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6. 26 28. 1 16,8 92.0 86 — 7.3
27 26. 8 21.5 94.7 76 0.2 2.8
28 27.9 21,2 24.5 78 — 6.2
29 26.0 21.5 24.2 68 0.3 1.0
30 26. 1 22.9 23.5 86 0.3 0.4

7. 1 28.8 21.5 24.5 81 6.3 3.2
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4 26.2 21.5 24,2 82 33.0 2.2
5 26. 4 18.5 22.2 80 — 4.4
6 27.2 17.9 21.6 82 — 7.0 -
7 23.1 18. 4 21.0 91 28.6 1.0
8 25.3 20.2 23.1 94 73.3 —
9 28.2 20,0 25.4 83 9.0 3.5
10 2. 1 22.6 23.0 96 0.2 4.7
1 29,2 20.0 24.1 81 — 8.2
12 31.2 16.7 23.9 88 — 9.6
13 31.0 20. 4 24,5 8l — 5.6
14 32.3 19.5 24.8 80 1.6 8.4
15 29.3 19.0 20, 2 94 2.3 5.3
16 29.0 20.1 25.7 80 — 6.5
17 30.1 19.0 255 80 1.3 5.8
18 30. 2 20.2 2.6 85 18. 5 2.2
19 30.3 17.0 24.0 84 — 8.9
20 31.1 19.8 27.0 70 — 10. 1
21 31.5 19. 4 27.2 70 - 9.7
22 31.3 20,0 28.0 7 o 4.7
23 29.6 20.7 24.3 90 — 7.4
24 29.2 20.2 925.4 78 — 6.0
25 29,0 19.7 25.5 80 — 6.1
26 28.6 19.1 23.3 90 - 4.4
27 28.5 22.6 25.0 87 — 5.7
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7.3 3.8 3.1 0.6 0.6 326 21. 3 S
13 14. 1 15.8 10. 3 12.7 3.0 . 22.8 Y 26
23 21.8 22.1 2.5 19.6 32.2 37.0 T RE
8. 3 2.2 25.7 35.0 27.7 30.7 49.0
18 , 21.3 2.5 41.4 25.5 31,3 5.8
9. 2 | 24.5 2.8 34.8 23.5 31.6 75.2
18 26.8 25. 5 52.2 37.3 51.9 . 102.8
10. 2 2.3 26.7 49.2 344 32.4  124.8
17 27.6 2.3 35.6 340 320 1583 st
() 14 (1954)
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7.1 8.1 7.8 L5 13 1.4 1.0 2R
i 14. 6 17.0 8.1 9.2 11.7 3.3 -
22 16.5 19.5 10.9 11.2 10.6 6.5 T B8
8. 3 20.2 20.0 15.3 12.8 11.0 1.8
11 20. 3 21.3 14.5 12.9 1.1 15.2
25 22.0 19.0  16.0 12,9 1.5 30. 2
9.13 21.6 91. 4 14.2 12.8 10.8 60. 5
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6. 15 405 405 138 125 15578 8,55  ZueEmy
7. 1 19.9 21. 4 32.5 28.5 157.0 18.4 H &R
11 31.9 37.6 78.2  117.8  155.0 30.1 Y@
22 36.8 40.3 ML5 1207 154.6 76.1 T M
8. 3 30,4 42.3 1219 130.4 1552  150.8
11 40. 3 44. 4 141.9 147.3 156. 4 200.1
25 40,2 42,2 133.7  127.8 1555  259.5
9. 13 40.2 39.6 144.8  133.2 1560  401.8
10. 5 38.8 39.7 129.6 124, 4 154.7 484.5
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.30 1.080.36 0.420.45 0.22i12.11' 7.00

.36 1.080.34 0.30[0.42 6.2811.8%3 697
1
.47 1.000.33 0.280.48 0.2512. 14 5.88
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18 200 38.9 0.8 0.18 2.12 1.52 0.05 431 77.6 0.99 0.47 L9 0.42 0.12

b 6T & - 7 28 | A | 1058 23.5 0.33 0.15 0.60 0.13 0.04
' | 71 108 7.6 0.12 0.05 0.20 0.12 0.01
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STB4, CHIBTEES Lithfirh b2 1w 260
AB3, '

DEFIL, BREOETIC DL TIIBETED L 5 K SN EBICBITTh - 745, HOEE X ERC F8k
BOHCIE ERAENKE {, BERIC SO THARENSID - 12550 » AREOBE™S S hosb it

LITHI I FHORRTES S 4L EO &5 2HRS 5, C oRBORE T LT ORI LT R
BIRCEERITT, CORMMSL JURRBROMAE—HL, SROMRTHEEEOA, Tvar 70

Eﬁ HpROEEDTEATRERINEC LABELHATED, ZOALENT LB L L7 0EA
BRoN,




Bk 2=y 2 OBERCEE Y SESETTR 67

4) iﬂ&ﬁt@ﬁ%
ﬁ*,:/_?ﬁuﬁﬁﬁmﬁwéhbﬂ,ﬁ%ﬂC%&(Eﬁ?%C&ﬂﬁbﬂTwé —AFERar
2 v O EEET SFBOAKBEME N TH T, TOEFRERPESILLZLLOAT S,
Lmb,anb@ﬁ%ﬁﬁbaéioaﬁméﬁﬁbmmmalﬁmwﬁﬁmigﬁgcxvammia
ua&%amjr ) _

BB FE

B 2EEAFHL, TRESKEORLL - Rto Rt LU EEE (BD 0288 Kt
pH i1 3.8~4.1 T, FOWI v AE» OMAKTHESICHB L/, LEZEZE - B2 L5 0em T, —
SEROMHEES A Lo E ot 1 BT oAty T Ega bhic &L, BEorbhikEsnEhK
WD 7 &% Lz, SHEER BEr04 ERLTIKGEEMSEES A 1 RicEMT o8, ko 2 E/MizB+
1K 9% « k4 1 X6 EEIBIE S LS IC 5 A 25 RICHM 7o, MBI TRIC & » 7obs, TLiBRAEMARTC
FLELBRAL, BREABRKRS LTRAL .

