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Establishment of jujube anther culture and plant regeneration system

GUO Kaiwen"?, XU Chongchong"?, HU Yaning"?, HUANG Jian"*

('College of Forestry, Northwest A & F University/Key Laboratory of National Forestry and Grassland Administration on Silviculture in
Loess Plateau, Yangling 712100, Shaanxi, China; *Northwest A & F University/Research Center of Jujube National Forestry and Grass-
land Administration on Silviculture in Loess Plateau, Yangling 712100, Shaanxi, China)

Abstract: [Objectivel Ziziphus jujuba is an economically important tree species in China. The estab-
lishment of its anther culture regeneration system is of great significance for accelerating genetic im-
provement and polyploid breeding. However, the existing anther culture system faces challenges such as
low callus induction rates and difficulties in adventitious bud differentiation. In this study, three jujube
varieties, Dongzao, Junzao and Qiyuexian, were used as materials. By optimizing the ratios of plant
growth regulators, carbon sources, and cultivation conditions, an efficient anther culture regeneration
system was established. [Methods] Young floral buds of Dongzao, Junzao and Qiyuexian at the green to
yellowish- green stage (pollen at the late uninucleate stage) were used as the experimental materials.
Flower buds were rinsed with running tap water for 0.5-1 h, transferred to a laminar flow hood, surface-
sterilized with 75% ethanol for 30-60 s, followed by immersion in 0.1% (w/}V) HgCl, solution for 10
min, and rinsed 4-6 times with sterile water. Anthers were aseptically excised from flower buds in a cul-
ture dish. The anthers were inoculated onto callus induction media with 9 combinations and concentra-
tions of plant growth regulators (PGRs), with varying durations of pretreatment at 4 °C (0, 1, 3, 5, 7 d)

