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ABSTRACT

This in vitro study was employed to clarify the effects of several pollutants, i.e. SOy,
fluoride, cadmium(Cd), aluminum(Al) and NaCl, on the organogenesis and growth
responses of shoot-tip, stem and multiple-buds segments derived from hypocotyl or
cotyledon culture of petunia seedlings. NaxSO; levels of more than 200 gg/m! had
significantly reduced organogenesis, growth, and chlorophyll content. The injuries caused
by Na,S0; concentration of more than 400 pg/ml were alleviated by increasing hydrogen-
ion concentration of medium, indicating some relationship between two factors. Organ-
ogenesis was not affected by the fluoride concentration up to 100 ppm in the media,
but the growth and chlorophyll conient were greatly reduced by the fluoride. The
effect of Cd depended on the explant sources used for the culture; 1. 0 ppm was effective
for fresh weight increase in shoot tip culture, and 3.0ppm in stem segments culture.
Organogenesis and growth were greatly reduced by more than 10.0 Cd treatment.
Growth and formation of shoots were better with Na cone. of 0.3% compared to
control, but those of roots were inhibited. Na concentration goes over 1.0%, organog-
enesis and subsequent growth were inhibited, and chlorophyll synthesis was drastically
reduced. Chlorophyll content was increased on the medium supplemented with Al
50 gg/mi compared to control. However the formation and growth of shoots were greatly

inhibited with more than 400 ug/ml and roots were not produced at all.
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=F4ql Cd, AL Pb, Ag -5 "é-na?_ NaCl, 97l 2 d4pEal S0, ¥ HF 5o ohz HES
R Aol SO AT WAskEY FRAN dras, FREEEY AR

ola) st iEepESe] A o ¥& 73} (Fitter and Hay, 1981; Knabe, 1976). £
& Fe, Al A8 22 249% F59 2239, Ag49 89 A2 (Page and Ganje,
1970) Sl o3 A== #7427 2 EHEY Do) wet WEAZE £ZR) I
(Treshow, 1981).

FTEEY HRd A9AAGAY ALA A AdEr g & dgEAE F
9 A o)L (Barker and Craker, 1973), A u]| 29 #}c}A 1] (Schroeder and Ballassa, 1963),
HeE el<re F4~ (Wehrmann, 1974), Foke) Aoz (Frank ef al., 1976) 2 AE 3t
Bolo}e] ShEEo] o)d) Ffoh

-%H 01\4

NaClg- Agd Exd) AYdoes A$dogHd 7t2de] do] Ex 5o il FE
Fw3ln] (Barrick and Flore 1979; Langilie, 1976) 98 &5z 9= &2 3l<~ (Francois
and Clark, 1979)¢] &A= EpHE] ERANE Lo
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ol #H g FHiripH o tﬂﬁ& B KRE Eg4x, gol2Afy, R9e=, 48dgz
71 B Y SR 98 dad Jude s g3 4 ERMHE A4S Tuddn ¢
#9let (John, 1973).

I v ol KRE AFE 2 A o] Fold A Fels] WE HHFE dedE F
ABREA T B2 237 #5T ¢ doh. 2dA gH 270l §LE in vitro o] A petunia
WhE FHESEE 9 veve F8 543 JARES 8 ol E EHRE petunia AlH o}
AgstaA 24d-¢ 4Asg ok
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Petunia hybrida Hort “Angel” T2 FFolAdA bz TGS kzEsls Fas
EiEA A A=t £ 3 multiple buds explant® sl th 7)o AL 0.5cm 27
=, multiple budi= FHHHEREES] 20mge] FHA e T EL ] Finwl Bl Hasstg
o}, EzHii= White®] vitamin, i-mositol 100 mg/l, sucrose 30g/l, gelrite 0.29%3 ??_J'?\ﬁ[lﬁ"l'
Murashige-Skooghti 2- FIHst = b9 pHe ARWHES #iH o=t 2=isq
FzAL A0 2 1647 25w WES 231°C2 229 KBS tD
et o

