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Storing of Spermatozoon’
By

Zenziro KuBoTa

It may be one of the most important problems of carrying out the artificial
fertilization successfully to keep the spermatozoon alive longly in normal condition.
And there are quite many reports, in some of which this problem for fish are studied
and in others of which this problems for the domestic animals are discussed.

The author examined the relation between the activity of the stored spermatozoon
and the storing conditions, especially the kinds of the storing solution, concentration
of the spermatozoon and the temperature during the storing, and found that it is more
probable to get better results by employing rather the solution prescribed for the
domestic animals such as GPC-5 than Ringer’s one which has been used for the
storing the seminal fluid of fish. And the results are shown in detail in the below.

1) The influence of the environmental conditions during the storing of the
seminal fluid on the activity of the spermatozoon, i.e., on the type of swimming, the
duration of swimming and the swimming velocity are examined.

2) The spermatozoon can hold longer time its activity when it is stored in the
GPC-5 solution than when it is in the Ringer’s one as commonly used:

That is to say------

i) The spermatozoon swimming forward is observed to continue its movement
for such a long time as 10 to 12 days when it is stored in the GPC-5 solution
at 10.8—13.0°C (11.4°C in average) in contrast with 5 days in the Ringer’s
solution and within a day in sulphite solution respectively.

ii) When the spermatozoon is stored in the GPC-5 solution, it requires longer
time to loose the activity into swimming circulatorily or oscillatorily, which
are thought to be the stages of the spermatozoon loosing its activity, than
when it is stoved in the Ringer’s solution.
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iii) The highest rate of surviving of the spermatozoa can be observed when they
are stored in the GPC-5 solution, then this rate decreases in such an order
as Ringer’s solution and sulphite solution when they are stored in such
solutiomns.

iv) The spermatozoon stored in the GPC-5 solution can swim more quickly than
those stored in the Ringer’s solution.

v) The spermatozoon stored in the GPC-5 solution within a certain period can
continue to swim longer time than that of fresh condition, against the fact
that no elongation of the duration of swimming can be caused by the storing
in the Ringer’s solution.

vi) The spermatozoa stored not so long time in the GPC-5 solution show higher
activity in some time than those in fresh condition, although the spermatozoa
stored in the Ringer’s one can not show any higher activity than those of
fresh condition at any period in storing.

3) The more densely the spermatozoon is stored, so far as the present investi-
gations go, the spermatozoon keeps its activity longer time; especially the best result
can be obtained when the spermatozoon is stored without any treatment, ¢.e., as in
state of testis.

4) The spermatozoon can keep its activity longer time, when it is stored in
the lower temperature than in the higher one.

5) When it is colder than 20°C, the spermatozoon stored in the GPC-5 solution
can survive longer time than kept in the Ringer’s one ; but vice versa in the warmer
temperature.

6) At the temperature 7.4—9.4°C, the spermatozoon stored in the GPC-5 so-
lution can hold its activity 11 days as against 4 days stored in the Ringer’s solution.

7) The higher hatching rate is obtained in the eggs fertilized by the sperma-
tozoa stored in the GPC-5 solution than that kept in the Ringer’s one.

8) The higher rate of the malformed individuals is occurred -in the eggs ferti-
lized by the spermatozoa stored in the Ringer’s solution than the eggs by the sperma-

tozoa in the GPC-5 one.
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GPS (vvof) »BVET HERE (v, U<, 73607 +FH) » MILANOV (1938), Hilg

— 248 —



Fooos v oo B B9 D i1 249

Wik (v~ Yo, vvy, 7238500y 3+ ¥A) 5 LAMBERT (1940), BEERIGINEE (Vo A »
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FLEDEERZ UL, ERAEBTOEBRRELU CTHEASN T S VERED S, GPC—5HDA
PRETOBENRFCIUTELULT N T VAT &E2H- 12,
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7o

BFOBENCRETRERDOEE

A. EBROME B LU AE
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sk L —H OB THEm L 2R B 00~ 130 mm (DM 17E R ERL T2, EEHER, I3 HR0TEMZUERL T
EE S, FE2U 0 xBH2 TR AEE O/ L) KEBL THEHB LI, —77, TROSERICK
LTENEN3MOy » — L 2AEL, £ 6 IR 80cc HTANTI, INHDIBGPC—- 5%
ANTB Y » —VICEBHE 2 BD D0, OO 2T EnsENn 1.5 B0 2NAL, BRERICHREL
ZUTEHE SN &I E 6 0.5 BOOBHZMD U, BEROITHEC X - TRETEIOBRE R8>
2o =73, BOH Oz ESOBEIEERICANSOTHEER - VELITREEL T,

