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Callus induction in the field and establishment of a bud regeneration sys-

tem for pomegranate

NIU Juan, LUO Xiang, CHEN Lina, LI Haoxian, LIU Beibei, WANG Qi, CAO Shangyin’
(Zhengzhou Fruit Research Institute, Chinese Academy of Agriculture Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] Pomegranate (Punica granatum L.) is one of the excellent small sundry fruits
and has developed quickly in recent years in China, where pomegranate has been cultivated for more
than two thousand years for its high economic, nutrition, medicinal and ornamental values. Soft-seeded
pomegranate is highly admired by the consumers for its big fruit, sweetness, juiciness, and delicious
soft seeds, and has a great development potential in China. However, most of the new soft-seeded culti-
vars have been obtained from bud mutation, radiation and hybrid breeding. Breeding for soft-seeded cul-
tivars is difficult by conventional crossing and time-consuming. Biotechnology breeding is helpful to
solve these problems. Bud regeneration is the precondition and key point of plant regeneration via in vi-
vo callus induction. The goal of this study is to construct an in vivo system for bud regeneration from
callus in order to provide solid foundation for expanding propagation, genetic transformation and muta-
tion breeding of pomegranate. [Methods] The effects of different hormone combinations, including
TDZ+NAA+KT, TDZ+NAA+KT+6-BA, TDZ+NAA+KT+IBA, TDZ+NAA+KT+IBA+6-BA, TDZ+
GA;+KT+6-BA and TDZ+GA;+KT+IBA+6-BA at different concentrations, AgNO; at different concen-
trations and branch diameter on callus induction and adventitious bud regeneration in vivo in ‘Tunisa’
soft-seeded pomegranate cultivar were investigated. Strong branches were randomly selected and cut
with a branch shear or hand saw. Then the cut end of the branches was treated with 1.5 mL callus induc-
ing agents, such as 2.0 mg- L' TDZ+1.5 mg- L' AgNO; for 24 h. Wetted mud was used to seal the cut
end and then covered with a white plastic bag to keep moisture. The wetted mud was replaced with

fresh mud every 7 days. After the adventitious buds formed from the callus grew up to 2 cm long, the
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mud was removed allowing the buds to grow naturally. The callus morphology formed from the cut end
of the branches was observed 30 days after branch cutting. The ability of bud regeneration was repre-
sented by the average bud number of each branch. The effects of branch diameter and hormone combi-
nations on in vivo bud regeneration were analyzed.[Results1The morphological characters of pomegran-
ate callus were analyzed. Green callus was formed 10-20 d after cutting. The callus enlarged, growing
vigorously. The callus underwent obvious changes into a slightly loose texture and from light green to
milky white, or from the white transparent to green granular, and large buds appeared after 30-45 d. The
adventitious buds had formed from the callus by day 60. The adventitious buds formed from the callus
reached 2 cm long at day 75, and reached 3-6 cm in length and mostly lignified at day 90. The effects of
different hormone combinations on bud regeneration were analyzed. The results indicated that there was
no significant difference in the effect on the number of buds among the hormone combinations of TDZ,
NAA and KT. The treatments of 4 mg: L' TDZ+2 mg: L' AgNO;+0.3 mg' L' NAA+1 mg- L' KT+3 mg- L
BA, 4 mg- L' TDZ+2 mg- L' AgNO;+0.3 mg- L' NAA+1 mg- L' KT+0.3 mg- L' IBA, 4 mg- L' TDZ+ 2
mg- L' AgNO;+0.3 mg- L' NAA+1 mg- L' KT+0.3 mg- L' IBA+3 mg- L' BA, 4 mg- L' TDZ+2 mg- L"'
AgNO;+ 0.5 mg- L' GA;+1 mg- L' KT+3 mg- L' BA and 4 mg* L' TDZ+2 mg- L' AgNO;+0.5 mg- L'
GAs+1 mg- L' KT+ 3 mg- L' BA+0.3 mg- L' IBA improved the average bud number. Moreover, com-
pared with the other treatments, the treatment of 4 mg- L' TDZ+2 mg- L' AgNO;+0.5 mg- L' GA;+1
mg- L' KT+3 mg- L' BA+0.3 mg- L' IBA induced the earliest adventitious buds that appeared 30 days
after treatment. But with the increase in the concentration of the hormone, the adventitious buds rate re-
duced. Higher concentrations of hormone promoted callus cell division, but inhibited the adventitious
bud differentiation. The number of the regenerated buds had no significant difference among different
branch diameters. Moreover, to balance minimizing number of branches to cut and minimizing the dam-
age to trees, we suggested that 1.0-2.0 cm branches were suitable for adventitious bud induction. In ad-
dition, AgNO; had an impact on the formation of callus and the average bud number, and the best con-
centration was 2.0 mg- L".[Conclusion]A callus induction and bud regeneration system in pomegranate
was successfully constructed in vivo, which will promote pomegranate expanding and gene transforma-
tion.