and carbon sources (Maltose, Sucrose and Glucose). Callus induction rates were recorded after 30 d of
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culture. Induced callus clusters were transferred to MS medium supplemented with distinct PGR types
and concentrations for proliferation under dark conditions for 20 d, and then callus proliferation coeffi-
cients were calculated. For differentiation, two basal medium (MS and WPM) were used, supplemented
with 20 g- L' maltose and varying PGR combinations (18 treatments in total). Well-growing callus lines
of each genotype were inoculated and cultured under light for 50 d to assess adventitious bud differentia-
tion rates. Ploidy of regenerated plantlets was determined via flow cytometry using diploid Ziziphus juju-
ba var. spinosa tissue-cultured seedlings as controls. For rooting, 2 cm stem segments of Dongzao with
vigorous growth from subcultures were transferred to rooting media, and rooting rates were evaluated af-
ter 30 d. [Results] The optimal callus induction medium for anthers of Dongzao, Junzao and Qiyuexian
was MS + 30 g- L' maltose + 1.0 mg-L"' 2,4-D + 0.4 mg-L"' TDZ + 0.4 mg-L"' NAA, achieving an in-
duction rate of 59.33%, 64.00%, and 58.67%, respectively. The induction rate was higher than those
achieved by the individual application of 2, 4-D alone or the sole combination of TDZ and NAA. The ef-
fects of different hormones and genotypes on callus induction rates were both significant. The influence
of the three hormones on callus induction rates was in the order of 2, 4-D> NAA>TDZ. Calli induced
by the addition of maltose were mostly yellowish-white in color and grew fast, with the highest induc-
tion rate of callus tissue at a concentration of 30 g- L', Pretreatment at 4 °C increased the callus induc-
tion rates in Dongzao and Qiyuexian, but had no significant effect in Junzao. Among them, the induction
rate of Dongzao anthers was higher at 1 to 3 d of low-temperature treatment, with an induction rate of
60.67% in 1 d chilling pretreatment, and significantly decreased to 36.67% under 5 d chilling pretreat-
ment. The induction rate of Junzao anthers showed no significant difference under different low-tempera-
ture treatment times, remaining around 47%, indicating that low-temperature treatment had a limited ef-
fect on its induction rate. The induction rate of Qiyuexian anthers was highest (38.67%) under 3 d of
low- temperature treatment. The culture media suitable for the callus proliferation of the anthers of
Dongzao, Junzao and Qiyuexian were 2.5 mg-L"' TDZ + 0.4 mg-L"' IBA+ 0.1 mg-L"' NAA, 1.0 mg-L"
TDZ + 0.8 mg- L' IBA, 1.5 mg-L"' TDZ + 0.8 mg- L' IBA, respectively, and the proliferation coeffi-
cients were 88.89%, 81.11% and 78.89% respectively. WPM basal medium was superior for differentia-
tion, with hormone combinations yielding differentiation rates of 48.00% , 29.33%, and 33.33% for
Dongzao (0.8 mg-L"' TDZ + 0.5 mg-L"' IBA+ 0.2 mg-L"' NAA), Junzao (1.0 mg-L"' 6-BA+0.5mg-L"
TDZ + 0.5 mg-L"' NAA), and Qiyuexian (1.0 mg-L"' TDZ + 0.5 mg-L"' IBA+ 0.2 mg-L"' NAA), respec-
tively. Dongzao exhibited the highest callus induction and differentiation rates, with anther-derived cal-
lus demonstrating superior morphological quality. Compared to Junzao and Qiyuexian, Dongzao
showed significantly higher efficiency in callus and adventitious bud induction, accompanied by vigor-
ous growth of regenerated plantlets. These findings collectively indicate that genotype is a critical deter-
minant in the in vitro induction of adventitious buds from anther-derived callus. Among the 36 regener-
ated plants of Dongzao, 33 (92%) were diploid (2n) and 3 (8%) were haploid-diploid chimeras. All the
5 regenerated plants of Junzao were diploid (2n). Among the 8 regenerated plants of Qiyuexian, 6
(75%) were diploid (2n) and 2 (25%) were haploid (n). For rooting, 1/2 MS medium supplemented with
0.4 mg-L"'IBA and 0.3 g-L" activated charcoal achieved an 87.5% rooting rate for Dongzao. [Conclu-
sion] This study established an in vitro anther culture system for Dongzao, Junzao and Qiyuexian, and
obtained regenerated plants. The optimal induction, proliferation, and differentiation media for anthers
of Dongzao, Junzao and Qiyuexian were determined, revealing the impact of genotype. Haploid regener-
ated plants of Qiyuexian were obtained, providing new materials for the breeding of jujube varieties.
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Table 1 Plant growth regulator combination and

concentrations in the induction medium for jujube

HoARIEH @ msg pHF)Plant growth regulator/(mg-L")
Basic medium Callus count g-BA TDZ IBA NAA
MS1 150 1.0 05 00 0.5
MS2 150 1.0 08 0.0 0.5
MS3 150 1.0 1.0 0.0 0.5
MS4 150 0.5 05 03 0.0
MS5 150 0.5 08 03 0.0
MS6 150 0.5 1.0 03 0.0
MS7 150 0.0 05 05 0.2
MS8 150 0.0 08 05 0.2
MS9 150 0.0 1.0 05 0.2
WPM1 150 1.0 05 00 0.5
WPM2 150 1.0 08 0.0 0.5
WPM3 150 1.0 1.0 0.0 0.5
WPM4 150 0.5 05 03 0.0
WPMS5 150 0.5 08 03 0.0
WPM6 150 0.5 1.0 03 0.0
WPM7 150 0.0 05 05 0.2
WPM8 150 0.0 08 05 0.2
WPM9 150 0.0 1.0 05 0.2

1.2.5 FAAAAE AN B3 PP DR AR A 5 7
L B2 240y, B B 30~50 mg, F I AN A
BEAT A PR 558, A PRI 2 28 0 i S50 H O IR
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W, R 3 AN B, AN AR A0, F O 2 AR 2R B, B R
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IR
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Table 2 Effect of phytohormones on callus induction from jujube anthers