MBI ORTIIIRDBY Th b,
GPC—51K 21 HyO 1000g+CsH;20¢ 57.0g+KH, PO, 2.8¢g
2P H,0 1000 g+NaPO; 30.3 g+ MgHPO, « 3H,O 0.1 g+NagS0, 1.7 g
+Cas (POy)e0.1g

AR Hy0 1000 g+ Nag SO, 3.6 g+ CeHy90g » H;0 39.0 g+ pepton

Y v iR HeO1000g+NaCl7.56 g-+KClo.2g+CaCly 0.35 g

CNGEROKER T 4°C 13, GPC— 5 Tid —0.60. WERHEE Cix —0.58, U VK Tl
—0.51Tdh 5,

15

TEMIERATURE (°C)
L) ] T

JUNE

Fig. 1. Temperature of the storing solution in ice box.
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HET, REBTIE, 205 boo s FIERTIHPMKERALIT, 3561C) X vERIZIIR (1944)
BT e 7D AT 21373 9 BRI A U 2R & v iz,

HERFROMEHOREY 10.8~13.0°C, Ei11.4°C (B 1K), FHEEOBICEIIL I2iE/KOEED
27.0~22.8°C Thsb, ZRFEHEO pH 3, EREIBIETIZIGP C— 51K 7.4, BRBRERS L0y v
RIS E 61T 5.8, T TRICIE GPC— SIS LY » #VERHBS WIS 5.8 Th 5,
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2 BEORKERICT BT OEHEIL, & S ICHENT, Z£0MEE 29°C OmBUKRT 1 /i
5.38 mm 33 LN 5.83 mm A, I O IGEBGMIX L 9580 L2 316 TH -1,

I B & B OMERETEER (HEEE 2 3 5 BT Ao B FEEEidd 2815, DIFonic
35 9) LOBREHE2EICRLI, 0L EERIGPC— 5T 2 HITI00%, 5H, 48 %, 10H,
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RATE OF STRAIGHT.

SWIMMING «~ SPERMATOZOON,

Qerimy

5
DAYS STORED

Fig. 2. Change of the rate of straightly—swimming spermatozoon to total

ones with days stored.
Note : (O, GPC-5 sclution ; @, Ringer's solution ; X, sulphite

solution,
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MR BN T D 2 BRPCHIEEBR TP EH SN2 ML, GPC— s 10~128/H, Vv
Wi 5 B, BEEBERP 0~ 1HT, GPC— 5z » 7 VB 2 5L RIiciE % T %,

B R SR OREE TS EEE OBRIZE SEICRUIEY T, FXIGPC—-5K T 2HET
0%, 6 AVEHET66 %, 10RTI%THADITHLT, VX VERTIX LB 6 %, 2 BB EET6C %,
4 HATI3 %Z U TI0HT6%&ER Y, BBFORIES, TiIZOAKHEELD L END

ILIETETSEERS, GPC—smfisa*fo%,8Emw%f§%o<9,%ﬂu S L
QEKM%&E%W,U/TW&HT@3E&TOM,6Hﬂﬁ%?%%,&ﬁm5%f,ﬁ%?@&ﬁ%
HIZMEES T OHE & ABCHTEDPEE LD 8BNS (B4R, HEBHCHT 23BORBTAEFERDOHE
RIZESBITRUIZEY Th b, 97305, BTFOAEEHMIHBER TIZ2HE, GPC— 5L
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3. Change of the rate of circulatory-swimming spermatozoon to
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total ones with days stored.

Note is the same as in Fig. 2.
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Fig. 4. Change of the rate of oscillating spermatozoon to total ones

with days stored.

Note is the same as in Fig. 2.
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T B & RS T O TEEIE R & O BIRIZES 6 IR U IZBY Th b, BEISMIMERER T 3 HOBIcR
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Fig. 5. Surviving rate of the spermatozoon to total ones
during the storing.
Note is the same as Fig. 2.
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Fig. 6. Change of duration of swimming of spermatozoon
with days stored.
Note : (O, GPC-5 solution ; @, Ringer’s solution ; %,
sulphite solution ;[ ], original seminal fiuid.
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Fig. 7. Swimming distance per min. of the spermatozoon
stored in two kinds of solution.