Key words: Pomegranate; /n vivo induction; Callus; Bud regeneration
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Table 1 Treatment design for examination of the effects of different reagents on callus induction and

bud regeneration in pomegranate

s pC(EEZRE) p HHERERD p(1-ZE 408D p CRUEAR) I L)) pC6-"FEEEIRIE) p(FRFEZ)
No. TDZ/(mg- L") AgNOy/(mg-L") NAA/(mg-L')  KT/(mg L") IBA/(mg- L") 6-BA/(mg- L") GAs/(mg- L")
1 1.5 1 0 0 0 0 0
2 2 1.5 0 0 0 0 0
3 4 2 0 0 0 0 0
4 4 0 0 0 0 0 0
5 4 2 0.2 0.5 0 0 0
6 4 2 0.3 1.0 0 0 0
7 4 2 1.0 1.5 0 0 0
8 4 2 0.2 1.0 0 2 0
9 4 2 0.3 1.0 0 3 0
10 4 2 1.0 1.0 0 5 0
11 4 2 0.2 0.5 0.1 0 0
12 4 2 0.3 1.0 0.3 0 0
13 4 2 1.0 1.5 0.5 0 0
14 4 2 0.2 1.0 0.1 2 0
15 4 2 0.3 1.0 0.3 3 0
16 4 2 1.0 1.0 0.5 5 0
17 4 2 0 1.0 0 2 0.3
18 4 2 0 1.0 0 3 0.5
19 4 2 0 1.0 0 5 1.0
20 4 2 0 1.0 0.1 2 0.3
21 4 2 0 1.0 0.3 3 0.5
22 4 2 0 1.0 0.5 5 1.0

h, SR J5 R R IERL S+ + 1 BRI 7 75 e IR
1B, BERE 7~10 d BEHR YR, TRIFIR IR, ER K
JEIE 2 cm. HLEE 6 IRE K
1.2 ARRARSHEFRERAE

T AL G 30 d 1A A A A SRS A

Do R/ %=CH 5 b 2 R/ Ak PR BB 2% 2
) x100; BATEHN > GRS WA T5E, 3
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90 d, X %% A 2% ) SR BT L 2 Bdb AT IR A, P 2y
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Table 2 Grading standard of callus
A% 2% Callus grade AHNZEZ0HE 5 The characteristics of corresponding grades of callus
0 TAHLIERR (B 1-A) No callus informed (Fig. 1-A)
1 PRI AT LRt i 4 2U8 (8] 1-B) A green callus circle could be seen by naked-eye (Fig. 1-B)
2 WA SUAZHLE 1-C) The callus circle became thicker (Fig. 1-C)
3 LIRS, FLOE 2 o5 A AR 1/5-1/2(&11-D)
The callus circle became much thicker and covered about 1/5-1/2 of the cut section radius (Fig. 1-D)
4 TAGH LA L)ERE 421 1/2 (Bl 1-E) The width of callus circle covered about 1/2 of cut section radius (Fig. 1-E)
5 WA LR R TR 24219 1/2 (B 1-F) The width of callus circle covered over 1/2 of cut section radius ( Fig. 1-F)

A0 GEEE 5d); B 1 O 10 d)s C.2 ZLGbFE 15d); D. 3 PR 20 s E. 4 R AEE 25 A5 F. 5 g GbFE 30 d)
A. Grade 0(Treatment for 5 d); B. Grade 1(Treatment for 10 d); C. Grade 2 (Treatment for 15 d); D. Grade 3 (Treatment for 20 d); E. Grade 4

(Treatment for 25 d); F. Grade 5(Treatment for 30 d)

El1 AEsFEEnEGAaARATR

Fig. 1 Grading of callus on branches in pomegranate
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% H SPSS STATISTICS 17.0 #4347 4t it 7
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AT NS PR R ER R EM(p<0.05.
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K, AEKHE RS H3 A1 af . 30~45 d 5, T
it th s G Ay 4, it il B AN
WA PRAS o G AR R ek e URLIR L AN Z B
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N 1.0~1.5 mg- LBt 2R 80022 e AN K, T i sk FE R
2.0 mg- L' HH 2400 H 2 2 5 vmr, U0 = R B 1)
AgNOS A7 A8 FH T 455 41 43 A0 T Jl R0 B el A T o 2
HEAHEZEM.

http://www.cnki.net



551030 A 8,55 AR AL LN S S PR AR R ST 1229

A AT 0d; B, 4bEE 10d; C. 40HE 20 d; D. 4P 30 d; E. 4bFE 45d; F. AP 60 d; G. AbFE 75 d; H. 403 80 d; 1. 4bHE 90 d.
A. Treatment for 0 d; B. Treatment for 10 d; C. Treatment for 20 d; D. Treatment for 30 d; E. Treatment for 45 d; F. Treatment for 60 d; G. Treat-
ment for 75 d; H. Treatment for 80 d; I. Treatment for 90 d.
E2 ABEEFEEAGELANERKRES

