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Summary

As a result of decreasing supplies of fossil hydrocarbons it has become necessary to explore
renewable energy and material sources. So far, we have been concerned with the energy
productivity of Eucaliptus plants (some 600 species) which produce a large amount of terpenoidal
hydrocarbons. As one of good candidates for energy plants, a highly effective cultivation
and the integrated utilization of lemon-scented gum, Eucaliptus citriobora Hook. were examined.

Economically useful substances such as allelochemics (plant growth inhibitor), repellants
against mosquitos, food antioxidant, polyprenols in addition to terpenoidal and plant-residual
fuels were isolated and identified.

Shooting formation in tissue cultures from different parts of seedling of E. citriodora was
achieved using Murashige-Skoog (MS) basal medium supplemented with 1 #M indole acetic acid
(IAA) and 5 ¢M zeatin (ZEA). Explant from shoot apex, lateral bud and cotyledon grew to
shoots. After shoot formation, three rooting media were examined to get optimal root forma-
tion media. Successful root formation was obtained on MS basal medium supplemented with
0.1 M indole butylic acid (IBA).

B B BEP»RETACE IR, BROAFIKE->THR
PEBHEINLTVAS.

TALF-DARNEC TEEoRLLE LD EE, 7Y - xRk AF—ELTABZALF

FLicondssE N> ZEAHIRERR - BE —OHABFEBESETHRINTNAS. R

OBER OEEL, EFEREeREL NI,
HRERE DB P E AL, BEMARI ANV - T060 #LEHILXILIFRAITH




2 EHAE, Kkart, S8 6, RERE

ZABFEZRHEE, ABRABYHEREL SV
BOKARBESZ EBTESE. KBZARALF—-0D
HRABEIROVWTIR, 7Y 72 rv=7KEOD
Calvin HBESKLRIZTI LD TVEY, ATHHE
VMOXERZHALIRILKREEDEER 238
ALtz Eic k 3 ARSI REY 2
DRTTH > T, HEKDBIT TRAK/ILHE DL
D, BRTIGRBILINIF VR VR EED
RRBEDNLEER SN2 »HrBEOEDICE
FURCRRILKE LB RICEEL TS O
»hH, ZTOXEHKBL, FTFPOMKOMITEI-T
Rz zds, BXZ 9,000~ 11,000 kcal kg & FE
BBV E» L, OS5 eGMEY
DBIALVE YL DFEATE.®

HARIC &k BRIKFEEERZEZELALULE, BH
DI>RBAKBANF—DEER2ZL{ RITI T3S
HETOREPHE L, THhETIFY YT
(FAHT) RDENMIVYIRE NI AT HE
(Euphorbia species) ¥ ic B4 3 85, 8B
R4, HHEFZESHEIha X bEEE
fFAbhrc. 48 —f, FEUF R URRILKET
RV ERITGEVRES 10 BoE, F AU %
SRICEETS2—HY  (Eucalyptus species)
pEERETRES PR nick-T, CORD
SRE T KBS EORYL LiRBERSOHADB T
hiE eiFbhTins. (-0

EHE LA 600 Eo2—» ) MEMDS B,
% DEITH S B\ OF 1 VAFR%ERL I Eucalyptus
radiata var. Australiana®™: %2132 U * 4 VE
EAgEZa2—2) B onTx i v¥ -l 2
Totze® LdLudss, BEOEMIR MDD
ZAT, REUELTOEDA 1 VORAILRES
TR, MEEOR RS % R T T 3
ZEIREDIRMNDET 2R»BBEBELI.
BHEHE L TRIESQ, bORKD 3 HBE
AR (rrorisz) ThRRshLLEY
2 —% Y (Eucalyptus citriodora Hodk.) 2T
BENAO @D b RARE 2175 Litic, B
BR300 - BEERPHANT, LEVaI—%
) OBERROREE 2L L 1:D THET 5.

{ +)-citronellal

RS RERI AR BT R B
E - oS

1. FRABSOMMBXURAE
EEE2E~3EHDOLVE 22— YFRHES
BRET7e b RPIFABBEL, HHBEK .
PKESREE L > THEMRED 2. RERE
HRBRS I, RERE» S 7 0o s Vs THHL
1z SR, Y IATX VAT AR ITS
74 -2, BHBEZRELTAFY -2 -7
NBEEK THERIT > 12, —H, RMERERS
DINTH, 7o 74 v XOBRERBRET AR
iz, 709V VES4H5 L EHERALEAROE
BRTOEL .