Marks are the same as those of Fig. 6.
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Fig. 8. Temperature of the storing solution in ice box.
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Fig. 9. pH of storing solution during the experiment,
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Fig. 10. Change of the rate of straightly—swimming spermatozoon
to total ones with days stored.
Note : O, Group A ; x, Group B ; A, Group C ; @,
Group D s [], Group E ; B, Control.
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Fig. 11. Change of the rate of circulatory—swimming spermatozoon to

total ones with days stored.
Marks are the same as those of Fig. 10.
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Fig.

DURATION OF

SWIMMING DISTANCE PER min. (mm)
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14. Change of duration of swimming of spermatozoon with
days -stored.
Marks are the same as those of Fig. 10.
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15. Swimming distance per min, of the spermatozoon

a3

stored in various groups.

Marks are the same as those of Fig. 10.
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A. BREOMBHIUVAER

ERuZ19574E 1 H30HD 5 2 A7ACh Tz 2 19HMER L 7o, HEAIE2ZETZ O 5 HoRid R, 7%
hoo2 Bidsimemt s UTCHALIT, EBTHEE, GPC— 5Ly » 7V, 2% 250 cc FRITZNEN
ISRDOBEP BT 2 LIEVHU TUEFEERE LY, IbIib % 40cc HT, BB AEDH I 2
AT Uz, DOV TIHROER 1 AH TR, H5PUDY—EAZ v MSINBRET 5 BEEDORE
AL TSV Ic BT ZB L o, £ ofkE BB, LROBTFEEREZE D &1L THTER & B H
ETHERTIE T2, XEBTSEIRD 1 mm3 st BT EESS v VRS 38750, GPC—
505 34575 T, BIEWHRE LD O T WLICBEETH D, —/7, FHERSBREZHRHEREFEIIC AN,
T, BHIUETOBIRERTTIZ -7,

FEAM OSSR FERER, AFET3.1°C (0.8~4.8°C), BET20.3°C (19.0~21.0°C)), CET25.6°C
(25.0~26.8°C), DEFT29.2°C (29.0~29.5°C), EET35.0°C (35.0~35.0°C) T&# 5% (#B1eX), pH
WEBBIEE TIZG P C— 574, U U VIRIED5.6T, TNLMRIZETEROSE & ABICRER KD
BNz - T, BTEOSHTIRAS (BT 20, BBEOBH TIRIBLALENLLV. GPC— 5D
BRI 5 pH OoZbiZ, EEEB LD s EEROIVEL L, 1 BRFELIZES, ABT 7.0, B+ C -
DOREET6.8, EBT6.6, FTZI3HTIRABO6 21U TBETI34.4THh 5 (F17KD.
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Fig. 16. Temperature of respective storing solution
of spermatozoon during the experiment.
Note : A, Group A; B, Group B; C, Group
C; D, Group D E, Group E.
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Fig. 17. pH of storing solution of spermatozoon during the experiment.
Note : O, Group GA s 8, Group RA; A, Group GBS 4, Group RB ;
[, Group GC; B8, Group RC; WV, Group GD; ¥, Group RD; v,
Group GE ; w, Group RE.

B.X BR & &

HAETEORE T OMEIRETUS, TR T 2 T099.5 %% 5D ANEEBET DTN 0.5 %ICRE
T, EUTRT 0 L BRI T 3 s o1, C OIS HIEOAREHTREFL CRET 505, C
DEBRRAEROTS DN, MOEEBOFTS NI &8s, BFP I 0mElL Tna
W LI LD OB D, LS OBTOEEIMIL 14.8°C OFFUKATR 6 57128~ 5 57208, <D
BEZ OB 3. i mm Th o7,

100 ¢

RATE OF STRAIGHT SWIMMING SPERMATOZOON (%)

DAYS STORED
Fig. 18. Change of the rate of straightly-swimming spermatoz oon to total ones with days stored.