Nap,S0s5 80,8 #Hfo=z HFASE T S 0,100, 200,400, 600, 800, 1000 pg/ml= &t

st 2 @EER = pHE 3,5,6, 72 s SOzzf;k"—&"oﬂ = pHel o #= FEE Ak pH3
s BEE Aol Hellerd filter-paper platform& wlSe] = $]¢] multiple bud AH-& iz
Eatg. o 609 7+ BEEetgiet, Fluorined] F4 0 2% NaFE FfHIH .or (fi%)ﬁi 77}
0, 10, 50, 100, 200, 400ppm 4 EHaled Fi#E-g o] <&t &A= multiple budd #H & A Z 39
ok FEe] pHe 5.8E FfistE on 607k £52Estgich Cadmiume) %ﬁ(’z’zp_iﬁf CdCl,-
H0% FUAstd o] EHEREE 0,1,3,5, 10, 20mg/l2 39w e pHE 5.8 FAEISH
Gt cxplantzE At Zr122 S FAESA 6047 HEEstdch. NaCle] @S 0,0,
3,0.5,1.0,1.5,2,0,4,. 0% 2 pz#3t 5 multiple-bud2 explant2 %}« 504 7+ sty o
Alumimums] #HEo 2= AlCL.6H,08 FstE s IS 0,10, 50, 100, 200, 400, 600, 800,
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1000pg/ml7t = =& &4 v}, explant® = multiple-bud& o] L3t o= 602 7} HeEsia oh.
BAZ explant'y shoots} #-2] 9] Fpsl, Zol, HEplse) L£WES BwHEL AEFIL2H
G Ozerol and Titus (1965)9) Jrikel <& @A
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Sulfur dioxide’t &£EEREN n|x= @3 kEp NaS0.0) EEE Zesly BENIZ £4
pHE 3,5,6,7% sl multipe-budg #53%s] 2 23 (Table 1) shoot JBE ERe
Na 80,71 #ims A $2 HRE A BFstg = Na,SO, EEEs @ind 5 4% a5
At NapSO, iy pHERE 2=l HEE e 100 pg/ml @FHinEd A pH 604 shootfs
Beol BREI©l R 200 pg/ml Ll L iR A= A 55 7 o)} B Fde] &Rt
EETH A3 E 2LFe] S0:9 HHEE Taol L B BHiET e sk BRE
shoote] &5 Aw EHEEY NaySO0; 100200 pg/ml R A= pH 5o A {2EHE}
34¢] shoot®] #A =z kel v X E MWIE pHE ZE7 9913 NaSO; 400 pg/ml L Eol A
= AA8 hlE Aok e MRS £R 2Ae 98¢ 2y WEREV 100 pg/ml i
Bl e & 287 g 200 pg/ml Lk Fimsl=d A8 WEl=E g HREs wihE
2 fES el FAE 4EE 2Rl NaSO; HgEs 5255 o stga pH 6,76

A callusfrl & 73 o] A5.2m NagSOs iFim Ml B §lo] o] £FEA 585
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Table 1. Growth response of multiple buds derived from cotyledon segments of petunia as
functions of medium-applied sodium sulfide levels and hydrogen ion concentrations
after 2 months in culture

50, H No. of Shoot No. of Root Fresh Dry Total
(pg/ml) F shoots length(cm) roots length (cm) wt(g) wt(g) chlorophyll
0 3 3.5 1.7 12. 4 1.7 0.5 0.04 334
5 5.3 8.3 11.3 6.3 1.1 0.07 2.64
6 7.0 6.5 12.4 7.6 1.3 0.08 2.88
7 6.4 5.5 8.3 4.6 1.2 0.08 2.82
100 3 4.9 2.4 11.3 2.7 0.4 0.03 3.24
5 4.1 6.5 13.5 7.4 0.9 0.05 2.60
6 6.7 5.3 12. 3 5.4 1.2 0.07 2. 45
7 5.4 5.3 11.0 4.7 1.1 0.06 2.30
200 3 4.7 0.5 7.3 1.2 0.2 0.02 2.79
5 4.7 5.5 12.3 5.3 I.1 0. 06 2.66
6 3.3 3.4 9.7 4.2 0.3 0.03 2.43
7 2.3 3.0 8.7 1.4 0.3 0. 03 2.43
400 3 4.3 0.5 6.5 0.7 0.3 0. 02 2.47
5 1.0 0.5 3.0 1.3 0.1 — —
6 J— — J— - J— J— j—
600 3 3.4 0.4 1.5 1.6 0.2 0.01 —
5 J— —_ J— —_ J— — J—
800 3 2.3 0.4 — — 0.1 0.01 —
5 1.4 0.4 1.3 1.1 0.1 0.01 —
6 - — —_ — — — —
3 — — — — —_ — _