Fig. 2 Morphological character of pomegranate callus

#3 [E AgNO: 1 TDZ iR B 33 @A A A0 B SR a0 20
Table 3 Effect of the concentration gradients of AgNO; and TDZ on callus induction and bud regeneration

e =y % RE2EN o g (HFHO
G SR ) ., PUEE Average diameter of HE# ) Callus grade (Bud number )
No. Concentration/(mg-L")  Treatment No. Callus ratio/%

branches/cm 30d 60d 90d
1 1.5 TDZ+1 AgNO; 6 l6a 100 2 4 (1.7) a
2 2.0 TDZ+1.5 AgNO; 6 1.5a 100 2 5 2.0 a
3 4.0 TDZ+2 AgNO; 6 1.5a 100 3 4 (4.8)b
4 4.0 TDZ 6 1.5a 100 2 4 (1.4)a

T ARENG FRERRTE p < 0.05 LEREE. FHE.

Note: Different small letters indicate significant difference at p << 0.05. The same below.

222 EINAA A= KT iR B3 & A%5 7 s Ae b 5 69 %
s MNF 4T AT LLE Y, 7F TDZ Al AgNO; ik & A48
(%M T, 54 mg- L' TDZ+2 mg- L' AgNO; M kb,
AN TF A B P NAA FIKT 4165 @45 7 1 405 25 2%

AN H 2 B R e B 2 . T LR
PRI BN, b 2R BUR ST R A R BRI
F o FRARAR T30 BE 0 B AR H 2EH U NAA AT
KT #3260 18 A 2 SO0 JoR 28 BOR A

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Table 4 Effect of the concentration gradients of NAA and KT on callus induction and bud regeneration
e y SSOEY R (2 E0
Pi's o734 JOBLE 2: J *ﬂ H R Call de (Bud b
. R verage diameter . allus grade (Bud number )
No. Concentration/(mg- L) Treatment No. Callus ratio/%
of branches/cm 30d 60 d 90 d

1 4 TDZ+2 AgNO;+0.2 NAA+0.5KT 6 l.6a 100 4 4 (1.7a
2 4 TDZ+2 AgNO;+0.3 NAA+1 KT 6 14a 100 4 4 (4.3)b
3 4 TDZ+2 AgNO;+1 NAA+1.5 KT 6 14a 100 3 5 (3.7)ab
4 4 TDZ+2 AgNO; 6 1.5a 100 3 4 (4.8)b

223 TFEINAA.KT.6-BA i & 3+ 4 A% 74 ik A= i 3F
8% K S AT A, 7E TDZ Al AgNOLIK B AR (1)
%M, 54 mg L' TDZ+2 mg- L AgNO, H L, &~
[F) 9 1 NAA KT 1 6-BA 414 %6 @455 7% A« 5845
SO I ZF B e E R E R )

A, W ER R BE AR B v 2 PRI SRR AT 2R 4, T
R4 mg- L' TDZ+2 mg- L' AgNO,+0.3 mg-L"
NAA+1 mg L' KT+3 mg-L" 6-BA AbF 175 S5 ) B
BT H 28 UM T o T R I P o v O AR AR
AFIFFH S EmAGHL

&5 NAAKT 0 6-BA X5 ZFEI S0
Table S Effect of the concentration gradients of NAA, KT and 6-BA on callus induction and bud regeneration

. " BUEY ARG HO
% RRIKEE S S e Al oo (Bt mum

. i Average diameter . allus grade (Bud number )
No. Concentration/(mg- L) Treatment No. Callus ratio/%

of branches/cm 30d 60 d 90d

1 4 TDZ+2 AgNOs+0.2 NAA+0.5 KT+2 6-BA 6 14a 100 4 5 3.0)a
2 4 TDZ+2 AgNO;+0.3 NAA+1 KT+3 6-BA 6 14a 100 3 5 (5.8)b
3 4 TDZ+2 AgNOs+1 NAA+1.5 KT+56-BA 6 1.6a 100 3 4 (4.0) ab
4 4 TDZ+2 AgNO; 6 15a 100 3 4 (4.8) ab
224 A FINAA.KT.IBA R E @A 0 A= 5 ARG 2R B S e B B = 57 . 534t

8%k HFE 6 A K, 1E TDZ Al AgNO, I B ASAR [
44T, 54 mg L' TDZ+2 mg- L' AgNO, f L, &~
5V & ) NAA KT AT IBA 42 % @45 % B 1 405 4%

e VAR IR T 5 R RS AR T S 2 O R A IR
R A 35 B PR HY 2 A e 4 mg - LY
TDZ+2 mg-L"' AgNO;+0.3 mg-L"' NAA+1 mg-L"'