- " B e B (18%h, g
B —
B BB 1954E R | 'S5EEHE SO
W 2 4.0 8.0 80
T & iR H 5.0 10.0 10.0
Bt plil] 3.0 6.0 6.0
5.0
F W 2 20 50 (7%)
7. 95 7. 25)° 5.0
(g B | - | 7. 25) (7.2 @®. 13)

2 HREBOEE
EZEFELEL TRELZH TUERALTERL 2 8 - o, IEECEERSZOEESEHLNDT, E
B o REROREELTE -/ SOEEICR 2 5IBREEAEML b, 20WRE 7ora /i3
e THE G, BRCEAGL T BEEIIR U 72, 728, 'SYERCR BoBE (1078 0) KH- T
—FICEARL, RECEFIERBCHE XN, ZEdo - BEE OBk 4 868 1 L -,

HBER XBAFOLHEBE 0%k

1955 &£ 8 1956 # &
B 2 + Dix + 2 * iR +
5H2WE ¢ 12 g 1010 | 520 o g 10.19 | 523 1020 | 5.25  10.23
(A (HRE) | (BT (HEHREH)(ﬁgﬁfﬁﬂ)(ﬁﬂEMBﬁ)(ﬁﬁfﬁﬁﬁ)(ﬁﬁﬂiﬁﬂ)

PH4.0| 41 41 41 41 38 38 38 38 | 40 40 40 40
" 50| 50 56 53 50 49 46 435 45 ! 50 50 50 5.0
6.0/ 60 58 58 58 60 60 55 55 | 60 60 6.0 6.0
7.0/ 70 7.2 71 7.2 7.0 67 60 58 | 7.0 7.0 7.0 6.9
80/ 80 7.3 73 7.4 80 73 69 7.0 | 80 7.6 8.0 7.7
9.0/ 90 87 75 80 90 7.4 7.2 7.2 | 90 80 9.0 8.2

IN. KCl B, hdmigick 3

3 HBRRRoEER ,

HFEEOERL, BHOBE Lo T0BRFEEMTEL T30 L8 TE Mo DT, —EL THE
FHAET &0 - 788, HEFEIC 2 OMBEREL TREDERMES hL i, Tabs, BT
DRSO TII pHA4 X : pH 7 [X &8 pHS » SELDIBE<{HpHS - SOWMEITIEL <
ﬁw,%%ﬁﬁpﬂ5ﬂh7©38ﬁﬁﬂfﬁ§$<pH+z@253<an8Kﬁ35,pHQEuﬁE
Bk, FROBECRMEEII pH4-8- 90 3RKisk2¢, Bpis 3z pH4 -9 0 2 Raskic/hx
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_ B9 s L HMELEF RD
) o4 HHE

. ' I I
a2 B X FgEl g2 pA%EZ  EKH e WEE EREE .
Ex &

E. H cm cm mm cm cm
PH 40 i 6. 19 7.2 7.12 10.18 | 28.2 29, 6 11.6 10.6 3.7
50 | 6. 18 7.2 7.10 10.15 | 30.4 34, 3 13.5 12.8 4.5
6.0 | 6 18 7.2 7.10 10.15 | 3.1 32.6 13. 4 12.5 4.6

7.0 | 6. 19 7.2 7.10 9.18 | 311 30. 8 13.0 12.4 4.4
80 | 6. 20 7.5 7.13 9.8 31.2 32. 4 12.8 12.3 4.4
9.0 | 6 20 7.7 7.16 9.8 98.7 30. 6 1.8 10.9 3.8
59! 1.7 2.0 1.8 1.3 0.7

L.S.D.

1% 2.6 2.9 N.S. N. 8 N.S.

(2) WEOEE - SEWE
® % | & T

. HFro HFEho
B K ' WEEs  WHHE ) 1)) HE

lEER Bk | EE | EER ERRE EDSHE

g = g % % %
pH 40 121. 5 3.0 35 83 51 21.9 58.7 12.0 I, 047
50 | 159.8 4.1 5. 4 9,4 6.5 29, 2 61.3 13.6 0. 980
6.0 163. 9 4,2 40 13. 1 5.4 22.2 60.9 13.5 1. 000
7.0 73.5 1.9 3.4 3.4 5.4 2.1 . 63. 3 12.7 0. 977
8.0 61.5 1.6 4.1 3.4 53 18.8 52.5 9.8 0,923
9.0 48.8 1.2 3.3 2.3 4.0 18. 4 45.6 8.4 0.912

5% '

L&D, 1.3 9.6 2.7 0. 058
1% _ 2.0 14. 2 3.8 0. 084

HEREE 37~4lg (1956)