1000
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Fluoride?} £&/FME0 N &l 3. NaF BEES oelold multiple-buds s £ &R
(Table 2) B4FE 400~1000 pg/ml FHEA A& o] oF 2640 358 E{FET WA
MafEste 2~3FFol & EikR/F A3 G o) st AT

200 pg/ml NS 35758 explante] WX} (=] 2 e) g shoot o] A3
S A gFstor BRRET PEEA @9l shoot BE T &R HEEAA BiFddor
NaF f2EE7t ®ing<s% shoot EL A WA st Hz shoot RE 2E NaF FHinE ] A
A8 PE A e EgE BES BIYSE Bt e ERE HEBEC 98 TEs
et 2k 10~100 ppm BEA A= AL} v g EREL YWRES v B
5 WAE e BEs EEFESEE NaF BEE7 BiNg4E vdgdeos @Biss 4
gro] gl ot

Cadmiumo0] BEFE I FigF TR nRls 8. Petunia FIE B3] 913 s plantlet
oA ARz Erlzmor FHdted HEESE FR (Table 3) explant® shoot #& A4 &
gyl s A%, Cd s.oppm FMEAA, 7] AR 3.0ppm FEMESA HEERLG
%4 @mdte J\Eel Y £ Aol 4 9e #HEY S o) 2ol shoot HEe] BRIl ATt
v Cd BE7): BINEFS shoot ZHE-2 MHs Aok shootd] HES S HEYS
o ZrMBEC} EEsdsd Al AE Loppmol A kel 2Em, Er] BEiglA=
Cd #E7 1.0 ppmol A 5.0 ppm o & |iNTTE dfo] MYl G 21 10.0 ppm o] Aol A
= M= At e MRS KEEMAR BAgel LoppmelA &4 Wpdtg e z o
g2 BEAAM T HEE Yz 8 £RE $RES BiFsta o

explant®d FHEES wHEE 21 At A= Cd 1.0ppme], E7] #HfGl A= 3.0ppm
o] BFstE L 10.0ppm o] Ao AE AT =z EEESEL WERES =9z
Cd BEE7 ®MLT5 Woad o

NaClo| £ERMEH nlxls @3 Gy NaCl BEES 2o ol multiple-buds iEZEel 58
(Table 4, Fig. 1D shoot B2 0.5 %7t & #iNglA o 1.5% o Ao A% Flald =
4,09 ©l el explantrl fiFEsIgl el shoot ZERL 0.3 %ol 4 BIFstE o} 0.5% o] 4
dAE AdtA MHANL 1.0% o4 £k A ol FEEME wsstach %
B ERE HERAA BiFstgdor BEA W25 M=o 1.09% Finki A
= e el T MHEdz 2 o) de] BEAdAE Fd7 Ad BEEA gyt &

Table 2. Growth response of multiple buds derived from cotyledon segments of pelunia as
functions of medium-treated fluoride levels after 2 months in culture

- NaF N;):“of shoots No. of Root ] Fresh ’ D;y_

(ppm) Shoot  length(em) roots length(cm) wt(g) wi(g) chlcﬁ*%t;lllyll
0] 7.7 3.2 4.3 7.8 2.2 0.17 3.07
10 6.8 0.8 3.8 3.5 1.1 0.13 3.03
50 b. 6 0.5 3.0 3.8 1.1 0.11 2.07
100 5.3 0.5 3.0 3.5 0.7 0.08 1.19
200 1.3 0.2 — — 0.2 0.02 —

400 - — — - — — —
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Table 3. Effect of cadmium levels on organogenesis and chlorophyll content through the culture
of shoot tip and stem segments excised from multiple shoots by the culture of cotyle-
don of petunia after 2 months in culture

