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Abstract

Diospyros kaki Thunb. cv. Fangshan is an excellent seedless parthenogenetic variety. To explore
the formation of its hybrid seeds, the germination rate of pollen of D. kaki Thunb. cv. “Taishuu”
and D. kaki Thunb. var. sylvestris Makino in vitro, the cross-pollination compatibility of D. kaki
Thunb. cv. Fangshan with pollen of D. kaki Thunb. cv. “Taishuu” or D. kaki Thunb. var. sylvestris
Makino, and the embryonic development process of D. kaki Thunb. cv. Fangshan hybrid seeds
were studied. The results showed that the best in vitro medium is 10% sucrose, 100 mg/L calcium
chloride, 0.2% agar and adjust the pH of boric acid to 5.5. The pollen germination rate of D. kaki
Thunb. cv. “Taishuu” was 23.5% and that of D. kaki Thunb. var. sylvestris Makino was 25.6%. The
cross pollination of D. kaki Thunb. cv. “Taishuu” and D. kaki Thunb. var. sylvestris Makino with
D. kaki Thunb. cv. Fangshan had affinity. Normal hybrid embryo developed to globular embryo,
heart-shaped stage, torpedo shaped stage and early cotyledon stage at 37, 45, 54 and 82 days after
pollination, and the longitudinal axis length of seeds exceeded 2 cm after full maturity. The early
embryo abortion type showed that the hybrid embryo degenerated and disappeared. The late
embryo abortion type is hybrid embryo development lag, and the position of embryo implantation
was skewed. It can be concluded that D. kaki Thunb. cv. “Taishuu” and D. kaki Thunb. var. sylvestris
Makino could become the male parent source of D. kaki Thunb. cv. Fangshan hybrid seeds, D. kaki
Thunb. var. sylvestris Makino has stronger pollen vitality. The embryonic development process of
D. kaki Thunb. cv. Fangshan hybrid seeds followed the Diospyros developmental regularity.
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1. 5|8

TR b 25 b, R Es SE R AR I MEEA DAL . 2K, THEERKTRBRE, MR
SEAREFIF (1] PAEEEAFTERFIE N, RIS LRI B g5 52 [2], Wi, . TR ERS
J& T RARFESE ST, RIS ST R IR AE KR & I AR 2 BN A I BRI I, 5 9 ) G
KOS, 1 G AR AT it 7 2 21 T DAS AL ) s v 45 52 (3]

CREAEY)E) C#iHli R (Ebenaceae)d 3 JE L 500 &Fh, LEAE 1 &, 457 F, (PEREME - F
Y 1L AE 963 A, oA KD A AP 158 4. J7 Ll fli(Diospyros kaki Thunb. cv. Fangshan) e #i
VLR B AR AR i, 8T RINFVESESE, (EREA G AR L [4]. BEE 7 LAl 7= br i) 4
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TSt , DAL B3 B R SRR R A9 SE (5], A7 L 0 3 BRI S0 B rh T e f 52 TH A
MRS YR, BAERIEEAEAR . BIRBRKIIT A [6]; BURHRRE T 7 Al i s ROy R
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W AR R Hid e 1, AU ARG T BERIATR, AR T2 M B BIRA TR . 5 i X
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i I R T3 LA o

A B PR GE SE A TR AT SO REp B, “ PR MYERIN I S/ R AFA
SEARIM T, B RIRRD A R T BOR 56 4 7 o Al R By 2 58 4xiB AL, SECERZ(9] [10].
] PAY 7 Xt B2 8 S o R A EAT N T8, G SRREL, R RLAT 2R R KO IO LB b e, 3010 R 2
MR MR AL 7R R DL, IR R B E BRI L30T M 0T & B e M IR LA T B R LR
BRI B WG (1110 A SO B Al B ARK BT AR A 25 1R 55 IR ML 7 BEAT DAL, IR RAKE A . BT Al 42 1)
A R S OR KA S B 5 07 LA 8 S Bk B oR AN, 48007 i S8 e R AR Bl g . BAEN
J7 Al 3207 BT S A RIR P AR S5, N7 (Al BRI £R 6 T A AN R SR (L B 5
AR R T

2. MN57E
2.1. SEHHHY

SIS KL : KAKEH Al (Diospyros kaki Thunb. cv. “Taishuu”) #74li(D. kaki Thunb. var. sylvestris Makino.)~
75 1LIAi(D. kaki Thunb. cv. Fangshan) % F #VL 4 K BE T3 B4