6 NAAKT 71 IBA X572 BN ZFRO ST
Table 6 Effect of NAA, KT and IBA on callus induction and bud regeneration

- . y SSOEY N BOER RO
s JREIRE VOEEy T *ﬂ R Call N de (Bud b
. i Average diameter . allus grade (Bud number )
No. Concentration/(mg- L") Treatment No. Callus ratio/%
of branches/cm 30d 60 d 90 d
5 4 TDZ+2 AgNO;+0.2 NAA+0.5 KT+0.1 IBA 6 13a 100 4 5 (4.0) ab
6 4 TDZ+2 AgNO;+0.3 NAA+1 KT+0.3 IBA 6 13a 100 3 4 54)b
7 4 TDZ+2 AgNOs+1 NAA+1.5 KT+0.5 IBA 6 13a 100 4 5 (1.7)a
8 4 TDZ+2 AgNO; 6 1.5a 100 3 4 (4.8) ab

KT+0.3 mg- L' IBA 4b #1155 5 {1 B8 8% i 2 $0AH
X R IR FE R A& AR T et A
U ZE,

2.2.5 TFINAA.KT.6-BA #2 IBA K B 5+ 4% 75 mk,
Fo ik AR5k R T I A, £ TDZ F1 AgNOs ¥ FE
AABAE T, 54 mg- L' TDZ+2 mg: L' AgNO; A
EC , AS[A) U E O NAA VKT 6-BA Fl IBA 2H& % #5475

TV I8 T8 A0 5 R P 4B THT M 20 28K 2 e TG Y 5 1k
ZE5t o R, R S~T A A1, 5 NAA+KT 4545 L,
3N 6-BA FIIBA K AR AN 2 = A4
PR AR H AR — R R E R AR
Z, YIS R R B 1 NAA JKT. 6-BA Fil IBA 2H & %t
A1 RS ) S 43 2EL R 1l B B AT 2R B ) s A
Ko
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# 7 NAA.KT.IBA 71 6-BA STRAHRAN L ZFAIFNG
Table 7 Effect of NAA, KT, IBA and 6-BA on callus induction and bud regeneration

. 4t % SECES % TR (2D

s JREIRE . Call de (Bud b
. N Treatment  Average diameter  Callus allus grade (Bud number )
No. concentration/(mg- L) .
No. of branches/cm ratio/% 30d 60 d 90 d

9 4 TDZ+2 AgNO:+0.2 NAA+0.5 KT+0.1 IBA+2 6-BA 6 1.5a 100 3 4 3.5)a
10 4 TDZ+2 AgNOs+0.3 NAA+1 KT+0.3 IBA+3 6-BA 6 1.4 a 100 4 5 (6.7)a
11 4 TDZ+2 AgNO;+1 NAA+1.5 KT+0.5 IBA+5 6-BA 6 1.5a 100 3 5 (4.8)a
12 4 TDZ+2 AgNO; 6 15a 100 3 4 (4.8)a

22.6 A F GAs KT 4= 6-BA K & 3t & 45 74 sk A= th
¥ g% R S WA, 7E TDZ Fl AgNO, Ik i AN AE
%1 F, 54 mg-L' TDZ+2 mg-L"' AgNO, fl b,
AN[E)HE FEE 1) GAS KT AT 6-BA 4125 5% dn 455 1 1t 4%

SRR PRI SR B I E R E R R . 5
B e L TR 75 ) SRS AT 1 2 O X A, T
R R T 3R A AH X 18 vy B R A T 2R R, Hrb 4
mg- L' TDZ+2 mg-L"' AgNO;+0.5 mg-L"' GA;+1

&8 GA, KT F1 6-BA X AAA 2 AN ZFRYSZ 0T
Table 8 Effect of GA;, KT and 6-BA on callus induction and bud regeneration

. " 425 B (2 H0
Hi's  BRIKE Kb s T i Callus grade (Bud numb

. i Average diameter . allus grade (Bud number )
No. Concentration/(mg- L™ Treatment No. Callus ratio/%

of branches/cm 30d 60 d 90d

1 4 TDZ+2 AgNO;+0.3 GA;+0.5 KT+2 6-BA 6 1.5a 100 4 5 (4.3)ab
2 4 TDZ+2 AgNO:+0.5 GAs+1 KT+3 6-BA 6 l.6a 100 3 5 (5.7)b
3 4 TDZ+2 AgNO:+1 GAs+ 1.5 KT+56-BA 6 l.6a 100 4 4 (2.8)a
4 4 TDZ+2 AgNO; 6 1.5a 100 3 4 (4.8) ab

mg L' KT+3 mg-L"' 6-BA b H17 T 1) 5L A7 A 1H H
RO R, SRR R A S/ R TS
WAL

227 ~Fl GA:;.KT.6-BA A= IBA K & & & 4% 75 mk,
Fo b 09 RSk HER 9 AT A, 7E TDZ Fl AgNO, K &
AABHFIET, 54 mg L' TDZ+2 mg- L' AgNO; #H