{, T&it pH4 TR BET KRG L ERIZE {hrd, pHS - IX TR HE{RELHRKL -
HEOREAEII pH5 6 XsB s A2 (T pH7-8- 9B &3 <, EFOEERESLZ I OEAI
—F U, WTHE - 0Th 5> OMESE « BIHOREME - &iC SMEICE FEMSRL NN - fobi, 6T
B Lz pHB - O X M{E ¢ 42 = 4o, - PHRo R, R
REXT, #0FRD LDz pH4 ROTERRL BBCRET, BOBMIS{ WLr/NETRRLT
= TN, RGBSR, BEABEE/NTIZELAFERL T A, -7, pHB« 9 DWMXTH,
ﬁ@%ﬁmukﬁwﬁénumatﬁ&ﬂﬁﬁm@ﬁbTﬁgmmx§@Tb,$¥®Eiﬁﬁécn%®
BHic—B L, UTHEREE L - TEAN—E4TE8L TAEREH ONEh 1205 YTrooK
R pHE . 9 o MEAT pHe RMEB/E 15 - 72,
?@&5&,%i-%iﬁ?ﬁﬁﬁﬁ%@ﬁ@ﬁ%mentﬁ,ME@KHiﬁK&aT#KDQEﬁﬁ
Ront, 7csiid, ORPHKICYLTIE, BREDZETCBSCdBEMoBENSIRTT v
;ﬁ%wﬁamﬁﬂtﬁﬁﬁwﬂﬁb<,ﬁ%ﬁiﬁ@%ﬁ?@ﬁ%@%ﬁﬁﬁmk%<T?wﬁ9ﬁ%®
BN EL RT3, chicld, TEBREOCHRENCH - AXORERLTHAC LnTFEEN, &1
®§%u7mﬁU@%?ﬁim%émﬁﬁﬁibﬁ%btmaoﬁ,Eﬁﬁﬂﬂ@ﬁﬁ@&ﬁiﬁﬁiof
BEEBRERD I L4 EBI 03,
it,%BEG@?-%ﬁ%ﬁﬁ;wﬁﬁﬁmawﬁﬁmCﬂ%@ﬂ%ﬁmvwf,E?—@?—%ﬁ—
%%m®~§®m3%%wFﬁ®;5@—ﬂ@%éwwﬁbfma@?,iﬁ@ﬁﬁiﬁw%%bk%ﬁ&
LTORBZMEELEBLSNE. TUDSL, —ROEAE LT, (VESRIICR CEENR L BEOWRE




bk s 7o =y & ORI B BRI 69

BHNE THRE &L E£F R

) BEOEERE
A Iz
HEBRX | FF1 O OHIE? BHE2  ERE ERE EBE BEEEZ B .
B H | cm cm mm cm cm
PH 40 | 6. 23 7.10 7.16 9,98 ! 23.8 21,7 9.5 8.9 31
50 6. 23 7.1 7.10 10. 12 30. 5 1.0 13. 2 11. 4 4.3
6.0 | 6 23 7.1 7. 10 10.16 | 30.1 31. 1 13.7 11.6 4.4
7.0 | 6. 23 7.2 7. 10 10.16 | 30.3 32.5 14.6 11. 4 4.2
80 | 6 23 7.2 7.11 10.10 | 30.5 32,5 13.8 11.3 4.0
9.0 | 6 23 7.3 7. 14 10.10 | 98.1 29. 5 12. 5 9.9 3.5
5 % 2.0 3.0 1.7 L4 1.2
L. 5 D.
1o 2.9 4.4 2.6 2.0 N. S.
(1) BEOER - REWE
) I - H | TP s HEHL
- r A WErE  TBE D 7)) RLEE
LEEE  ADRFE ) ER | BERE BhSE ERSE
: g g g % % %
pH 40  37.9 1.0 0 0 0.8 19.8 48.7 9.6 0. 957
50 | 147.0 3.7 4.2 9.0 6.5 20, 9 61. 4 12,8 1. 020
6.0 | 162.4 41 4.0 9.8 7.0 20. 1 61.0 12.3 1.023
7.0 | 144.0 3.7 4.0 9, 4 6.6 21,0 61.0 12.8 1.020
8.0 | 133.1 3. 4 4.0 8.3 6.0 19,7 63.9 12.6 1.017
9.0  108.9 2.8 2.7 6.8 5.2 19.6 63. 3 12. 4 1.007
54 0.6 o 1.2 8.1 2.7 0. 057
IL.S.D.
1o 0.8 N. S. 1.1 N. 8. N. S.

HERER 37~4lg (1956)

2, FEEHE CEFH & ORISR bEL D, BE OB REBHR O5E 13 S5 EL 2 T A 5
DHBHFBER AL, QFOEAVBOGESCRITHSRIFT-ERSEREL K3, QLR0Fh
CEE LT T RTOERIARABT/NEE LD TOKITMET 4 5,

BlE@ A eiEEM L, 2vz e POERER sHALTTRIECBRMEL T, 20 B TIE
BN CHBL - T LR EEERED, pHEMUED 7 b 1l HEORN L BTARRT
HEY, LLLBEACEFEARLPTHOERXSZ 0 LB0R S,

Bk, #o FEBRORBRLTOEE WO ERT 22 LRBHTE S 2/, KEOBENIIEST

FLrLEbLNIOT, —I5, :/_+ﬁ@ﬁﬁméﬁmﬁﬁpH5~6%¢@&L#wﬁm§5§@&%1
Tols,

5) # =

1) AvEy 2T R EEROMR DL TE B IN TR LT, MBRRIC k- T8
CREBRLRE, TR REORK S KEL VI ERORENE L o E (, ¥R L TEROIE
FF Ll THROIEDOBE L AR ABOBRATS 0, BEORBICITRIBETIIE & A SER10 1EE
Ly MEORZICE - TREEERINA 2 LERBLE. 55, BEOKEIC S0 TR, EERAOELES
BELEAOCNZESUBIR LN Tr,

2) Hﬁﬁﬁ%%@h;&ﬁ%@%ﬁm&@?gﬁkowmeumﬁ$@ﬁmmgam E LT

MRéﬁ“T’*7’%*03*X%E@®<bbrvﬁu;afaﬁeﬁmb,Mﬁ%w;ﬂfa@um
Ok 5 URERAE
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. BB ESELCAAEORAICE bi- TRIZEBCARS  LE0 MLOWMEBETHREIR
¢ THREOEALRABTHY, BRESOEPCHBRIOCBAPROEBEATSH 5 < SR
INTREED S L ToBaHR LN,

