B S HBBEET O &I

HAEMY 225 #H18% 1976 19

L B

BRI
DEE TDORLIFIC

SRR - AR LA

B 216k L iR RO+
2T

. J\m%”]%* JTEE Ei-l;<

Studies on the retaining the viability of pollen grains

and Bacillus spores in organic solvents.

Yozo IWANAMI, Shigeharu INOUYE*, Michio KOJIMA*

and Toyoko FUKUDA
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(1EKY) —H KBt L 22 v~V <% (Camellia
japonica L.) ¥ T4 3 (Erythrina indica L.) O
LM ERIRL, PV ATXNDASIZTTATF
I DEBROPICANT, Wi (—15°C) (2HF2 72,
INHDERERIE L ADMIZ, BEED HL
TERICHERLEZ. ZBINLDEMIZ. ZDL I
LTERZTHECE, e 62 ABIZERIUS & [
BRICAERT B2 LDHELOH LN TWE,

ANTRDOWIZATTZADEFENRAL (F1.5cm &
&6 cm ) icH3 ml FonFEEHEL LY, ZTh
HOHIZH) 200 mg DALk E ANUTI LA EDHE,
{EFIZANDEICLTO), BHLTS5°C iz 18
HldB etk TEk % PR EIC & ) (45°C Huc 15 7 [H
B EICE - THREBSEL, Zofth &8z
AL, 25°C pTHEEREL 72,

PR L 72353 ¥ =Y 3% Dbk TlE SUCROSE
10% & agar 1%. 74 a DK OHs413 SUCROSE
10% . boric acid 100 ppm, agar 1% € RKEEH T
ORI & B 3= 77 2D O THEBUK
oo L7z (BT sm), 29 LTEeRzEs
13, TOBEMEIZITEAD T IR E L DIET,
FEFHICOWTUL FH L G LI TN L o 72,
BIFRFIEBOBIO I NS (BE) 2L > TEL
FTH20T, ELT— =R we Bbnizh
LThsd, MULEEZIEMLECDELTTZ W,
EEfEEE > T, RELIZT T 7RI,

(R DI ) MR O B 113 Wi B e 78
R RIF S N T A58 (Bacillus subtilis ATCC
6633) fE- 72 HaF(# 3 mg ) # RIpEh T
PSR L D5 ml DHEBIEEEE AL, 5°C s
BT, 1AMKCRFEERERPICEL TERD
KIEE A7z,

IFD A > T % i % 50 57 B # (5000 rpm.
15 ) I T T2 e I ##8C 72112 5 ml
DIEBKREMZ THERLGHL 2, ZOBREL3
B DBy EicE>ThaFRBE-> 2%, lT%5
ml DEFEBAICH L 2 N IE peptone ]
%. meat extract 0.5%. NaCl 0.3%. glucose 0. 1

%. pH 6.4 DL L. LERBREP TITC HTFT
RBHEEL 1T > 72, TN LDBIBEZEEORIED
TTH bz, ZNTHL BHEREHIBA L T
T2 ,l0BnL L NEWEEZLNTDT,
R SO RIS IS T, SRR % 5 M F T
DRI OWTHH~NT,

lFoLERENTAIL, BEEFOWIFDOA- T
ZLERBREON OB E 2 S HHEEH (480
my) &R THX 2 ENDED & EEIEBIREIE
ExZLIIWlERKDTIT T 7R L2, Bl
FoEEREZ, 480 my o O. D. DfENZEAL & 4T
LTty 2 & h5, BUMEBEBERIC & » THERR S Lz,

I. % B& # R

1) ARBENRE L IEHOEE

FRBEEORN & IR D FE, FHENHEIFICS
W T TIC Y=Y o3 ek 2 30 FIE 0B EE S
AN L EDWERIBEEN T BH, ZOERT
FHIRPTIRET 2 Z &ic & » THBBE 2R 2
HT0BY, S0l =V 3% & T A anibkh % 50
D EHBEEOPIC AN (1:BM) %, 45°C
THRBEZER S C2HE2E WL, 25 LTH
BRI & A0S THEEL | 24 K
HOIEHEME L #~7z, Table 1 i 0¥ FpoR
SNTw3,