EE, AN A Y GAS KT 6-BA Fl1 IBA 414 5%F @5
S~ T8 A0 S5 R FRLAS K T HH 2 5 ) s e G N 3 1 2
o T HL R IR 5 I B AR T HE R AR X A
I, TR BE B R 2 A 1) 2R BRI N e i . AT RE
KRR e B I s (R gk 7 A A A M ) 2 2L, T
P T A EZFER . B, B R 8~9 WA, 7

# 9 GA:.KT.6-BA F IBA ¥} 81452 B AN H A9 8200
Table 9 Effect of GA;, KT, 6-BAand IBA on callus induction and bud regeneration

\ . SELES g LNV EAE 2 0)
== G =N o5 I‘
WS REKE . N B Average diameter ~ Callus Callus grade (Bud number )
No.  Concentration/(mg- L") Treatment No. .

of branches/cm ratio/% 30d 60 d 90d

1 4 TDZ+2 AgNO:+0.3 GA:+0.5 KT+2 6-BA+0.1IBA 6 l.5a 100 4 5(1.7) (6.5) ab
2 4 TDZ+2 AgNOs+0.5 GAs+1 KT+3 6-BA+0.3IBA 6 1.5a 100 4 5(5.0) (12.0)b
3 4 TDZ+2 AgNOs+1 GAs+ 1.5 KT+5 6-BA+0.5IBA 6 1.6a 100 4 5(1.5) 3.7)a
4 4 TDZ+2 AgNO; 6 15a 100 3 4 (4.8>ab

GA3.KT.6-BA W ZE ALK ZAF T, IR
IBA HEHH S 52 i S BT 2R 4. o 4 mg - L
TDZ+2 mg-L"' AgNO;+0.5 mg-L"' GA;+1 mg-L"
KT+3 mg-L"' 6-BA+0.3 mg-L"' IBA Ab# H 2R 45 L,
HEF U 2, 215 A I R A H &R 2 AR
[HEEARZH A

23 FRFMEEMNEGLERFRENIIN

N T AR SR X 2E AR RS, 4 S X
1.00~2.50 cm A% 2% 34T BB, 0 A A [A)RH BE A 2%
M S 2 AR A 2R RE I 2 . R 3~9
AT [ b P [RDAF BE o 2% 1 A5 55 40 A e
HEAEBRA BEER . HTHERERE % HEEAR
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(A 858 2% A A5 I, 7 B PG TR L AR E
FRER SRR o TV R B AR AR R BA T H AR 4 2R
A PRI A AR B IR AR A, FEAE R R
P, A 2R MR B AR R AR 2RI AL, 54
JG Gy aRAF AR H AT, H ) 2 208 AR 2F i
A R 2 AR R O ST N T 2 AN AR A
B, FE R T 3RAF T R R S ) 4 A DU A5 A AN = %
PR LR Kl A AR A T A 3 d RITRTOUE %% B A A
21,20 d 5 SR AR H 2 A0S TA 20 4, I LD 3R
PR 2 R AR S A 2RO 5 0 A R B T A%
HACUR I R 23T 7 W, /A8 T A0 /I
APL Bt B R ) FE A 2F o Ui B H () 1 41 20 45 2F
FAEFHRMBAE AP BRI S g ). 18
AR AR AR R T, BT IRAE AR HE B, S A
A, PR AR RO AR A R AR K A
i FLAF Sz S v S T A SR AR BT A A T
R 2% FF A iR 2 P s AT TR
T2 G M A R PR R VAR 1 B AR AR B, S AR
F) Jr A5 L 2 2 AR R R Tz L R A T S AR
o TEARBFFCH, BATVIHT T A FBRIKRE AR
B A A AR 5 TR 26 A e T 1) S A 22U
2R AR IR, BRIh ST T f AR F T A A 4
S R AE AR AR R X AR AR, & —
PO ARVER D, R iE AR s 1 58 B el i A%
A ST SO B RORAF A 1 A AR T R4
FapEilee iR

GERYE ey il AT N = S SN o N1
B I, B R S R AN E L e 5 i i A5 4
UL RS AR S BN 2 . A B AR T
AR R T, BB 2 R 2 6-BAVNAA,
TDZ,KT.IBA.GA; % . W1 FFEE" "W S A
WA 2R B N B ARG 7R BS + IBA 0.5 mg - L'+

