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Fundamental Studies on Environments in Plant Tissue Culture Vessels
(2) Effects of Stoppers and Vessels on Gas Exchange Rates between
Inside and Outside of Vessels Closed with Stoppers
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1. &

T, MRS RICE T 2HESRAICTON S X
HITIE - T & fchs, BRIERH TENESD S OEDHER:
KR BNEREDFHAPETEICONTRNT N 2HEIR
DINEDITH B, £ T, EHE LI, EOERITES
WEEOEHI L HImic B3 32— OER N 4 RER
HIENEAD OITH ¢ &It Ui,

R TIE, RS OREMBR D 5, ZORREHOD
KEF VY v VERBITE R 1-DDEL LURDIERSE
fTo1

RFEETE, (DELUTHREENOL AREICEL
TN 3,

T T, A% (A vessel closed with a stopper)

i3, &A% (Vessel) iC# (Stopper) 2 L7z b0 A2 X
EDS

—iRIC, HEERL VI AERROBRECHDLTAN
SNTNA Y, T TR, BEEREVS BERA
WY, RETEAREREVIABEAVAC LICT
5o

PIRARNON ZARE, 3bh, #AMKREES
2BE B L CZORMY - ZRNSHE 37 2ORE
RS, BBEMOERICERLSZELRIT LR
BECTFRENG, EE, BBEEYOEFIC, HRER
WO TF LA REE (Rijven, 1974 ; Tisserat &
Murashige, 1977) ®KER A ZEE (Rijven, 1974),

BME604FE5 831 B 2EALKTRE
FM614E3 /5208 =2E

E

F 72 3B E (Grout & Aston, 1977 ; Wardle et
al., 1983 ; Ziv et al., 1983) BEEEARITT T &%
WA HE DD B,

Pt RBNON ABREL, HEEY T /235O 7=
DR - BIGEE, BEEYMOEBR T — Y BLUH”R
BENDOZDOH ROBENR G TR, ZOHAREROH
SUEHIC b RE S FEEIN 2, FRERANOHN XBEED
EITICiZ, cNSDOEEDOBROMBBNETHD, £
DBAD 7o HITiT, T TRBLUORBOELEIRZ DR
BERANOBSEBICKIZ T EE LRI OEBNICHE
NENBEMRHAD, CCTHHIEEERZ, £OMEBL
UOIROTF A&7 bDE I LT 5,

BB IVEBOBHLSZ OMBRBEENDH RBREICK
T EEICET ARELELTIR, ROBENERZNITZ
DEFRABROBKEHENS THAD Lik~7Hakkaart
& Versluijs (1983) D4, K3 X B RO DIBD A4

23BTRY oL YRERNS LEREYOD Y 2 —
MEBIURIICHA LT, REBA A ZHRETHENICEZ
72D EEBRORENEB SN S T & AR~ Campbell &
Tomes (1984) D e, BLIUHRERHNEEN K &
{185 & IFHEHE Hs (R X B T &% R ~N7z Monette
(1983) DHESE b B, F1o, 7 VEHEBRPOBKRE
BNORBA ABEZRIE L o (ZEE, 1978)#E, 7
DOEZBICAV LN 2ROBKMAHEE L (FH, 1979)
H®EDBH B, LvL, PARBENO N RBRBOBILHE
HERRMRR T 5 ¢ EARDHETIRA ST KD
TH 5o

Z T, ARETIR, 2T, RBIURRLHIRES
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N A RBRBICKITTHELR D LTORERT -4 &
55, BERBOBEAEHEL 2HRARD, BKHEHK
(Number of air changes per hour), & XUHRY
% 7 233 f% ¥ (Coefficient of gas exchange) DEE
BAER U IROT, REEHEICESNT, REBH XIC
B89 5 LROMEAEBRIICKD /e REEA XL, HEH
DI RBIHICENT, EHEEHOERICEICEER
HEERTT,

KA 2% b L—%—#2ELTRDIHGER B &

2. REMBELUFE
2.1 SRERHE
HHU BB IUBREELERTILE % Table 1 ITRT,
F 7z, AL RO A Fig. 11T, #E L BRDHE
g% Table 21T, ZN R,
TWI=ZTLT x4 VF v v 7T, RiESE GOR

Table 1. Symbols of stoppers and vessels used.