2. EEETH, SXKEIKIsERELESXRONT, UMK TR/NBONEHDE <, BEpDE
¢ I BT HE - TRIEQ/INEDEI L, ERENLHEEORD L /NS CRSBRABREL .

3. JNEERFOUNEROBEAE SEEORANC E £ TRE (RAEABRS N, av X 1HEKT
GEESIZEASERRE -7, i, BREEFORDLLHEEELHELTa v X T HIXTIRES
ofeht, ZORTRABRICZL NEOES &3 { THFFOEESH - T,

4. BREOLEE, 381 « 2RRTHbLLEXO% WRECEREOHS K- b L B
DREpo TR | KKRBER &AL EERET, EFOBEC ST HARKICFROERA S
Rofviz.

3) 1k EETEOBEEGCOLTRT TRETORESS 505, SoChFEMA BT 2 AT
1ROy bRERLTERLAER, (0FRROBEHNTE (BRASERBAROE0~0%) +EASr
DEFHE LT - FERICEFRIF CTEROBER —F L1,

4) FEEEECHEESOBERCOLTORENTHOT, FHOEL skt 2HRAL, BEAHAKTH
LT iEBREr L -TRELF. ZOBE, 1v=+20ERI pHAUTF T BtoBRELZY, £
ORBERI AETELT NI CBBEL - T e E RS HEENE Y, pHBL EOZ v H Y HITIIEE
OERLBIRETE 24, ¢ LB EEER LS TOERAHNED SR

¥, COFBROBRELFOTTMCEAT A LAEHTREZL, —ib, Tv= v 7 OFEYINEFTR
B pHS~6 0 Rich 2D LEL NS,

5. ABRNEFHLEREALL FICREOREX - RRCEETER

() EREL OB

iR & SO REQBAIR A CHFDBA TS B EFRECIF 2 ~ 3B & 70 » THEMY o0 555
BE, MFLTHREICRIANFLARRBEEENMRF LI - TEESEDL {xEbht, Lbl, T
D0 TEBRMICHEDSE L BEMT 0T, 1959~ 60E kD & 5 1R AFTH - fo.

MRS 2650+ 3g 3L L, WHFHFEO B2 20:KE 2 AHh 5 15~20°C TH70B/E, Kb
Hob0id 4 Aphh s 28°CI38M, REO L0 3 B B 515~20°C w408 H, SSEESRCH
BLTHFOBE T 54, B ST 720, S0m0@m D 3de | TELSE, Rl 1

WINE MEHEE L EF

- 1960 & :
— - =N 3
583 2 i 2 B 2 . EW ﬁ%ﬁ. FREM AR
B | A B C
70 1.3 7. 7 7. 10 10. 23 31.4 " 34. 2cm 3, 5{%
41 # 2 » #” 30.8 35.1 3.2
13 #” # # ¥ 31.5 34.7 3.5

TOFRL, BIIRD L F T « BIL LTHIRCES 3 cRRGICEE L AR SEESEL i
WPty 121l REFEXHBI DT, MERCHEEEO S - &£ M3 RNLE S KBR—TH - f.
T, BOKRF 2B LUBREDEFCOLTORUEOBR LA XE I EEEHNTY S h itk - o, LI
20 BERSS DEEE, MR RBETEY, Ive JOFC SO TRERTTADMIT
MFL S OBRFRIFTHELANCTEH S, CORCOLTH, —BOBESETOBE LERTH, =

FEALORFNLC Lt Th, %fb<E¥ﬁﬁm%ﬁh5&&t;o1%#¢gﬁﬁg<mgg§n
DBz,

(2) HBFOREH SCE S OBE% _
ﬁﬁﬁﬁmvmfﬁ$ﬁ(wm)zxmﬂﬁﬁﬁ(wm~®n@ﬁ%ﬁ£@,1~3E¢®Eﬁ%ﬁw
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. EFAE . BESERCARFEOBR L L 18- T BRI ARE (LS, H KW TR IR
<f§ﬁ$®ﬁk$ﬁ$ﬂﬁ&@,Eﬁﬁﬁbfmmﬂﬁénk%ﬁﬁﬁﬁiﬁmﬁf&%C&ﬁ%ﬁ
T ELToRERRL N, -
? igg%m,%mﬁméemkémﬁmﬁenf,ﬂMEZTu¢%®mﬁﬁﬂ%<=@Eﬁ@ﬁ
<g5mﬁafkﬁmm§ﬂﬁML,E%ﬁﬁ%ﬁﬁ®ﬁ@&#ﬁwé<@5ﬁﬁﬁ%6nt
3. ¢§£;Um§m®ﬁgﬁg@mg@ﬁ9maéﬁﬁtkg<ﬁé@ﬁﬁ%én,Hvilﬁﬁ?
;ﬁﬁﬁ@t&fﬁﬁﬁ&ﬁot,iﬁ,ﬁ@ﬂﬁﬁ®ﬁ9&%ﬁﬁ@%ﬁbfay%lﬁgfﬁﬁﬁ&
7wttt 7 OETRERICEL CNBORES &/ S THEBOBYH - 7.
4 REOEEE, UM . 2HKT DD BRDY%  YWRED BFEOEAN Lo L b L, R
Dk to ot 8 o & | BIKSIMEIR & A1 EERRT, EFOREC 21T SR AROBRS
Rohnt,
mbigmﬁ&gﬁg@@%Komfmfﬁmﬁ$mﬁgﬁaaﬁ,éezﬁﬁ%miaaﬁf2ﬁ%®
| FoEy PAEALTERA LR CORBROMEA TR (kAR EARD80~90%) THAST
OFE L BN AFRIF CRFORSGIC R UL, )
8 FHEBE LS OBFEIC DL TOBENSLLOT, RMOBLLRLAEAL, BEEHAKTH
LT BRIk » TR L. TORKR, 2> =y OB pH4 DT T BREOBRELRY, €
@Egﬁﬁux@ﬁ%umg<ﬁ%&mot&<m%ﬁmﬁw%@ﬁﬁmIﬂﬁﬂt®?WW9MfH¥
ORRLBORETEH B, ¢ LICBHICHEHR LY T OEANED s -
HE, CORBOBEL IO MICENT S LR TRAEH, b, 2V = 7 OEAIETE
Bl ploi~6affiicddbDiHFZEAOND, |