Mg R btEY, ERINKE
(EI-MS, FI-MS, FD-MS) ,g@5<itm: (‘H-
NMR, *C-NMR) % &ic & > TRE 2f3-12.

2. ## p-Menthane-3, 8-diols D
BERZOIZDLUTOX 5% Zimmerman

B T English®® |z k 3 citronellal @i

BULRIG 2 ISALTARL ‘

S/F}hso.ig
e O X OH
OH OH
. A

(+)cis’ (—)trans
1 2
ZA75 23 (300 wA) iz(+ ) citronellal

25.1 9 ZANKIBHRTHHLZHS 5 %MK

B 125t 2 WLV W DEFLI.. &

OERKB 2T LERE T2 BFEMBLE. K6

Bex—5 0100 L CA4EBHL, =—F 1A%

5%KRER> YO AKBKTIE, MAMAEK

100 T3 EIBERL Iz, BKGHEEF F U D 4 CE

BE& BEBRRBEICI V-7 vEREL, HiH

Y27.8 ¢ 2181
HHEHYOV 22 02 b 3Hick 3, DBO

HEDBLEEBRDG 2120, L Va5 1H5

LAZOZ RS TT4—DIT cistk(1) BL U

trans & (2) 2x hThBEELIz. ThErhoM

HEZ~NXY U TEERI Y, il HEHRE

(2)



Vol 2 Nal 1986

BRE LT cis{k(1)8.759, transik(2) 4.64
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(+ )-p-Menthane-3, 8-cis-diol (}):mp 57.5~595
°C;[al3®+12.8°(c=0.53, MeOH); EI-MS(m/z)
157(M*-CH,, 1%), 154 (M*-H.0,2} , 139(3),
121(3), 111(2), 94(40), 81(100), 69(18), 59(79), 55
(21), 54(21). 43(42), 41(34);FI-MS(m/2) 173(M*
+1, 16%), 157(37), 154(100), 114(9), 96(83), 77
(41), 59(85);' HNMR §5R¢: 0.87(3H, d, C,-Me,
J=6.4 Hz),1.22 and 1.36(3H each, both singlets,
Co and C,i-Me), 4.40 (1H, q, C; - equatorial
proton, J=2.4 Hz); IR & cm™ 3230 (OH).
(—)-p-Menthane-3, 8-trans-diol(2) ; mp 58.5~
60.0 °C ; [a]3®-11.4° (C=0.53, MeOH) ; EI-MS
(m/z) 157(M*-CH,, 1%), 154(M*-H,0, 1), 139(3),
121(2), 111(1), 96(38), 81(100), 68(10), 67(10), 59
(90), 55(13), 54(20), 43(34), 41 (19) ; FI-MS (m/2)

173(M* +1, 47%), 157(11), 154(30), 111(8), 96
(54), 77(87), 59(100),; 'H-NMR §$h§'.0.91(3H,d,

C,-Me, J =6.4Hz), 1.22(6H, s, Co and C,,-Me),
3.71(1H, dt, C;-axial proton, /=3.8, 10.2 Hz);
IR vERL cm~! 3260(0OH).
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Figure 1. Seedling Portions Used as Explants
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Figure 2. Eucalyptus citriodora growing
at the crop fied of Hokkaido
University. (summer, 1984)
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Figure 4. Plausible Biosynthetic Pathway of p-Menthane-3, 8-diols
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Table 1. Elementary Analysis and Low Calorific Values of Eucalyptus Residue

Eucalyptus species C H N S 0 Hu (kcal/kg)®
E. radiata 50.41 5.24 2.80 0 38.77 3,914
E. citriodora 50.60 5.54 1.96 0 37.16 4,096

*Hu=Hh —600 (9H+W)

BFREZOFBERZBILL 2L 5730,
2-H VB —RICELERRIIERPETDH 35,

BREEEZRETAENTILARE BHESF
Absh TS, EEL L EHRBEROH 2 —
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Figure 6. Growth Curves of Eucalyptus Plants
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Table 2. Shoot formation from different parts of seedling of Eucalyptus citriodora Hook.