U H 2SRk, Z 0 ENRBR A 2B KUE% (Number Type Symbol
of gas changes per hour estimated by using car-— Stopper Aluml.nlum foil cap Ca
. NN Plastic formed cap Cp
bon dioxide gas as tracer gas) BXUIREH 3 Silicon foam rubber plug Pq
#1238 (Coefficient of carbon dioxide gas ex- Vessel | Glass flat bottom test tube | Tg 35
change) &3 LiCd %, Glass round bottom test tube| Tg 45
Glass flat bottom test tube | Tg 55
F. 68
Glass Erlenmeyer flask { Fq 132
Fo 249
Ca Ce Ps
Vol ED
l a
.
Y a
< 45 =2.8 35 a=2.4
iz {2238 i [ RZ3:0
E-G 55 c=2.3
6132 d =5.5
a=2.2
35 Fe68 b=1.8
%45 a =8.0 c=1.7
T655 d =4.8
Ec,GB b =4.5
6132 a = 3.2
Fo209 [ a =10.0 Fo249 ¢ b=2.3
¢ {b%&S d=58
unit s [em]

Fig. 1. Schematic diagram of the stoppers used.

Table 2. Dimensions of the vessels used.

Vessel Inside Volume Lip inside diameter Lip inside circumference Lip inside area
(cm®) (cm) (cm) (cm?)
Te 35 34.90 2.090 6.57 343
Tg 45 45,02 2.185 6.86 3.75
Tg 55 54.50 2.120 6.66 353
Fg 68 67.79 1.890 5.94 2.81
Fg 132 13231 2.085 6.55 341
Fg 249 24850 2.760 867 5.98
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TI=UAE(ELX  154m) 2 —4 80 cm DIEFFE
> T 2ERICLACDDERAN, 7 RF v I+
Py 7T, MARR S EOBEM ++v 7 (RE: 25
cm) &, Ry ) arvIars s, EbE ED
My Y aeT22 (E%Z: 22cm), T24 (E#: 24cm)
BLUT32 (EE: 32cm) %, ThTh A1, 1z,
HEEICIT, FTENT 6 BEERRE (W% 24 cm,
EX: 95cm), =EILEH BOEERRE G
:25cm, E¥ 120 cm) B L UREMESEERRE G
#Z:25cm, EX: 150cm)EAWN, ZA77 X3
i3, EEBESRTE@OBE=A7 523 (FE: 50
ml, 100ml 38X 200ml) % AL 7z,

AERICHA L 1R B I UORBRELT, EEREE
KBNWTELAVWLGNTNEHDTH 5,

BRRBANORRBRY RBERAEICI, #Rs/a< T
7 7 (BESUER BB GC-9A)ICF — 2 k& (F
#HE C-R3A) L2 bDERINI, #R7a < b
FI370HTLICIERT Y LRBA T A (RNE: 3mm,
B 2m)IcHEARF 97 Q (X v ¥ a2t 80/100)%
FELLODE, F4 V) THRCEANY) TLHR%E, £
U TR SRIC I3 BY=E B 1 25 (Thermal conductivity
detector) %, #hZFNH e # 5 LEEEIZS0C,
F 4 ) THROEEIZ 50ml /min, BRIEBIKET BT Y
y VERBIURER, TN 100mABLT110C
TH -1

BB RBANDOH ZOBEREB LU 70w b 77~
DA ZRDEAIIZ, H#RE2A M) VY (RERE
Fr (BB MS-GANO050) e, F7z, #ZXD 1M
DOEFEZ, 025 cm® TH - 7%

B, RERICBNTIR, BFRASRNIIETHD, &
HPOREBEEMFIAN SN TN Ih 5T,

2.2 REFE

Bl ARO KRBT 2MEKEIIL, FIRERANDKERA
B ORI ARIE L TRk 72, 2 EBFBOBASE
HORY ZZARKERADRB T XBEEOKRREED,
ZNZHOMABAEICHONT 1 ETORIE L .