2.2. EMRE

2021 4E 5 FA], A ARRKEHFATEF Al BB SO I EfE . T =IRQ3°CAA) FIET 24 /Nt 5, HEZE
TG e TR R, BB RS TR RN S T ) 48, 4 CIel a8 F12].
2.3. Z23%H

2021 £E 5 BYI, TaBEMEEN T ILAEN, FBZEREMMME I, EIEDE AR 7L
FRMELE, F 2 AL 0 AL TR R, MidE LR, 10 KRG ZBRRR4ESE[13].
2.4. BIFEENELBIEN

K AR 7] FERAR FEE (10 2 [ A 92 36 [14] [15] (1), BUE B KB o M55 72 550 T M3 10 VA o,
W IR R O, FERE RIS MG 5, H BRI, KHIYARE TR b, ERARA
TRUEAR G FRIL A, (RSB . TRIRQE3C) PR 6 h, 0.1%KIERE R T RGOS, £
Olympus IX71 BU7% 56 BAEE N &I 4n e %[ 16] [17].

Table 1. In vitro medium formula

F 1. BIMEFERS

Ui TEBE (%) S (mg/L) BB (%) pH (FHBHER 1)
1# 0 100 0.20 5.5
2# 5 100 0.20 55
3# 10 100 0.20 5.5
4# 20 100 0.20 5.5
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2.5. ERTEFEER RIS LRI H A

FH AR RK B A SR A AR N 828 7 LA 24 h e, BRI 05 LR ME S FAA [ 2 W8 5E 24 h,
IRIGEEN T0% T F T R 8 BAEAE Jekt sk, BT 5 mol/L NaOH WAL (AL BE 5 h 2245, 15 7Kk
TR KASL TR b, 0.1% KRG I I AT Je to Ja BE T B4R R F, 78 Olympus I1X71
TN BB N W R AE %[ 18] [19].

2.6. REAESIENE

FARRZERRACAS RS2 I 8] 7 LI AT RS . E PR )5 20 d A2, &ERE 7~10 d BURE, AT 55 A B A1
F FAA [E52 R 1F . 7E Olympus BXS1 B9 6 AR 1 ff 5 WL 82 540 B0 % [20] [21].

3. IRGERERR
3.1. XEEHHREMHERREEFEFENRR

FAER EARRE 7% 48 h J5, W 1(A)FR, 1E 1#R5FRIECLIERDH T, e gn i BB E R R E, 1
WORLIR KA, JEAR M RIER R K Wl 1B, 15 2455753 (5%IER) T, A M BITeR & 1 g
K, RIS R R BT EONIE RS, PEEEA E M WE 1(OFTR, 1E 3#ERE00%ER Y, A0

KEEREI R, WREEED, ETRENE:; WE 1(D)FIR, 1 445REEQ0%EEH) T, ek
M RSB R AR, MBERER LK T, TR EERIER LA -

e 0. ol
e e O - @ )
@_?ﬁ}” © " g ©

© B @'{DEC‘) ng 7

Figure 1. Microscopic observation of pollen of Diospyros kaki Thunb. cv. “Taishuu” and Dios-
pyros kaki Thunb. var. sylvestris Makino cultured in vitro with different sucrose concentration
medium for 48 h, bar = 200 um. A: 1#Medium (0% sucrose); B: 2#Medium (5% sucrose); C:
3#Medium (10% sucrose); D: 4#Medium (20% sucrose)

1. KFEREHAD K BF AR TE A8 A IR B A SR B S (K15 77 48 h R ER B, Bar = 200 pm.
A: HEFE(KERE); B: 2HEREGCWENR); C: 3HEFRE(0%EE); D: 4#HE7E
(20%FEHE)
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3.2. KBTI LR EEHRLROAE

ke 2, =iRQ3C) PGSR 6 h e, KAKEHRIATE A K S ety Q2w R EITIRE K. POt
WA T AERRL R 1, 1R e AR . RS A ALY B A 3N 23.5% + 0.2%, BFAHIIER B &K 25.6
+0.4%. BFATIAER B A A i TR (14 3).