Note : O, Group GA; A, Group GB.
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ﬂrr‘«Eﬁt%ﬁTODﬁuLﬁ?AﬁaAc OBERZESISITRUTBY TH B, 5HFX I B TCIEGAR (GP
— BDAFRERL, RABICRABIIY v VKO AR 39, DIFChITEG H) T71.4%, GB
f“'if:f‘?s 2% T, TigEE & ERBEIARED0.5 % b BT 50, N MHETRELD U CHIE TR 78T, &%
T2 HTZNFNMEFE L. DL 5 CHHEEFHOBTIZG P C — S HICISIT 2RO 2 B oA IR,
CO2WD S B TIHRREOTPERF LD S ABTOAERMIEEL, Z08EEENT L 2TRT,
EEETOB T, GPC— s Wickd 5ERO IFACOALHRIAL, BBETSEZEIEIICGTT I I
REARDBINCE - TR E 3RO, GABTIR7ET, GBEEGCHETIR L SIT2 ATHRL .

100 .

50

OF CIRCULATORY-—SWIMMING SPERMATOZOON (%)

RATY

DAYS STORED
Fig. 19. Change of the rate of circulatory-swimming

spermatozoon to total ones with days stored.
Note : O, Group GA; A, Group GB; [},
Group GC.

XL CETFEHORBTICHSOT, FOREBGERENALN AN, GABTSH, GBET3H, #0
flioFBTIINTN S 1 HT, GPC— 5 ROBRM CldEmRER L0 S {ERER O PEN 2 HI» 4 51,
TIY VEIR TR, BREHE L BOSEENSRA, RB, RC, RDEOEMTARX L, GEETIE
BECRKILID 3 EETHD (E20X),

%?@EﬁﬂﬂiGAﬁan,RAﬁfwa,GBﬁTBB,RBﬁ?aa,RcwiWRDﬁTm&
31C2H, GCRBITI1H, RE, GD, GEDZRBTR\WIhd t HURT, A—RERED 3 bTE, &R
B EEFELOS, ETZGPC—5E Y X VERHORB 25 &, 20°C PITORE TIRETE, <7
D FORE CRBICEEOT PEFEREDEN, BTORERE & ZOEFARE OBRTE CCEE 31
L, HEFEHENGPC—5HRICINTIE, 3°C & 20°C & TARENRED S 20°C 5 25°C i
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Fig. 20. Change of the rate of oscillating spermatozoon to total ones with
days stored.
Note : O, Group GA; A, Group GB;[], Group GC; @, Group
RA; A, Group RB; B, Group RC; x, Group RD.
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TEMPERATURE(“C)
Fig. 21. Change of the surviving days with increase
in storing temperature.
Note : (O, GPC-5 solution ; @, Ringer’s solution.

PUTARELBAL, —F ) oy VEIR T, ok ) B A L NSOV TEIER & BRICH U THRXLIC
BT ACETHD (H2R),

R R E BROBTATE - OBBREERMITRUIZ, BTETHEE 3 HTIXG AR T89.9%, GBE
T31.0%, RABTI13.5%, RBET10.1%, #OMOEETIINTNG 0%, 126 BTIE GABT
77.0%, GBEETE.5%, RABTS5.9%T, A—RERD > b TIREROL VAR L D  &EFERL,
Y o OV EIREEE GPC— 5B & R A—RERIC OV THA S &, 20°C EUTORFIRE T ATE T H
B LD B ERT, 272 20°C DLEOEE TREZFIIZIEZEL VD, HEWVETTEDHBPOERTDH 5,
BTEERIGARBTIZ6 B S 7H, GBEBIFGCH TR H»b 2 B, ZOMMoOER TR
B 1 B Tenehks {pdlis,

TN 3 & ST OO E R & OB BRI BT R U IZBY Th b, THDEGP C— s WOBREIOEER
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DAYS STORED
Fig. 22. Surviving rate of the spermatozoon to total onss during the storing.
Note : O, Group GA; A\, Greup GB; [, Group GC; V, Group
GD; @, Group RA; A, Group RB; B, Group RC; x, GroupRD;
¥, Group RE.
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DURATION OF

DAYS STORED
Fig. 23. Change of duration of swimming of spermatozoon with days stored.
Note : O, Group GA; A\, Group GB;[], Group GC; &, Group
RA; A, Group RB; B, Group RC ; x, Group RD ; ,[d original

seminal fluid.

i, RERPIMZICRML, | HTIRGABT255), GBEITI9Y, L TGCETIZ6 /0T, ERFFR
EEEL, Zhl# 5 HETRANIC, X520 TRBBCEAD LI, —5FY v 2 VEKOERE T,
GPC—5HOBABTRINITL S I ERRHE O KT LT, RIS & 1 1I3R—», T03E <, =
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DAYS STORED
Fig. 24. Swimming distance per min, of the spermatozoon
stored in two different groups.
Note :.(:), Group GA; A, Group GB; [], original

seminal Fluid.

