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Bioassays of Plant Hormones and Plant Growth
Regulating Substances '
I . Auxins, Gibberellins, and Cytokinins

Jung Myung Lee*

ABSTRACT
The objective of this paper is to compare and summarize the procedure and effectiveness of some

bioassay systems and to point out ways to obtain reliable results from each bioassay. Detailed

Cescriptions were given foo those widely-adapted bioassay methods, such as mungbean rooting (auxin),

Avena first internode straight growth (auxin),

dwarf rice growth (gibberellin), dwarf pea epicotyl

elongation (gibberellin), radish cotyledon expansion test (cytokinin), and tobacco stem pith callus growth

{cytokinin), and the effects of various plant growth regulaters including some recently introduced growth
retardants (Paclobutrazol, Uniconazol, etc.) were also summarized,

Key words : bioassays, auxins, gibberellins, cytokinins, plant growth regulators.
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Tabel 1. Comparison of some bioassays for auxin and auxin-like substances.

Effective  Time required for
Bioassays Plant parts tested concentrations Prepara- Assay
! Remarks
(ppm) tion
Avena coleoptile Coleoptile segment of 0.005-0.1 72hr 1.5hr  Highly specific,
curvature dark-grown seedlings cultivar differences,
use of agar
Lepidium root Intact or excised 0.001-0.1 72hr 17hr  Can be practised
growth inhibition root of dark-grown with rape and cucum-
seedlings ber
Avena seedling Coleoptile segment of 0.03-0.1 45hr thr  Highly specific, can
geotropic curvature dark-grown seedlings be practised with
lettuce and mustard
Pisum split stem 3rd internode segment 0.03-0.3 8 day 24hr  Lighting is important,
curvature of dark-grown Co and Mn ions may
seedlings have some effects
Pisum stem segment Epicotyl segment of 0.03-0.1 8d 24hr  Light control is
straight growth dark-grown seedlings important, cucumbers
can be used
Mungbean adventitious Light grown seedlings 0.001-1.0 7d 5-7day Easy to operate,
root induction with root removed bean and radish
seedlings can be used
Avena first First-internode 0.001-1.0 3d 20hr  Can be practised with
internode straight segment of dark dwarf corn
growth -grown seedlings
Phaseolus internode First internode seg- 0.175-175 6 d 1-3hr  Highly specific in

curvature ment of dark-grown

or etiolated seedlings

response




3) #Ael2gZF 4% (Avena coleoptile curvature
test), tFE1EI1A R TIFUY (Pisum split

stem curvature test), FHREAERBFREK(Mung

bean adventitious root-induction),# & A 1 #KE
{#42( Avena first internode straight growth) %
o] 7t3 wel FAsIz Yo} Hel4d Ao A7
doo A&sta o}%F mungbean adventitious root
induction 3} Awena first internode straight gro-
wthell Bsled Arals] 72 &3lazt ok

1. 55 §i8 415 (Mungbean adventitious
root induction method)

S4e) EEEMTY vt BRfE#e =%
KA @A E o] HFA 74 kol FA= 2 ek
EEZHEAGES Hess (1964)0] 8l A%l 1
3 o8] Bxoe Kl BE, H5x ¥ BES 2
ol ik wA 2 EEAYE FA44E YA of
A F3 3o 20809

£YF GELRE] BEFE 0.3% sodium hypoch-
lorite 230 3AM AAN4LFFE 325 $EE
24~26850 BEYcE KB A4 @EEsT 26
T4 BFEA 7o old HEx 5,000 lux LE
o] 2| olof £oeg @ERYrlE growth cham-
ber v} ZRuit4 59 fAe] H¥sisk A#F F
7~1040) Aslw & 1%kFEe] AMHgn A =
NEES EFL Agac] AER g4 53 U=
A4 HFHE N dek

gk Arle A4Wx STEzYY FHRE AA
B FEYoZ THAE 3om @73 dg #

Primary leaves

< oA

«——— Epicotyl —

Trifoliate bud

Cotyledon

Hypocoty! T

2 ARt 4 APl (A8 0,01 ~ 1.0 ppm)
o] AU L% 5~10ml Y vial o] §5E 2~5
A A Y3 24470 B4 kES SRTE
—Ek ¥z B Esled 9o F—&t 27 2AstelA
AgREos 6AK BIWANL 68F0] Ro|
Imm blbel HREE ATPH (2 1). 5%
el TER HEME BEA SAFZ(RF)
o} HAIste e g A% RES %78 £
deov HHpBE Y WM KawEY BRES #
wsle Aol ThESI