B s KRN EHETFR REEAEHESE  LHEEATHHE TR
Medium P (2".‘-1?,)/ P (TPZ,?/ P (NiAA,,N Anther callus induction Anther callus induction Anther callus induction
number (mg-L (mg-L (mg-L) rate of Dongzao/% rate of Junzao/% rate of Qiyuexian/%
1 0.5 0.2 0.8 28.00+1.73 ¢ 31.33+2.52 ¢ 30.00+1.73 be
2 0.5 0.4 0.0 27.33+1.53 ¢ 28.67+1.15 cd 21.33+3.06 ¢
3 0.5 0.8 0.4 30.67+2.08 be 32.67+£3.06 ¢ 20.67+2.89 ¢
4 1.0 0.2 0.8 45.33+£0.58 b 51.33£1.53 b 40.00+2.65 b
5 1.0 0.4 0.4 59.33+1.15a 64.00+1.00 a 58.67+0.58 a
6 1.0 0.8 0.0 34.67+2.52 be 33.33+2.08 ¢ 29.33+2.08 be
7 1.5 0.2 0.4 26.67+1.53 ¢ 27.33+2.31 cd 25.3342.52 be
8 1.5 0.4 0.0 25.33+2.08 cd 22.67+1.53d 22.00+1.73 ¢
9 1.5 0.8 0.8 16.67+2.89 d 23.33+2.52d 12.67+2.08 d
5 Source JNES il H 7 FiH BENE
Type III sum of squares Degrees of freedom Mean square F-value Significance
2,4-D 2097.210 2 1048.605 227.449 **
TDZ 556.899 2 278.449 60.397 *
NAA 569.788 2 284.894 61.795 *
fbFf Variety 126.988 2 63.494 13.772 ¥
® % Error 331.941 72 4.610
it Total 24 507.000 81

o RRZE RN p <001 FRERLE p<0.05; RPNFFRRRERLENE, p<0.05. FFE.

Note: ** indicates a highly significant difference at p < 0.01; * indicates a significant difference at p < 0.05; Small letters in the Table denote sig-

nificant differences at p < 0.05. The same below.
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Table 3 Effect of carbon types on callus induction from jujube anther
A& Dongzao 32 & Junzao + A fif Qiyuexian

Wb ULIZERES B EHHLS B

Treatment  Sugar p/(g L) Ee= i, FEER i, FHE® it

number source type Callus induction Color Callus induction Color Callus induction  Color

rate/% rate/% rate/%

1 B 20 42.00£1.00b [ 46.67£1.53b [ 50.00+2.00a [

Maltose Yellowish- Yellowish-white Yellowish-
white white
2 30 52.00£1.73a  #H 53.33+2.08a [t White 54.00£1.73 2 [14 White
Yellowish-
white

3 40 27.33+1.53¢ A 57.33£0.58a [ 37.33£0.58b  #[
Yellowish- Yellowish-white Yellowish-
white white

4 60 12.67£0.58d  #ih 34.6742.08c  #H[ 1533£2.52¢  #[

Yellowish- Yellowish-white Yellowish-
brown white

5 JEHE 20 12.00£2.00a ¥ 38.67£1.53a [ 14.00£1.00a [

Sucrose Yellowish- Yellowish-white Yellowish-
brown white

6 30 14.67£2.08a  “Bik 34.00£1.00a M 16.67£1.53a 341

Blackish- Blackish-yellow Yellowish-
brown brown

7 40 8.00+2.65ab B if 26.67+1.53b  Hif 11.30£2.08 ab 15

Blackish- Blackish-brown Blackish-
brown brown

8 60 6.00£1.00b  Eif 17.3342.08¢c 215 533+3.06b Hif

Blackish- Blackish-brown Blackish-
brown brown

9 T 20 333+2.89a  #HH 267+1.15a "B 0.00£0.00a -

Glucose Yellowish- Blackish-yellow

white

10 30 2.00£1.00a 0.00£0.00b - 0.00£0.00a -
Blackish-
yellow

11 40 1.33+1.15a M 0.00£0.00b - 0.00£0.00a -
Blackish-
yellow

12 60 0.00+0.00 b - 0.00+0.00 b - 0.00£0.00 a -

Y5 Source TT125F 7 Al H Y7 F{a BEE
Type Il sum of Degrees Mean square F-value Significance
squares of freedom

