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Effect of agar- and sugar-induced water stress on rice anther culture
S. C. Wen, C. H. Chuang, C. C. Yeh and H. S. Tsay
Department of Agronomy, Taiwan Agricultural Research Institute, Taichung, Taiwan

41301, Republic of China

Abstract. Rice anthers at uninucleate stage were cultured in medium
Containing high concentrations of agar and sugars for water stress
treatment. The results indicated that the callus and green plant forma-
tion ability increased significantly on the treatment of agar-induced
Water stress. Best result was obtained from anthers cultured in a
Medium containing 1.8% agar. Medium containing 6% sucrose and

0.53-1.06% mannitol was beneficial to callus induction as.well as
the subsequent differentiation of green plants. Although high per-
recorded, liquid suspension culture

Centage of callus induction was .
Was not recommended for rice anther culture due to the low differen-

tiation rate of the produced callus.

Key words: Rice, Anther culture, Water stress.
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BIEW o Zk‘é‘ﬂﬁakiﬁﬁﬁﬂfﬂﬁhﬂﬁﬁ » RUFEAA S AERY AILEGRR AR EE %R, B
ﬁﬁﬁ&ﬁﬁ%%ﬁ@ﬁ%m%ﬁ$ﬁﬁ,ﬁﬂ?%%ﬁ%%ﬁ@%%ﬁﬁﬁ%ﬂ%@ﬁ
(Woo and Tung 1972) o H 19684 Niizeki and Oonoﬁ%&ifﬁﬁ%%%lﬁﬂﬁﬁ y LATEEE
%%Eéﬁﬁfé‘%ﬂ’ﬂ**ﬁ’%ﬁ&ﬁﬁ  EEBEERKEE . FIF B ST e g o 8
ﬂ%ﬁ%ﬁﬁ%%ﬁﬁﬁ»E%tﬂm&&ﬁﬁ@%%EE&%%%%@,Eﬁﬁﬁ¥ﬁ
ﬁiﬁﬁﬁ%%ﬁ%’Eﬂ%%ﬁﬁﬁ%,%Eﬁﬁﬁtﬁﬁﬁﬁ%WW&ﬁﬁﬁﬁﬁ%
(Tsay 1986) o
mmm%%%ﬁém&W§%&ﬁﬁﬁm§%%@im%@,mm%g%mmﬁﬁ~
RR RO MEF BB .

al. 1984) R H ¥ (Ahloowalis and Maretzk; 1983) 5 & AL L Mk 2 g 77 o IR
iﬁﬁﬂ’ﬂﬁ?;ﬁ(agarﬁﬂﬂ'ﬁﬁ(mannitol)?ﬁ%%%%ﬂ@j(ﬁi@iﬁ

. - » ATEARE K B B i & A
BB EFFIREEN S (Lai and Liu 1988, Liu and Laj 1991) o FH M ERAE B
EWﬁﬁ6~w®’ﬁﬁﬁﬂﬁwm%@emmm%aﬁﬁﬁWﬁ%«mm1m&owmg

et al. 1973, Tsay et al. 1986) » lﬁlﬂ:%ﬁ¢~1=p'i-%mmﬁﬁaﬁéfﬂﬁ%&@;@ﬁﬁﬁmﬁﬂﬁ
KABHRE , MBFRB S HEH .

R %

EENHBRERE

TR RAT AN KB ERE Berst ffE . ﬁ&ﬁuﬁﬁﬂﬂﬁﬂﬁ%Z%HFaﬁﬁm-&mﬂ%r
EFRERT , DERz @R uRnEesLs %)&Eﬂ%ﬁﬁﬁﬁémirc'{m&ﬁcp%
T—BEBRRTEE . ﬁﬁﬁﬁf’ﬁu70% @ﬁ@ﬁﬁﬁﬁﬂ%ﬂ ’ HYHij%E}%]jﬁ7O% B 5 th30
B BL0.5% REBMEEINE MBI ¥E3.a k18 MBS e, b
Chen and Chen(1979)ﬁﬁ§$2ﬁﬁﬁﬁﬁﬁé%ﬂﬁﬁgiﬁﬁﬁi o
BELEEREERRE

