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Effects of Cations on Adventitious Bud Formation on
the Midvein of Leaf Segment in Poplar
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ABSTRACT

This study was designed to investigate the relationships of cations to the polar regeneration
of adventitious buds on midvein segments of poplar leaves.
Basal regeneration was disturbed by adding Ca®*

. When higher concentration of exogeneous Ca’t

was added to the WPM (Woody Plant Medium), the more adventitious buds were formed on midvein
segments, and polar regeneration was inhibited. Added Ca’t from 0 to 9.70 mM with 0.5 mM
of EGTA to WPM decreased the calcium effect. The treatment of La** with 7.05 mM of Ca?*
ovecame the effect of Ca?'. The cations Mg®* and K™ also caused regeneration on both basal and
distal site. However, polar regeneration was maintained in the medium containing Ca*" without

Mgt
poplar.
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R AEedA A, AFA] F4E velded, &
A AHd A FRSEsE T8k S4E el
g dRAnfokal T2 F1E Akl LabdoH(Pater-
som, 1983). &3] EEe}o] 3] F5 ol e 7| Fel 4]
HB2lol7} AAE T F5L micro-cross sectiondhe] wiokg
7Aool BAol =9 7)ol 4] FARE S(Lee-Sta-
delmann ef al., 1989) HH ] =7, Fehol] Agle) =45
e gk o)a gt Fdote] S A HH FHLe
718 Adeede] 2R AEED] fste] FAHHT
o]7 & 28419 FAjolFof &) _‘?—i'.—’}ll ] 7)) &3
He Abda dxstog SRl e Sals) UAHS
A7} vk Az o)A o} (Paterson, 1983), 22418 o
A A TIBALF NPAe| 2l 2241 S4do]o] A=
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The above result suggests that exogenous Ca®**
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or cations inhibit polar regeneration of

ot olie}l FAHEIT dAE= 2l 2249 S
g7t dg=Ee] oid-2 FAsA 6H~,L-E]-(Smulders et al.,
1988; Van Artrijk and Blom-Baroorn, 1984). §t91 2.8-41
olellz ofelFel 2j3te] Aabat EFr} ks =
thy deiA ghed, 287 deve B AETe R
F s ake]2o] SAE S| 228 J%& Fci(Fulton,
1980; Goodwin ef al., 1983; Jaffe, 1981; Weisenseel and
Jaffe, 1976).

Pelvitin®) B &AL AArolvt Lilium 333 34 =3¢
Acetabularia®] B35} Solla ofol29] AZRE 244 %
shed dedH=d|, Pelitic HAEAE Ca2 F=7u)7) 3
AEglE o, Ca* =7l 52 FolA AAslych(Robin-
son and Jaffe, 1975). & £ Fo4] Ca£" 2 3R 3T
HA&al A ZEY electrical current® Tl WA A= &
7¥shelm, s E9c AAslE Lilium longiflorum
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Thunh.2] FE-Fel4 Ko 258 3|2 FasFd 5C2*
o] Az el oF 20% THEIY A, 37-}—3-311' A= =
ZhEeel & K 355 7440719 323 Avrg 2
Ca?™ fraje] o kg uro} S5 A7o) o3k v Ati(Ja-
ffe, 1977). =8 Acetabulariaol| 4] Ca’* =} Mgt Fx7}
E54E cap FA4So] FobA L(Goodwin et al, 1983),
Cat™, Mgt ionophore 2 #2) 3l Acetabularias) ¢)-&-2F
THE dod L& JAE, e]ls AE=F Ale]g o]
22 556 kele] Fad 4L 3o Ea) FgS
u]x]7] wW&e]tHGoodwin and Pateromichelakis, 1979).
olg} o] Hart defui Fab AEERe] o) Fald
£ electrical currents 2182] E& o] g2 vlXEd,
electrical current”} ZAW AP EZ 9 AEefA 4
Z22 o)Fex A Fol YAE AFIE I,
Azre] Ezle 2A A A E2ke] AEFAARLE o] F4
ez dojdds 2lsAdE AAFL cGill e al,
1987)
EefellA S4LEs AEe FEE, 229 £/, 2
7], He] = A 89l 5 o8 29l dis d5tEe]
gt e1}(Lee-Stadelmann ef al., 1989) o}z ZA B35 7]z}
o ‘H‘ﬂ' A= == sl
B A e AF7R] AnE uie) Zo] YFRAE
A J L2 54l ool o) SAFSte} BAY A /) gled,
2EE9 A7} 7B B3l GTFL |3k A 7]
g Ca*' & FA2R 9 7} kol &2 A=]ste] £Ea}e]
g7t oyl ek PR ez E2 P A
SR zte) okol el HEAAT olHGLEH HE
xa Agelse] SRS Fadsled dge] sz
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AERE. EZ 2N Populus nigra var. betufolia X Po-
pulus trichocarpa) S 27C+ 3Tl L4604 164]7F WL
FHA A sled RFZ AlE-Flic) AEAZ 2= TE=
7NA8] Sl A A doz Zo] 3em HEHE A
L3l on, 92 0.8% sodium hypochlorite 28] 3
253 g9 SRFE A Ho] Al ‘ﬂ
- 98 FE8 FA0F (bom HelR AR F=
Astd i, o] o Hg2H L 2 5 == 7%31‘:'13‘