KIZAHLND L2, 50 FEHOFHBEENH T,
Fo KR ERFI L2 DIk, v=Un
XOGAIIERE, T8 ) —IL A5 ) — )L 3 FK,
TA IADEB OB EIRBNAZTH -2, ZOMho
AREEICB WL, BEOREET LIcER LR
EIZZERE LN T hm b RFNZ MR-
T\ 72, phenol, tert-butyl alcohol, dioxane 7 &'}
5 CHTKEFEL A ZDOFDIEMIIITITELICHE
BH#MHEFL Tz, %3 phenol DAz 20 g
FTHEFELIC ( Wwize, acetone 2B &7 2 TH 5
(LB7RF>HIc BT s )k S THEREL 22,
FERE 5413 phenol & R L L 9 IC acetone (28 &
D2 TLERLTY, o RFLLL-T
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Organic solvent Camellia Erythrina ethyl ether 8.3 4.3
control 8.2 4.2 ethyl alcohol 0 0.2
acetic acid 0 0 ethylamine 4.1 3.8
acetone 8.1 4.2 ethyl formate 0.3 1.6
acetonitril 4.9 0.1 n-hexane 8.2 4.4
acetylacetone 0.3 0.4 n-heptane 8.0 4.0
n-amyl alcohol 8.2 4.1 lauryl alcohol 4.0 0.3
50— n 8.3 4.3 methyl acetate 7.7 4.1
tert= n 8.5 4.2 methyl alcohol 0 0.2
n-amyl ether 8.3 4.2 methyl formate 0.3 0.2
so- n 8.5 4.3 nitroethane 8.5 4.2
aniline 0.9 0.5 nitromethane 8.1 4.5
benzene 8.3 4.2 n-octane 7.0 2.5
benzy! alcohol 4.9 1.7 is0= 1 8.3 3.7
bromoform 0.3 1.6 n-octyl alcohol 6.0 2.2
n-butyl acetate 8.1 4.2 paraldehyde 8.4 4.1
tert— n n 8.2 4.3 ‘n-pentane 8.2 4.1
n-butyl alcohol 8.4 4.0 iso~ 0 7.1 4.0
wo- w0 8.2 3.8 phenol 8.3 4.3
lert— 1 “ 8.1 3.8 n-propyl alcohol 8.1 2.5
carbon disulfide 4.8 1.2 iso— n " 7.8 1.6
carbon tetrachloride 6.2 3.0 pyridine 3.2 0.6
chloroform 7.8 3.8 tetraline 8.9 3.9
cyclohexane 7.9 4.2 toluene 8.5 4.2
dioxane 8.0 4.3 1,1,1-trichloroethane 7.9 2.7
dichloromethane 7.7 4.4 xylene 8.5 4.2

Table 1 Growth of Camellia japonica and

Erythrina indica pollen grains which had been soaked in 50

organic solvents for 1 week at 5°C. Numbers in the table show the length of the pollen tubes in

millimeter.

INLDEBROFERD L KEFOHEBEIEEATE
BMOERNICEEZ 520w 2 &, B L UBEEOMER
WL > TIEBDEREN DV LT ORI L bh o
7z T Table 1 DfER%2 L &I L CTUEEDO S T&E

DNS DL KRELLDODIRICH 5T, HiE
DGFREEBOERE L OBFRE AL, Z0d
Fig .1 TH ) . %72 50 ¥ FEEHE OB & 76
BOEREE DBERE AL 0P Fig2 TH2,
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Fig. 1 Relation between molecular weights of 50 organic solvents in which pollen grains had been soaked

and the rates of growth of the pollen grains.

Top- - - - Camellia japonica, Bottom- - - - Erythrina indica. m----methyl alcohol, e----ethyl
alcohol, mf--.-methyl formate, aa----acetic acid, ef----ethyl formate, an----ani-
line, a---- acetylacetone, - bromoform

INEDNTT T b, BRIEEDSFENKEE ERBRDH B ED DL oD T, KICHKENE

LIEB DR E OBIRITER 2 BRI 2 vt R
DB (F2IFBOKYE) 1B DERITOMRAF &
i VEBELBAREL->TWwB 2 e bh b, OF
N BAKMEND (v (BUKEOE ) FRIEEI,
FTNOUIBDERN & HRFT 208 BAKEDE W (B
KEDUC W) BEEICIE, ERDOERNERTTE
L ONEL AL, L LBKEDE B
HDHIC L IEBNERENZLIIHKD LD
(481
) BERBEOBE LTEHDER
HREEOBUKIED . 22 D IEMOERN ORSF
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- acetone ) HH- 7z,