Al Hrkxl FHE AARGE wUH &
Aol Ko JHEo) o Fou K

2 k%Y Aole 3R Yooz AMLE WK
s AST Fold AL =3 BTRF
Regal $obd 2dg Foels Fubeleh B o
ke BES AR —Rids HEBRERS
Ayl MHEges BRsIcL W o] Frix 87
< gEEsY B ws4E, 27 € RBE 2}
sl RERY HEE T Balohsl ke BR
HE D BRECE & 4L us]7] A Folg®
Z, BELS 24~28C, *E+x 5.000 lux olate
2 A4z9d F55 gk Vial & A E £
4 gled aldl A1y A (test tubes) S Aoz} Ao}
A EAHstEe B vial o) FABAH(RF 7
~8ml)E& o]f3ld W 3I~4@EME A} ol
= BAE XEe] gith T 2414 o)l uje} 2
ol Azl et ¥ el HHPEEL L a4adt
&1 (LB H] J3E vlan B2 fEREe
ERES Bk Sol A F¥E vlAHW gk B

3-5 cuttings
per vial

Adventitious

roots

«——Roots ~L -

Mungbean seedling Treatment

7-10 days after seeding

Chromatograph strip
or auxin solution

Cuttings after 5-7 days
Counting the number of adventitious
roots (auxins) or measuring the
epicoty! length (EL) for GAs,

Fig 1. Steps in the mungbean rooting bioassay (redrawn from the original drawing by Weaver, R. J.)
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Table 2. Factors affecting adventitious root formation in mungbean cuttings (references: 2, 13, 14, 15,

23, 24).
Effective condition Rooti ]
Factors or concentrations responnsg‘ Remarks
High temperature Up to 35T ++
High light intensity Up to 10, 000 lux ++
Variety 15 varieties tested +
Seed size within a variety Larger seed +
Partial leaf removal Removed -
Removal of growing point Removed +
Epicotyl rooting Hypocotyl removed -
Auxin (IAA) 0.01-1.0 ppm +++
Gibberellin(GA,) 0.01-1.0 ppm -— Epicoty!l elongation
Cytokinin(zeatin) 0.01-10.0 ppm - Growth reduction
Abscisic acid 0.1-10.0 ppm +
Ethylene (ethephon) 1-50 ppm - Leaf abscision
Brassinolide 0.001-1.0 ppm - Epicotyl elongation
IBA (Indole butyric acid) 0.01-1.0 ppm +++
iiAd/)\(Naphthalene acetic 0.01-1.0 ppm ++
2,4-D 0.01-1.0 ppm +
2,4,5-TP 0.01-0.1 ppm ++ Toxicity
TIBA 0.1-10.0 ppm band - .
BA (Né¢-benzyladenine) 0.01-1.0 ppm - Growth reduction
Daminozide (SADH) 0.1-10.0 ppm +
Paclobutrazol (PP-333) * 0.001-1.0 ppm +++ Growth reduction
Uniconazol (S-07)* 0.1-10.0 ppm +++ Growth reduction
Inabenfide* 0.1-10.0 ppm + Growth reduction
NTN-821* 0.1-1.0 ppm ++ Growth reduction
KiM-112°* 0.01-1.0 ppm ++ + Growth reduction
BAS-106* 0.01-1.0 ppm ++ + Growth reduction
Glucose 0.1-1.0% +
Fructose 0.1-1.0% +
Sucrose 0.1-1.0% ++
Maltose 0.1-1.0% +
Lactose 0.1-1.0% +
Sorbitol 0.1-1.0% +
Ginseng extract 30-3, 000 ppm ++
Saponin 0.015-15 ppm ++
PEG (Polyethylene glycol) 0.001-1.0 ppm - Wilting at high conc,
Hyponex x5000-x1000 - Healthy roots
Atotone** 0.1-10.0 ppm +

