some tropical fruits by environmental
scanning electron microscope[J]. Journal of Chinese Electron
Microscopy Society,2002,21(2):158-161.

KAWL L, BERRIR , BT, B, RS2 45, WRCUHT , Rt
THR R R AR B AR R BT FEI]. R R
Ft,2021,50(2): 112-115.

ZHU Yangfan, HE Jiang, HUANG Xinyi, MO Ganhui, HUANG
Xuemei, CHEN Haojun, OU Jingli, CHEN Yan, NING Lin,
ZHOU Jun’ an, RONG Tao. Study on in vitro germination of
star fruit pollen [J]. South China Fruits,2021,50(2):112-115.
T R BRI Bk AR AR ).
I HER 2000, 13(4): 14-26.

WANG Chuntian, YU Bingning, CHEN Xianshuang. Variety
characteristics and cultivation of Hawaiian star fruit[J]. Guangxi
Science & Technology of Tropical Crops,2000, 13(4):14-26.
T LI AE G S AR I S BT 7T (D). F A
UK, 2011

LI Xue. Characteristic of flowering phenology and pollen stor-
age of Carya illinoensis[D]. Nanjing: Nanjing Agricultural Uni-
versity,2011.

XEAR . TR IR SR B S Il AT A TR B8 [T]. 35 ARl Rl
1981,6(3):87-94.

LIU Waulin. Pollen collection, storage and viability test[J]. Jour-
nal of Jilin Agricultural Sciences, 1981,6(3):87-94.

IILLE L, BOCIR R, fTha bl , 222070, EHE .+
et , BB, A /M . BE B SRR TS I ok R S R
PIERETE IR G, AR, 2018, 54(4) : 645-650.
GUO Yingzi, WANG lJiazhe, JIA Wenqing, LIU Huichao, HE
Songlin, LI Jiyuan, WANG Yanli, DU Xiaohua, MU Jinyan,
ZHU Xiaopei. Changes of pollen morphology, storage condi-

[15]

[16]

[17]

[18]

[19]

[20]

(21]

tions and protective enzyme activities of Viola variegata[l].
Plant Physiology Journal,2018,54(4):645-650.

RH T8 EE, R, I L ASEIE SRR SO RAE R B A
R FLLI]. LRH AR R 224412, 2018, 49(5) : 600-604.

WU Yueliang, TANG Xin, LIU Di, LIU Mingguo. Study on in
vitro germination of Xanthoceras sorbifolia pollen at different
storage temperatures[J]. Journal of Shenyang Agricultural Uni-
versity ,2018,49(5): 600-604.

JRLRIR 5K, A SR, B/ W TR SR B KR AR H A
IR I8 B TR AL B A K T 126 [J/OL. BEALRAMFLHR 224
CH AR B AR 5 2024, 52(11): 1-9(2024-05-10)[2024-05-15].
https://doi.org/10.13207/j.cnki.jnwafu.2024.11.010.

YIN Chenchen, ZHANG Jie, MENG Jingxiang, WEI
Yongcheng, CHANG Fanglin, ZHANG Yong. Optimization of
culture media and storage for germination of Handroanthus spp.
pollen[J/OL]. Journal of Northwest A & F University(Natural
Science Edition), 2024, 52(11): 1-9(2024-05-10) [2024-05-15].
https://doi.org/10.13207/j.cnki.jnwafu.2024.11.010.

RIS T AL, ST B X, S AR . A AR R T R A
PRI O 7 R S B A3 T [J/OL. 43 TR B i, 2023 -
1- 17(2023- 12- 27) [2024- 05- 15]. https://link.cnki.net/urlid/
46.1068.5.20231226.1525.012.

ZHANG Xiaoning, YE Hang, WU Fangyuan, LIU Hailong, MA
Jinlin. /n vitro germination of Camellia osmantha pollen and its
storage conditions research[J/OL]. Molecular Plant Breeding,
2023:1-17 (2023-12-27)[2024-05-15]. https://link.cnki.net/urlid/
46.1068.5.20231226.1525.012.

NEPI M, FRANCHI G G, PACINI E. Pollen hydration status at
dispersal : Cytophysiological features and strategies[J]. Protoplas-
ma,2001,216(3/4):171-180.

TR RGN, SRR A, XS, A L . v R MR IR IR
SEARIE AR [T]. WML RS, 2007,27(6): 49-52.

CHENG Wei, ZHAO Zhigang, GUO Junjie, LIU Bao, ZENG
Jie, LAI Jiaye. Preliminary report on storage under low tempera-
ture of Betula alnoides pollen[J]. Journal of Zhejiang Forestry
Science and Technology,2007,27(6):49-52.

FHE, TR, BRI, DT R, DAL HSCR L B
e FIRAAIE L[], U R AL 47, 2010,23(4): 1202-1205.

LI Yongjun, WANG Ling, MA Jigiong, YIN Guifang, CHEN Jian-
hua, FANG Shunquan, XIAO Zhifu. Study on conservation of
Amorphophallus pollen[J]. Southwest China Journal of Agricul-
tural Sciences,2010,23(4):1202-1205.

IR B, T80, My 8, 5k W7 . AN IR R A IR 0 A 1
JRAEANE ST ], v BB 2013(24) :27-30.

LIN Yi, YANG Yubin, WANG Chi, YANG Jinghua, ZHANG
Mingfang. Effects of different storage factors on pollen viability
of watermelon variety ‘Zaojia’ [J]. China Vegetables,2013(24):
27-30.