X
=)

5. AANEEESEERRS FILREOREK « RECERETER

(1) MRZFEELOMR

HiED 5 2B RERFEPICE 4 T SEAT ¢ A BRI 2~ 3 & 15 » TRAT 511505
e, L TEBERFFELIREIEESWMBL L~ TEFEREN L Wb L, &
LS DU T EERATIC AT U o B iri 1 7, 1959~ 60 e iR D & 5 1SEB £ T - X,

BRI 20 3g SUBHE L, WFHEED RéB 0K 2 w5 15~20°C THOHE, Kb
FabD 4 Aanh S B8 C 130, PEACLOR 3B LEH515~20°C 7408, EBKTEBTH
BLUTHFORELE AL, W¥ESHCEMNT 7o, £MBE30ME T 38 s L TELE, R/,

BNE MFERLESH

—_— 1960 4 g -
E rd
s 2 i 0 e 2 O EHE EER BREEAAE
H A R
70 7. 3 7. 10 10. 23 31. 4(:111 34, 20111 3. 6%
4] " ” #” ” 30.8 35.1 3.2
13 " _ P # # 31.5 34,7 3.5

TOMRE, BNEOLSCRF - BHL L THRCEZ 3 CRBICGEEL TARBrEEEHE L L
Modfed, 10/, BFELILEDTE, TERKWEEEO b - & bELISHRME LB —TEH - 7.
i, EORE B LUREOETIC DL TOBMEORR A XM EBELTED oAb o7, Lichs
20 HERPSOBEE, BMUARAAIRBETHY, Ive FOFBEL L TREBETTADHIC
MFLI-bOHRFRTFTRIEEARITE 2, COACOLTH, —NOBSETOESLERTED, 3

FELOORFRILE20Th, BL L MEFERBCENN S C LK L - TREEEpAE CRT & 24
b EBbi3,

(2) BFOREHICRHMAISLE OBK )
FMEIEIC DL T2 FE (193]) & LU BIRMA (1952~7'54) OWEHRSY, 1~ 3EEOmBE M
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BB T - R, BRI K- TN ) OES AL, B TERANR
r9a5ATHD, BOKESH S ATH~4 B LEOFEKASDTPICNS
%ﬁm4ﬁ$-Fmﬁﬁﬁ?cn;b$<r%&hiﬁwxﬁuﬁTbt.cn
W L ¢ 3 AL R & ASTARRLHE Lk bOLBA DN,

~ 5 B PR S EENT 4, B
B AT ORI DRSS B T 0 L, FRROTED K b AEARRION &

it%@ﬁﬁ%m“s5Eﬂ%ﬁﬁ®%@dﬁﬁ«iﬂf%¥%$éi,%n%nmﬁﬁﬂﬁ%
R L T AR = L, 7K 2Ma K0, SICHER TREIER I bR 2
BRR AT L, T OO LERIREEC £ -,

P BTE RAWE LA

W EOEERE

) N
IR 1930 F EEE ESE RWHE
19555 19564F | B2 hmE2  pAmE2 @SB £ B
35 7E 35 gEI GE zE ~ 7.5 28.5Cm 37,0 1.4 8.6 2.7
4, 4 2| 619 6.23 6 26 629 | 340 38.8 1.6 127 4.0
4, 20 4 9 | 6. 22 6.25 6 28 7.1 | 384 39.2 1.6 140 5.4
5 8 5. 8/ 6.24 6.2 7. 1 7.4 { 400 40,7 .5 142 5.4
6. 10 610 | 7. 7 7.10 7.13.  7.17 | 43.2 44.5 1.6 16.2 7.0
7. 11 7,10 | 8 1 B8 7 B 13 8.18 37.5 30. 4 1.4 10.4 3.6
B. 5 8 719 5 911 9 14 918 | 4.4 42,5 L6 144 5.7
9 HEOEFTHE
B B B | 1956E # ¥ £ F
195542 19564% H#l A | EE TER | A== A i SEE | HEE
H H A H A H kg g i g
3. 7 379 | 10012 16 3. 23 201. 5 3.2 52 8.8 8.5
4, 4 2 | 100 15 19 . 451 237. 4 3.8 54 9.1 8.3
4. 20 4 20 | 10. 16 20 4.81 240, 5 3.9 51 9.5 8.4
5 8 5 8 | 10. 16 20 4.69 234, 7 3.8 54 9.3 8.5
6. 10 6. 10 | 10. 18 20 3.71 185.4 3.0 37 7.4 8.1
7. 11 7. 10 | 10. 18 18 2.25 124.8 20 . 32 4.5 6.4
8 5 8 7 | 10. 18 15 1. 24 82. 4 1.3 20 3,2 5.3

A& [X20ME 2 B AR

TORBRBIZEND L 3k, HHOBLELIH LGOI T, RE~BEEAESICREA 0 TS
BETICRWT 200850, TXABENLUTVELLBEEL RN, 45 EA~5 A LHOK TR
TR L TEREA TOZERDL  BEBHNOKERIc—H L. 6 HIOA DR, BESRTHAE
MWIAATHFL, TOBROEMAGTHPHICEALD, NPT, COBMKEIERENECC LTS
BUIFETHLCLOBRLTHIDOEEbN. 7+ 8 A LAEANKEIICREFRI R HAHRN 2 7
BTH-12, TOBROERBTISDOOAMEEL, INKIMOEBEIEEL MBS L - b0l K
7z,