BERBRRY AL AR B g, ﬁﬁt!ﬁ%MS(Murashige and Skoog
1962) BREZTEBEBEM » No (Chu et al. 1975) S BE 2 fm it mm s | t4 mg/1
NAA, 2 mg/1 kinetin, 6% FE#E0.9% B2 (Difco agar) ( MMNKERE ) Bk
BB AR REEELE, HEBREANRKE R EEG ME T & RE AR E 1L
10% Ficoll AR - FEFEMBO LR EE , HRHB Mg fit2 mg/1
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kinetin, 0.5 mg/1 NAA, 40 mg/1 adenine sulfate, SUREMER0.9% R ( fEiTER- 215 &
H) o D F=mE R pHERS5.740.1 (Chen et al. 1982) °

ELEANKESEEES , MARZATTABREZERREAMRTRBREHREGZ
EERHERE ; ANKEBEEEPMAFiCOlRRTATTRAREMEGEZEERHE
B M ks snu kBt Ess s BEAERNESESEERR 2 LERE
b TR B - BFTERRE MR A B HEENKATERER VY -

EEE T EE R ARG £1°C ) BRTHE, N+ REMGTYRBEER 60
RERERSBBIPHE - i EpmsE#ALERZ AR, AIMBEEERE108K , X
N2~ dmmBO s &4, BERR2ALERE L BR25+1°CEHE 1,500 lux
(100 uE/ms) » &5 H B 16/NERBRETHE SBBAEKE REEHZERMMEE .

BIEGRLL ZE AT stEosy HEKEZEBENE95% confidence li-

mits) , fEARRIEEMEZHE -

® R

NE:S3) e SRR o
1990§§§;’};Z§a“%%%?%%u , 7£0.6, 0.9, 1.2R15% MEFRBEREF , KATE

B i e 8 65 ) 0 G DA B S ARAIUTE MARKAIIEA6~ 5196 2 (R1)
%giggiigggigimmm%@éﬁw  RAARER A (ERE LET M5
THE e R A M A TE RS AR MBS BT A1 H1
B (%) , RoBER0.6% ﬁ%ﬁﬁ%%ﬂ@##ﬁﬁ%%ﬁ%ﬁﬁﬁfﬁﬁm%1%4.2% » BE ML
Biory , wmnbEE6.8% ° EEZEEREENER aﬁmffﬂﬁaﬁﬂﬁi’ﬁﬁ%?ﬁﬂtlfk
B, wzmE sy i H28.6% NKETEE 13.9% WEETRE  BHMLER

Table 1. Effect of agar concentration on callus formation of rice anther culture (1st crop, 1990)

o Anthers producing callus

Agar No. of

cong, anthers Number % 95%CL * *
(%) cultured

on 296 50.9 4557
o 581 278 49.2 44.54
o 565 242 448 40-50
2 540 265 4556 4151
15 set

——————

ic substances supplemented with 2 mg/l kinetin, 4
‘ i i fts and MS organic su
Callus induction medium: Ng inorganic s2
.. Mg/l NAA and 6% sucrose.
95% confidence limits.
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Table 2. Effect of agar concentration of the callu

s induction medium on the regeneration ability of rice anther-derived
callus (1st crop, 1990)*

Callus producing Callus producing

Agar No. of green plants albino plants Total
conc. callus
(%) cultured  No. % 95%CL** No. % 95%CL No. % 95%CL
06 262 1 42 2.7 7 2.7 1- 6 18 6.8 411
0.9 246 31 12.6 9-18 12 49 3-9 43 17.7 13-23
1.2 236 28 119 817 24 102 7-14 52 220 1728
15 266 76 286 23.35 37 139 1049 13 387 3345

' d from the media shown in Table 1 were transferred to R-2 medium for
plant regeneration.
**95% confidence limits.

38.7% » %?%0.6%#%?%&@@%51%131: °

HRR 2 ERET 1.5%%%?&EE@EFE%@%E‘J7Mﬁ?€%ﬁé‘%ﬂ%&ﬁft$%% , B
ﬁﬁ@ﬁﬁ#%ﬁgﬂ%m@mmmﬁ,@%ﬁﬁ%%ﬁ%ﬁgwtmmx,mumww
E:ﬁ@ﬁumpMJ5J3&M%£E$ﬁﬁ¥%E’waﬁﬁmmﬁﬁﬁéz%g»
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KETEREEER , BRUSRLR2MOBBE LTk 5y BRIk , &
TEEE dr & AR AR BT T B th A6 % RESE B3 %6 o HRERR 4 0.53 % MH BRz R E e sy
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Table 3. Effect of agar concentration on callus formation of rice anther culture (2nd crop, 1990)*

Agar No. of Anthers producing callus

conc. anthers

(%) cultured Number % 95%CL"*
0.9 458 203 443 39-49
1.2 472 271 57.4 52-62
15 504 266 52.8 48-58
1.8 466 291 62.4 57-67
2.1 471 228 48.4 4353

*Callus induction medium: same as Table 1.
*85% confidence limits.