AVB, Chrysal, etc.*** Half to double strength - Growth reduction

Table contents include many unpublished data cobtained in this laboratory.
z Symbol “+" indicates promotion of rooting, “1" no effect, and “-" inhibition.
* Plant growth retardants recently introduced, but not commercially available.
** Atotone : Growth promoting substance registered for use in horticultural plants.
+*+ Chemical formulation for extending longevity of cut flowers (contains sucrose, silver thiosulfate,
aluminum sulfate, and hormones) .
sl paclobutrazol v} uniconazol 2] ¢ I B Jebvs fTREANA 2Eln g 7o
o HAE S5 HRY s LYY E ®E S8R FIHARE AAsted gel  ofdsz
7t glep B Ay zate] sty Ry 2 gleody A HESE Mkl 4 AL(15~18
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) SALSAE gibberellin® EREHHRS {2

#3 BHRE A= 4eg o9 brassinolide

% gibberellin 3} $4}gt 4+3-& ¥eolX cytokinins
+ Uze A3 HERle REE L4 Hpie
28 #H= hormon BREWE (crude extract)
TLCY PC %9 724 HAIAHE AAA &xn
Zul2 FEsede T A4 4o M@
Ehol A=k

2. ¥ M@ MAY (Avena first in-
ternode straight growth test)

o] 4% 19564Fe] Nitsch 9} Nitsche] &3
BER Aos4d FEBMMC B REEZ v
FREEMS To ) &5 (specificity) o] Zoisie]
gibberellin o] & {3HA] yb3-sbe] Z23e] 7t§
o A4E gste 59 M@ Ak FaIAYyL
o-g3} e} L22n

e #EFE 1% sodium hypochlorite &4} 10
S 4A5% mBEREAA 280 BRESL F b3
S 25 ERBHARL JehvdAd 4= R4k
ol GEXBTAA AATHt(HATA %4 cello-
phane & 27 444 44). RFEL ‘Brighton’
o} *Victory’ 5-& sk #AM ERE oh
o A BEsI 25°C UEeA FFAYH 38
Felle A 1 FifKol 25mm A 5o FahA 5 =v
oja 7} B ARl ol £ (coleoptile)®] o]

+ 5mmAEs} e o] 24E Axls] weln
A1 +H 2mmAEE 94 Agds WA
2 28 4mm BHE £ FBIRLLD YR
2} PHe IRRES 300 & s 2352 A
H3l: 0.5ml 9 StFGdolu} SAE ¥R A
(13 x 100mm pyrex) ol 5 @E4 & 3=
3R@oE EHiteh ol® A¥AL 25C BWRT
ol4 20 A7t EoF lrpmd £E 2 H A7 A
sl oFsta 20417 Fellw &0l A (x 10)3koAA Ao
£ 0.1lmm =wyg7a 53 gl

Foxe wo HUT BEFL LBl B
#BER (growth chamber) o} LB BHREABE,
rotary shaker, citric-acid-phosphate buffer,
air pump S°] Ya=d AUy =4 FH Fol
Zg 3tk A 28618 flHMW (crude extract)
o] abscisic acid & F& £EFHHYH ¢i
et o)AE §Al ubgsle HrtdelA e ol A
& BB Gl fgdk W4 A 535
5 Wslsle] gaidlA webAslwd sz FL
A2E AL 4 g HAN dod 1470 |
BAE EFo] o IXE AT §HL over-
head project & SjAlA F3H3hwd of £o]slet

1=

Gibberellin 35 &%

B8 ko] BB S Yo auxin 8ol K

Table 3. Comparison of some bioassays for gibberellins and GA-like substances.

