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ABSTRACT

This study was conducted to establish anther culture for Gymnocalycium
mihanovichii. Anthers from different flower bud developmental stages were cultured
to induce callus formation, and subsequent shoot regeneration was evaluated under
in vitro culture conditions. The highest callus induction rate was observed at the
second stage of flower bud development, where tetrads were present. Optimal
callus induction was achieved with either 0 or 7 days at 4°C, followed by one to
two months of dark incubation. The most effective plant growth regulator combination
for callus induction was 2,4-D 2.0 mgL™' + kinetin 1.5 mgL™. For shoot regeneration, a
light intensity of 30~45umol'm’*s™ was optimal, and the highest regeneration rate was
obtained on medium supplemented with NAA 1.0 mgL? + BA 1.0 mgL™
Regenerated shoots were successfully grafted and acclimatized, showing increased
offset formation compared to the original cultivar. These results demonstrate that
anther culture can be effectively applied to enhance offset production and provide
useful breeding materials for grafted cactus.

Key words: Grafted cactus, Anther culture, Callus, Shoot regeneration
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GG211183-2  GGI91233-4 x GGI81134-147 ZA4  #HY 78 &5 24 40
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s FEE 9% 2A0R AeA Y7 oF el MR ABAgEAde) 24 3
gere Adelon (93] Y [CGAUS-2) AFel He 52ug 280

A3k ARESIATE Aol AFEE A= MS HiA|(Murashige et al., 19625 7] ujj=]
2 MS 4.41gL", sucrose 30gL!, agar 8gL'E #H7}sta pH 5.7+0.12 ZAste] 121C, 1.5
19+ 2o g2 "asle A3ttt oS 312]E 2FH 3] 70% EtOH(Ethyl alcohoDdl] @
% EtOHE A|A3ska. Tween-20°0] #7148 1% NaOCl(Sodium hypochlorite)oll &-=]7} %k
AEE S F4E Q1 150rpmol| A 1583 4o)& 5 dFFE 53 FA3 & 31F)
st oFS AW ARESIAHE AR B F AHE AIES flE 2 f= wiAE
NAA(Naphtaleneactic acid) 1.5mgL™ + BA(6-Benzylaminopurine) 1.0mgL'E Al8-3l5].0m,
B337] 1643 3% 30~45pmol-m>s™, &% 25+1C oA wikslth Aexg 73k
RS Hal sEE 4CeA 0, 1, 3, 79 AE $F k& ujAoll X%sta UHYE & A, 2
F x4 wjgete] AeAE FESIATE o AE 713 28BS ATAA 7 AL
A & ok ujAof Xdstd b 21dollA 0, 1, 2, MY AP F AHXRE ZASAH
AEAEEAA 24 2 AR ABE sk SAAwinAl NAA, 24D
(2,4-Dichlorophenoxyacetic acid @} Ale]E7]A(Cytokinin)A] BA, TDZ(Thidiazuron), Kinetin< ©=
T St ARSSIACH(E 2), oF A Y & AHAE AT A Al dig
A2 SASSAS Institute Inc., Cary, NC, USA) 9.4 TAIZZ T3-S o83t AAISIAT
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E 2. M EFHAIE A FEE At AF=EA L AgF
(9]: mgL™

s Auxins Cytokinins HE Auxins Cytokinins
1 NAA 0.0 BA 0.0 21  NAA 15  TDZ 15
2 ” 0.5 “ 0.0 22 2 2.0 " 0.5
3 v 0.5 ” 0.5 23 4 2.0 4 1.0
4 ” L0 ” 0.0 24 ) 2.0 ) 15
5 ” 1.0 ” 0.5 25 ’ 2.0 ’ 2.0
6 ” 10 ” 10 %  24-D 05 Kinetin 0.0
7 ” L5 ” 0.0 27 ) 0.5 ) 0.5
8 7z 1.5 2 0.5