Parts *  Number of Number of Shoot formation Number of shoot Number of shoot
explant shooting rate (%) obtained obtained/explant
57 43 75.4 71 1.65
2 57 35 61.4 65 1.14
3,4 114 6 5.3 13 0.11
5 57 0 0 0 0
285 84 29.5 149 2.61
*  Correspondence to Fig. 1.
UNDENLD & 13 XESMEBBD S0l LK B DR LS H BB HE L 724552 % Table 3

WALl OXTE, A2 DM TIRREFVERL X
hENnT75.4%E 61.4%E 3 EALEDEDVE
#wRIEMKL, b6l >ONGEED»S 2780l 3
OEIERR b B bhiz (Fig.7). thbDE

Figure 7. Shoots differentiated
from cotyledon
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cEh 5.
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Table 3. Root formation from shoots obtained by culture

W Source of Number of Number of Root formation

Medium shoot shoot rooting rate (%)

MS 1 26 9 34.6

2 30 11 36.7

3,4 7 6 85.7

Total 63 26 41.6

MS+0.1 (M IBA 1 31 15 48.4

2 33 17 51.5

3.4 6 6 100

Total 70 38 54.3

MS+ 1 M IAA 1 14 6 42.9
+0.1 /M ZEA 2 2 0 0
3,4 0 0 0

Total 16 6 375

3 Media 1 71 30 50.0

65 28 43.1

3,4 13 12 92.3

Total 149 70 47.0

*Ms: Murashige & Skoog, IBA: Indole butylic acid, IAA: Indole acetic acid
ZEA: Zeatin
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Figure 8. Rooting from shoot
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Figure 9. Generated plant transplanted
in the greenhouse

Table 4. Shoot formation from plant obtained by culture

Parts Number of Number of Shoot formation Number of
explant shooting rate (%) shoot obtained
apex 12 5 41.7 5
node 20 12 60.0 20
inter node 12 1 1.0 1
leaf 32 3 3.0 3
root 24 0 0 0

AR, HERKGEOFIHEO 2D DR, Hat
PEBEGARZER2E/INE» L) DEOLERE
LB, LbLads, BRI KRBIET S C
tigkh, ThoDBRHIMBINES.

= L)

FARURRAKE R ZRICEET 52 -7 )
BHEYOFTE, ZOBMBSERL L THAIN

(9)

TWABLEYZ—H Y IRDVTH L WRIRB R
& RBENER RS ORESTDbOIZ. BRKRS
ELT, WBEAYE BTy F1er
F a2 OBEYE, KSHELA, AHBFOR
#l polyprenol FHFA3rEExhiz. MEEEIC
%% o— 85 23 A 1. Murashige-Skoog 1%
heHEAEL, 1uM ©4 » F—VEERE 5uM
DE¥7 F v 2B LERREMTRER T 2REELIC.



10 #EREAFT, kesith, &g 1§, RERE

XJg, HiRt L CWETREZERVBED .
IheXEEORRITIR, 0.1uMODA > F— VE
B e BN LWL EL S T

LE2—H YRS, polyprenol D58
CEBAIBE T LEERBTAET¥ROEPE
ZHEB, MBEERBREPRIEHBLTTFIVEL
TR BEROBRFE FRRPEICHESR L LT
Ftz, vE aA—HY) OBMBBCHEHB AT IV
¥ UK ERARTZE KK M8 HERRED LH
LK 5 CicETBEAE Y EREE RS O#A
f—EiEEHL EiFxg.

2 £ X W

(1) Calvin, M. (1976) : Photosynthesis as a
Resource for Energy and Materials, Photo-
chem. Photobiol., 23, 425.

(2) Calvin, M. (1978) : Chemistry, Population,
Resources, Pure & Appl. Chem., 50, 407.

(3) FEAISLAT (1980) @ HHEMOBEEM <4
T2 & L THREBNEMFIH, RBELTE,
338%, 11%, pp. 1018~1027,

(4) "Nielsen, P.E., Nishimura, H., Otvos, J.W.
and Calvin, M. (1977) : Plant Crops as a
Source of Fuel and Hydrocarbon-Like
Materials, Science, 198, 942.

(5) Nielsen, P.E., Nishimura H., Liang, Y.
and Calvin, M. (1979) Steroids from
Euphorbia and Other Latex-Bearing Plants,
Phytochemistry, 18, 103.