BEEICALTOKREMZTHDB LD PEDER
ED . 2L ORIV X DR E AN, —
A% E N ML TIERDER 2N, ZOME
I DWW T3, 3 TI2 acetone #HWT, 2%Ll Kk

TENTVBEEBDERNIPREENL LD
ZEHmeENTWBEPn T, 4@ n-amyl
»n-butyl alcohol,

alcohol,
iso-butyl alcohol, #-propyl alcohol,
1so-propyl alcohol 7 &7 a— ¥ & dioxane
FHWTERORFERLEREMHENDHE L A
72, Fig. 3 " Z DB E2RL T3
INLEDT T 7h 5, n-butyl

alcohol, #-amyl
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Fig. 2 Relation between solubilities (in water) of organic solvents in which pollen grains had been soaked

and the growth of the rates of pollen grains.

Top- - - - Camellia japonica, Bottom: - - - E¥ythrina indica. m----methyl alcohol, e----ethyl
alcohol, aa----acetic acid, mf----methyl formate, a----.acetylacetone, ef----ethyl
formate, b--:--bromoform

alcohol, dioxane % &'(% 98% (k45 2 %) & TIX1EH
DEFREMEDIZLNDLH, T%BLUT (k4 3%
UE) e s ithnEREN»rRkbNbZ e, B&
UF z-propyl alcohol, iso-propyl alcohol D413 Z 1L
N LRRECBETLIEBOEREN Rz,
YUBLLT (K56 %LLE) TEEZICIEHDERN%
KH)ZEbhrd, HBIEBDOREFICHT HHEL
BEMRRICHTIHE LI, TR LEETH - 12,
3) Methyl alcohol ?#)E & ek D &

Table 1 D#ERHHbh 5 & Jic, methyl al-
cohol IZTEMNERN % Kb HEL L WiHHN 1

DTHb, ZOZLBFETORFENDRENEL L
[{8kTH 5, methyl alcohol (3 BN H L -
ELKISGENEEZ L > Twdh s, 2002 L ik
BOERNERbELFEERL L L WEEZ LN
ZKEKE n-butyl al
cohol, 1 & Uf dso-propyl alcohol # BV Twvs B 5 7)
BEICHBEL, TRENOBROTIZ Y=Y <%
e 2 ANT, BIERBEOFET, EBDOEE~D
SRRz, Fig 4 ICZORERITREN TV S,

77700 A6N5E5IC KTHBLIE 2i2i3,
EDMEDPIZBENTY, EHIZEENL2HET S

72T, methyl alcohol
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Fig. 3 Effect of water content in 5 organic solvents on germination and pollen tube
growth of Camellia japonica. The pollen grains were soaked in respective
solvents containing water for 1 week at 5°C.

— — — — m-amyl alcohol, ———— xr-butyl alcohol,
————— n-propyl alcohol, ———— iso-propyl alcohol,

............ dioxane
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Fig. 4 Comparison of the effects of methyl alcohol dissolved in water, n-butyl alcohol
and 7so-propyl alcohol on the growth of pollen tubes of Camellia japonica. The
pollen grains were soaked in the respective solvents containing methanol for 1

week at 25°C before sowing.
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Fig. 5 Photos of various growth stages of Bacillus spores at 37°C.
| R after 5 minutes cultivation, 2:----- after 3 hours,