B ARNOREN RBEEL, HREENESE

BEEDRBRYT RATER LK, [R%E 25CICR- 127

O—2F 4 VN—RICLTTHE L, RIERE»S 0, 2,
6 & LU 12 Ktk O BB SRAKRER & 2 BEZHIBD
H27u= b5 7 TREL B, ARERANZESE
BEEORBRN ZATER LIcDI3, BHRASRADRRS
ZBEOEED, HRARNORBT ABEEL~KRIZ
THELTEDBRET/NEILTHHTH %,

FRERORBYT A MKEROEEICE, 77 RXF v
Iy TESDEARABRICEBNTIE, TOHBRESEN

KBRS ZABEDBDEESKE N, BIERREEROE
LU 2RMRICBT 2R RBELZRNTEEL, £
DfDRAEBFT 5 bDICENTIZ, RIEEBREK I BLY
6 RRIC B BIRB A ABEAAVTEE L1,

F1, RN IHBEHIZ, CORBA 2BSERE
RNT, #8738 ERICLDER LT,

EEEORE S ORAROERICEL TIE, BER
BOFLOFEARESTE BRI FELLNLEIHIEFEE L
TNVI=ZULT x4 vF v 7id, Fig. 1ITRLTIcED
BIRICIE B XKz L, Tk, RAY)avyITLS
7703, TOLEMyBFBEOTLHS 2 cm 750 BERAICE
BEHiITE LT,

T, =R F » YN-NTE, KEHAITER,
#904~0.6 m/sec TEKDFHE LTI/ DT, TOEDLS
BEE, PRERICESHVEAH I, BREROE AN
5 cm OFTIC, 8% 80 cm, HX# 40 cm OB ERZE
B,

0B, ARETHVIEE &I, BEKE@ERERICE
FNEIREHN ZOEBEEZOBEMNESEBETHRLCBD
289, i, REhB L UEYREEDOPRAERNIC
BUARBAZRBEZESITENDT, Z0OBEAL, 1
/10° DA — &' — | 15t (vpm) (Volumetric parts
per million) DHAIT/RT C &I L7,

3. HAXBEBOETE

3.1 FARBFBRICETIHRERO—HKR
BEINIPERBROAMCBINT, [EBLUKE
BENTN—ETHrOELL, BICH A HHTHRE L
NTOBIREETIE, TOBRBENICBT 5525 2D
BERRBZ(ICBE LT, ®RADKD LD,
VdK=Mdt+E-V+ (K,,—K) dt (@D)

ZCT, KBt ITBD 5REEBAN ZEE (cm® /
cm®), K,y - ARESBNATREBE (cm®/cm®), ¢ 1B
Zl(hr), M : BREBNTOH ARAHEE (cm® /hr),
E: BABoBRgEH (1/hr), V : FAREBRARE
(em®), TH B, BKEMEZ, B, BEOAE
BY DD, BEYRAETOD b — 2 VD RERBEE X
L, ZDEEMADE N X DEEDRIEEPEEEIC
BEEERTIETH 5,
Co(DRDTA#AVdt THRIT &,

QK _M o o
W—V_FE (Ko —K)

X 5T, WA 2Bt KL TEST 5 &, RICRT
H 2ERBO—RR ki, 1964) 58515,

K=Ky + 7= {1=exp (—E+T))
+ (Ky—Kpu) *exp (—E+T) (2
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TZT, Ky t BRI 01Tk 2R ARAN ZBE (cm®
Jem® ), T B0 S ¢ T (hr), TH
5o