(6) Calvin, M. (1979) : Petrolem Plantations
for Fuel and Materials,
533.

(7) Calvin, M., Nemethy, E.K. Redenbaugh,
K. and Otvos, J.W.(1982) : Plants as
Source of Fuel, Experientia, 39, 18.

(8) FEFTELAT, imEkdid, HPER, KF K
(1984) : 22—k At T RHMEED KL KkFR
RELAmcOWT, TR LX— - KRR F

Bioscience, 29,

Direct

M5 BRI AN = 36

5%, 2%, pp. 80~83,
(9) Nishimura, H. and Calvin, M. (1979) :
Essential Oil of Eucalyptus globulus in Cali-
fornia, J. Agric. Food Chem., 27, {32

(10) PEABLAT (1980) © = ANX—tEHh T
X/ 4 F, F#, Nol29, pp. 9 ~20,

(11) Nishimura, H., Paton, D.M. and Calvin,
M. (1980): Eucalyptus radiata Oil as a
Renewable Biomass, Agric. Biol. Chem., 44,
2495.

12) YHEFK= (1985) @ NBEEH { + =2
PRELBA B EME R, R OH RUE A BB 28 2
# OF1%, 1%, pp. 7~12

(13) Aneja, S. and Atal, C.K.(1969) : Plantlet
Formation in Tissue Cultures from Ligno-
tubers of Eucalyptus citriodora Hook.,
Current Science (3), 69.

(14) Cresswell, R. and Nitsch, C. (1975) : Organ
Culture of FEucalyptus grandis L., Planta
(Berl.), 125, 87.

(15) Durand-Cresswell, R.,, Boulay, M. and
Francelet, A. (1982) : Vegetative propaga-
tion of FEucalyptus In; Tissue Culture in
Forestry, Martinus Nijhoff/Dr. W. Junk
Pub., pp. 150~181.

(16) Gupta, P.K., Mascarenhas, A.F. and
Jagunnathan, U. (1981) : Tissue Culture of
Forest Trees-clonal Propagation of Mature
Trees of Eucalyptus citriodora Hook by
Tissue Culture, Plant Science Letters, 20,
195.

(17) Kitahara, E.H. and Caldas, L.S.(1975):
Shoot and Root Formation in Hypocotyl
Callus Cultures of Eucalyptus, Forest Science,
21, 242.

(18) Lakshmi Sita, G. and Vaidyanathan,
C.S. (1979) : Rapid Multiplication of Eucaly
tus by Multiple Shoot Production, Current
Science, 48, 350 .

(19) Lakshmi Sita, G. (1979) : Morphogenesis
and Plant Regeneration from Cotyledonary

(10



Vol.2 No.l 1986
Cultures of Eucalvptus, Plant Science Letters,
14 63.

(200 PEFFSLAT (1984) @ YT ANX—HRD
Hk, HRE L 8FH, 46%, 1%, pp. 26~31,

(21) Nishimura, H., Kaku, K., Nakamura, T,
Fukazawa, Y. and Mizutani, J. (1982):
Allelopathic Substances, (#)-p-Menthane-
3, 8-diols Isolated from Eucalyptus citriodova
Hook., Agric. Biol. Chem., 46, 319.

(22) Nishimura, H., Nakamura, T. and Mizutani,
J. (1984) : Allelopathic Effects of pMen-
thane-3, 8-diols in Eucalyptus citriodora,
Phytochemistry, 23, 2777.

(23) Zimmerman, H.E. and English Jr, J.

(1)

vera—n Y E citriodora DERIEL

KRS I DIk S FIBICRE T B BT 1

(1953) : Stereoisomerism of Isopulegol
Hydrates and Some Analogous 1, 3-Diols,
75, 2367.

(24) Murashige, T. and Skoog, F. (1952):!A
Revised Medium for Rapid Growth and
Bioassays with Tabacco Tissue Cultures,
Physiol. Plant.,, 15, 473.

(25) Osawa, T. and Namiki, M. (1981) : A
Novel Type of Antioxidant Isolated from
Leaf Wax of Eucalyptus Leaves, Agric. Biol.
Chem., 45, 735.

(26) FEATELAT (1980) :iESMIC BT 5 AiBE
MR OER, BEB L UREE, #$55%, 7
5 pp. 851~857,