28 ) 1.0 ) 0.0
9 ’ 15 2 1.0

29 ) 1.0 ) 0.5
10 ’ 15 4 15

30 ) 1.0 ) 1.0
11 2 2.0 2 0.0

31 z 1.5 z 0.0
12 ) 2.0 ) 0.5

32 z 1.5 2 0.5
13 ’ 2.0 ’ 1.0
14 2 2.0 2 1.5 33 ” L5 ” 1.0
15 , 90 , 90 34 z 1.5 2 15
16 , 05 TDZ 05 3 ” 20 ” 0.0
17 ’ 1.0 ’ 0.5 36 ” 2.0 ” 0.5
18 ’ 1.0 ’ 1.0 37 ” 2.0 ” 1.0
20 2 15 ” 1.0 39 v 2.0 4 2.0
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P, FF R OCGG2LISS-2T ATOM fmE Aol AT ARsE A% g
FEoh AEydzdA TR 9 AYEFS AFsath WY 4 &= 5+1T, FF7)
1647t 2 slglom, Aol MS #jAl(Murashige et al., 1962)2 7] wjx= MS 4.41gL7,
sucrose 30gL, agar 8gL'E F7lsla pH 571012 At 121C, 1571¢ 0o
diste] ARSIt = A4S 913 o A, 3045 2 70~90umolm*sT 2 T E3he]
st om, AeddA S5 9 A A4S fI8) Sl NAA, 24-Dst Alo|E7dA
BA, TDZ, Kineting &5 = &5 A2|gto] ARSSIHTHAE 3). Aol AEshd A7+
smm7} EAE W Zelel ZIWellA HEste] wisiith A =2717F 1-2cm o) d] 71
HE WA 719 A6l <32 F 719 358t A5S BEs:

33 HEHAJG AT AESE AT AR2AA 7 L AYF

(29: mgl™h
i Auxins Cytokinins HE Auxins Cytokinins
1 NAA 0.0 BA 0.0 21 NAA 0.5 TDZ 2.0
2 2 0.0 Z 1.0 22 2 0.5 Z 4.0
3 2 0.0 Z 3.5 23 2 1.0 7 1.0
4 2 0.0 Z 7.0 24 Z 1.0 Z 2.0
5 2 0.3 2 1.0 25 Z 1.0 Z 4.0
6 2 0.3 Z 3.5 26 2,4-D 0.0  Kinetin 0.5
7 2 0.3 Z 7.0 27 Z 0.0 Z 1.0
8 % 0.5 7 1.0 28 Z 0.0 7 15
9 2 0.5 Z 3.5 29 2 0.0 Z 2.0
10 % 0.5 Z 7.0 30 Z 0.3 % 0.5
11 Z 1.0 Z 1.0 31 2 0.3 Z 1.0
12 2 1.0 Z 3.5 32 Z 0.3 Z 1.5
13 2 1.0 Z 7.0 33 2 0.3 Z 2.0
14 Z 0.0 TDZ 1.0 34 2 0.5 Z 0.5
15 % 0.0 Z 2.0 35 Z 0.5 % 1.0
16 2 0.0 2 4.0 36 2 0.5 2 1.5
17 2 0.3 Z 1.0 37 Z 0.5 2 2.0
18 2 0.3 Z 2.0 38 2 1.0 Z 1.0
19 2 0.3 Z 4.0 39 Z 1.0 Z 1.5
20 % 0.5 Z 1.0 40 Z 1.0 % 2.0
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3. 2% & 13
7). gEx HE

A [GG211183-2 AT THaR, X9 318 WS 4R o] Az
A} ool A Ao Slde 29AFE dEEIoH, Aex fFEs B = UETHEE 4).
ofo] IE e 2vA HHE 3E dHd i 9 43A] FEHE FARARR G o s
Igk A9 a9 13 b

# 4 3l 09 oA BFo] A8 2 oF 54

3lg oF
AsEz) =22
) wA = Ao o AERAY AnE Az gEE

(mm) (mm) FFOX) HFOX) (%)
1 877 2026 33 0 X 88.3+ 2.9
coolllgsy D 1004 2370 ) 0 0 66.7+27.5