6-BA 0.6 mg-L'+AgNO; 0.3 mg-L"'+GA;0.2mg-L
kA EEE AN AR 2 B O G S R TR
MS+6-BA 0.3 mg- L'+ KT 0.3~0.4 mg- L' +NAA 0.1
mg- Lo BRIEEFECY A i AN 8
R 723 A MS + NAA 03 mg- L' +TDZ 1.5 mg- L' +
KT(1.5-2.00 mg- L, 3 HICHTE LB B H TDZ
ANE B AR AT A 92% . MR HESEA N 2R 1L
207 AR B AR PR AR I B B IR AR N MS + KT
1.0 mg- L'+6-BA 2.0 mg- L'+ GA; 0.5 mg- L. AHf
FL R DA TDZ Kb 351 k7 AT 2 2R B8R, T 5
MR ARG & )G AR B A, SR B
B35 Hh 45 UL TDZ N 3 8% TDZ 78 ik B 43 ik, A DL
R 45 FIEAR—E, JhAh, 7 TDZ. AgNOL K &
AAF AT, 5 NAA+KT H-4S M B, B0 6-BA.
IBA B PP BB AN I 1 LT, S5 R AR 0T 4 = A
A8 V1 RS AT HH 2 25, T L[] B 94 o v e i 2 1
TR R UL 6-BA L IBA X H 2R 52 0K, T NAA
FKT B2 /N, Hogh 5 50 N AE A R 3 s 77
HRRIE TR — B S A, MR S NI 5T R AR
R AR R A AR BE IR AL TR I 6-BA Al
KT J&, MR A8 2F (1) A 2 A AR 20 4 H ) 35 1
e T HAER KA E R IR AT I E BT
GAs, A8 AR FE IR, 28 K A,
BE T IR m I R A G R L. EATE R
RIUAE TDZ A1 AgNOs R BEAN AR (1) 564 R ARIK FE 1)
GA,+KT+6-BA.GA,+KT+IBA fl GA;+KT+6-BA+
IBA 5520 & 5 e 48 iy SRS Hh 28 4, 177 H. 4 mg- L
TDZ+2 mg- L' AgNO;+0.5 mg- L' GA; +1 mg- L
KT+3 mg- L' 6-BA+0.3 mg- L' IBA Kb H} 2 % .,
HEFERRZ, R AMEEESFE NS,
i EL, W 76 K AN [l R ik BE A4 & 2 R LB A6 K
FERIBE &, 22 M BRI 35, Ui R M &
AR R R A, 1R A — A& ' A VSR
PR, AT A A A T 4
ZUH PR EHAE, T RAFEE L HAEH, WXL H.
YERIEA 5 Tt — D A HT

FAN EAA AL ECE R B IRE B R
AgNO; IR BN B AR R — B . BEE &
PR P e, R R NSt . AT,
RIS @A 2 LE 4 9% 8 49 4 23 H 28 H0RE ) 4t
B HIK FARTE 1.0~2.0 e FIBL S EL 2 5 L 2
X 51 NTE A AT 785 FAH— 80 X AT e B T



108

A 8,55 AR AL LN S S PR AR R ST

1233

HTAHE I A Re ) B BRI R R N UK B AT RS
TEA R B ARRE FR I AgNOs LA IE 2457742
PR B R AE RIS 2 2R Ak, B e G T AR A, B 1
P41 47 HE AR A SR AR Y. AEAHE S, RN Ag-
NO; [ T A 95 H 28 B0 6 A, T 7R Rl S5 41 R
IINT AgNOs [ A B3 5 T iR @A FI AN 2 2 {3
AgNO; R FE AR, X6 80453 (1) T8 AN At 2 s i
K, AgNO: IR Io iyt i 20 40 5 2R I
HIIHIEA . R, AgNO#EE N 2.0 mg- L B X #x
5 PRI ORI BT HE 2R SO A

4 %5 @

G J T HORT A RS FE ) 493 AL 1 B 2 A
R R kb 4 mg- L' TDZ+2 mg- L
AgNO;+0.5 mg- L' GA;+1 mg- L' KT+3 mg- L'
6-BA+0.3 mg- L' IBA R e fE:, 2 i, 2R3
% . FIR, EBEARTE1.0~2.0 cm Ik 4 LR
Gy 3, IR BRI E . N B ESRAG R
P S BT A A 0 R AR AN R 2E R L, R Y
Bk — PRI TR WA AR BT B A SO AR I T, O IR
S T IR R IRAG AL R AN 22 A5 4, A e 3
& 05 R R HEERR BE AL, 8 A R A ) 18 A% i
WA IR S %

£ZEk References:

(1] R, AR0E, 0k, 20y s, B, DRRIGR, ks 40, R0

A SR S AT AN [ it b SR B B P R 3 A R 1] LK 23 AT ],
R4, 2015,32(6): 1062-1069.
CAO Shangyin NIU Juan, CAO Da, LI Haoxian, XUE Hui,
CHEN Lina, ZHANG Fuhong, ZHAO Diguang. Comparative
proteomics analysis of pomegranate peel in fruit maturation peri-
od[J]. Journal of Fruit Science,2015,32(6):1062-1069.