Figure 2. Observation on aniline blue staining of pollen of Diospyros kaki Thunb. cv. “Taishuu” and D. kaki Thunb.
var. sylvestris Makino after cultured in the best medium for 6 hours, bar = 100 um. A: D. kaki Thunb. cv. “Taishuu”
pollen; B: D. kaki Thunb. var. sylvestris Makino pollen; the arrow shows pollen tube

B 2. KEHIHANEF RIS RIS FE B IS 6 h BRERIEZOLREYER, Bar =100 um. A: KEEHIHIEY;
B: HFHHEH; SikREmE

* %k

0.3- I
IS 0.2
H
%
i 0.1+

0.0- T

R EKER T BF

Figure 3. Comparison of pollen vitality between Diospyros kaki Thunb.
cv. “Taishuu” and D. kaki Thunb. var. sylvestris Makino (p <0.01)

B 3. KR EHFFIEFFRTERIE S1(p < 0.01)

3.3. KBKEHHH X EFATE 87 77 LLAmHE LA R R AEH e EE KON

sl 4 B, RBKEHRAET fiAEA 7207 LA Sk ERRREIE WA, HABK & FIEfEREh IE R A K,
GG S5 w] AT I WLEE BIAERE b ek

34. AUMTRETENE

IRAZBH G 28 dy AT LA SR S AT AR K ZD 4~5 mm, B K L) 3 mm. AT#EES, R
WEEZIE(E 5(A)). BB T 37 ds RIE M T IRILE] 7~8 mm, BAREF] 5 mm, fEH]5 ] WAL,
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BRI EAR/NT 0.2 mm (4] 5(B-a)). #H1)E 45 d FIZ2R 7, AR K 9~10 mm, HEfE 5~6 mm, SIRH)
KRB BT 5(B-b)),  FEAATH S 0 40 A 7 R ERIE A SRS . $Br ) 54 d Jms  Z8 58 Fh1 1R AR
REWK, ZINKE 45 d R TR — A, AT TE SRR AR EIR(E 5(B-c), OIBIRR
TIPS RAE TR o 5280 )5 63 d BIZRASH T [k G 54 d FIASSM e R B R E 2R, IR
KA ZAE RIS 5(B-d)), FEATIE R RER TR 1. 238580 82 d, Fli K/ XA B3&
B, B F IR FLIFAGRELL, Bl N BRI 2T IR(E] 5(B-e)). $280 5 157 d, J7 il SR (K 5(C)),
I ATl R A UG FE R 2R (18] 5(D)), IRA A AW 5(E), IRERL AT, T, THEN
JEJE .

Figure 4. Fluorescence observation of pollen germination of Diospyros kaki Thunb. cv. “Taishuu” and D. kaki Thunb.

var. sylvestris Makino on stigma and pollen tube grows in style of D. kaki Thunb. cv. Fangshan by aniline blue staining,
bar =200 pm. A: D. kaki Thunb. cv. “Taishuu”; B: D. kaki Thunb. var. sylvestris Makino

Bl 4. FKRZIERGBICE KRNI B EFMHIEME T ALK R R AL PIEMEEK, Bar =200 um. A:
ARKEHH; B: FFA

5mm A
28d 37d 45d 54d 63d 82d
(e) 0.5 mm

0.2 mm

(d)
(c) i
(b)
(a) s ‘ i
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Figure 5. Hybrid seed morphology, embryonic development, and fruit of Diospyros kaki Thunb. var. sylvestris Makino pol-
linated D. kaki Thunb. cv. Fangshan at different developmental stages. A: Morphology of hybrid seeds at different develop-
mental stages after artificial pollination. B: Morphological changes of embryos at different development times of hybrid
seeds: (a) Globular embryo; (b) Heart-shaped embryo; (c) Early torpedo-shaped embryo; (d) Late torpedo-shaped embryo; (e)
Early cotyledon embryo. C: D. kaki Thunb. cv. Fangshan. D: seeds wrapped in placenta. E: Mature embryo

5. FRAEME LM AE L BRI AR FRSREERAEIEMRE. A: ATEMERELEIHAZAZH
FRAS. B: #RXMFARLZEMBEENELS: (a) BREIE; (b) (LEE; (o) REGEIME; 1) BREABEREE; (o
BFMHFME. C: Hfh. D: BREGENMT. E: RERE

3.5. MERRZHTFRSUE

FETT i 2 2R ARG A B SRR A, 2 IR AR R IR R SE Al LIRS A (B
R SHENGRE IEH R 7R EE(E 6(A), FHIMHE RS RT3 6(B). K 6(C)), RILARMIZEH, 2
SR A LB RIRTL, o IRFLA B A 2 . BICE R SS A 718 6(D)-(F)), REMEEE AL
HOM, ERAESRE LR E G, EEMEME, WA IR IR, AR T 25454