3o after 5 hours
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Z EDTE L H - 72H%, n-butyl alcohol & iso-propyl
alcohol THMEL 728543 methyl alcohol @) il A+
20% LT DR, IEBHDERENZEEICHKE, 40
~45% Ll bz B EIE o EE IR b, L2
Ao THBBEPICKIZTEN T B HENERM
(Fig. 3 £M) &, methyl alcohol NEEM & 13, &
BLbDTHbEEZLND,
4) AMBE OB LM EE AR TFOEER
MERORF AR CLCRIFL, £
BY 255, 37°C wTokEot Az L % Fig. 5
NEENDEITHB. DL I THERT S &,
HERBEOBEIIEE > T 5,
WMEROIT%  benzene,
ether, methyl alcohol, #-propyl alcohol, phenol,
xylene 7 & DAHEE, B LUK (FEFK) ofic
AL, 5°C i 1AM B Wiz RICHTFE O B THESE
L 720 fEFAH Fig. 6 [2/R& L Tv 5, phenol (2
ANZHAIFE 5121 B acetone Hic AT 3 <
Z rick - T, phenol % acetone I EH 2 TH
HEER S ENREEL L, L BREEE O T £ A
—N I LT TI60C s 3 I R 7 I
L72E EnfER%E Fig. 6 n 77 7i1cf+58L L1z,
A=+ 7V —7THMBLL 7235813 F - 72 F3F
Lah o7z (BEEBINBETLREER) 27, k& 7H
HOABBESIORTEIIXRTERNEZH T
72, 7272 methyl alcohol Hic A7z 813, oo b
DI EXRTRRERNHYH F Mz A LN,
INLDZ b, MEHON IR LY LT
B HRBROWB L SIS W s, BEUR
TBAKDOFTH, BLICERNEZR-> THE I LD
bbb,
5) Ethyl alcohol » il & g+
AIDEBR T, FEEOE T2 T HOFBIEED
FICANTOAEET 2, BLOTERICHL TIZ
H£ES % 5ELIC %k b5 ethyl alcohol ¢, faF A=
RICIIHEEZEZ LW Db o2 T, KRICHE
FEREODBWTHEDLNRTWBE T a—ETH (70
~80% @ ethyl alcohol ) DIz il T % At 5 KB %

chloroform, ethyl

®0

0.4 1

0.2 1

0.D.(480mu)

0.4 1

0.2 1 M

CULTURE TIME (hr)

Fig. 6 Growth of Bacillus subtilis spores which
had been soaked in water and 7 organic

solvents for 1 week at 5°C.

W----water, B----benzene, E-:-:-ethyl

ether, M- ---methyl alcohol, P :---#n-propyl

alcohol, Ph----phenol (pollen grains
were washed with acetone before drying),
X....xylene, (HHW- - - - pollen grains

were heated for 30 minutes at 160°C.



HES AREEROILE &I

HAIER 223 H18% 1976 27

T7e -7, 0~100% ethyl alcohol iz a-1-% A
. 5°C Wi LBV RIC T2 &0 ML T
FLHERY Fig 7TI0RE N T3,

COEBRICENVFEREON FZVWTILOBRIENT
NI—NVER(5C)THERNEZRDZ Lovbh -
72, & 2 TIKIZ T0%% ethyl alcohol Hiz 1% A
1. —15°C, 5°C, 15°C, 28°C iz 1 BT
o, BFEEDHLTEIEL TEHLD, wWTho
RENTICBNTH, BFETE2ICERNZHK-T
Wi (T—%—48g),

m. % 23

LB o5 b IO F BIEHES TERN 2 #-
T3 Z LT TICHE b LT WwWizhs 418 50 Mo
AREBICIER 2 ANT, 2N ieh o &
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Fig. 7 Effect of ethyl alcohol concentration on

the spore germination of Bacillus subtilis.

100% ethyl alcohol,

"""""""" 70% ethyl alcohol

50% ethyl! alcohol,

— +—+— 10% ethyl alcohol
—.+—+— 0% ethyl alcohol,

Spores were soaked in the respective

aqueous ethyl alcohols for 1 week at 5C

and then cultured.

