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EFMA AgNO,, VT B 2 382 80 1 bk T A ST . 07355 T 4 JOE 6 A S 3R o R 14 40.5% 32755 58.1%,;
JaE MR E AR RN 36.1% B RE 61.3%. fi ABA #7 LR4E, ZEEmMEE. #S
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A, SR Y T IRAY 2.38 £5H0 2.46 45,
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IMPROVEMENT OF PLANT REGENERATION FROM CYCLIC
SECONDARY SOMATIC EMBRYOS IN CASSAVA
(MANIHOT ESCULENTA CRANTZ)

Zhu Ji Huang Yuwen Liang Chengye
(South China Institute of Botany, Academia Sinica, Guangzhou 510650)

Abstract Cotyledons from mature embryos of cassava cultivar Nanzhi 188 selected from
cultivar CM321—188, which was provided by CIAT (Centro Internacional de Agricultura
Tropical), were used as explants. AgNO; could obviously promote the plant regeneration
frequency (PRF) in the induction medium (MS I) with 16 mg L' AgNO, added at the 7th
day, and in maturation medium (MS II) with 20 mg L' AgNO, added at the 15th day, the
PRF being from 40.5% (control) to 58.1%, and from 36.1% (control) to 61.3%,
respectively. 0.25 mg L' ABA adding to MS I and to MS II could markedly improve PRF
by 32.1% and 45.2%, respectively. An decreasing concentration of 2,4-D at 2.0 mg L* plus
16 mg L' AgNO, and 0.25 mg L' ABA in combination signifcantly improved somatic
embryo maturation and promoted to form normal shoots, the highest PRF was 95%, and
the number of plantlets produced reached 39.6 per explant.
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KB (Manihot esculenta Crantz) R KA Y, HBEBRESER, HEE2S5TYRER
75—85%, RPEFHIK SN RMEY, URFARE. HEMEX, ERFEMEITZTERE
YEY. REAREMERRN2.3F ha, H23R5.8%, FTESFEERNTR, EEA TS,

AEREEFEFFLSREL Y, ASPARESFHAERRETIEREAREREE, H
AR SFHEEEMBEPEIARAER. —KEREHBEIFNLM, HWEKENEIIFAR—KR
TE 60% ZA, WHKRIEN B FIRERA A 80% LA EFI,

AENEEEAEE RN BEISTEREE, B0 805 7 68 30h W 4 IR B A4 4 8,
#ilIm M Col 22. M Col 1505, CMC 76. TMS 90853 &, XeufhaIEREAIRR—BHR 50—
60%>* T MR AR B HAE 20% TFY, BRRL, AR A5 SRR BR ) B2 A b
ARYBAEMEERHEE,

KEKBENZESZERNENE MG E N, EHH— SRR ESWERERRE
M, BREFERHZNE, HRECENBEIFREHENERY FAXWRTARKEY
2,4-D. AgNO, fl ABA XIHACHEB R, PARIEIFIEFAEEX A HE 5 F Nanzhi 188 41 iR NG
REMMEKEENZ MR, '

1 MRS FHE%

- R Nanzhi 188, miEBR#HRLBTFF 0 (CIAT) 5132 H) CM321-188 & Fi
SXEFME, COE; AN HHERXKEHBRE.

SMERE WIS SRSMERI B AE B AAHESE 20 d 2RISR, KE3 -6 mm;
WA (R R 5 1 SR AR B 1 1 30355 55 v AR B B R B & T i

BFE  EAEFE(MS0): MSHFEMKETEMMETE, RE4£4EET, Hmn
2 pmol L' CuSO,, 30 g L' #E¥E, pHS.8, RiFPHEIEII, M8 g L' IE. HEEFI
FHEMSID : MS0+4 mg L7 2,4-D. KERAIEFHFE(MSID : MS0+0.1 mg L' BA. #
BB A SR (MSIIT) : MS0+0.4 mg L' BA+0.25 mg L' GA,, &MRIEHFRER (MSIV):
1/2 MS0+0.05 mg L' NAA,