31048 2778 3AY 0 0 -

4 1160 3371 33 0 0 -
1 733 15.40 ) A1 0 X 95.0+20.0
. 2 863 2277  #A 0 0 45.0+ 0.0
N 3 1036 2560 3y 0 0 10.0+ 0.0

4 1195 2754  &EAl 0 0 -
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312 AeAg] 7|7t e Ayx FELS A 0¥ EE 7900 EOom(E 5),
oF 24 F ¢k A 7|3t e Ay FEES UIE oY u EAUTHE 6). AE8%
ZJQXM %% 2 Aol e A £ NAA 2.0mgL™ + BA 1.5mgL™¢} 2,4-D
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5. 8] A2 7|3l wE 22z 8%

ASEFS) 0 19 3 7o
GG211183-2 48.3£7.6 5.0+5.8" 65.0£30.0° 66.7£27.5°
R 62.5+23.3" 16.7+11.5% 11.7+2.9° 45.0£0.0°

6. oF A F o A 7IZtel] W& A =%

ASED) 071 < 1714 2704 37N
GG211183-2 45.0+13.2 66.7+27.5 60.0+7.1 16.0+11.4
SR 13.1+4.6° 45.0+0.0° 40.0+0.0° 30.0+0.0%

7. e E2AA TR B ATl mE AHE FEE%)

) 7 22 A (mgl ) . e .=
Auxis Cytokints G2 GBI GGITf-14 PIE  HSFE AZSE
NAA BA

0.0 0.0 - - - - - -
0.5 0.0 - - - - - -
0.5 0.5 - - - 10.0+5.0 - -
1.0 0.0 - - - - - -
1.0 0.5 - 1.7+2.9 - 138+103 - -
1.0 1.0 50+71 13+25 - 170+110 - -
15 0.0 - - - - - -
15 0.5 1.0+22 2.0+45 - 7.0+8.4 - 3.3+2.9
15 1.0 1.0+2.2 - 17429 11.0+65 - 1.7+2.9
15 15 5.0+5.0 - 1.7+29 12.0+7.6 - 1.7+2.9
2.0 0.0 - - - - - -
2.0 0.5 3.0+£4.5 - - 4.0+4.2 - -
2.0 1.0 1.0+2.2 - - 2.5+2.9 - -
2.0 15 39.0+204 25+35 - 130+157 - -
2.0 2.0 11.0+£6.5 11.7+126 - 6.0+6.5 - 183+231
NAA TDZ

0.5 0.5 170457 83+58 18.3+76 11.7+29 3.0+6.7 17+29
1.0 0.5 130+115 8.3+58 117+115 1.7+29 170+199 317+306
1.0 1.0 33.0£6.7 3.3+29 - 100+100 3.0+2.7 -
15 0.5 140496 17+29 25+35 5.0+0.0 - 10.0+5.0
15 1.0 6.0+6.5 6.7+76 83+29 6.7+76 - -
15 15 13.0+120 5.0+5.0 - 100+10.0 - 22.5+3.5
2.0 0.5 31.0+30.7 - 377 117+104 - -

2.0 1.0 236+123 125+17.7 ” 133+153 - -
2.0 15 32.5+24.0 - 2 5.0+5.0 - 1.7+2.9
2.0 2.0 26.0+17.1 - ” 4.0+4.2 - 1.7+2.9
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A A z4 A (mgL™h
Auxins  Cytokinins