(2] WA RER, AR ARAr e SRR AL R T L AR BB (R

JR AR AL SR R R S BRI SE R[], SR 224, 2016,33(2):
196-201.
XUE Hui, CAO Shangyin, NIU Juan, LI Haoxian, ZHANG
Fuhong, ZHAO Diguang. Effects of xenia on fruit setting and
quality in ‘Tunisia’ pomegranate[J]. Journal of Fruit Science,
2016,33(2): 196-201.

[3]  fIRUE, SRARMICHE, B | T R BORF AR A g s IR f 3G
JEED). Jb 5 Z,2017,20:196-199.
HOU Lefeng, GUO Qi, HAO Zhaoxiang, LUO Hua. History,
present situation and prospects of soft-seed pomegranate in Chi-
na[J]. Northern Horticulture,2017,20: 196-199.

(4] T, A, R VM AR KRS, TR R AR A

[10]

[11]

[12]

UG IR PR AW HORBIT FEE Je (1] SR 2241, 2015,32(6):
1241-1252.

ZHAO Ning, FENG Jianchan, YE Xia, TAN Bin, LI Jidong,
ZHENG Xianbo, QI Xian, LIAN Xiaodong. A review of tissue
culture and biotechnology in Chinese jujube[J]. Journal of Fruit
Science,2015,32(6): 1241-1252.

WRAE I, w175 8%, A B L0, ST, 2Rt i@l R e
Wrgoks” AR A SRR R SL[T]. BT AT
2012,30(2): 83-87.

CHEN Yanhui, HU Qingxia, TAN Bin, LIAN Hongke, MA Hai-
wang, LI Hongtao, FENG Jiancan. Establishing of callus regen-
eration system from leaf in Tunisia soft- seed pomegranate[J].
Nonwood Forest Research,2012,30(2): 83-87.

AT TR BT, RN, UM, 55 3C0R  IMR 4808 . i
R TR R ER R RIBTIC]. I 254452003 ,30(2):207-208
ZHU Liwu, ZHANG Shuiming, SONG Fengshun, GONG Xue-
mei, FANG Wenjuan, SUN Jun, LI Shaowen. Regeneration sys-
tem of pomegranate by in vitro culture[J]. Acta Horticulturae Si-
nica,2003,30(2): 207-208.

FERE = AR, X, X AURIER A ] A 4 41
WA A BRI R 5 AL [I]. R 24, 2016, 33 (10,
1307-1314.

WANG Lihu, HU Lan, LI Dengke, LIU Ping, LIU Mengjun. Ap-
plication and optimization of in vivo bud regeneration technique
via callus in Chinese jujube and sour jujube[J]. Journal of Fruit
Science,2016,33(10),1307-1314.

PG EIE X 45, K, AN . ()R @ 5 4 24455 5 2
ANTE RN AR R 4], 2011,34(6): 40-44.

XU Juan, WANG Jiurui, LIU Mengjun, LIU Ping, DAI Li. Cal-
lus induction and adventitious bud occurrence from Chinese ju-
jube in the field[J]. Journal of Agricultural University of Hebei,
2011,34(6): 40-44.

TR . AR A 6] 8 A5 A a8 A7 2F T AR BAR AR LA
ZAHRAEAZ PR I[D]. B RO R, 2015

WANG Lihu. Optimization of in vivo bud regeneration tech-
nique via callus and its application in polyploidy induction in
Chinese jujube and sour jujube[D]. Baoding: Agricultural Uni-
versity of Hebei,2015.

ik . AW (] A GV 5 2 AR AR AR AR (D). PR E -
ek K=, 2014,

LI Chao. Application of in planta callus induction and bud regen-
eration system in Chinese jujube[D]. Baoding: Agricultural Uni-
versity of Hebei,2014.

SHI Q H, LIU P, LIU M J, WANG J R, XU J. A novel method
for rapid in vivo induction of homogeneous polyploids via cal-
luses in a woody fruit tree (Ziziphus jujuba Mill.)[J]. Plant Cell,
Tissue and Organ Culture,2015,121(2): 423-433.

T R EGALE T K2 AHEE R FD]. SR TR
K*#,2003.

NING Qiang. Research of generating callus and induction of



1234 R I S 354

polyploid in Ziziphus jujuba Mill.[D]. Baoding: Agricultural 25(3):1018-1022.