CdCl,

¢ Explant No. of shoots No. of roots Fresh Dry Total
ppm) Shoot length(ecm) Root length(em) wt(g) wt(g) chlorophyll

0 Shoot tip 1.3 9.2 5.5 6.3 0.5 0.04 2,87

Stem 2.0 7.6 5.4 6.4 0.6 0. 04 2.35

1 Shoot tip 1.1 9.4 5.6 4.5 0.7 0. 0b 2.02

Stem 1.6 5.3 6.2 6.5 0.5 0. 03 1.97

3 Shoot tip 1.3 7.5 5.3 5.2 0.5 0.03 219

Stem 2.5 5.5 5.3 4.8 0.8 0.05 1.87

5 Shoot tip 1.6 7.8 4.3 3.6 0.5 0. 03 1.89

Stem 1.2 7.3 4.0 4.4 0.5 0.03 1.85

10 Shoot tip 1.1 2.5 3.5 2.9 - 0.3 0. 02 1.43

Stem 1.2 2.2 31 3.3 0.3 0.02 1. 40

20 Shoot tip 1.0 0.9 2.1 0.7 0.2 0.01 1.16

Stem 1.2 0.6 1.9 1.1 0.2 0.01 .12

WEH ZES 0.3~0.5 %A HREZ G HNste £ Rl glevt NaCl giEgst
Einstel wet @t

Aluminum JBE7F £REmH Az = gt Multiple-bud Z-8 Al B2 =225t bl A
% g 455 (Table 5, Fig. 2) shoot?] JEEr2- 10.0 pg/mlel A, shoot df-2 YWEE 7} BT
stglen Al BEZ BN2SE fEE gk S Al BE} 400 pg/ml o] 4 Ui shoot
o &fo] Fa] HEs 9lom B shoot= callus £ & @k Qo] vk callusiifhel] anthoc-
yamino] FYECE vk 2o @A ARe 2 HEEA d#ld BES TS A
WASE 2w 400 pg/mle] A= AA M= Rz 600 pg/ml o] el As Fajst A HE
A gteh. TS BT WRES 10 pg/ml FNECA AR A9 v Laiga 50~200
pg/ml FEMEAC] A £ 3.8~3. 9g0 2 REIEH ¢ ERWE B A9 gk =
2ivh 400 pg/ml o] 2 HMEAAE F43] BASHA ERE £ 50 pg/ml FDIES}
Table 4. Growth response of multiple buds derived from cotyledon segments of petunia as affected

by the NaCl concentration afier 50 days in culiure

Salt No. of shoots No, of Root " Fresh Dry Total
conc(%) Shoot length (cm) roots length(cm) wt(g) wt(g) chlorophyll
0 . 3.9 6.0 13.9 5.0 3.7 0.21 325
0.3 4,4 6.5 10. 4 3.6 4.7 0. 26 2.85
0.5 6.3 2.7 9.1 4.6 4.6 0.25 2. 00
1.0 1.0 0.3 1.0 2.3 1.5 0.13 0.51
1.5 1.7 0.3 — — 0.3 0.03 0.10
2.0 2.0 0.3 — — 0.2 0.02 0.02

4.0 — — — — 0.1 0.01 —
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Fig. 1. Growth responses of multiple bud segments as influenced by salt concentration
of medium after 50 days in culture.

7bg BArstger] 2 o) WESH WinESS vEHH oz Bt
Z =

Na,80;9] 5 %7t 57185 shoot 94 =& LA o] A=z d54
& B =¥ Mikkelsen e al. (1981)_1_ petunia leaf discr} callus 2%_55,% Nazsoalg-E.h

ke

7z

rlJ]ru
S
S
o I
L
R
o
ol

218 2ol AAFAE = FEI woldTE calluse] #w = 7
A7l zAREE SUHA G ek &7 dEzAAE 954 Tafo] dA 5 Fad
3 3] SO daxez 240 4

Malhotra and Hocking (1976)¢f 2] 3}% Na,50,2% 2 S0, 7/l25% 9 1/1000% £ &) 25

S
Br
il
_55_1.
M,
1%
o
fite
&,
T
o
I

5
il
0}_’:,,
o4
ain
Al
rﬂ‘.