DE, ERENER A LAKSRES/NE L, NESE BT IR E , B0 MBI TR
BEMARERE RO TR 20 E - b, BERROMLSE { TIHEMOBHRNIE ¢ 165 o BT8R
WIS, BRI E - TSR L b0 eBIONE, 4 A 2MEAX AN NESNES, g6 HI0E 2T
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EOBRERSE FORO MO LV BETHEH» 85, 3 A LARKEOMOBE LEHTLORRIDL
BH25%% - 72, i .
%@ﬂwu%n§m®;im3ﬂtﬁxﬁﬁgﬁ<f,%@ﬁﬁwvbémﬂwnmﬁéﬁg,Gﬂg:
DS OX TIBBI & - THE L. BREOEKIT 20 TRAKICERDORERIT—BL 7% EE@ o
ML OIERL, ©&iBEEOHREBNTLIETIEORMARIIAB/LEE -/, F-ETOETLE L TRE
A & | DERIBR S hfc,

2) 19604pr

FROLST, EEENS A FRORES 7« BEOBEEKF LT DL TEMMBER - b, Thit
SNTHEO LS K OFAD DB LR, VAVACLARRTHAZ EBRRHO LG -12OT,
%ﬁ%@%ﬁmﬁﬁ&@ﬁﬁm;aﬁﬁﬁﬁﬁftwcawwwbr.%cr,ﬁbtwfﬁﬁﬁmkﬁé
HWEOSEISERRIC KT THELTEL L5 & LTRO LS TREETEL, 5CHFORKES LUHE
AHRERE & IR OB R HIEE L .

EE (1) EFRLVBICHTIREOEE
2@%ﬂHJg®ﬁz%%w%mﬂmﬁfﬂlﬁﬁ,%ﬁﬁﬁ%&%ﬁ%ﬂﬁ&%ﬁ%*f4ﬁﬂﬁ -}
32D & 5B L TES ICHEAY, BREREcEEL 1, )
T ORPIREECRLN D L3, ERELRNTESNBEXOERRI DL THCERINE LD
BEABEONT, R W2~ 38 BF 4L 0~2°C. 4~6°C 35°C 2h2h S HEEE T
RFFOEFICEBEITC 0L Bbh, FE~MBCHFAOREL C 0 L3 TEESBRERS &t

B3 E MFRBCsY 2HE - ERNEEBOER
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Studies on the Development of Leaf of Amorphophallus Konjac
with Special Reference to the Growth
and Production of Corms

by

Shigemichi WAKABAYASH]

Summary

The Konjac (Amorphophallus Konjac C. Koch) is a useful crop peculiar to Japan,
though it has originated in the tropics, and is now widely cultivated throughout japan,
especially in hilly places in mountains. [Its production is economically paying for
the farmers, and is a direct staple means of making money in the regions where the
konjac is to be easily cultivated. "On the other hand it is frequently considered as a
risky and insecure crop, because the proper method of culture has not yet been defin-
itely settled. In those circumstances the writer intends to scientifically systematize
the proper method of culture, and also to study the question in referrence to the leaf
development. ' : ;

The Konjac has merely a sole leaf throughout its entire period of growth. The
leaf development must be the result of consumption of the whole nutriment of the
corm, and then the new leaf reforms the corm, and enlarges it. The development of
leaf and its maintenance in good condition therefore strongly influence on the produc-
tion of corms. The studies in this line are to be of great significance to improve the
method of cultivation.

The writer began his work in a systematic order: He investigated in the first 7
place in the morphology of leaf in order to clarify its real state, and then in the
growth process of leaf in order to clear up the activity in the development of leaf.

Based on these studies various questions on the method of culture were precisely
pursued.

The method of experiments for the studies is rather not yet fully established,
and the writer took pains in the selection of suitable methods for the experiments
and also in the invention of new devices. For the investigation of the quality of,
corm, the corm was pounded by the test mill newly deviced by the writer, and the
mannan particles were directly and quantitatively analysed. The viscosity was esti-
mated by the Stomer’s viscosimeter under a proper condition which the writer newly
settled and with a new way of indication.

The results of the cultural experiments done in 1059 to 1960 were as follows: —

1) The morphology in detail of the leaf has not yet been fully investigated by
- the predecessor scientists. The writer made detailed researches in morphology and
ecology of 3 cultivated forms. The results showed that the following items might
be helpful in distinguishing them from each other.

1. Colloration and size of the speckles on the leaf and their contrast to the ground
COoL0T.
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ce on the surface of the petiole.

rm, color and lustre of the leaflet.

f the petiole and the blade.

,10'1'_'1, elongation and developmevt of terminal bud have not yet
sated by the predecessor scientists. As for the germination and
g, the second leaf develops in the interior at the first stage of leafing
and then degenerates to the first bract at and after the second stage.
o formed in succession in the interior, and the terminal bud is formed

in.ai y-an intrapetiolar bud with 9 to 12 bracts. The innermost one is sus-
pend the middle of the formation of young leaf without degeneration of leaf
blad

& results of the research in the sprouting of terminal bud in Autumn, the
phénq .g;I_ian of dormancy was ascertained. The dormancy was remarkable in the
offspring corms, and the secondary dormancy was also recognized. The optimum
temperature for the elimination of dormancy was found to be 7 to 10°C.

The sprouting period is to be divided into four stages, and the course of each
stage and the morphological change followed by growth were fully investigated. The
minimum temperature for the sprouting was found to be almost 10°C.