G832 GRI¥l-1 GGEINe-4 JIAE HEE dESE

2,4-D Kinetin

0.5 0.0 1.0+2.2 - m) F%1 - - -

0.5 0.5 - - ’ 3.3+5.8

1.0 0.0 - - ” - - -

1.0 0.5 33.0+13.0 - ’ 8.3+5.8 -

1.0 1.0 17.0+9.1 - ” 25+35 -

15 0.0 15.0+10.0 - ’ - - -

15 0.5 37.0+125 - ” - - -

15 1.0 31.0+156 - ” 133+115 - 5.0+8.7

15 15 10.0+7.9 - ” 11.7+126 -

2.0 0.0 - 1.7+2.9 ’ - - -

2.0 0.5 59.0+15.6 - ” 1.7+2.9 -

2.0 1.0 46.0+30.7 - ” 1.7+2.9 - 1.7+29

2.0 15 39.0+27.7 23.3+126 ” 10.0+5.0 - -

2.0 2.0 10.0+35 1.7+29 ” 1.7+2.9 - 3.3+29
J uFR . mFo) 3F dd Ao R QA3 AR H|ER

Welz HES Yo AN AREAAE Aol ¢ A2 A V1L UheE TEslel

2|
Ag A [GG211183-2) A5 [Ba&] ¥%F =F 24-D 2.0mgL’ +
o

Kinetin
1.5mgL! A= 1-270€3r o g & A9 Ay 28] 7P SUTHE 9).
E 8 AAREA TF L & A 7o mE Y2 FEE%)
= o Xg 7|3
AZFEFS) A = A (mg/L) i e
NAA 2.0 + BA 1.5 1.9 3.0
GG211183-2 2,4-D 2.0 + kinetin 1.5 A7 5.2
o oo NAA 2.0 + BA 1.5 2.1 3.1
‘o ﬂ‘ﬁj . .
2,4-D 2.0 + kinetin 1.5 10.0 11.2
b, AT Axs
s A+

A ARkl AR B= AA-S A8l [GG211183-2] AlsolA fr=d ez

At v ol &gt 90D miFstd o A Adshs o Fo AR g3kt shARE SF
Aol e fElgke vt FAEJeH, 70~90umolmiste] FEoAE Ao Apd

o] T SRlEo] A BT 30-45umolmis FEO R B ATHLY 2).
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o) 30~45umol'm*s™ 70~90umol-m>s™*
A8 2~ F23t A ) A2 AFE
a9 2. v = e AH 2o FeF 54

[Faw] F3NA A58 Ae2g AT A viRAE A A2AAE A3 a7
NAA + TDZ, 2,4-D + Kinetin *glollAE 27 AES7F o1k NAA + BA AglolA] B
529 A7 AR} HAJTHE 9). E3] NAA 1.0mgL?' + BA 1.0mgL™' oA 71 2o
Fo] A77F AR How, 2 F 1 AAE 719 HE Folx AYSIIHUTHE 9). AR}
B Ao 719 A AAE Y 33 2 Fuged, 71E F53 Juz EAS vust
RS w) At FAol AA FEHE AFE By

9 AF2AA 7 2 AdFel e AL AT = 5 AF AAs

NAA BA A &3} ZIMAE WS I9AHE V198 %
(mg/L) (mg/L) AT O AT O AAF O AT O A= O

- - 2 2 2 - -

- 1.0 - - - - -

- 3.5 3 3 1 - -

- 7.0 3 3 - - -
0.3 1.0 6 6 - - -
0.3 3.5 5 5 - - -
0.3 7.0 - - - - -
0.5 1.0 - - - - -
0.5 3.5 12 12 - 1 -
0.5 7.0 5 5 - - -
1.0 1.0 20 20 7 2 1
1.0 3.5 5 5 - - -
1.0 7.0 5 5 - - -
Al 66 66 10 3 1
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3 E4E W Ay gtz Wd 20A oA 472719 e shto] #E
H%&D% @Ei FrEg& TS Fof o] A7) oS ARSI T
O Adex §5 2002 38 Aexy 77e 0d =& 7Y, o A4 F & A
71ZF 12709, A EAAZAA 24-D 2.0mgL?! + Kinetin 1.5mgL'xgle] AY 2~ F=&
o] &gttt
g A AEE 9T F= 2UL 3045umolmisTe] HAFEGT AENAZAA =
NAA 1.0mgL™" + BA 1.0mgL™ X g 7ol A A7 AE37} 71 @k
o} ZEstE ATE R lM S F 719 edete] HEIIH A 7|E THaE, FE5Y
FENd EAAS VustAES o A7 Aol aA FUHEE A Btk
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