Effective Time required for
Bi Plant part and state concentrations Prepara- Assay
ioassays . Remarks
(ppm) tion
Dwarf rice seedling Light-grown rice 0.001-1.0 2day 7day High in specificity
growth seedling (2-3 days and sensitivity
after soaking)
Dvwvarf corn seedling Light-grown seedling  ¢.01-100ug 7d 7-10d  Careful seedling
growth 7 days after sowing per seedling selection is needed,
slightly lower in
sensitivity
Dwarf pea epicotyl Dark-grown seedlings (.2-20.0 4d s5d Highly specific
elongation 5 days after sowing
Lactuca hypocotyl Hypocotyl of 0.01-10.0 36h 2-3d Highly specific
elongation germinating seedlings
under light
Barley endosperm Half-seed containing 0.0005-0.05 2d 1-2d Highly specific
alpha amylase no embryo
induction
Avena first internode  Lower coleoptile seg- 0.001-0.10 3d 24hr  Sensitive to auxins,

segment elongation

ment of dark-grown
seedlings

too




g ghol AR Y+ Hke x| gz ¥}
A % 3o ER BEL KHSY £fel 175ty
Ak o]FANE s GHRHEE FAL BiER4E
ol 7t ol 178l Am oz HA%F
BE, Axlgh#e TH@4R, a-amylase d] W#
Zolt} Crozier £(1970) 2 9#EHY £RHEE
~ 26 gibberellins 2 tgs] & Azl £ 404 gl
upol o] Aol A Rubohie} gibberellin 9
ZRol =t E wb3o] al el 5+ S W

gl uhE ook

1. BHHE FME gibberellind:44 (Dwarf
rice bioassay)

A BAZE Ao 24 N0 A gibberellin
& &Ex ZH B Mo HEd ABEAEH
gibberellin & F38 F9 2 & Alste BE
o] o]0} & S FMAT Aolck® 1 HE
4 g A o 2ug (s SRESHE)Y HAE
47K ethanole]l 24 HAF 1.0% sodium hy-
pochlorite -§oell 142t 4587 2+ €2
Zo] Al olF o] F T 30T FFroA
2~38 #FAA 299 ZAol7t 0.5mmA =7} H
Ag o o]§ A &%k A petri dishel 2=l
£ 2~3mm FAZ A1 BE == wWHES

Soak rice 2-

Coleoptile

Presoaked rice seeds
with coleoptile (2mm)

3ml #Hnste] FadAe] mEA H4A F A o)
FE A2A AL ool FF4E 5ml mstd 1
A HAF B—g 279 BFEF HAZ 104
4 ERA7 F F24& 932 30°C, 1,500 lux o
A 48 B AR ATl &) 48EER] AEHR T4
£ 93 %4 3ml Y SHRFE BT F T4
e o]l E petri dish7t o2 Bl 4+ A+ &
£ EAR(30 x 45 x15em A E)oll Yk ofd
27 BBl FFTE BKAI 279 paper to-
wel & F23A174 L7 komaikEsr 955
%teks?  plastic -§-7]o] petri dish & ¥ 2 %
Al o] & PE wrapo® -2 F A9} e
#A27(30°C, 1,500 lux)el4 5 @M 4847
< A 2499 d4AAE FHIH(2Y 2).

of HHkg wlA Hgkifel E3 ol ¢ dlulslA ¥
SatedA Hug KR s HEMHe R
A= HEBe] dhveld FES: HRT e
B BREE Ao =f¢ HEMolch v o7
% 97tz EREo] EESH fEMsled slA
B od4nie] Rl Qb oz gho] 2ol EH
Pitkel] ta @] wel qb-go] FEstAl vhebide]
EmElz Qo ?, F& FIAsts & agar
AE o] &3lc ol MEEE o Y 4+ Yor®

EZ Foly agaro] AAZXWEAE BHEAA &

£ g

ot =

Transplant on agar (1%)

=

water (32°C) [

Continued illumination  (2000-5000 lux)

Petri dish containing cotton
(2-3mm thick) and GA, solution
or extract(3ml)