AEBRTIT, FREBNICE TS HREEIZTHDT,
@RICBNTM=0 735, oA, (ORBKRRK
D& IBILE N %o

K=Ky, + (Ko—Kp,) exp (—E*T) @"
T, TOBE, ERCHRLIY,
1, KK
E=—7+1In K=K, 3
&85,

3.2 HAZBEBDOEE

BASICGESED T VIRE & DFIRAEORARICE
o B BN, BRSNS R BEES XU
BBROBAOAARYDD, HEHAD =2 VORBE
AR A 2 R RH (Coefficient of line gas exchange)
(em®/cm/hr/(em¥/em®)) EMECS, F 12, REHIGER
HOH %S OHREZONIEICEY 5, BAIKR,
HRABHNAOBM A RBEZS L UORSOHEMNONE
BUOD, HEHAD L — 2 VORHEES, TN R
¥ (Coefficient of area gas exchange) (cm¥/cm?
/hr/Cem¥/em®)) EFESsC LICd B, HIEATE ¢, T,
BEEDS ¢, TEL, TOMEEAEN R R &
BT EiTT B, Fi, HBRBEBNIAMICET 5, Bk
IS DDHEHZD = EVOREBE, ZOH RITD
WTOH AR E (cm’/ br) EHY, 85 Q,TERTC
EicT 5,

N AZHEE Qg , MITATHMER g, BLUHAT 2R
B g, 12, UFICORT LD I L TER L1

bR 7 2 ERO B OBRICRRTE U 7R T I
HIHRBBRAICBNT, HRBENBNES, ZDH
BRAEBADH S HZDEEK ORRE(IZ(2DRTEZ
S b, CDEE, KOELEE dK/dt i,

%—=—(KO—KW) *Ecexp (—E-T) 4
ThHsho, @HDREMWRLD,
dK _ . o K Kou
ar (Ky—Kou) * E Ko—K,y
=E+ (K;y—K)
E18 %,

H R SHGEE Qg 13, T ORIt ICk1) B K DEAbHE
B dK/dt ICRARASNAERY 2R LB N5,
_y.dK
VeV g7
S Qe=V E* (Kp—K) (5
L1585,
Q DHEMETHNITK ZEML TV ERIEICH D,

BTHNEBKRBL LT AIREEICH B T LT 5,
TR AR g B LU N ZHARE ¢, 17, H X
YA Qp 2O TRAD LS IKEZ 5N 5o
g
9™ CeKp—K)
Y%
Ya™ g Kpy—K)
T, C:ABOOAAE(cm),
Blem?)Th %,
#-T, BOXBITMRIcEzn£z0(5) KERA
TBE, BN ARG g, BLOEN MR8 g, O
BEANE LN B,

(6)

)

A BBOONE

qc= V(}E (8)
da= VAE (9)

(8), (DRICBNVT, V,CBIUVAREHKTH B,
5, Emtid g, & g, BRFT BT LTI B,

AERTRONT, BH X ZHAHE L UE T 2
BEOMEIL, PLr—Y—HRELTERBAIERNTE
ENcHDTHEDT, ThEh, BRERA R THRH
(Coefficient of line carbon dioxide gas exchange)
B L UHRE A 2 B FRE (Coefficient of area car—
bon dioxide gas exchange) &FFCF, 5 ¢, BLU
Gae TERI T EILT B,

KR A RBEEZ (vpm) OBEATRTC EICLEDT,
TRIRER N R AZHURH g 0 BIOTRB A X ZZHURE ¢4 D
Bfriz, 2t (wem®/cm/hr /vpm) B L T (4 cm?/
cm?/hr/vpm) &7 5,

kB, AUABEOOHRERTD, RO, K
Fp v TRDT T IRAPICL Y ARBEATEIZENL S
B8, EHE, REBH RBKEE G KRB 2B
DEFEICBOTIIARBENBTRIIZOHRERDOSD
BREOBEBABRICELE L,