KCONC IR UR A

Table 5. Growth response of multiple buds derived from cotyledon segments of petunia as
affected by the aluminum levels alter 60 days in culture

Al cone, No. of shoots No of Root Fresh Dry Total
(peg/ml) Shoot  length(cm) roots  length(cm) wt(g) wt(g) chlorophyll

0 3.6 7.1 8.7 2.6 4.5 0.28 2,49

10 4.2 6.3 7.8 6.1 4.6 0. 28 2. 86

50 3.5 5.1 7.0 5.4 3.8 0.24 3.12

100 3.0 4.8 7.0 4.6 3.8 0.241 2.01

200 3.4 3.6 8.4 3.8 3.9 0.25 2.01

400 3.2 0.6 2.0 2.7 1.3 0.12 1.31

600 2.8 0.3 — — 0.7 0.10 0.19

800 204 0.2 — — 0.4 0. 06 0. 16

1000 1.1 0.1 — — 0.3 0.04 0. 05
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Fig. 2. Growth responses of multiple bud segments as influenced by aluminum levels
of medium in vitro after 60 days in culture.
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Axo gtk o2l RET petuniafifpiBe]l & E futdle EERTE Azl
in vitrovhg ST FH 27 A FolA v BRI R 2R 984 HHs BEsdw

A7+ o}
'J:f‘j-iuh &A= shoots] 4 RS @43 HHAZ =0 Brewer et al. (1966) = gladiolus
g iRl L&kl st Fa ARl ER/F 9ot MR fEIEeA
11 sho] 2ale o) ERMHER o AT Ml A8 A3A L}E}ur.—,}:: A
4 Agvh Cd A== HEdfel vheh Bige £RE glov AT g i
el %4 WERHIOl G Bt AT BRI ERE RS AR SE o8 &
B Phaseolus vulgarise] w & A g A= 25 2 ub oo} (Sho, 1080),
A BEA 10 % olAEw slRgids Efe]l WX 6] IS T BEE 8 bz
£ ¢l Chen et al. (1978)°] whil] o} = calluso|l A Ho] B 2 oT WgR
} 1 o] 4w fErEdehe Mae dAE Aol v ﬂ-l,-ﬁ—oﬂ eI A de
Felo] ERolw %S vAxA gty @ Ormrod (1978)9] ¥z ot =g 24
1 g9 WEF 1.0% ol 4dw 29 Fae] A4 €A dgEd ol A 4
%Eﬂﬂ’r B2 o
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PetuniaE@ TS EERFAZ F e Wihy TR 5i%std BRE moliple budst A 9
7 EET explantz dte] 2AX AEHE-S BEHZ HmE Emd Hfsd OAFEGSo =Y
BmEREs ERKED n A= s TEezA ARG 297 #FRE et 2k NaoSOsk
EE7F 200 pg/ml Bll:o] I SEHES £Ee dA6] HHE Ao EREERET B NagS0s
sl 400 wg/ml LY @ B FaoleEEE Edoz2H S0 9% HEE £ FaAAs
glel SO.8 ¥iHee) ol lEndE HERMES Feol dysh Bl T£% =7 100 ppmAA =
rganogenesis ¥ #d] 9 BRI & S8 vAA kot £RE HREEC 9§ W=z 2%
= 4B WOHYT 2aEEst 200ppm M ELdE BERE AR 29vh Cadmums] BFEL B
F el Wl 2ERS o9 A AE 1ppmol, E7)el M= 3ppmol A ERE Finel HFRMIHL
U} EESe L HEREdE @Eostgde. zev 10ppm Bkl E BEBRE L ERel A M@
#]= 9l Sodium chloride®] ¥:EE7l 0.3 %L+ shoot®] WE ) difeel Migle H=k. NaClel e}
1.0% LlEate]= spias) £Re #fsE Yy WEHMR = HE grk. Al 50 pg/mlzl
A EME S5 BEESES WREE finddeh 23 400 pg/ml B #Erd) A= shootTBE =
£Ro] A8 MHE Rz Balst gdR gyt
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