The leaf of Konjac is large, and its development is finished in a short time. The
division of the period of leaf development, the course of each division, the elongation’
according to the passage of time and the internal and external changes were precisely

investigated by the writer.
3) The quantity of inorganic substances contained in the leaf was found to be

more abundant than that of corm, and Potassium was particularly abundant in the
leaf. This must be a distinct difference between Konjac and other crops. As for
the absorption of nutriment, Nitrogen was most abundantly absorbed (almost 80%)
at the early stage o_f growth till late-July, and Phosphorus, Potassium and Magne-
sium were done most abundantly till mid-August. Calcium was similarly abserbed
throughout the growing period, and Magnesium content gradually decreased after
late-August. The content of three elements decreased after late-September, and at
the end of the period the rapid increase of Calcium content became very remarkable.

In the writer’s judgement on the absorption of the nutriments and some other
factors, the nutriments at the early stage of growth seemed to be supplied from the
parent corm and the soil, and principally concerned with the development of leaf,
though at the later stage the nutriments in leaf and roots were transfered to a certain
~ degree to the new corms to finish the growth. The process of absorption keeps pace
with the course of growth, thus proving the fact that the Konjac is one-foliate and
the increase in size of corm directly concerns with the activity of the leaf.

4) The development of leaf was investigated by cutting off the leaf primordia
formed successively after the formation of young leaf which should later become the
ordinary leaf. It was possible that these primordia might develop if a good chance
was given. The new roots appeared at the part just upper the older roots as the
younger leaf successively developed, and the old roots gradually rotted and died.
The development of roots of Konjac was followed by the development of leaf succes-
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sively formed, and the close interrelation between leaf and root was quite obscure.

5) The growth of Konjac with divided corm was investigated in order to make
clear the the natritive réle of the corm for the development of leaf, and the close
interrelation between the reserve nutriment of the corm and the the leaf development
was clearly shown. The corm of which a sixth was cut off gave an unfarorable in-
fluence upon the growth, and the influence was found to be greater in the case of the
treatment at the latent stage than in the case of the treatment at the third stage of
sprouting or just before the planting. The influence of the cutting-off Seemed to be
the most unfavorable at the early stage of foliation, and it became somewh_at moder-
ate from that time on because of the development of root system and of nutrimental
supply from the soil.

6) The temperature of leaflets was almost 2 to 6°C. higher than the air tem-
perature when the leaflets were exposed to the direct rays of the sun, and 1 to 5°C.
higher than that of petiole, when the high temperature of 36 to 39°C. was applied
for several days, the sun scorches severely occurred, though the limit of high tem-
perature was yet uncertain.

" The leaf temperature did not differ from the air temperature under the diffused
light, while under the direct sunshine it rapidly rose up, and showed the highest at
12 to 16 o’clock in general, and then went down as it got dark. In comparison with
the leaflet, the petiole showed smaller change in temperature, and the interior of the
petiole showed a little higher than the exterior owing to the difference in structure
of the tissue system. _

The temperature of the leaf and leaflet of Konjac and Taro was particularly higher
than those of other crops, probably because their mesophyll was comparatively thick
and contained much quantity of mucilageous substance.

7) Although the leaf of Konjac is infirm in appearance, it is tolerable to wither
even in dry weather, and difficultly dries up even when it is detached and left in the
air. According to the Cobalt test, the transpiration of Konjac was weaker than that
of other crops, and remarkably insignificant especially on the surface, probably be-

cause of the deficiency of stomata. The transpiration rate showed little change from
late-July to Autumn, notwithstanding it had generally been considered that it might

be variable as time went. In consideration of these facts it was supposed that the
cuticle of the surface was already developed to some extent and rapidly hardened at

the time when the leaf spread out. The guttation was also observed at the water
pores of the leaf. —

8) According to the Iodine test the starch in the tissue of leaflet gradually
decreased in quantity after the leaf spread out, and became constant at the time of
the first stage of leaf development. As for the assimilate starch it was recognizable .
from the time when the leaf spread out, and then gradually increased. The quantity
varied according to individuals. :

The half-leaf test showed that the apparent assimilation-products were smaller
in quantity than those of other crops, though the photosynthesis was vigorous since
the early stage of leaf development. The largest was shown at 6 to 10 o’clock while
at 10 to 14 o’clock it greatly decreased. '
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9) A sort of Chlorosis is now widely prevailing in Japan on the leaves of
Konjac. From the results obtained by the spraying experiments and the manurial
experiments, the cduse was ascertained to be attributable to the deficiency in Zinc,
and then a method of-treatment with Zinc Sulphate was suggested to be efficacious
in consequence of the researches and tests for the environmetal factors. In the
serious conditioin.'t"he leaf poorly expanded forming Y-shape, and the leaflets were
elongated 'with'_pbinted apices. The symptom became dimly recognizable after the
leaf ‘developed in spring, and then became gradually distinct without manifesting
normal leaf color. The grreen color merely remaind at the main and lateral veins,
and the int’éi‘v'einal portions showed pale yellowish or yellowish white. The greenish

portions were lustrous on the surface and thick in mesophyll, while the yellowish -

ones were lustreless and thin in mesophyll. In more serious condition the symptom
became more distinct: the portions near the lateral veins yellowed, gradually extend-
ed the very area to the portions near the midrib, and finally made vellow the entire
blade, resulting in drooping at early stage or in poor growth of corms. In gemeral
such a disease frequently occurred on 1- or 2-year-old plants, and did less on older

ones.
10) Another chlorosis is occasionally found in large area, and causes the droop-

ing resulting in poor production of corms. From the results of spraying experiments
and manurial experiments it was shown to be due to the deficiency in Magnesium.
The method of cure by spraying the solution of Magnesium Sulphate on leaf surface
or by manuring the fused Magnesium Phosphate in the soil was proposed by the
writer, :

The symptom appeared in early- or mid-August, and the yellowing started at
the circumference of leaflet, then spread out merely leaving green color at the midrib,
and finally expanded all over the leaf surface, resulting in drooping. In the serious
condition the leaf was pale green, and then gradually became yellowish white. In
such a case the leaf was small and the leaflets became elongated. This caused the
drooping and a great damage. The disease is now spreading all over Japan.