Table 4. Effect of agar concentration of the callus-induction medium on the regeneration ability of rice anther-derived

callus (2nd crop, 1990)*

Callus producing Callus producing

Agar No. of green plants albino plants Total
conc. callus
(%)  cultured  No. %  95%CL**  No. %  95%CL  No. %  95%CL
0.9 156 34 218 15-30 3y 199 1428 65 417 3351
1.2 186 39 210 15-28 20 108 6-18 59 317 2540
15 150 39 260 19:35 34 215 1530 73 487  40-58
18 178 50  28.1 21-36 30 169 1124 80 449 3753
21 162 54 333 25-41 45 278 2036 99 611 52.70

*10-day old anther-derived callus induced from the media shown in Table 3 were transferred to R-2 medium for

. 'Dlant regeneration.
95% confidence limits.

Table 5. Effect of sugar concentration on callus formation of rice anther culture (1st crop, 1990)*

————

Anthers producing callus

Sugar conc. (%) No. of
anthers
Sucrose Mannitol cultured No. % 95%CL""
T 0 507 186 36.7 32-42
3 053 591 260 440 39.49
3 1.60 546 166 30.4 25.35
3 4.80 447 39 8.7 6-12
6 0 576 246 427 38-48
6 0.53 473 243 51.4 46-56
6 1.60 435 186 42.8 38-48
6 4.80 517 63 12.2 916
———

*Callus induction medium: N inorganic salts and MS organic substances supplemented with 2 mg/l kinetin, 4
. 6

. .mgll NAA and 0.9% agar.
95% confidence limits.
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Table 6. Effect of sugar concentrat

ion of the callus-induction media on the regeneration ability of rice anther-derived
callus (1st crop, 1990)*
Callus producing Callus producing
Sugar conc. (%) No. of green plants albino plants Total
callus -
Sucrose  Mannitol  cultured  No. o 95%CL*"*  No. o  9506CL No. %  95%CL
3 0 19 23 117 718 " 56 310 34 173 1228
3 0.53 198 19 96 6-16 13 66 411 32 161 1112
3 1.60 188 15 109 618 7 51 2141 2o 159 1024
3 4.80 66 6 91 319 4 61 116 10 151 127
6 0 234 31 43» 9-18 4 60 310 45 192 1424
6 0.53 192 42 219 4gpe 21 109 747 53 o276 2036
6 1.60 166 30  18.1 1225 14 8.4 4-14 44 265 2036
6 4.80 86 8 9.3 417 16 186 11-29 24 279 1840

*10-day old anther-derived callus induced from different megi i dium
. a . ediu
for plant regeneration. shown in Table 5 were transferred to R-2 m
**95% confidence limits,

Table 7. Effect of mannitol concentration on callus formation of rice anther culture (2nd crop, 1990)*

Mannitol No. of —
conc. anthers Anthers producing callus
(%) ® cultured No. " 05%CL""
-_
0 353 193 54.7 49-61
0.53 487 253 520 757
1.06 454 268 o o
1.60 461 171 :
37.1 32-42
2.13 514 167

32.5 27-38
*Callus induction medium: N inorganic salts ang MS organic syp, . -
mg/l NAA, 6% sucrose and 0.9% agar. slances supplemented with 2 mg/l kinetin, 4
**95% confidence limits.

Z%EE,wﬁﬁﬁ$ﬁﬁﬁﬁﬁﬁﬂm@E¥%§2%§o
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R& ; Tk Z B3R 210.53~1.60 9 Z’a‘mﬂ%iﬁsﬂi ' B37E1.06% HERyEE
§¢%ﬁ%mﬁém%:ﬂﬁﬁﬁ%%ﬁﬁ%ﬁ@ﬁﬁ’Eﬁﬁﬁﬁﬁw,miﬁmﬂ%
ﬂWHZ§§&$EAE%E&ﬁWﬁWoﬁéiﬁﬁ%%%%ﬂ%ﬁ,§%§§¢$§
ﬁﬁ@ﬁ,muﬁ%ﬁﬁﬁm@mﬁmémﬁz%ﬁ&ﬁﬁzﬁmwﬁm%mxﬁ@gﬁ
£ o Ll6 9% FEMERL £0.53~1.06% H BB , HIS K 2w