EBHiEsR SR H Q LiFYMhEmmER. e 5 MRAKEN FHIs/N R, #
FT—450 ml =AMF,. MA 15 ml K## MSI, 100 r min” RFHEFE, §7 d H—KIE
FREE, HTRAERRESR, 15 d FERERERAMELSFEA 15 MSIT H355% 15 d #EER
B, —EWSRBEEETHERBESKEERE, 53407 MSIIT 3535 30 d 3L HAER
B, JGTE MSIV 355: 30 d 4R, DL EREIEBEFREEHERIMEEIR 16 h d, 28£ 2T,

gitetial  EEAGE IR MRBEEREER I 30 d REAEFEN ST, A RR
HIEFENAGRA K R EGAN., HREASEIERBERYEE T 60 d B4
i, FAEMEARBBE 1 Aok,

2 HR50MH

2.1 2,4-D KER1EH
AREXEBEHFEST 2,4-DEXATY. Fim2,4Dr, REEKMBBEERE, 2,4D KEE
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0.1-2.0 mg L' {EEK, HEWKE LT, KBRESHED 55% EFAE 100%; WEFE2—8mg L
HWEHA, KEBEIHERERFE I7-100% WEKT; EEBE 8 mg L'5, WEFHEB
¥. WEHO1 mg L' AE 4 mg L', SN EMAERE 5.3 MEMB 42.7 4, #H%
B8, B8 mg L'Bf, NETMMYE. MHEEESENZLM2,4D 6 AT TR, WRE
B10.1 mg L' 73] 16 mg L', FASEH 61.9% FHEE 5.9%, HEH 10445 (E1). HY
AEREEBRKESTREKEN 2,4-D, HERE 2,4-D SR E KT E £ 0 B
fER. BrEl, 24D WRENHE, LHRANSECNEEAESIEKELENESEM.,

1 24D REMNANREKERSREKE LG

Table 1 Effect of 2,4D on the induction of secondary somatic embryo and plant regeneration in cassava

24D SMEKE  KERIE ANGk IS/ FAEERE HEkEEEE Bk g/

.3 3 No. of SE 1358 24 S No. of Plant L RS
Concent.  explants Induction No. of No. of plant regeneration No. of
(mg L") rate (%) mature  mature SE regenerated frequency plantlets

SE per explant (%) per explant
0.1 20 550 105 53 65 61.9 33
0.2 20 61.7 151 7.6 89 58.9 4.5
0.4 20 66.7 213 10.7 115 54.0 5.8
0.6 20 71.7 325 16.3 173 53.2 8.7
0.8 20 783 382 19.1 155 40.6 7.8
1.0 20 90.0 601 30.1 122 203 6.1
20 20 100 784 39.2 149 19.0 7.5
40 20 100 853 42.7 183 21.5 9.2
6.0 20 100 i 842 42.1 148 17.6 74
8.0 20 100 831 41.6 110 13.2 55
12.0 20 95.0 684 342 89 13.0 4.5
16.0 20 68.3 459 23.0 27 59 1.4
AL 20 MEFIEHRBARMRBKIERN FHAESMEE, WR/NR, 4 60 4, KEFHFRREN 60 H
THHRPREFHERNT IR (E2R)

Twenty cotyledons from mature somatic embryos of cultivar Nanzhi 188 from the sixth cyclic cultures
were used as explants in each treatment. The cotyledons were fragmentated into 60 clumps. The induction
frqnency of embryogenic calli is presented as the percentage of cell clumps producing somatic embryos.
SE: Somatic embryos.

2.2 2,4-D R/ AR M

24D ENFESYTE —EHBIA BERBFERELEE. HT# 2,4-D KEH B ) 4 A K
AEEESFNHREENEE, BEMESH 4 mg L' 2,4-D 55 F 85 MEET R R E4-5)
FARE 24D W3EsRES, 24D AHEREE 1-9 dEERA, HOERENERK, ERES
MEEERRYEN EF, HEH 11.7% EAF91.7%, FHH 143% EAE71.1%. it
9d, hIEFEIFHRMEEAM, EREFEFRUAT TR, MBI dM71.1% EE 15 d
9 32.6% (£2). XM 24D HAEREMNAERBESTEI dEANAEEE T, Bt
[, 2,4-DMEEFERIMHEAREY ZFMEEENHEE.