L2, SHICHBEHORFIcOWTL | A1
BEh RO R WAL,

Table 1 (& 615 & Hic, BERE/Z T 2 fiodE
DR %2 AT 2 72 5% 2 Doy 49 FEFH O B
hotEkHE, BN NERTE RS Tz,
INHDEBRDOEREZEMT L L RDLHIZH B,
1. 5E4ic R L 4 %4 3 4 m—acetic acid
2. AR 2 5 L n—acetyl acetone,

aniline, ethyl alcohol, methyl alcohol,
methyl formate
3. RN &2 B Y MH—acetonitril,

disulfide,

bromoform,

carbon carbon tetrachloride,
ethyl-amine, lauryl alcohol, #-octyl alcohol,
pyridine

4. PR EFRRBERNEES DL LO—LLENY
DLISR o> 36 FEM O A B E . () -

ethyl ether, dioxane, phenol, xylene )

acetone,

5°C WTIK#EL 72 dioxane, (fert-butyl alcohol,
benzene, phenol 7 &1z AfL7z ek, VI 1L b xR
ERBRICECERLZZED S, KETEZLHY
RIEBOFRRICERREE 2202 0bd b
L. GLAKEL TR Z LIk > TEBDTFh W
HEBRMT DI EAWT L2056, ZHLENDLD
32 > TIEM 2 RUIFET 20108 L Th b e %
2B ENTED,

Table 1 Dtk OWT ORI, T OFRFIC
N LB O L LT3, 2T
D FEHF ethyl alcohol (= AL T & IS AL 70 vapy,
{tkrid ethyl alcohol 12k - Tsgaic I L %
HrEHE NS,

A BB Fwm L LR DER EOBICIE, &<
ICBIERA 20 W25 IO BRI TER D EH O F
Freo VBECERZ LS5 L, BkEDEE
BRI KB ERNZ L, #kED
BOWERICBIERDERZET 2 L00°%a60
2,

EHDEREET 2 HMBEESMICIE, BEE S
DAL REEIC TR R 2% 5 b o & | #2145
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C PTHREE ISR ONERRE N 2 2 nbs
oK EICIER OEBIER 28T b e d'dh 5 L Bb
5,72 & 2 ¥ aniline, acetylacarbon lauryl alcohol
7 X O E SIS ALz & & | phenol M4 & [
Lk 9z ether » acetone ¥ 15 ZH 2 ThH bk
BB e, SHLICECERT S L) IC% 5 WHEMESS
Hb,

HRBEEDCFERE D » 6 E RS 5 & 50 flis
DB TRACKFEICIEY 2 b DI EFR EHHH,
BORERE DU 222 5§ Cs~Crod b DI ALK
DEEN#E (ff->Twiz, 7272 n-octane & iso-
pentane (FIXXIEKMDER T 272,

nar LRk FENGFRICER TS L, Y=
wosx itk ¢l trichloroethane(133) o ¢
DHBLACEBOEECHEEE L%\
A% carbon tetrachloride(154) |27 % & B2 (17 o8
#7512 Lo, bromoform(353) (35d ¢ {E¥ 4 E
FHELR, LT anfiicL T, 91
wmNDEwoa s ALK FEIT S ERICERR %R
T EWHLDTH S, 7272 bromoform As& < (2
W nEREET L LICOWTL, BEN—
I ns I eicl->THEBT 2526115

BALKFEBOELZEFICANRQEE L L WTHH
Yo
TV TRTUEROERICEEREZ T,

IZTNVHHTIIHREI AT VDN IZEETH BH K
B AT NUHEBOERICERMAZ52 5 2 L4
Lk, ZORHEICHOWTIE, BEIRIHEIC LN
TGRSR T W & b IR HRES 11T
)< TREMED H B L b b,

b HICOWTIE, Pl %
BAMEDBCIC L2 b LT L CIEBDER 2 R
Sz EHHEBENS, Tid acetone IR E % &
LIS WER %2322 e BIRL T3 Efbh
%, acetylacetone p*HERICEEMAE25 2 501 &
Wb (140°C ) D12 HEFEDFEFE L e W2 EDIEIH IS,
/XL — P EERTIEEEZ LI ELFRICA
NHAVUENFHDLTHH ),

s\ Y acetone Y

Toa— VRIS Tid, EEH, B E o
b b, REHEIEHDERN EDMIZ, L
D BN R ALz, T bbb, Gl T v
2= VIR TR R RNV RFS L, Ci~Cend