Transfer to moist
chamber after days

Fig. 2. Steps in determining the activity of gibberellin-like substances or endogenous gibberellins using

dwarf rice seedlings (after Weaver, R. J.)
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F7b Bt S FEsE Auce wlAFat
7l(microsyringe) & Ffsld S B BH#S 4AE
Aol EE BEsld &+ microdrop HIEE 112
AYR XK} 24 o4 24 Bayde] oy
1,500 lux o]4}te]=d Futsle] agar W29} micro-
dropBelle 14l & i8] Foh o] FEL IAA
Y auxin §. Ft ABA Ho| A9 ulgslz] go
=2 o $ Qs nmm

2. REAS R HAS £l

o] HkE oA sidwincd: REEV Yo
Aol g4 F A= AL oy Agleld et g
Hsted A A1 go] FASZ At AJdoly A
7t 4 Agse AEBE Qe KT EEESL 52
BRE7L Aol FY4ddd s 2% FHY BHA =
& AR HEFAFENE ko] 24 FEHES
EFde 4xudp =l JY4ATEFE F2e
ol 6~8A7 AFAA F £5¢ A4 1em
HE FE= 8 slEgel ol REL M} E3
£ ‘Progress No.9’& o] 83l ‘Little Marvel’
ol 1ue) EBREREEE e YIAelt
Aot 2 Xme glo] Kz wel WERSE

Red light

HHHIN

‘Sparkle’ & A9 Wb33 ek Fghel EF
BEE AFYT 4 B2 &Y BES gz4 @
Al ftkge] =Helok B Fa o 5
2 Bol HAs BEsle Aol B BuE
€ dvd A dT A4 27C A%
o BETAA <& 480 A" 459 +§
Eel AR 1om BE Aete=2A =4 g
T ERel 2emA =7t s oldlsl  HEEM
ojck. Wolgl %FE WA T AUl o]F 3
—3 279 BE FA Abgshed @9 Ao)s)
AEA AAG Belx], @ LiRdhe] A JA|A
FAUdAY ERBES Bole 2L old sl
EBEH Fv Ao EHMERY EHES Sl &
Falol Y E£KY EFUR. 223 BERES)
Fodd, S5 AAFATY 50% JES o] LY
T Aoy £8%e 3EAHES s}Fske Aol ¥
slel, &2l F# 0.5an 9 stylofoam ZH2 6x
9em A5 2 A AF lan 9 FYE lem 3

Aoz 10Mx2%2 FIL kUL I 05cm

o FHE st L Aoz Fol4 ofF FAMY
HE AE4 EMAsted o] U EFE THF
dets KkEHE o Al e dds] elste,

Seedling structure

Plumule

7]

Epicotyl

Dark-germinated

pea seed

Stylofoam plate with seed hole
floating on water with seedling’s roots
extending into water below

GA treatment

5-u 1 drop

_—

Fig. 3. Steps in the red-light inhibition test to determine presence of gibberellin or the activity of GA
-like substances using dwarf pea(after Weaver, R, J.)
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Table 4. Relative activities of gibberellins A1-A15 in 7 bioassay systems.?

Gibberellin Barley Dwarf Lettuce DV\.rarf Cucumber Dwarf maize
aleurone pea hypocotyl rice d-1 d-2

T Al ++++ +++ +++ +++ 0 TFF T+ ++ o
A2 ++++ ++ ++ +++ ++ + +
A3 ++++ ++++ +++ ++++ ++ ++++ ++++
A4 +++ +++ ++ ++ +++ +++ 4+
A5 ++ +++ ++ +++ + ++ +++
A6 ++ ++ ++ +++ + ++ ++
A7 +++ +++ ++++ +++ ++++ ++++ +4+++
A8 + + + + o o el
A9 + ++ +++ ++ +++ o} +++
Al0 + o o +++ ++ 0 ++
All + o o + + o o
A12 o) o o) + + + o
A13 + o + + o + o
Al4 o o o + o + o
Al5 o + ++ ++ ++ o ++

z After Crozier, A. et al. (1970).
Relative activities: ++++ very high, +++
— inactive,

E%9 Z7¢ ol8{ stylofoam #H& 5~1074 2
B 498 7 = 277 F94(2¥ 3).