4. REHR

BEBBOMEAENER ZHEREBORB T 2 BKE
¥x Table 31CRT . KN RBEKEHIIR—DERE
SOBIBREBITBNTIE, Cp, Ps, Ca DIHICAL 12
h, ¥, A—0k%E b OBRERICBNTIE, Z0MH
REBABTENKREL LI ONTAEL B 51,

BB X URBOHELHRESRNED RET 2D
BEEICEORERET IO ERTHALELT, BER
BOMAE DRI DHARBENORBRY RBEORDD
BF% Fig.2 BX U Fig. 3 1TRY, Fig.21cid, Tg 55
ic, #NZNC,, Cp BLU Ps TH % LI BADKE
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Table 3. Number of gas changes per hour for six
types of vessels closed with three kinds
of stoppers. These values were obtained
by using carbon dioxide gas as tracer gas.
Meanings of the symbols C,, Cp and
Ps are given in Table 1.

unit : (1/hr)
St
Vessel opper
Ca Cp Pg

Tg 35 0.201 - 0.689
Tg 45 0177 1.495 0.593
Tg 55 0117 1.371 0.452
F, 68 0.145 - 0.268
Fg 132 0.075 — 0.143
Fg 249 0.042 - 0.130
E 1001'
o Vessel: Ts55
~ 80
= Ca

D
[an]

K
=y
o

20

t [hr)

Fig. 2. Changes with passage of time (¢) in carbon
dioxide gas concentration (K) in the vessels
Tg55 closed with one of the stoppers
CA’ Cp and Ps.

Stopper: Ca

Fe132

0 2 4 6 8 10 12
t [hrl
Fig. 3. Changes with passage of time (t) in carbon
dioxide gas concentration (K) in the vessels

T 35, Fg 68 and Fg 132 closed with the
stopper Cyu .

H ZBEDOREEE(E, Fig.3icid, Tg 35, F;68%
FUFG 1321, 220 Cy THRE LTBA D REEY
ZBEORBEERT, NPORABAEMEERL,
HifRE Q)R TEESI R 2 BKEBE %, (27)
RICRAL TERD12HDTH 3,

Fig.2 88X UFig.3 X0, BB LXURBNERBE L,
ZOHRBRB/ANDOKEA R BEORBLOBRTRIAEE
3BT EHD B,

WIT, BBLURBNENETNEL ZHRBBORE
H R IR Table 4 1CRT, #2HBWKESHD TN
TVIZTLT 4 A NVF 3y v TBIOTIXFv I+
v 7% b OB RICEIKB T ARG E, RES
WKBSEDH 2@y ) 2 v T L7 5 7% S DFRESR
IR ERB A A BB E, T TR LT,

Table 4. Coefficients of carbon dioxide gas ex-
change for six types of vessels closed
with three kinds of stoppers.

Meanings of the symbols C,, Cp and
Ps are given in Table 1. The symbols
qee and q,. denote coefficient of line
carbon dioxide gas exchange and co-
efficient of area carbon dioxide gas
exchange, respectively.

Stopper
Vessel Ca Cp Ps
esse gec lucm®/cm/hr g4 (2 cm® /ecm?/hr
/vpm) /vpm)
Tg 35 01 - 701
Tg 45 1.16 9.87 711
Tg 55 0.96 11.25 6.98
Fg 68 166  — 648
Fg 132 1.51 - 5.54
Fg 249 1.20 - 542

RERA R AHREIE, BIRASRSRAFICBREDS
W (Cyp ECpI) A BDBAIIT, ZORDOEHBXIY
BHROOWARICIOET D, Tk, HRESEVSRES
GBS DH 21 (Ps) 2 b 2BAICIE, TOROEL
BLUOBRBOONERICEORE D, BREBABTRIC
XN EDDD 5 T,