2% Type 7051.722 2 3525.861 1394.846 **

% Concentration 900.667 3 300.222 118.769 **

i Fil Variety 596.222 2 298.111 117.934 **

B R < IR 616.722 6 102.787 40.663 o

Sugar source x Concentra-

tion

I < b o 384.889 4 96.222 38.066 ok

Sugar source x Variety

< Fof 60.000 6 10.000 3.956 *

Sugar source x Variety

R <A B < i 275.778 12 22.981 9.092 o

Sugar source x Concentra-

tion x Variety

%7 Error 182.000 72 2.528

KA Total 20 160.000 108
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Table 4 Effect of low temperature (4 °C) pretreatment on induction of anther callus

e ‘ A& Dongzao 42 & Junzao + A i Qiyuexian
Wi % AL 2% flit BHASETE Gk BUHSE 5%
number Time/d Number of Callus induction Number of Callus induction Number of Callus induction
calluses rate/% calluses rate/% calluses rate/%
1 0 89 59.33£1.15b 96 64.00+1.00 a 88 58.67+0.58 b
2 1 91 60.67+1.53 ab 80 53.33+2.08 a 90 60.00+2.65 ab
3 3 100 66.67+£0.58 a 71 47.33+1.15 ab 95 63.33+1.15a
4 5 55 36.67£2.52 ¢ 66 44.00+2.00 b 58 38.67+£2.52 ¢
5 7 36 24.00+1.00 d 60 40.00+1.73 b 42 28.00+1.73 d
6 9 20 13.33x1.15¢ 29 19.33£2.08 ¢ 16 10.67+1.53 ¢
x5 TREIEEIEFEXN T RGEAIEENF M
Table S Effects of different media on callus proliferation of jujube
i F g 2 4 Dongzao IR Junzao 4 A £ Qiyuexian
Culture medium g R4 GRY] g R4 GRLIP] g R 4 EREY]
number Callus induction rate Viability Callus induction rate Viability Callus induction rate Viability
1 57.78+2.08 ¢ + 65.56+1.53 b + 51.11+2.89 ¢ +
2 75.56+0.58 b +++ 71.11+1.15 ab ++ 58.89+2.08 b ++
3 64.44+1.53 be ++ 62.22+0.58 b + 44.44+2.52 cd +
4 88.89+1.15a ++ 68.89+2.08 b + 56.67+2.00 be +
5 51.11£2.52 cd + 81.11+2.31 a +++ 73.33+1.00 a +++
6 66.67+1.73 be ++ 76.67+1.73 ab +++ 78.89+0.58 a +++
7 72.22+2.31b ++ 72.22+1.53 ab ++ 50.00+1.73 ¢ +
8 62.22+1.15 be + 68.89+0.58 b ++ S51.11£231 ¢ +
9 58.89+2.08 ¢ + 43.33+£2.65¢ + 55.56+2.08 be +
10 46.67+1.00 d + 41.11+2.52 ¢ + 52.2242.89 ¢ +
11 60.00+2.00 ¢ + 36.67+1.00 cd + 43.3342.00 cd +
12 45.56+£0.58 d + 28.89+1.15d + 40.00+2.65d +

T @ AAROR  + S M SRR B AR R

Note: Callus proliferation is indicated by the “+” symbol, where a greater number of “+” symbols denotes a higher amount of callus tissue forma-

tion.