11) A sort of chlorosis other than the chloroses described above is now also
spreading over Japan, and became an obstacle for corm production: As the real
cause has never been cleared up, various questions regarding the method of culture
remained unsolved from former times. In consideration of the results of corm-graft-
ing the disease seemed to be a kind of viroses. The writer investigated on the envi-
ronmental factors which influenced the appearance of symptom. The disease was
never transmitted by seeds, and was shown to have no X-bodies. This might be a
cause to form the deformed leaf. The questions regarding the method of cure were
discussed by the writer in relation to the cause of the disease.

The diseased Konjac became generally shorter in height, and had indistinet
speckles on the petiole. The coloration of the leaf was dim and mosaic, and poor in
leaf growth., The blade drooped like an umbrella, and showed dwarfing. Qccasion-
ally the mosaic cloration in green and yellow was abserved on the leaf surface.

12) A portion of leaf was cut off at the second stage of leaf development, and

the growth from that time on was surveyed. The beneficial nutritional influence on
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the growth of the rest of the blade was not recognized, and the second leaf did not
appear, showing no change in color of the leaf. The production of corms, however,
manifested high positive correlation with the size of leaf. '

13) The offspring corms were shown to be more specific than the corms of more
than two years old, and showed variation in morphology and maturity. The radical
difference between them was never shown in the experiments on the development of
leaf and the growth of corm.

14) The effect of three elements of manure has never been cleared up by older
scientists, and the writer has made the field experiments during the past eight years.
The nitrogen cshowed the greateet influence on the development of leaf and the growth
and the quality of corm. Potassium and Phosphorus were next to it. This showed
a similar tendency to other crops on the whole. The green coloration shown on the
farm was chiefly related to the nitrogen supply, and the darker coloration was in-
creased by the deficiency of Potassium. As for the quality of corm the direct infiu-
ence of each manurial element was never shown to differ from each other according
to the kinds of elements.

15) The relation of the leaf development to the brightness and the water content
of the soil was investigated by the writer. The difference in brightness maniferted
variation in effect on the size and the angle of expansion of the leaf and the length
of the petiole. Half to three fourths of the brightness of sunshine showed the best
effect on the growth of corm, and this fact might point out that Konjac was a kind
of shady plants. When the water content in the soil was more abundant, the effect
on the growth of leaf and corm was more favorable, the most faborable effect belng
shown at 80 to 90% of water-holding capacity.

16) In order to investigate the effect of soil reaction on the growth, the virgin
soils (Akatsuchi and Kuroboku) were used for the experiments with earthen pipes.
The acidity was adjusted by slaked lime. The development of the leaf grown below
pH 4.0 was not doing well owing to the bad effect of acidity, and the leaf became
small, dark green and lustreless, while above pH 8.0 the leaf development was poor

to some extent and the yellowing and falling-down at the early stage was apt to
occur. The suitable acidity secemed to be almost PH 5.0 to 6.0,

17) 'The foliation seemed to be greatly influenced by the climatic condition at
the spreading time of leaf, especially by the sunshine and temperature. The leaf
developed in early spring was generally very small, and the color of the petiole was
rather reddish violet, and that of the leaf was dark greenish and comparatively lus-
trous, chiefly due to the effect of low temperature. The corm planted in proper time
when the soil temperature rose showed a rapid growth of young leaf which grew up
to a large leaf afterward, though the number of leaflets was small.

18) The corms planted at the depth of 6 to 12 em. showed no. difference in the
growth of leaf and corms, notwithstanding the depth of planting varied. The proper
depth of planting should be chosen within the limit of 6 to 12 cm. on the considera-
tion of other environmental factors. The planting at deeper depth of 15, 20 or 30

cm. influencing the sprouting, the foliation and the growth of corm was also carefully
discussed by the writer.
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he density of planted Konjac which influenced the growth of lcaf was
hg writer. The Konjac scatteringly planted showed no difference in
ent when planted so as to avoid the touching of leaves with those
ants. The length of petiole varied according to the density of plant-
1 of blade showed less difference according to the density condition
igh the diameter of petiole and the leaflet were not influenced.
been generally belicved that the nutriment of corm is sufficient to
Ie‘;if and the manuring is unnecessary in ordinary circumstances. The
“the foliation is, however, customarily done. In comparison with the
customary manuring was done, the plot where the manuring was done
hen the corm began to develop new roots showed more rapid foliation
growth of leaf and corm. From this fact it may be naturally lead to the
that the leaf development in good condition is an impdrtant factor to
the corm production.
iecing together various results obtained by the experiments, the writer con-
hat the profitable culture of Konjac is attainable by the good growth of corm
iging to form larger and healthy leaf in spring and also to maintain its activity
‘Autumn. In the concrete the seed corm should be well dried up after harvest,
ved at 7 to 10°C. to remove the dormancy, and regularly arranged the sprout-
at almost 25°C. previously before the planting. It is preferable that the corm
with 2 to 3 sprouting stage should be planted in early- or mid- April, comparatively
_ densely at the depth of 6 to 12 cm., and then manured at early stage to from the leaf
Wthh develops in T-shape in. high place. The effect of nitrogen manure should be
examined by sight by the observation on the coloration of the leaf, and every caution
should also be taken not to cause the deficiencies in Zinc and Magnesium and other
diseases. Such care and management to prolong the growth period must be the
principal points of Konjac culture in reference to the development and physiology of
the leaf. :
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