5. & =

5.1 #HKEH

ABETIE, RBEAXE P L—H—HFRELTHNT
KGR A, RBH 2BKER ETFATH B, 13
UHic, FOEEICDONTRN S,

ek, BEIERIT, HBAARAE PL—H—HFRELT,
¥4 h o B E OB RIRIR A B0 TRIENSEEY
WAD b=y —FZBEARIEL, £O FL—H—74
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B % 2 B

ZBEAEEE b L ——F REEAEOHRIRRE,
Seidel DRICRAT B ik R SN TS FIZ
i, B, 1976), 2% b, TOFETIR, EOH 2%
FLr—H—H2ELTHNTS, Boh3BKEHOME
BELIBBLEEZTNEDTH 5,

Ll, £O&LH B EMBRILT 2D1T, BEHNN
M /7 2 BBERHH X5 FOERTH 2EKOROF
BEGS NGO REIEE L, BDOHRSF
DB IANVF-LDHREDICKRERA—F—DIT R
WE—ILXD, ZOHZAAFOERTH 52270 %
DOH R BBRZEMAEB L TRBEINT, Z0EEMOBK
EVSREIND LS BHATH 5,

E T AL, BPHBERICB O T—RICAN SN T
BERAR/ICITZD XD WA RBBZMITEL,
T, BEZOREELEZ 3L, BEEHKIPAITS
EAELIRDBEIN, HWRADTFOLET A VvF—-LD
HIIEDICRERA—FL—AbDT A VF—ICLD, #
ZIBOMEEI N TN B LB,

COXINREZIDS, MRERD LD IEEHICOD
T, 352 % ML —H—#H2ELTHELN LS
¥, ho# 2% L —¥—HRELTELNLHBEME
HERBELLRNTHAI EEZ

EE, FHEBRICBNT, REBHFX, *E2VHR, T
BUYHABLUOKESE, ThEh brv—Y—H2&EL
TR—ORAEROBRIEELAELEC A, Ak
LU =Y —H 2L DBTEHMDOEBRER > THE LW
IR/ ON I,

PEoxstsc s, QIBICAVI PL—3—F2R
DEFABRKEEORNICE 2, A b —4—H 2
L0, BREBEXNT 2 EICLIcDTH %0

T, AERTHE, FREBANOESEGRED bV
—H—HARTEBLTRAELTEY, COBE4, RIEH
BEETSPNICET 5 by - —F RBEE» SR
WicB&E s, AEREBRERFTLRE L Th ok
Dl-BKEE SIS, BRICRELSATHAS, Lrl,
ERRICIY, AEBRRD Fig. 2 8L UFig.3 0bhrb
£IHiT, BEELBSEEE QD) R ICRAL TR
FARARNRRY 2 BERDMHET, AIEMICE LR
LTW2, &oT, ZOLIRTEMRERENL ST, K
ERFHEB L CEEECRNETE LI BKEROBED
EHFBRBEICE BT BTN EEZ B,

BT, 2B XURBRLHRERO KBRS 2B KEE
BIUORBH A BERICRIZTEEBICONVTEERT
5, ‘

BIROD 77 2 B O—RNEH OBICHTE L &B T i
BT, ZOMREROBIERIL, BOEH, Bk

BRASRE, FROOABRZ LIIONERE, sXU%
L RBOMOEARBICE DT 5, BEMITIE, BD
B, SROORNAELBONEN, BLUREEE
OO HEAKEEDS, ZDEIRARICEY 2RI BERE
T3, €L T, ZOBRKELFRAEBNEETKRTLS
KEEBEONDLC LIS D, LT, HRAERED—HE
REHOBRICHEE LRESBILL, 20 EN0HRE
BICBY AEROONFARECBONERE, BXUKRE
REROMOFEMKELE LT, BEEKIR OB
LEARABREREICE - TRE B EICE B, TDEE,
AEEO”R%E b OHREBROBRSEH IHAREBARK
KR EBIT 5 C LItz b,