& Al4atel o™, Woody Plant Medium(WPM; Lloyd and
McCown, 1980) |4 wjo}sledt), WPMelli ofo]&el Ca?t
9 FFHE2Z Ca(NQy); Mgty ZF¢ers Mgho,
223 K*9) FEdezs KNOwt 454 228
2.2+ BA®} NAAE 7Ztzt 02 ppm, 0.1 ppmoE A143}
%331, #l®]2] pHe 5622 Fxsteich
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Ca®*0| HHo} &M ojxlE= g TA3Ezlel w
A& Ca’t o) 57E odolry) ﬂ—]%]-oi Goodwm 2(1983) 2
RS Alslel WPM si=]9) Ca?' =& 0wl (0 mM),
160 (2.35 mM), 2w (4.70 mM), 3u§(7.05 mM), 490(9.40
mM)’Eu 7kt F7veke] F5 AA-E woksiedc) o) of Ca*

Ex2HL Ca(NOs) & AHEslgied, CaCl: =74
ﬂilia“?‘ EF Y TEE ARSI UL wokgR] 235} Ry
F AR BAels) 4£Z proximal, middle, distal® 73
sk s|Ysv)Aez HaAdsigiar, o] w EF WPMelA
wiekgl F5 dHE dE2TR Ik

EGTAR} LaCly 2|0l 2|8t §3f.  Ca?' o] S £ 5
o] H e fEE 2P ez golr 7] ¢]sbed Saunders and
Helpler S(1983) 2] u}¥lg ¢=x3le] Ab&3heinh Cadt
chelating agent?] EGTA 0.5 mM& Ca?' 55 %]sa]- e
wye g HrAgh wiale] Zzt Ha)ste] EAels) 2 2
Abslede). wal E WPMell Ca? ¢ %2 34 (7.05 mM)
2 274170 th, LaCl; ¥ 0, 20,40, 60, 80 pM#) 2h2t
Wrhak AelA Wersled 25 e wAlole] 48 22
ForE R ZAbslg T

MC-NAAS| B+ % & Ca®" 3} auxind}e] A& 3
AE deolrr] $3ke] “C-NAAE A}43ieich WPMU Y
Ca¥t 5= & 27H171"9A “C-NAA 0.005 mg/1(0.04 uCi)
7} unlabeled WAA 0.005 mg/l-& 02mg/l BAZ} 3=
W) Aol FA Dolc). el 7t vkl 4] 22N -g 4847
vokgk | A4 2 Red = scintillation fluid(PPO, 5.5
g; POPOP, 0.1 g; toluene, 667 ml; triton X-100, 333 m!) o}
BHste] Yo, dAA)7ke] 7235 & Liquid Scintillation
spectrometer(Packard, Tricarb 330)2 = vhal5e] k2
A ebodch

SCaltol £ 23X, WPMel| Ca’* 8] s=& Z7}4
2 o “CaClye) k= (0.65uCi) 4 —7}*]9‘]Etlx] PRt

s}

WeFaha A, MCNAAS) st e wyew §4% W
Aol kg SHshaich
CHE 2020 FMEH) olxE W FHE

v)x= Ko B35 ool 7] $)ate] WPMe| KNO:E 0,
2.35,4.70,7.05,940 mM#4 2=+ Hrlsjeich Mgtte] s
£ zAbel] Ysbe Cattolvt K as) Alelsl zne wpwy
8z Mg" 9] ¥ =8 #WEAA H}%}Cﬁt}- =g MgS0.&
A5 WPMe| Ca** & Z71A17] £ 237} wfoksie] ¥

AR RAole]l S5 EAbshalrh
dx 3 aF
TEeRe 2o 2A NP FH2) )Y AR D

2ol FHHE FHRRY Pabe] Fstch o)
24ese) Aeld 2ede gBAA goror), 24



March 1991 Kim ef al:

vy
L4

-
=

b

¢
4
2
0
5 236 470 7.06 9.40
mM Ca'

number of adventitious buds/segment

preximal T middle diial

Fig. 1. Effect of Ca** on adventitious bud formation in
midvein segmenmts of poplar cultured in WPM for 2
weeks.