BTORGFEBEFEREOER

LBOBEGEES S, BEOEIEEREEES I8 A BEREE LTI, RERTIE Y v 7 VR ED
EGPC—5¥, EETEEELD JKE BFOBE CIRIEEE LD 3 BEEOTBENENEN TS
CERHIoN, LTATIND OEERIBETOERMEIZILLULNENIZEDTH-T, CNLDRE
TIAREL OB TN T L TSI SO GEE I 283 5008 9, T LRI I B9 5034 <
A TH B, 20 TARERIZ TS O L RIS »TT 2 EN TR 512, '

A. ZBROMHEBELUTEE

SRR 19574E 5 F13H M 5 5 H3 1l HE TOMBICITE o7, MElAuSkizeRE, M2RTH D, KBTI,
ZERIEHISEHL L ZRBECHIIT, 1 - 20F5M%2RS, HHY v VERISZGP C — 5 l#40cc?
ANTEFE 3em, BX 10em OF I AEFERC, &1 BOOBREEZNAEL, ILTND 2IRHEICEE
Uize I2icREli S E» 5 7 Bl LOUSE P 5 16 B0 2 BICh 12 - TENENFHMEIC B U 7,
PUBEER OGS & VRS RIS (1944) OFEE TR0 BEHU ICIME—I5/87 7 4 » DB TS
BB IIE —h —PUCNAE L, 2 OBIEL T2 0E—E 213 5 70D ISR T H B L 12, —7,
EIEBWIIERZ9.5cm, &S 2cmdDy ¥ — U THIRLU IZRERBT& | BINCRTER 5 cc 2 IIA TIRH
Uir. SREIZETRERIC 23.2°C OF/K 50 cc 2 A 5 ERAKIC, ZOHICIIZHAY 5 K TITE 275
OB INAEIY, WAVFANB IOMRAEOERZL 6B E LI, 1B EBEKEIE 7, STER
ORI DI >, ZOEELIIR (1944) 36 LO8A (1951) BEDITI I FY = U ORERE
FEIN KT AN % & IIESSAT S L, BROMLEICHG S IEER £ > TIRERRRL, #2081 T
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ERIETN b RSEIR b ERSREE R X D, FOOBIIRFEMINLE E TISHAES, B3O ToBE
TR RERAIIP BT I ENC LI X5 b OTH D,

B.E B @& B
FERORIFIRIIE 7.4~9.4°C (3525K), MEALALKOEE R 21.0~23.2°C, WHLFEHIEIZ 2 ~3 AT

[S3]

FEMPERATURE (°C)
i
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MAY

Fig. 25. Temperature of the storing solution in ice box.

Hb, REBTFVI2ZEBCISE BT L, RE (V7 VERE) Tik4 HiE, GR
(GPC—57KE) TRUEBMET, BFOAMWREELD B, BLRIRE L h GHOGBEL { mRER
U, RETIRETOREHENENISEEL LY, GRTIRAETFIEML 7 3/ 5 108 M LR EEA
b 6 HEOME TR, FNFNEBPENEEEEE 22 BEEEZRU I BRE2ZREL BV THED