XTF 2,4D EHRREIHHEN,. Yeung EE N ER—MEESY, —BERGARA DR
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BEVERET, BTEE 24D Mk, BUNSHEBARENERRT. FPHRE—SENT
X— R

%2 24D REHEAMANRECELZERAKALNER

Table 2 Effect of 2,4-D exposed time on secondary somatic embryogenesis and plant regeneration in cassava

24D SMEGE  KREETER RRE R/ FAEHAE  HEHBERE i3

LEERE No. of SE 2955 Sk No. of Plant SHEitk
Exposed  explants induction No. of No. of plant regeneration No. of
time (d) rate (%) mature  mature SE regencrated frequency plantlets
SE per explant (%) per explant
0 10 0 0 0 0 0 0
1 10 11.7 28 2.8 4 143 04
3 10 20.0 47 4.7 6 12.8 0.6
5 10 46.7 149 149 64 429 6.4
7 10 80.0 245 24.5 157 64.1 15.7
9 10 91.7 367 36.7 261 71.1 26.1
12 10 -~ 983 351 35.1 136 38.7 13.6
15 10 100 384 384 125 326 12.5

2.3 AgNO, R AE R E 4 EFSMERBENHTIE
2.3.1 EIRFEIEE AgNO, KEH

SMERETES S 4 mg L' 2,4-D MBI HFERIER T d, RAEBARNERRFHRE AgNO;,
i) MSI iS4 55 3 | (2,4-D WA ghaiits. HEREBEIEE, WAK AgNO, ¥E#T
2—4 mg L', ©HMEEKESHEMHIER, ExHHEKEAENSE 16 mg L ¥R EHEE N H R
Ve, HEAREASEAM YT RE 143.5%, EARSE RN LB TRE 13.7%, HBRER
FRRTHENEW, S 0NMERR AR L R A 51.8% (3K 3A).
2.3.2 RIESAE B AgNO, B /E A

EREIES 15 d A AgNO, F MSII s, BEGGIESENXIS% UL, &
A SR 2R Y BURAERRAE 36 —40 N2 0], WEXBENE. MxHEREAMERNAE 20 mg L
AgNO, TERE M, WHRMIER, HHD20 mg L' HBRELF, HHEKBFEHENRN 61.3%, W
B HE 36.1%, RETHE—H(EK3B).

M ESRTT L, AgNO, EFHERA M AW ARBIENRER, BEHEAUNEEZE.
SRR TE A AR AT S A e R, B A RRIENWE. BEUA AgNO, &

A EEREHEEMES ZFMRA, FZREAHEROHEK.

AgNO,; BFEHZ Y h SRR BRIE R & RS, JOHAE S SO RIR R A b R
£, AgNO,fEXN—FMZHAERMAN, TWHAGALMEBI B4, MBI =L
FHFHREEEPY, ZHTHEZSEERTRS EAAREARER, FAEKRMAMBER, ik
(1 R TR A3 AR SR U AR B HE S . k. RV, RATMBFR R R T NARE
. AgNO; M 1E I AR AR HE# AgNO; HAE AR BAR.
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3 AgNO; HANREGEESREKEENEN

Table 3 Effect of AgNO; on secondary somatic embryogensis and plant regeneration in cassava

AgNO;  SMEBE KREEE SRk KIS/ TR HREAEEE BBk 3/

LF®E  No. of SE Y284 ShitLk No. of Plant ShHE
Concent. explants Induction No. of No. of plant regeneration No. of
(mg LY rate (%) mature mature SE regenerated frequency plantlets
SE per explant (%) per explant
A0 8 70.0 163 32,6 66 40.5 83
2 8 439 117 17.1 51 43.6 6.4
4 8 523 138 18.8 65 47.1 8.1
8 8 38.1 97 13.9 53 54.6 6.6
16 8 56.3 174 21.8 101 58.1 12.6
32 8 81.3 192 24.0 78 40.6 9.8
B 0 10 98.3 377 37.7 136 36.1 13.6
5 10 96.7 385 385 159 41.3 159
10 10 100 369 36.9 181 49.1 18.1
20 10 95.0 401 40.1 245 61.3 24.5
40 10 98.3 397 39.7 87 21.9 8.7