Table 1. “C-NAA uptake of midvein segment of poplar
cultured in WPM for 48 h

Ca’* Midvein (cpm/segment)

CmMJ™p oximal  Middle Distal Total

0 249641 1095 10654+ 948 11865+ 988 47483+ 2663

53 (22) (25)

2.35 26886+t 1441 9886= 1323 10349+ 853 47121+ 1753
(57 1) (22

470 23969+ 1663 9847+ 899 9819+ 858 43635x 2112
(56) 21) @3)

7.05 22381+ 1760 9118+ 687 9726+ 1012 41225+ 2490
(58) (19) (23)

940 25632% 914 BBBTE 1027 9047+ 1492 43566 1948
(62) 17 22)

(% of lotal)

He) EE7L dolrhE ¥37F e840 HHEE Vv
1787 (Paterson, 1983), @241 M TIBALL
NPAo| ol& .54 SAelFe] oAld ot ohie}
diEae oAske 7S AFRIFEHY 500 IA4E
5}e} el o] 9)-2-2 ebdch(Smulders ef al., 1988; Van
Artrijk and Blom-Barnoorn, 1984). =g} 224 o] gjd®
257} delupe F AxEeter fd=E ool s
FAREyL gk weclzm o9 siel(Jaffe, 1981
Weisenseel and Jaffe, 1976).
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Table 2. ¥Ca®* uptake of midvein segment of poplar cul-
tured in WPM for 48 h

Ca’+ Midvein (cpm/segment)
oMI™p wimal  Middle Distal Total
0 510+ 44 534+ 23 564+ 39 1608+ 85
(32) 33) (35)
2.35 725+ 35 740t 62 766+ 39 2241+ 91
(32) (33 (39)
4.70 975+ 48 1040* 59 988+ 47 3003 104
(32) (34) (33)
7.05 1469+ 391 1943+ 120 1447+ 359 48594 408
(30) 40 (30
940 1753x269 2076x220 1950% 211 5779+ 221
(30 (36) 34
(% of total)
7 —]

0 2.36 ] a0 7.08 940
mM  Ca'+0.5mM EGTA
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Fig. 2. Effect of Ca® and EGTA on adventitious bud
formation in mivein segment of poplar cultured in WPM
for 2 weeks,

wel A 2ol $v FFHUHFig D. o&

5 Ca 5wt 2o1Yel W) 2 AEA2S Co
Frde] St TiEole]e) Rgjelm Faje} sAge]
b= 7 Az, Ca g Hrlsir] 42 WAl Mz
RAolst A4 J(Fig. = 8% Ca“_‘l] 57l 27}
= YC-NAAS ZA3 oo s m[HAZse A
(Table 1) Z2]x “Ca®' & A-&3t9& HH o] 4ol Az gt
Cat' 8] @RHY Frl B g v w# 753 Z(Table
227" Hol R g Cadte 284 B o
8k vla]%] o HeR RAR|H, 7)HEE T AFe
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Fig. 3. Effect of La®* on adventitious hud formation in
midvein segment cultured in 7.05mM Ca®* for 2
weeks.
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Fig. 4. Effect of Mg?* on adventitious bud formation in
midvein segments of poplar cultured in WPM for 2
weeks.

g0 har) ot FElEe] Caltat A" AHd A
FAo e Fradtgor), FRoMe FAelyAdEL
10-20% v &=¢k&w(Fig. 2), EGTAE m®) 4 Ca¥* &
AAFe2H Rola] A2zt Cattel 3 FHE3} 7
S HEAFAG Catt e BTt Foldle g 7%
29] B3l Az HHo} HAde] Fr)ale] o|g} T2 HE
#ilo] glejAlet. EF 2Tl uls] FA Aol e
g 71 Rol 4 2] Ao} FAdEo] 60% FrAste] FAE3L
ko] 1Ak A H 9D 7.05mM Ca?*g ]k wi=]d
(Fig. 1) Ca¥*s} 7AA= o2 zrgsle] Ca7 8 ALy e
E& 948 La**(Saunderand Hepler, 1983) & F %+
wabd, La®" 80 uM FmellA HaAl FAolped dF 7|
ol el FH o} FHAEL 92%71 =l AP 5
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Fig. 5. Effect of K* on adventitious bud formation in
midvein segments of poplar cultured in WPM for 2
weeks.
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Fig. 6. Effect of Ca®* on adventitious bud formation in
midvein segments of poplar cultured in WPM without
Mg** for 2 weeks.