BT RERLISES @W}”ﬂi 4%, RET24.9 233 0C, GEITIES8.2%C, BBECHWHE LD 8 BET
Do WAVFROMERIL, GH LD REOHMWAS L, BETRBETOREBEGHINT 5 1CH- THRE
LA, B TCIRET R | BEEELICEASI 1.7 %OWBREA L NI ISR TH -7 GE 13, 8B
26[4)
Table 1. The details of the results of hatching of the sges fertilized by the spermatozoa stored in
the Ringer’s solution or in the GPC-5 one,
Solution Days stored 0 1 2 3 4 5 6 7| 8 9 |10} 1113115
Number of eggs 113} 37| 84| 50 654 73| 42{ 93| 46| 47| 28 68 77, 59
Ringer’s Number of eggs hatched 28 6| 10 7 1 o 0o 0o 0 0 © 0 0 0
Number of malformed fry 1 1 3 3 o — = ] = = = - = —
solution | |1t ching rate 24.9/16.2/11.914.0{ 1.5/ 0 0O © O O O 0 0 O
Rate of malformed fry 3.6/16.7|30.0/42.9 of —| — —| = - — - — —
Number of eggs 341 60| 29| 65| 34) 84 47| 45 62 52| 105 76| 91 41
GPC-5 Number of eggs hatched 13] 26| 18| 321 18/ 41, 34 0 1 1 14 5 0 0
Number of malformed fry o 20 o 0o o0 0O o — 0o o o 0O — —
solution Hatching rate 38.2143.362.049.2/53.0/48.8/72. o 1.6] 1.913.3] 6.6/ 0 0
Rate of malformed fry 07.7 0 0 0 O — 0 0O O -l -

* GEETIXERRD L 9 iR ER R 2[EiCh T o THERLU 72T, COEFHS 2 BIthT TR -7,
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Fig. 26. Hatching rates of eggs fertilized by the
spermatozoa stored in two kinds of solutions.
Note : (O, GPC-5 solution ; @), Ringer’s

solution.

% 7=

RED BRI ERT 51, FIKRICHE SNICETOITFETEREL, L s ZOIRMRIKEALD
FIUSIE S 7200 LTohio TATRIERF/00, BT Rsss X oML R2E 5104, ZIUCfiV BT
OFEEEE DR <, BEEREEN & ARG, ZOEBESETF LY b R, EEE D LIEMTH T
EWEEL L, BTOREZ BN & UTBEKZ, 0k EBnIoE e BARREs s L b R
BUIRTF TS > TREBL, WU ICHAPMIBER T TERRTE L T LWL IND,

RER T, BTORGERE L CTREEEBICER SN TR v P LERLD $ GPC— 5D TTH Eil
DHEIOTNTICDII > T CRIE R 2Bz, GPC— sHICNAINICETHEMHT DI > THE
RS T X A FEEIE, BEMC L 2 BBEOFE S L O Y — 21 L 5 BRIREORE SIS T L
CINA T, ZEEEMCRET ORI L OFOMEICEES 5 7Y a—5 v ORRH, S0 fFlzR
UTNBT &, 356CEBEROB 4 Tk 2IREERT EBEL LN, ) v X VEKRRICRELITBT T
13, FIVTHER R IR INEOEB S & OBEV RS T OB A A TEEFEL O, RTTRES T AD
CHLT, GPC— 5B TREESBINE— IR L, 3 5 CEBIRREHO—EK EOREAN C£L
THC LR, UEOHEEZESI T LI ICEDLND,

BT IR L DB T 0B & 2055 ) & OB, EREEN TIRBEDENE S EIPRIERR S
e, BEOMBIIEAROBREOF SINEL ITEE L NI, BT 2REEL L b BEEEORBTREL
TR E OSBRI, BT 1 EKY ) oEBERBEESAEVE SRS Y, BT OEP
SN, =2V F—BLOBROWEERPNSLIDBITDEBLD,

BT 2IUARU TSR OEE S B TFENE BRI, BEEY ERBEO AP EYRERSENZRUIC
D OSBRI LB L OF B TS O ITEBERE R - —FU 1o, BEICEY 2RE CHEFE
TTEDBRITDOTIE, Fh (1912) 12 e 2w AT DD THRACE D HU ITER 2 IERORETRET S &,
8°CTeel G 1% RS, ZEREMOESIZD T S TH 5 &L, AE - BFR (1925) 13RI HIE
< ADEBR ZRLORIET, 5.3~13.0°Cle{BEEL, 7R EHBIT 6T b S is il /s U0 F 2 -2 s
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BLERTEDLELI, A (1941) 1 ZBARIEE, ERICE-TT I H 3 F L7 20BTFOE IO
TERE 2TV, BIEICSNT 2.2~7.5°C Tl 1.5 S TIZTENIICRZEDZEY) L s s, 8 g
WAL BRI R, ICBREICIT 20°C Bl T 15~20503 iE ) R HEER S A 03, 3000 FiESEd 2 &
BRI RRY LT,