AHTRASMEGERE, KERFREFEE(EIR)

In experiment A, ABA was added in MSI induction medium at the 7th day after inoculation; In experiment
B, ABA was added in MSII maturation medium at the 15th day. Somatic embryo induction rate in
experiment A somewhat decreased due to the explants being a little overgrown (Same for Tab. 4)

2.4 ABA HAREREGEFSNEREENRIE
24.1 KBEEIHH ABA HEMH

SMEBRESH 4 mg L' 2,4-D MR PIEFH T d B, SHEARMAREE ABA ) MSI
BRI R (2,4-D WERE) 4k4eH5%, ABARAME 0.5 mg L', SHARE S MM 4kEA
HEMEER, ERET 0.5 mg L' WxHEAEERREED, HPLL 025 mg L M4 R
BOAME, HEWRBEGRER 72.6%, SNIMIKEAEEEHR 2034, 434 5T B
1.79f12.45f% (%K 4).

% 4 ABA AR EKER = REKEENYN

Table 4 Effect of ABA on secondary somatic embryogenesis and plant regeneration in cassava

ABA SHEGRE  BREESE O RBKk R/ PR HEREEEER Hibk 3/

b33 No. of SE RER SR No. of Plant M A
Concent. explants induction No. of No. of plant regeneration No. of
(mg LY rate (%) mature mature SE regenerated frequency . plantlets

SE per explant (%) per explant
A 0.0 8 70.0 163 326 66 40.5 8.3
0.25 8 76.6 223 313 162 72.6 20.3
0.5 8 72.9 245 30.6 122 49.8 15.3
1.0 8 58.3 196 24.5 72 36.7 9.0
2.0 8 479 161 20.1 49 304 6.1
B 0.0 10 98.3 3717 3717 136 36.1 13.6
0.25 10 100 412 41.2 335 81.3 33.5
0.5 10 98.3 405 40.5 273 67.4 27.3
1.0 10 100 388 38.8 214 55.2 214

2.0 10 95.0 391 39.1 199 50.9 19.9
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2.4.2 R Y ABA #1EH

7E MSII JREEF b mA 0.25-2.0 mg L' # ABA, KR FEFHFEE 95-100% Z [
(%4), SxEEE, SMMIEERHRBKERE 388412 M2, HHET X R
3774, MHEASRAEAMEAEE NS SR TR, P ABAWREN 0.25 mg L'
AT AR B A RIS 81.3%, BN EAENMEKECER 3354, MYRAHAE
36.1% M1 13.6 4, EIA ABA J5 HM bR B A SR A0 4541 1 75 A 0 A BR 38050 S A 54 F 3 IR
i 2.25 F1 2.46 4%, HBIREE KT, T ILIEAHE B A9 5 3 2 A GE H R BER) ABA 3t
AEERNE T RBMEREEAREEWORIER.

ABA RAERBGEPHABRENEEZ—. ZHREEZV ZRAZERERFTPARE ABA
SEMEEAK. REREE TN, BFHPEAMER. ABA BBEIFAXREMELR
PR RE LS, EEHFERMEAE, FNHARTIEHE, SREERSSEHLILREZ
DA HARAEA YRR B EIES TRV, T 6 AR .