JESHE} 2ol ed (Fig 3) L& Cal*o] ATz
o]gsh= g JAstER C&'E FrHIAE e w3}
ek ol AFE FoA M Catol U9
FEAAY 71N B oljel 1 99 MR EEE
Q3] FAo} £ FrMAEH SALINED 2
Aplvks ApdE Al

=g Kot Mg Hel@ 4% Ca®* o sk bl
F=7F Fvhedel whel 9AW AAe] FAokee Frlst
ot IAEHEL Fisleoni(Figs.4, 5), 7 °l
L7} 940 mMY W wlmslw F)ie|A Aol 3
&) 7haE Cat*ol 36%, K3} Mgio] 25%% Ca®* &
AR A7t 7P ge] Frstgarn, 7R o) ¥
A2l FrHER Cave] B ool Atne A v}
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elyde) utw WPMell 4 Mg?* & Al 93tz Ca¥*-& 74l
7 dlokat A% 7| Relxe] SAEIEL A2 W0%E F
A ste] FHRHEo) LA ggrew, FAAH] A4
BAolg tlzTHc} 0-12% F715ke] & W3 Meo)A
srolri(Fig 6). o]8 Ak Azjolle JehdA] wdske
Aol Cite Atz K8 ¥58 F4FAE A=
SAlgie) 7t ofel@So] Yo}l YA wjHe Axfe G
°ﬂ 2)sle] rlA & ol gk uhi=v|, Al EAEA A2
att o] FEwshe o 7R o) ephel T dFE v|Ae
(Hcdrlch 1989; Hedrich and Neher, 1987). ¢]&& At
Ao B A2 940 mM2] 7 oko]-& Aol Al Cat” of
o)ahe] FARFR0) 7R TA Fashm AR FAo}
s 2yl AT A3 ed(Figs. 1,5,6). AETeA 2
o]22] §9le Z=AsM= channeld A2 t}Z aFe] e
xxd) oSN e AT o] 2lch Eremosphaera viridisel A
K* channele ¢]% Ca?* 2] kxo odlla] dAzes &
A3545) v (Kohler ef al., 1986), 4 4-sHe sHE3ke] 9)% K*
2 3|2 FrhA7)E SCat el Bohehm HRbe)
AAsiti(Jaffe, 1977) 5 BaslA B o sle vk 7o)
B3yl dolul: Eab K+, HY, Ca¥t 5] A% Ao
Balol) dgkg vAE A2 A7, Acelabularia®l| A
Catta Mgt 2] =7} FE4E E3hgo] wolalz, Ca™,
Mg’ ionophores #Eldle] o] I FYL& god ¥
817} 94 5=l (Goodwin, 1983), ez AEa} Ajols
o]2e] BEo) ofolfo] Tojsted Fae] <& =3 =
Aoz otelx] o)t Goodwin and Pateromichelakis, 1979).
ol B Agel|A] wl= e g F1A] kel 2 AL)E o2
ofo] &g Z27MAA TIZ 9AT-S wHL A BEd
FAEEE F77) ol AL 2B fﬂ:’-“—:f""ﬂ*‘]
vehdn FARE-g] ol Hld 3] i
A2 Al Wo]e o) & EE A 2|ehe] F&ft °é°1L+7*1
it Boold B3l deoiniu Ao} et sk
7

ol

o
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B¢ W3, ¥ FAEE woled oA AH
oz ZFasi=xld delde o o ds] Helel =
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F et e 7|Ew|2|l WPMe| BA 02ppm, NAA

0.01 ppme H7}abe] wfoFatwd ﬂ*ﬁﬂﬂ dofitA fﬂ—tu'*
2o A4 71 Aggel] FAoprt FA= =,

Cat*z} @ 7}x] ofe]go] EFete E.Loﬁ-lﬂrﬂl

3e zAsigch. WPMWe Ca** 98 ¥28 =
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AGEEE BA G EA Fudnh Calvel &Y 54
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