Table 3 £V, # &% b OEFREBORBEH
2PEKEHKIT, FRAERO S OBRROFREICE X 2R
Bl BERAERL TN T Ebbh b, Thid, REER
THRAL 2B BFROONEEZ /ZONEREDS, Fg 249
EHROTHEWVCENLTED, T, ERICEL TR
NZNOFREERD, #ERBOMOEMIRESTE S
FOELLRBL I, 2DHEARDIES L UHRIC
EEEIh - EiCE B EEZ B,

Cak bOHMREBICENT, Fgb68%boMRAR
DEY T 55 2 b DHARBBOEL DARELH->TNS
D&, TUOHDRMA ZABIEE LB BORE L DOBEK
BREEFD» SZ2LTNTNEDIR, FEBOOHERYS
BLRILBIDHIC, C, LBAEBOTOEMREICTS
DEMELIDTH B,

72, P A DOHRBEBICEWNT, ZDREN A
S EBBORREE OBBRBREAI» ST TS0
12, BBRAICEAINT Py DBERED, HRABABREIC
D BEEH, TOMREBANBTEO/NENDIZEKR
100, TG KRBT B EBEEICEOTH
REBNEESBAIMI NI IHTDH %,

5.2 HAZBEREK

RN AR g, BLUEN MR g, 12, (8)
KRBT DR obhd X, FREBABREVIC
BK[EMEEZFELLDD, THOLBBIKESE, BRoO
NEECZZIIONEREATRI CELICXEDESNS,
BEEIT, ROEE, ZROORAET REBOON
Wi, BLU®REEROPOEMREBICIDRESINS
DT, ENSHA—THNT, ¥ ABFEHIIFRER
NEBICL ST —EDER LB EITIE 5,

Table 4 iICHB T, 2 Z2h0k% OBRERICE
o BIRBH ZZBBHOES—E L ST0DIE, KB
H ZRBKOE - BROERE EBSIEBICIEAI LIS &
OERE, AHEOERICE2HDTH %, T DRREE
DEEhIUE, BasEenen, C,, Co BLU PsDH
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BEBRDKBH A ZBEROMEIS, BARBRABTRICEK
59", L% 11 (g cm®/cm/hr/vpm]), 100 (¢ cm®
/em/hr/vpm)BX 53 (2 cm®/cm?/hr/vpm] &
BT 2 THAD LHEEI N5,

Table 3, Fig.2, Fig.3 8X U Table4 X0, #2EX
BB LHARBEBANE DO H 2 RHEEIC K 1T TEE
13, BRAEEE LUOEARETER L o h ARWBEREE b
STRMETEX 2 bbb, i, HAREEEIL,
FEROBKMZH US5E, HICERA RICHT 5
REEAETE 74 v2-EDZhERUIHEP, B
BBRADHIHROBERNELTOBRCERLNLS
EEZ B,

ik, ARBRAFEEZAONT, TOEBRROREHH
KBOTHEETDORLOA RICONTIR, 2048 X%
b L—Y = H X & LIBEOBMIURER /7 R AR
FREBRICRD BT ENTE B,

Fre, TTTRUIH AKBIRE B L OH 2B
DEEFER, BRESRRNIC, HEOEEEYEET
BHEBICBNTH, AREARNERY, BARABRNOH
WP EBEEYMOBRREARERABTE»L SE LB &
CADEIMRABNEIARICESRZ 2 Licky, &
BATx%,

6. FARBFHANARRICHT 2SRORE

KFEICBOTE, BRERANMCBY 2KERBLT
KERZNEN—ETH2HLL, BICH XML
BINTOEED) ZHEO T TR B LUEEAET-70,
BEOEPEBEESETICB TR, LRoRERIE
FIEURICER DL D EEZ SN BD T, RETORENT
BIUBESBERTESEEZ %o L L, HEEEES
SHETIBG 2BRESNON 2B LTI, &0
—RRHITSIRNT B K UE RPN BE LI BTH A Do