DY 5L L, FRLLEICHE B & RFEHORK
ICE b THEERELS -, Fig. 8 " zonZ &
#RLTwb

ZDEIICIRFERS ECICENERT LI — L
T DERIV IRz Wold | B THER L
I WZ EDIIIs, RIEEHEAIKRE N 72D
Ml LTHEZLNS,

n-butyl alcohol, dioxane 7 & iKMo I
KEMZ CIEBOAEARICNT ZHEZ A5
¥ _n-butyl alcohol, #-amy! alcohol, dioxane 7 ;4
2% LR H B EMRMIZREFLLEL S
A% n-propyl alcohol & #so-propyl alcohol M43
KGH 6% 5 FE THEMDERNRLZN

COTHOBEICBW
s - 72 %%, methyl al--

7>, methyl alcohol DA%
THIERDERITE LY
cohol # 7 .-butyl alcohol, iso-propyl
ARG CATE Y 5 & . methyl alcohol o) R A
40%I27% 5 F TIRIEBDEEN A LIL, & <I220%
LToBREICEWTE, o2 EERERED
oz, 2N Ei: methyl alcohol 12 & 2 E(EH
A%, methyl alcohol A9 KIZIE VA& Tld % (. F1LH
BOPICEEA»RTER»® 52 2R Tw
5,

7 BHEF DY lcohol AL EETH 5 1T
& L T, methyl alcohol A5 EHF2ET L &
13O ELEMIC N T 2T L a— LB E T
LA TERZ NS,

RO N F 2 HEEEEIC AN EBRICB W T
B, WFNOAEBRBED . T ERNICRSI 2%
x5 2% -7z, 72& 213 phenol X ethyl al-
LERFSLAKWTOEREREZT, b
methyl alcohol Hic AfL72 & BB EE DL
5565 &5 4172, ethyl alcohol # vy AW\ 50 B I KT
HELLEHAEDL, WTOERIZECICERZ ST L

alcohol 70 & o

412 ethyl a

cohol|
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Fig. 8 Effect of C,~C,, alcohols on the growth of the pollen grains of Camellia japonica and Ervthrina

indica which had been soaked in the respective alcohols for 1 week at 5°C. Graphs show that pollen

grains soaked in C,~C; gave the best retention of the viability, compared well with that of the

unsoaked ones.

Left -« -+ Camellia japonica, Right ---- Erythrina indica

control ---- length of pollen tubes of unsoaked pollens.

Motz TOZ LIIRFEE O ReE e i &
KL, —HICHELNTWE TILI— RS, K
BEHOMFIZHN L T ZFDOMI A W & 2R L
TWwa,

FSEHORTFIc 2w TE, KIRICHEA-> T2 L
DERKIRDPLEDHIEDIHIC, KEFAKLTIL
2—)LiEFE (ethyl alcohol) iz 5 43R AL TH 5
BETDIHENGE LN TR ZDGE KE
& #2 ethyl alcohol % 2 & (KHARIZATHE S L7
WZEHFMLN TR ' CnRER KETE
TOHBER, MBICEtE S I R EK
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Summary

Viability of 2 pollen grains 'and Bacillus spores which had been soaked in 50 organic solvents or mixed
solvents containing water or methanol was tested. Pollen grains of Camellia japonica soaked in acetic
acid, ethyl alcohol and methy! alcohol did not germinate at all. However, other pollen grains soaked in the
remaining 47 organic solvents retained their viability. Pollen grains soaked in some solvents such as
iso-amyl alcohol, | is0-amyl ether, iethyl ether, tetraline and phenol surpassed the unsoaked control with
respect to the length of pollen tubes. In Erythrina indica pollens, the viability was retained in all of
organic solvents except one (Table 2, Fig. 1, 2). Camellia japonica pollen grains soaked in hydrophilic
solvents containing 2 ~ 4 % or more water lost the ability to elongate pollen tubes (Fig. 3).

Bacillus subtilis spores retained the viability in various organic solvents, even in methyl alcohol or 70%
ethyl alcohol by soaking for I week at 5°C.(Fig. 6, 7).Relation between the physico-chemical properties of
organic solvents and the retention of the viability of pollen grains was discussed. With regard to the
aqueous solubility,\hydrophobic solvents showed, in general, better retention than hydrophilic solvents. No
general relationship between molecular weight and retention was observed throughout 50 solvents, but it
did exist in homologues of alcohols (Fig. 8), and halogenohydrocarbons. Alcohols of 4~6 carbon atoms

and halogenohydrocarbons of lower molecular weights gave the best retention.