University of Hebei,2003. ZHANG Quanjun, QIN Gaihua, HUANG Wenjiang, XU Tian-
[13] 795, X2, XNk, e . R@GREHES 2 K] it long. Adventitious shoots regeneration from leaves of soft-seed-

LMV K54k, 2008,31(1): 29-32. ed pomegranate (punica granatum L. cv. Yushizi) [J]. Southeast

NING Qiang, LIU Mengjun, LIU Xiaoguang, ZHAO Jin. Induc- China Journal of Agricultural Sciences,2012,25(3): 1018-1022.

tion of polyploid in Ziziphus jujuba Mill.by treating callus[J]. [18] i, MRk L, 2 AR, 25k e Bk . SRR FH 2R S Ak

Journal of Agricultural University of Hebei,2008,31(1): 29-32. FO R DAL AR AR B AR K m [0]. LA 23R, 2000,
(14]  ERIBR, 825, ZE 8 RE, X1, R 5 AN 2 A AR AE R 26(5): 725-728

SRR S VPN 55 [R5 2 05 4 M o G 1 [, L4 35 A B2 CHEN Haiyan, CHEN Yanhui, LI Dongwei, LI Hongtao, DA

24,2017, 18(1): 164-170. Longzhu. Effects of different hormone content and dark treat-

WANG Lihu, HU Lan, LI Dengke, LIU Ping, LIU Mengjun. /n ment on adventitious bud regeneration of leaves in vitro from

vivo bud regeneration ability and homogeneous polyploidy in- Taishanhong pomegranate cultivar[J]. Journal of Fruit Science,

duction via callus of different jujube genotypes[J]. Journal of 2009,26(5): 725-728

Plant Genetic Resources,2017,18(1): 164-170. [19] ST, Fikan, Fam 85 IR0 5t (0] W 224k . 2004,21
[15] AERME . H A @0 A U815 15 5 2R & 2 5 A 72 [D]. ff (6):598-602.

JE LR R, 2013. WU Xuemei, TANG Haoru. Advances on in vitro culture of

SHI Qinghua. In vivo polyploidy induction via callus in Chinese strawberry (Fragaria ananassa) leaves [J]. Journal of Fruit Sci-

jujube and sour jujube[D]. Baoding: Agricultural University of ence,2004,21(6): 598-602.

Hebei,2013. [20] WFET, B¢, T, KRG . S w SRR B B AR R DY £
[16] E3E, P75 9€, Fraeh , B I . 4 A0 R AR SR RG] R4, 2008,25(3):293-297.

Jr AT AR AR R S 0], TR E R S R, 2015,31(13): 100- OU Chunging, LI Linguang, HE Ping, ZHANG Zhihong. In vi-

107. tro adventitious shoot regeneration and induction of tetraploid

WANG Fei, TAO Jihan, YIN Yanlei, FENG Lijuan, YANG Xue- from leaves of Hanfu apple[J]. Journal of Fruit Science,2008,25

mei. Establishment of adventitious shoot regeneration system (3):293-297.

from leaves of 4 pomegranate cultivars in vitro[J]. Chinese Agri- [21] ULIAIE E D, FARSI M, GHREYAZIE B, IMANIJ A. Effects of

cultural Science Bulletin,2015,31(13): 100-107. genotype and AgNO; on shoot regeneration in winter cultivars
[17] SRAF, Fode, 30, VR . BOF-FA 8 (Punica granatum of rapeseed (Brassica napus) [J]. Pakistan Journal of Biological

L. cv. Yushizi) - Fr fEAEfR Z BIBEFE[D]. V6 R AL 244, 2012,

Sciences,2008,11(16),2040-2043.

M7 1R 2019 FE(dE A EZ)

CAE FE 20 2 o BT AR AR B R4, BRI A
Lo IR A R 2 B 3 SR el 2 2 A v R
Flo BIFILLK, (AL 75 B Z IR & 5 AR, s RE H 4k
TEAT M s, AW e A GUFAN AR (R s A
(BRI 5 SR 5 5 4 ] el 25 2% O A I A HE 42 5 1D 5 8 BT AR
B N, 7 EO R AHE S AR Gk 5558 M A 1 il
Ji& L BREH T R, G & S AR e P sl A UE AT,
ARALIE ST ARWHHET: o (AL 7 = 200 o S0 0 HF11 (1992-2014)
Hp LA O T S5 [ A 2 S0 A (CASOSGR 171, 2015
2016 AT H7 720 77 100 53 T

SR8 I ST R (1 R S P AR B A 0 R BT SRR S AT
T I SCRNE 5 IR R A% 5 /R R [ AR 56 B R LA
T SAE A TIRUE A AT A3, B 35w B R 4R

FLH B E AR S0 WAL R 2 T AR B
VRIS AT N TSI P B 24 3 R S & Rl L Pl

Win ARG BEAR RN E T RS S AR B R
CERE =D

FrAmdET] 5 : ISSN 1001-0009

M4—T1'5 :CN 23-1247/S

M3 R AR5 : 14-150

FHF], A H 1530 Hil AR

HAr:15.00 76 424F:360.00 70

A ] 5 b S S 5 M 5] B A ) A VKT B

AR L : www.haasep.cn

Hhlk: BBEIRYTAA MG R TH i 1) X 7 R 1 368 5

(A6 [ 20

14 : 150086

15 : 0451-86674276

E-mail: bfyybjb@163.com