BARRETT (1951) 1244 ORI % 2.5~5.8°C TRHHEL, FRISINT %36 & T TH990%8 F, &
HPITIE 7 HRRITS 70 % NAVSE S B AN H A C L 2 BE LTz, MH - B (1955) L MEDL
(1956) W F 7 I DNWTHRIETOFENRENIEEL Y SREOGEEL, 5°CT 16185, 11°CT
77050, 16°C T41.5 K[, 33°C TAEMEL, FFEEE (x) LEOEREEH (v) Sofic z (v
+1.1) =45 OEBHA 2B, TOHE, FEREMOBEC I YRS SHERRT, EREMEERT S &
20°CT 60 LIN, 11°C Te04r, 0°C T80 LN TIE A 24, T InRMBA OB, ENoBL &
BRI, e DRMERIENE EEP B IV ERL, 11~12°C TR, 13~14°C T84S, 18
~19°C T30 WM 2 A 5 E B IMEBT 2 C & 2HEL T,

BToRIEEHEYERSL D SIRBROHVECERIE, MHS (1956) 2347 OBKS L OIIF D&
Leehs | IRICEE S 23RS 10.8°C T, £ 2imm3 36k 8 2mm?, ¥ 72 18.7°C TiF 94 mm?
BEFsmm? T, BHEIITFICHNTEZROBERHEEL, KEESCBEMBENELTICECE ST
AT E 5 & L7ohs, RERTNTH BELRERICE S EELLND,

GPC—5ME Y v VERIREWCENENRELVITETIE, 20°C UTORE CIRRIZEOH, Fisn
L EOBRE TEBEOT B ENENENRICHT - TEELUIL, COBRITELEIKOKE 4 4 LB
LT a IH b, 3b bR AT 2k, iU iEr va vk, o%h pH 7.0
~7.6% Y ETHN, BTFEREL TEL OB 2ED TH# 33120, BToES 21T
U, T LITOFREORBICIS L CEWBRBETH T, BERELUTIEIPL ApH 6.88TF, 4/5bh LigER:
EEOWPEY & 3ND, U UBNET e INZ TG R, 20 a0 EINTU iR - THE
FHEARE) &2 ) DUVNTIBTER T B0 AFRBICIST A HREROBENL, 1 o X VR TR O DT, L
b IRTFIREORIEIC & > TARZEVED 641003, =GP C— 5T TIREZEICA X { T {EREE TR~
W, EERRECEARCT DN, COMBE» LGP C— 5HII20°CUTORERE T, VoL
KL 0 8 BT OFEARRBCIL CIEEROB Y IFHER 54 50, N LOBRE TIKEA 4 Y BED
SWUSTREA~OBIIP BT 2RE I, ) oo VRIRICBU A L) A BINCER S TIHERE S A0 THA Y,

RERBT ORI RB L CN AT TREL ICBTOENER BFOFEICRIITREROE
Y 1T ->T, FETOENEMCED & OBRIC DN TEET 5 &, FNEERBTOAEME, GPC—
S TIHI0AZNWUITARM, U oo vERIETIE s B, 7O ueipra iR, siE it BE, #%ET
4 HET, WSR3, BFoBENEREHRE, fiFEslo®mE s I 2BlET, BIEIRE
AR &S AHEL Tnhbd, BT O - 2R - oBZiC o T, KINGMAN (1936) &7 TSV TRTIE
FAOBFHRZATU B FAORE EETLROD, —RCENIOSNESIOIZBES a0, 35
1 HABIBULLIN (1938) 12 X % & 4PDEHMENMEOBHK TIZ, ZOENPERREERIES TITRIFTH
2T, & EE—RE OB T D80 % EE BT 2R T AEEIIT, ZHRELIZIZ0 % L/ > TEN
ERZAFESETT B0, REEERFTIUET 23 Y, MERETLRELLD, 24U TEH67~70 %0fE
WOZIHRIL, DITMPITI~36 %ICBE /DN &R REU TP AFERFERIZ NG EFAHEAZRL Ta L
FICEHNDL, COXISETOBEIEEDREWARENFE IR E OFR—BOEREIZ, XAEROHSGP
C—5MEY P VERIR SR U TR T, EFRETIERZEL 2 T, WALRENEE R TE LU VR
MWHLINDC &S L ORHERTOZE IR & BMLENHRBE IR & B—39 2 C b, T oERNET
AL, ZORENHENE $ T0d—E O AEENE T TIZILEET 2 F 3 % 3 A8 O RER T+ L V2T
DT EENE T T2 ORAIPKREL T 0B LN, X5 ICETEBROMINCEE 5 BT oLy
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tREaN 5,