KRBT Z SV T, TSR T O MR A RNICELR
L, EEEYOLEECEETHELRITTHRELTHE,
BESZX, TFLVHR, KESEMBD S, CHODH
&P LY —HRELUIGED, BLOHREREOH
KU B X OH AR D & 703K B EDD B,

BT, KESE N L—H—HF2ELTESNZHBEE
¥, TbbKRSHBKEEIT, ARERNLSDKE
KD EE PR A RNESEE, BT, Fid o
DIKDOEFEE & BB ERICH 5, /o, BEHnd
DIKDFEFREE T, FEHOKRT ¥ » v ORIFE LR
ECEEEELRIIT, 20, KERKHEIEEII, 7l
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Summary

The growth and development of a plantlet in vifro may be affected by the gas environment in
a vessel. The gas micro-environment in the vessel may be in turn influenced not only by the generation
and absorption of gas by the plantlet and the culture medium, but also by the gas exchange between
the room air and the air in the vessel. The gas exchange rate between the room air and the inside air
may be varied with the combination of a vessel and its stopper.

This paper describes a method for estimating the number of air changes per hour and the
coefficient of gas exchange for various vessels closed with various stoppers. The measured values are
also given for various vessels closed with various stoppers.

In the measurement, carbon dioxide gas was used as tracer gas. The gas concentration inside
and outside the vessel was measured by using a gas chromatograph at a certain time interval.
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Three kinds of stoppers were tested. Namely, aluminium foil cap C,, plastic formed cap Cp,
and silicon foam rubber plug Ps. Six kinds of vessels were tested. Three of them were glass test
tubes and the rest were glass Erlenmeyer flasks (see Tables 1, 2 and Fig, 1).

The number of gas changes per hour estimated by using carbon dioxide gas as tracer gas, E,,
was estimated by the following equation:

K- K,
E,=— S dn— 2
T " K,-K,
where T is the time interval from time 0 to time #, K the gas concentration at time ¢, K, the gas
concentration at time 0, K,,, the gas concentration outside the vessel.

The coefficient of line carbon dioxide gas exchange, q,., and the coefficient of area carbon
dioxide gas exchange, q,, were, respectively, estimated by the following equations:

V.E, V.E,
dee = C ’ dac = A

where V is the inside air volume of the vessel, C the inside circumference of the vessel, and 4 the
inside area at the lip.

qec is used for the vessel closed with the stopper with no gas permeability, such as aluminium
foil cap and plastic formed cap. g, is used for the vessel closed with the stopper with a certain
degree of gas permeability, such as silicon foam rubber plug.

The number of gas changes per hour estimated by using carbon dioxide gas as tracer gas, E,,
for various vessels closed with various stoppers is shown in Table 3. The variations of E, for different
vessel-stopper combinations were considerable. As for the vessels closed with the same material of
stopper, E, was inversely proportional to the inside air volume of the vessel. As for the same vessel
closed with different caps, E, was the largest for Cp, and the smallest for Cy4 .

The coefficients of carbon dioxide gas exchange for various vessels closed with various stoppers,
qec and g, are given in Table 4. q.. and g, showed a rather constant value for different vessels
closed with the same stopper, regardless of the large variations of the inside air volume of the vessels.
gec of Cp was about 10 times larger than that of C4 for the same vessel.

It is shown that the number of gas changes per hour and the gas exchange rate between the
room air and the inside air are considerably affected by the vessel-stopper combination. Therefore,
the concentration of a gas, and hence the growth and development of a plantlet in vitro may be
affected by the vessel-stopper combination.

The method proposed in this paper may be applied to any gas such as ethylene gas, water
vapor, oxygen gas etc., in principle, if the corresponding gas is used as tracer gas.
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