FEETE 5 Al R AR FAR, IF HAR i $%
TERAR-E (K 2).
2.6 BEEREMEE

DA A A IR A 2L B v ] B 0 % i AR 24
AERERRHEAT VRS, 181 3 9 P AR AR A PR AR WA
K498 dh P25 I AR AR PR Pl B 3 R, B
71 9 (R 3 T L, 0 ik 3R 7 0 A i AR R £ i
Mo I TCAT TR, T A A R
RIEERFAE . AEASIN AN (R Ab B R Al I, i 2R A B
OB AEAE KL 100 4k 2 LR, B2 X LE R
S S A BB 93O H A A R Bl 40 200 1
AL, P 5E BORE it e U D A A 5 R A £E 100 A1
200 X AL B AR I T 560, A4 X A L

IR SRR A A, AR A A AN B
ZAYAOAREARIRA . SR dn i oa i , 36
PRA A AR AR TP 33 bk A, 3 bR A AR —
FEAR B AR, A5 &5 HE 92% , ik &4 7 LE 8% 5
PRIR )N A5, A5 5 B 100% 5 8 Bk H ¥
AT A 6 ¥k 154, itk 51k (B 5, —f%
A 15 B 75% , B AR o HE 25%
2.7 IBARRERERENZRAERERNZN
DT WS T AR R AR AR I R R A
1E 1/2MS 55 77 He th I8 A [R] 53 29K B2/ IBA, WL %2
HEFHUR. HUERITEREDITUER, Y
IBA i B E 0.4 mg- LI, KR KR w, ik
F87.5%, 75 F AR
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Table 6 Effect of medium on adventitious bud differentiation from jujube callus

43 Dongzao IR Junzao + H i Qiyuexian
AR s ek P TR R TR R
Medium number Callus differentiation Seedling Callus differentiation ~ Seedling Callus differentiation ~ Seedling
rate/% formation rate/% rate/% formation rate/% rate/% formation rate/%
MS1 20.00+1.73 be 0 22.67+0.58 a 0 16.67+2.08 b 0
MS2 23.33+1.15b 0.04 18.67+2.08 a 0 12.00+£1.73 ¢ 0
MS3 13.33+1.53 ¢ 0 14.67+2.52 ab 0 10.00+2.00 ¢ 0
MS4 2.67+2.31 cd 0 10.00£1.00 b 0 0.00+0.00 d 0
MS5 6.00+1.00 cd 0 7.33+£2.08 be 0 0.00+0.00 d 0
MS6 0.00+0.00 d 0 2.00+1.73 ¢ 0 0.00+0.00 d 0
MS7 28.00+2.00 b 0 0.00+0.00 d 0 19.33£1.15 ab 0
MS8 34.67+0.58 a 0.03 0.00+0.00 d 0 21.33+£2.52a 0
MS9 29.33+£2.52 b 0 0.00+0.00 d 0 23.33+0.58 a 0.04
WPMI 24.67+2.08 ¢ 0.08 29.33+1.15a 0.10 18.67+2.08 ¢ 0
WPM2 30.00+1.00 ¢ 0.10 25.33+£2.52a 0.04 20.67+1.53 b 0
WPM3 26.67+2.08 ¢ 0.04 22.00+2.00 ab 0.05 19.33+1.15¢ 0
WPM4 10.00+2.65 d 0 17.33£0.58 b 0 5.33+£2.31d 0
WPMS5 12.67+1.15d 0 14.67+2.31 ¢ 0 7.33£2.08 d 0
WPM6 7.33+2.31d 0 12.00+2.00 ¢ 0 3.33£2.89d 0
WPM7 39.33£1.53 b 0.13 0.00+0.00 d 0 26.00+2.00 b 0.04
WPM8 48.00+1.00 a 0.33 0.00+0.00 d 0 27.33+1.53 ab 0.07
WPM9 40.00+2.00 b 0.18 0.00+0.00 d 0 33.33x1.15a 0.12

A, BRAIHEIT IR S, B, @A AOTIGHISH : C~D. @05 tHILZF 10, JF IR 7 A € 2 E~HL A 2 S S 0956 .
A. Callus turned green when exposure to light; B. Callus turned green; C-D. Bud differentiation; E-H. Adventitious buds developments.