2.5 AgNO,, ABA R p&{f 2,4-D REMESIEM

ABKEHEEHRT dE, H24DREM I mg L' (HE)FE2 mg L', ANEAH
A AgNO, (16 mg LY, %5 15 RERBIZFHEDMA ABA (0.25 mg L), LRAKS. R
AgNO, 5% ABA W8, HHEBEEHE R 40.5%, FAASEESE 16.1 MM, FHRUE
2,4-D WEHEAR, WHEHEASERAE 59.0%, SMMIAFENBEEERRE 20.0 1, &H&E
. 2,4-D WRES AgNO, —E R AMHA, THEEAFRMEEREE—$05RER 67.7% M 28.7
A, EBEIE 2,4-D W5 AgNO, fl ABA ZHRAEM, WEAEBRRMEREEHE—E75E
BE 95.1% M 39.6 4, B 2,4DERFEREFEAL (4 mg L), HEEFEBMA AgNO;, =
EEMA ABA, HEREAEFRME MRS AR R BRE, RE 24D %K
B REHARENTE. DIEFEX/NMERE, ABA+AgNO,+24-D>AgNO;+24-D>24-D, 7
W, EAEKEESEING, 24D REREEFEEN 125K 1/3, EEHMIELEERN AgNO;
M ABA, SABKKEWES REMEKBFEEREENRAER. TRXRREKRTEAR,

%5 FEE 24D HKERE AgNO; 71 ABA AWK EGKEL ENBEHTENER

Table 5 Effects of decreasing 2,4-D concentration in combination with AgNO; or and ABA on secondary
somatic embryogenesis and plant regeneration in cassava -

AL 3 e FE ShERE WIEBSE ARE% % EAMBRE  REAEEER MR

Concentration No. of SE BEES¥ S No. of Plant Sk

(mg L) explants induction No. of No. of plant regeneration No. of

rate (% mature mature SE regenerated frequency plantlets

24D AgNO; ABA i SE per explant (%) per explant

4 - - 20 950 - 792 39.6 321 40.5 16.1
2 - - 8 100 271 339 160 59.0 20.0
4 16 - 20 91.7 794 39.7 481 60.0 24.1
2 16 - 20 90.0 846 423 573 67.7 28.7
4 16 0.25 20 85.0 731 36.6 609 83.3 30.5
2 16 0.25 20 - 833 833 41.7 792 95.1 39.6

AgNO, 785 7 KA MSI 55562, ABA7E% 15 XA MSI Mg . AgNO; was added in MSI induction
medium at the 7th day after inoculation, while ABA was added in MSII maturation medium at the 15th day.
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2,4-D, AgNO;, ABA =5 HEAEAMAFEEY, WETUEEHAES, AXNRERES
EIEFEAR 2,4-D WRE, FHHI AgNO,, BBEHREMA ABA WERBITTHIR. NELR4E
RE, —EERGTEERUEENEFRE, HHEKBAERRX, ERERAT (BEIFEY
JG, 2,4DWERR 2 mg L' H MM 16 mg L' AgNO, mR#AIEFE M m 0.25 mg L
ABA), WG MIMEKEAEEEE, HERBESRS I BRE 1.46 1 1.354%, ZRHY
BE. A=ZHHEERMOHTR, BK2,4DKES AgNO, WEEAMEH, BHEmMBE, E
AgNO, 5 ABA TR M AN 5 ABA MERMRRERFEE. Walker Simmons!? 2 A B
LRI AgNO, WIR B WIE ABA MAKF. BEREHFNNEMAREEE ABA J&, AgNO, K1k
AR REB AR T . -

ETR=ZFEZRMHEXRRERIS, HLTLENFTE, BEEHREN: (1)2,4D EH
REETHESNEEAERUBEEARRRS, MARKERWEEEAHE M. 2,4D BAH
IS bR ACC M=4EN, AHMBALF 24D hEERHAZHEER, TH 2,4-D xHk
MR E AR M EIE RS Z B TRIEA. (2) ABAREKERBPHERNEELEIREIE
EOMEREHNERRZKE, HMYRBE, AMEERNETSATEEREMY, (3) AgNO,
FERENZHEEMEN, ERIMHIAOEETHEERETEER, Rt AgNO, B {2 #
W ABA SEHRE, Skvie' AN ABA 7EM8 44 T i B FEE KX,

MBI PR, SR AgNO,. 2,4-D. ABA —EHEEER RSB G ELLEHY
FiE, WIRERERTEE, AMXEBEOETRTEMN. ZEHXEE/RE—S5HE.
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