C

1cm
——

Figure 6. Morphological observation of normal embryo and abortion embryo of Diospyros kaki
Thunb. cv. Fangshan hybrid seed. A: D. kaki Thunb. cv. Fangshan hybrid seeds containing mature
embryos; B, C: Early abortion of D. kaki Thunb. cv. Fangshan hybrid seeds, no embryo was observed,
D, E, F: Late abortion D. kaki Thunb. cv. Fangshan hybrid seeds, the position of embryo implantation
is skewed, and impossible to distinguish the embryo bud, hypocotyl, radicle, cotyledon

E 6. FlfmRazMFERERME EFRPEILNES. A: SEEENSLMHRAZMF; B, C:
FHMEM BT LA H#F; D, E, F: BEARKENG LMAEMT, RENEEME R

4. Wit
TELERY B AR e Searp, SRR SR FE A . pH {H A 55 500 FE 2 S2 ARy (i ke %, Hop s o dt
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Y 2L FSCRS 53 XoF AEA FRT B A 280 R IR ) o 55 5% 5 v 1) R B A ) o BB 45 04 A I A R B (1t A B2
B, (HRENE KA PR I 2 SO R K TRk i, BTk i & [22] [23]. ATLATEAE
B AREEFR I T, A I REREIR B S A ) IR B, e m A B AR RE SR A A, TR AERf b R WU
TERHE 71 o WERDITRAER B R KA EEKITH M EEE YA, AmES A RRI24], (EAEHE
(35 R B TR I R % 2 AR T 10%EREIR BE (R 770k . T0RY B8 75 05 P 0@ B VR B 110495 B 1
TAERE AR K, S ERES IR FETE 0~250 mg/L B 1EM I 2 2 9 i [25], SRI S5 T AR N T 45
TERD B AR TR TP IR TSR FE 9 100 mg/L I, AR I8 R 2 e[ 26] . SKREAE S N R ILAEH B K 1)
f pH JEFILE 4~9, FEFRBEMRVEBUS T 2 BACTER B R 26 [27]. SRIREE IR KM, I&A RRKE Al B il
TERY B R I B AE R FRIEBE 7 N 10%8E0E, 0.2%5EfE, 100 mg/L 54645, JEAMERE T pH £ 5.5. KAKEH
i BFRAEHR 1B AR R R MR A5 R TR, B AR RS I 8 v T OREK R RAE R R, 31X 55K 855811
S ENG I WAL iR S St @8

RS 25 B A AR BRI IRTU™ AR50, BERIE S NI, ek BRI 6 h 5iehmE
FRIE RO B BEIRR 28], B iR R AT 12 /NBS AOFEN R, ZR I Jet R U BABE W EE, TERRL
FOCR AR, STRIEREIIEE29]; B IRI 48 /N, SRR I BT 0040 5 2 K e TS
JerrFedk, SO RAMONER[30] [31]. AKRKETAIFAIEFAAEH N THA 6 h 577 ILflikk Sk ey ta, WEEs|%y
Fili v RRKEEAAZ R 7 LA 38 AT SR D50 W 5 1 A K Al R ) R 1 B AR 3404 mT R Je oy 7 L Ll 58 b
TFHISLA.

JE R REE32) N R I EE SR RS0 G 354 404 45, 55d, ZFMIRMRIRR B EEEEI. ORI, fHE
AIFH s ARFNEE[33IN R I TE A F R oA “REE” fERH G 40 d PR R E BZEREM. 50 d KREZEO
TR M. 60 d JFKEETHIEM. J7IIFERRE 37 d. 45d. 54d. 63d. 82d, ZEMIEKIK
REZBREM, QM. REIGERIE, A EER. Frogm, HaWA RS 5 e E b
ol, BRI RS RBEAAEA R E IS .

gE bR, 7S R e AR R R A . R AK TR BBk TS, e B AR S 0,
ARG K & ARG AT JE R A IR RG (B R, LR AL s ROt — 2D 5T 07 LI 4 S8 F 7 XA SRR IR 5 5%

5. &t

AR SO R RKEA . BFAT A 0 B AR R 7 LA N TRk S AR 7E A Sk i R ROk T
ek AR s, DLEOTIIRIIRIG R B R AL, SRIFLA N R B RERBUTER: 1) &6
KRR ER AT S A AR B R IR B AR RS 7R BRI 5N 10% 58 . 100 mg/L &AL ES . 0.2%E 5, FFFHBER AT pH
F5.5; 2) BPREAERY RLE P R T ORAKE AR KL 3) BPA . ORAKER AR 75 LA 38 B SRR
4) J7 LA RRG KR B AR 0 S5 R LA AL, R O FEAEAE AN R R LG
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