1 EHBEGHSK

Fig.1 Bud differentiation from anther callus
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A KRR DI ETIR B, RO @D IR IR €. LT BEEZDEIREE IR D, @A E 2 04k B, BRI AS E 205 F B
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A. Anther callus of Dongzao; B. Anther callus of Junzao; C. Anther callus of Qiyuexian; D. Adventitious bud differentiation of Dongzao callus; E.

Adventitious bud differentiation from callus of Junzao; F. Qiyuexian adventitious bud differentiation.

E2 FEARRMEBESRGETEFNML

Fig. 2 Differentiation of adventitious buds from callus generated from jujube anthers
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AL KR TAERR B AR AR A C BROR AR D, B B AR E. B H SRR F R A
A. Dongzao diploid; B. Dongzao haploid and diploid chimera; C. Junzao diploid; D. Qiyuexian diploid; E. Qiyuexian haploid; F. Suanzao diploid.
B3 RGN A E R 1

Fig.3 Ploidy detection of the regenerated plants from anther callus
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A. Dongzao regeneration plant; B. Junzao regeneration plant; C. Qiyuexian regeneration plant.

4 BHEEREEEST

Fig. 4 Proliferation culture of regenerated plants

A, TREARRERR B, SRR
A. Diploid plant; B. Haploid plants.
5 LR EEFAERER
Fig. 5 Diploid and haploid plants of Qiyuexian

#7 TRERERE IBA HEEZEFSERNIN
Table 7 Effect of IBA on root induction from Dongzao

shoot in vitro

RS mEEC RS kR
Treatment /() me L Number of Number of Rooting
number & inoculations  rooted plants  rate/%

1 0.2 8 4 50.0

2 0.4 8 7 87.5

3 0.6 8 1 12.5

3%

WFFEE W, AR AL 22 7T BLRH 1E 975 4 22 1 12
J o R AL 25 @ B RAK B 5 5, &
22 /NRAEARIR 25 AT T AL B 5 d JE T 3R s i 5 2
RN XA R AL BE 3 d I @ 0 & R i
e FEARHE T RIR AL EE 3 d A A T4 A

A-B H R A H LA SR, DURFRZEA
WL BEAE N RIR , /e ek pe =, 52
B TEH AR TR B EEAERY. KILUR, B
B — BN R P 20 23 55 37 bR HE B T 4 )2 B
F o # 2 RS AE AR N 30 g- L RERE RS A&
P05 T R m ™, (BRI ER R I %
RE R R IIE R TR, B2 5HMEE6 5L
2y R IR DA SE R N BR 19 31 T 3 1 A S0
R Z, 235 10 AW 70 b R B2 R &
B A6 H BEAE 24 fn 5 A AU R I & YR . N
30 g- L' Z2F I 15 5 R et A e 2 A R
Ht, A KR, @A SUESL, BRI ER
i o

6 FH 38 L PR 1 9% 35 2 4H 4B 97 I I SR e, )
D6 ) 45 P LE A L 245 85 37 h K FH TDZ AT NAA ik %
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16.67% 15 15 3 2% s IR 4L 46 R A 2,4-D 1473 1%
SHRILFN57.81%. EARWFFH, LA MS 55755 N FEA
RrFR%E, 65 2,4-D. TDZ . NAA =Fii & SR EH A
M EA it ikt 1.0 mg- L' 24-D+04 mg- L'
TDZ+0.4 mg- L' NAA B & 4 & IR &R H B 1L
HEGIHLFE ST B2 RS L F] 59.33%.64.00%
H158.67%, fm T Fp b f FH 2,4-D AL F TDZ . NAA
MR A A TR, A F K R A A IR 40
NRFLMA R EINE S B AEHHE R R, £
FAEARB IR IEH TP AK R IBANAA FI4H
73K 6-BATDZ I 4 FliH K , UL WPM I MS Sy %
REEFREE, LT O MR A A 18 AR AL, i
T IE S &M E A B BoE R R . o
TR IAEAR R 26 At T, AN [7] 5 PR B A4 24 s 4 2 47
73R HTH KRB E R I 2 57, A5
B 2 AN 3 A (B0 22 R BN R, A VIR L
B 1) A% 35 B %6 53 3l ) 88.89%81.11%78.89%
IRy ) 48.00%29.33% 1 33.33% . Firr, &
BIHF BN e LA RRES R, 5
RAFIG H AR L, 2 51 S A € 4, B
AR A KRR . PR, TE BSR4 2 2 S
PR E B R 3K 2 —