ETORGEN S BLRE 0BG, BT rEEERRET 23 EHIENETT 208 EBTH>T, &
ERRDISS Y A AV ERIICEEL DB T, COEAPBRED LAY, GPC— SITRETHMALN 7 H
B 5 10E M2 LB H D 6 HIAOR TiZ, £nEnlEs RN EEEE I LERERERUIL, T
CREEEANRON S EE, BEHOEMEDSEER LD 6B L0 7 HATO 2 AT, W2lFHL Trb
Z DI ICER R NAT A RS ENE Y, ZOBTICLAMEENETLTCNL L 205, ZDEIT IS
BRI OB ORI B E SN & O X BHN D, TOWEEHEL T, RERKe BOBTIT LY
@%bt%@%%%im4%mﬁbf,%@mE@E%ﬁ%%%btﬁ¥Ki%%wéiO%f,W%@K
K HENED LAY, ChbOBEIEEREESL Tr L& T L, HBETII O ARICENT
mwﬁbﬁawf%éoaﬁz%ﬁﬁ%ﬁﬂbfm% FnesEE (1915°C) T HEWMELIZE A,
BRERMEIRICIIERR, £GP C— 5B 1 HidRlkis & FOERROWE NS, 2L TY vV EHES &
OGPC —oﬂéz@”‘Z‘Y’u'fz ZERROME SO EREZE I NI, T ORI IR 2 VR Tin b B 2 1L

24 % TOWRMELE Y SETBINL T, Bk JORERRINT 5 &AM, BReHHL, R
AT A LENZ I T ﬁ?@@ﬁLﬁ%ﬂ%&;ﬁkﬁ@o<écgﬁ%n%ﬂéo
COF SR, ETOEN % X 5 BHRE S 8 513, REE R EEORBRICR -2, F T

ENBIEBIL T o Tk 377U EEBEPICER 2 AT A C LB I ORBREREMCHEERL L L 2L 200
IEEICE LA CRIE 2075 L U, L b pH 20T 2BEICT 5 L EWBEALN D,

GPC— 5 WOEENAFAICEL T, BEERHERTHCLICLY, HENARSICHRBER 3, &
R I5LS B IR T O CAE S B Egr 5, HHE &I & OB TERES T BN S,

b B
| OETOREEESETOET, SiobbEEBO RN, EE, BB TRECOVWTU LTS
2. ﬁ?@%@ﬁ¥®ﬁ%ﬁ&bfﬁimﬂ*ML%tv/&WE@Ab%GPC—5&Kﬁﬁb7fm

ZOESIFAE LSRN,
A. SHEEBOBTIEE SN LT, 10.8~13.0°C, ¥g11.4°C OBEETICHNT, GPC—
IR EL ITET TR0~ 120, Y 7 VERIRTIE 5 HIl, WEREIR T3 1 HEIRTH %,
B. HEBICETEHOBTIE, U o VSR YD b GP C— s ICREL IO T OB THE
T Do
C. EEETOSERE, BT2CPC— SHICEELITBMCESE L, 2O T ) » 7V, i
B OIBRIT S Bo
D. EFOEEEET, GPC— SHICEELICETOIN Y v r¥ VRO SE LD S E,
CBETOEEFNEE, VoS VERFITRELIOET T, BT LESTREELNDR, DN
@@9@@®m%bc,GPc—5ﬂf EL AT B,
F. EToEBmSUE, AT LA TGP C— sITERELITRBT TR, —IlicmO—EX s
WREEA ST B, ) A VEI OB, BCELO—EE DR BT b,
3. EZOEHFVEERE, HAEECEEE L D L BEEORETRET 2505, EREENTIEERL,
& ULE&E@—?LT WEREO T S ORI TR A L IZERITE L NI,

4. FEE LD 3 ER T CRELIAVEOEIIEHREIEN,
5. ﬁ?izWCUT@ﬁ%f IGPC— 5T, NP FOBETIZ Y v A VERZEFEUIDTH, %
OHEEIBREN.
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