) RAEF , EHEBEE R 13%
AR TFRER - %%Eﬁmiﬁ%‘%ﬁé%ﬂﬂﬁﬁﬁﬁﬂﬁ%ﬁ{tx » MBEDE gy
HERLE053~1.06% 2 HBEKSHE o

WRINKT 887 , HUA
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Table 8. Effect of mannitol concentration of the callus-induction media on the regeneration ability of rice anther-
derived callus (2nd crop, 1990)*

Callus producing Callus producing
Mannitol No. of green plants albino plants Total
conc. callus
(%) cultured  No. % 95%CL**  No. % 950CL  No. % 95%CL
0 212 48 22.6 17-30 31 14.6 10-20 79 37.3 30-44
0.53 166 44 265 19-36 27 163  10-23 72 433 34-52
1.06 184 33 179 12-25 22 120 7-18 55 299 22.38
1.60 66 21 31.8 21-45 17 25.8 16-40 38 57.6 45-68
_213 110 22 200 13-29 28 255 1736 50 455 3555

*10-day old anther-derived callus induced from different media shown in Table 7 were transferred to R-2 medium

"for plant regeneration.
95% confidence limits.

TSR R RS 2 RIS R S BRI A

* o B EEn AR B RS REELERERE (RO RREHR
s ) | adey EiEz REEEE  TEFEERTEERE2%  FILE10%F
Coll T (i i A48 7 g1 496 ( oz 6HME ) » B BRARAEEEMRMRE
B30 - FiAN0.53~1.60% H BEEATE109% Ficoll k3% EECEEE, FOEBEER
BZ909% LU E ( 973 AREE) 6 % e i FAE R IR BE 2 H B BE R FicollIEFC Y 3E 2
5, ot g s R B 50,9~ 76.8% » iB4.8Y M EZHERARRREARLE
RA B P05 » FAMBZEEE  HED20% (RIZSRIMER) - i

Table g, Effect of different sugar concentration in liquid medium on callus formation of rice anther culture (1st

CTODI 1 990) *

—_— :
Sugar conc. (%) No. of Anthers producing callus
Treatment Ficol e anthers
. 0, * %
Code (%) Sucrose Mannitol cultured No. Yo 95%CL
\
1 6 0 518 326 62.9 58-68
2 0 3 0 595 485 81.5 76-86
3 I 3 0.53 442 415 93.9 91.97
4 0 3 1.60 526 417 90.7 88-94
5 0 3 4.80 507 9% 18.9 15-23
6 10 6 0 473 385 814 77-85
7 0 6 0.53 542 416 76.8 72-81
8 10 6 1.60 446 267 50.9 55-65
9 o 6 4.80 452 9 175 13-22
_ 10 '
substances supplemented with 2 mg/l kinetin, 4

. . anic
Callus induction medium: Ng inorganic salts and MS org

..Mg/l NAA and 6% sucrose.
95% confidence limits.
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Table 10. Effect of different sugar concentration of callus-i

nduction liquid medium on the regeneration ability of
rice anther-derived callus (1st crop, 1990)*

Composition of callus Callus producing Callus producing
induced medium (%) No. of green plants albino plants Total
callus
Ficol  Sucrose Mannitol cultured No. %  9506CL** No. % 950%CL No. % 95%CL

0 6 0 208 6 29 1.6 8 38 227 14 67 4-12
10 3 0 254 3 12 o5 4 186 1-5 7 27 1-6
10 3 0.53 272 9 33 18 5 18 15 14 51 39
10 3 1.60 266 11 44 2-7 6 23 1.5 17 6.4 3-10
10 3 4.80 44 2 45 0-15 1 23 311 3 68 1-19
10 6 0 262 9 34 15 9 34 16 18 69 411
10 6 0.53 22 10 34 1.6 1 81 39 25 86 612
10 6 1.60 25 23 90 613 0 112 716 53 207 1526
10 6 4.80 54 0 00 07 8 15 011 8 148 7-28

*10-day old anther-derived callus induced from different media shown in Table 9 were transferred to R-2 medium
for plant regeneration.

**95% confidence limits.
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