A K E AR RN FE X B T AR R R K
GHARELW, RS RS RE, g
T AE AR B 3238 5 LA 12MS 1R A FE AR B 953, , TR
e — a5 A A KR R S B AR R . B
TH SR I, K R 1/2MS 85 97 28 FF 48
0.8 mg- L' IBA AL A, REWS M 5T 4 39 1A B i AR AR
R, HEELEIE 1/2MS 1} 553 th N 0.6 mg- L
IBA F10.5% 3% M o , o] {8 98 AN 38 2 [ AR fE ek 3
86.89%. TEAMITH, Ak 775 A KR R 4F
(1) A4 AL B 5 o ZEBONMORL 3k T 1/2MS A R
FrHE FEUR AN [F) ot B VR B I IBA 103 ¢~ L (1
PERBATARIE T SRR, YIBATRKRE N
0.4 mg L', %R I AL 2] 87.5%, RS
MR . S TE AW A A A B AT R
IBA, (HA MR ARG 2 A e & . AR mT it —
ARV AN A AR 3 A B B i kR P o A AR AR )
s, DAAG LA MR G TR0 22, D O 435 1 1Y) v K
R HE BERR IR AR A AR S

H A, B N AMEA R 2046 25 5 22 BoR J7 T &
AR T &R, e /KR N ESEY) L O & T

T BRI AL L B IR 4K R, (H AR AE 24 55 IR BOR T7 T
MAEAEFRERANA L o 2B AEAHIE TE 3 3 x A [ 3
DRI B AL 25 BEAT AR IR AL B Bevh AN IR B AL, W 4
S0 A o RO E VAN IR SN R SN w7
B IR RAHMR AR R 58 7 -0 B R AR AT
A AR AR 07 18 IO B TR R RORBEE . AR
FORG E— IR ZEAS [R5 A R AL 25 55 97 (1 22 57
PACTE IR %A S @A 5 3 A AR AR SR,
R AR IR 2 0 R AR B

4 B

LA IR A K 5 ) i B A SE T AR 24 O A
P ARIRTIALFE 3 d %4 AU H B 18215 5 A IR
TRHEAVE R I RE A AN B . (e s T
MR EMEHAAEN:1.0mg L' 24-D+04 mg-L"'
TDZ+0.4 mg-L'NAA. {EZ38H M BEEMERA A N:
XA (25mg L' TDZ+0.4 mg-L"' IBA+0.1 mg-L"
NAA); R& (1.0 mg-L"' TDZ+0.8 mg-L"' IBA); L H
fi£(1.5 mg- L' TDZ+0.8 mg-L"' IBA). {62505k
(G SE ARG 7R WPM 55 772, & B I R 4L A
& A(0.8 mg L' TDZ+0.5 mg- L' IBA+0.2 mg L’
NAA) ; R A (1.0 mg- L' 6-BA+0.5 mg- L' TDZ+
0.5 mg L' NAA);-EH (1.0 mg-L' TDZ+0.5 mg-L"
IBA+0.2 mg- L' NAA), 3{1§ | & A IR & L (1)
TEZ PR IR, o B A 68635 5 s iR fE bR . &
AN AE IBA IR 0.4 mg- LB IA & s, 3K
15 T8 I 2 A AR R
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