Ad e A5 hEolA Wolsle] o] § o ekilm
2 &7 3% A7 23 s BFE 2234
Fold FAdgel 4FE A4 Rele B4 o
Al stylofoamat9] FH o wojuje] Koz
Bol7HAl slx e S JHEA Fdlz 9 A
S5 gk oleist ®o A4, HIAAHd ke
Wwow otxlng Féfoleln UM HEY Kot
BMTolA S AR o Y FA T BHE
elA ek 4342 duk FFFel 54 cello-
phane sheet & 27 Y4 A1 FAFAL HiK
e HAYHBFUOW 2~45) e H4 Az
E 1732 A4 ol oldl KEXR BHRE
HE-E Ml ol al phytochrome 8| HWIES
s _FEaEe] RS HHlEsles RES 22 4
B gk olgA 24 %8 Azt=="l HF A A
e A 5o e}l Fo =g FEYL stz ol4F
2}7l (microsyringe) & 183l 5pfo A 28
(Ex MBS Wemd EEgel o« 0.05%
9] Tween 20 & mstd BHRMR/ @Rl RHE
o] meA MEs =o BRike] B4 AYW BE
el =5 Zejuad ZR7E Jehvx @8 5
E o] BEMES Rl LAMe]

RE® 60K EHERETY FEEFANA £EA

high, ++ intermediate,

+ low, and O very low

2 % Il A2 NG mEe 249

T o) LEYNT BRERE/ EEA O
e o2 KBEtolv —EE S wol FA
sl BrAosx ol¢ THsidk  fiEHAEY B
Fol F8.37d| gho] o]l ‘Progress No.9’ RfE
L BHER BHERE) =S JEut stusld HEe
st FIATe BBl HBE TASh el
= ol-$ dulsle] FRfato] HEM KL £ 2
ga8lAl z2elxn maA WEE+ Aol EEsSI
Auxin o]y} ABA %ol A KFESIA fol4 4
Betkol Hol 162D dwarf riceol W&l LT}
94 2 Aol AHolo»

MO|EFIHME £k

stolE7] -2 MRS Y- ele] fmitiolv RS} v]
2H ol BT £fio] KFsl] ok B}
€ A9t whed g2 4fHE] £Mse] gloy
HRE gol FA=lE Hkd 294 FA go(R
5). BFEAE B callus £F %2 FAI &
ol ool AR RHIZE Aslo vt HiRde]l AuUAA
22 FEslE Aol RFEMY ERiol Hol Zalde
TEFEER, 22l 20]AdY FEHEREM 5o
wo] FIAS|T SlelA o] A} FHikel BRsled FaI A
 #HE sl et

-11~-



Table 6. Conparison of bioassay methods for cytokinins and cytokinin-like substances.

Effective  Time required for
Bi Plant parts and concentrations Prepara- Assay Remarks
10assays state for testing (ppm) tion

Lemma dark growth  Meristematic fronds 0.065-0.65 5d 2d
prcmotion of etiolate vegetative

adult
Lactuca seed Nondormant seeds 0.022-2.19 0 42hr  GA may show some
photodormancy release effect,
Raphanus cotyledon Cotyledon of 0.022-21.9  48-72 hr Very rapid & highly
expansion dark-grown seedlings, specific

2-3 days after sowing
Tobacco stem pith Stem pith from young 1.0-20.0 4-5 wks Swks Very slow
callus growth seedlings, regener- after

ating sampling
Cucumber cotyledon  Intact or excised 0.01-10.0 6d 17hr  Rapid, specific &

cotyledons of
6-day-old seedlings

chlorophyll formation

sensitive

1. 22F ¥4 R (Radish cotyledon expansion
test)

#polE 71 1o MRAREAEHRA 7125 T
U @il RARE % a8 A4 @ R¥
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Esde] WA £ TRl BREs
22 Yo FEe £FL ARty  ftisds
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Fo 5, HHERY BHKE, o8 BFESHE,
ZEHE F o Fol| F-Fabdo] R F5] EASHT
Qda el 229 callus 4B} E BOHT AR
£ 2o B&Fole 7Mool M=l gk 2 E
Bk ofef o} )

BWE AAFTT(PREH) U ABATY B
F5 #EK ethanolol 308 A4l F 1% sodium
hypochlorite 44 20 4/ HES | 2ds
2 ARe] el AAH Aok o]F W&
Wuletel] EBAE A8 M4 229 AAAE 7
el HEBEAYd Yn F4E 2obd BRIRE 25
+ 2°CAA 48~ T285R) A FHEIL Sln
Fio| WBHA FEP FL FEE Bol 237
forceps 0.2 f@isletl ERS gaside od=HA
Faobd s Aok O FELE Bk fil-
ter paper $1ol A& et FHT FHe| £
sl FEefol ftRXs=ol =1 petri dish(H

Z 9cm)el filter paper & —# Zx 3ml9 S}
F84elv cytokinin & FHY BYE Tt MEHE
€ &g F 9B FEP - AT g 2
24 FE glde] filter papero] MESEE
3t 10~ 12 @E BEKEE °]1E petri dish &
A EFT2 FELMmHAY filter paper W} paper
towel 58 7 ST}AHES(8~10 Hx9
petri dish7} Eolz & A& 27Dl Y3 o] &
719l LEE PE ¥Eoz Yo AHN HHEES
Ak iER #Rrsle F olF o] 87E KE
500~ 2,000 lux 3 £ o3t FFFoe EERH
sh4 25+ 2°Cel4 3B &AL 3B
€ ol &S AWl ERm BED KkEE FA &
oA AFAA AATL F 2 Ems AEstd ZEBK
E(ERER)Y EEEBMS ditd s 8
mEEEH KRS HEr - FEILS HFAs§ HAGst
o HRET BMLSHEE f2 g

FEEANY RTE 4 Jdi £HS sample & [
Bjoll e 4 glor HARMCE £M=l cyto-
kinin 380l 3t KiEe] ¥obA gho] o] &= rctio B
19.20,23,252) g2} £ 604 Bole A3 3ol
gibberellin ¢] Y} brassinolide &olX c}47 RHE
she o] M@ 2 + AP FIrRELEZL M

BE7F 3—3 F, &ffe] o] BA&3 Ao e siods]=in®

e RERC AR E EFEFE st 23 B3
BTE FMAsle Zol £FFln 2 AFd MEre
iR Foll BF/F T3 TH—st=R o] slgteh



Table 6. Factors affecting radish cotyledon expansion bioassays(10, 18, 19, 20, 23).

Effective condition or Cotyledon

Factors concentrations expafxsionz Remarks
Temperature (high) + 15-25C range
Light intensity (high) Up to 2000 lux ++
Light quality Red light + Fluoresence light
Cultivars Differences + or — Larger-seeded cv.
Seed size within cultivar Larger seeds +
Cotyledon age Up to 3 days +
Light during germination Light (nonetiolated - Less responsive

cotyleddons)

Auxin(IAA) 0.01-1.0 ppm -
Gibberellin (GA,) 0.01-1.0 ppm -
Cytokinin (Zeatin) 0.01-1.0 ppm +++
Abscisic acid 0.01-1.0 ppm -
IBA 0.01-1.0 ppm -
NAA 0.01-1.0 ppm -
2,4-D 0.01-1.0 ppm -
Kinetin 0.01-1.0 ppm ++ Dark green coloring
BA (N6-benzyladenine) 0.01-1.0 ppm +++ Dark green coloring
Adenine sulfate 0.01-1.0 ppm +
2-ip 0.01-1.0 ppm ++
Fructose 0.1-1.0% +
Saponin 1.5-150 ppm ++ Rooting & callus
Ginseng extract 3,000 ppm + Rooting & callus
Ginseng tea 1.0% + Rooting & callus

z Direct rooting or callus could be observed within 7 days after incubation depending upon cultivars,
‘Comet’, an extra maturing cultivar with larger seeds showed such organ differentiation readily.

ATHARKE T AAZ4 e FEBRED S
~ 10462 solol B3 FEA BEH olsteh
R 48 REXNNE KE, BRE, BFHK
# 59 dge BERO

2. 20|Xxteio] XX (Cucumber cotyledon

chlorophyll formation test)
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=55 2054 28k o5 clean bench
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