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Seasonal Variation in Photosynthetic Rate of Campbell
Early Grape in the Paddy Field Region

Noboru Honpa and Mitsuyoshi OrAzZAKI

The pre-season defoliation raises a serious problem in growing Campbell Early
grapes in the southern part of Okayama Prefecture, especially in the paddy field
region. It is very deleterious to the grape growers, because about 85 per cent of
leaves falls from the primary shoots by the end of August. In order to contribute to
solving this problem, the seasonal variation in the rate of photosynthesis was studied
in the vineyard of Okayama University. The increase in the dry weight of leaves
during 6 hours from 9 A.M. to 3 P.M. was determined by punch method, and the
results were expressed by average increment of dry matter (mg) per 1 m? of leaf for
one hour.

The results were as follows :

1) The photosynthetic rate of leaves varied with seasons; in 1931, it decreased
from 616.9 mg in the middle of June through 464.9 mg in the middle of July to
192.3 mg in the middle of August, and then increased again to 740.5 mg in the
middle of September. But it decreased again to 534.6 mg in the middle of October.
Thus, a bimodal curve was obtained in the seasonal variation of photosynthetic rate,
with the minimum in the middle of August. The same was true in the case of 1958
and 1960 tests.

2) In 1956 test, however, the pattern of the variation of photosynthesis differed
from that of 1961 test. The photosynthetic rate was unusually low in the early July,
perhaps due to the one cloudy day of the three fast days and due to the fact that
only phosphorous fertilizer was given to the grapes in January. On the contrary, the
very high rate of photosynthesis was seen during a period from the late July to the
late September; this seems to be attributed to the nitrogen and potassium fertilizer
applied in the middle of July at annual dose. Nevertheless, the decrease of photosyn-
thetic rate in the middle of August was also found in 1959, as in the other years.

3) From the results of this investigation it may be said that the depression of
photosynthetic rate may be caused by various environmental factors, especially inade-
quate, as well as superfluous, rainfall and soil moisture, unfavorable solar radiation,
and so on.

4) The water content of leaf expressed in percentage of fresh weight tended to
decrease with age. No correlation was noticed between photosynthetic rate and water
content of leaf so far as it remains in normal condition.

5) In leaves of primary shoots, no correlation was found between photosyntnetic
rate and leaf age. The photosynthetic rate of leaves on secondary shoots was nearly
the same in August, but later, increases to the same or even higher level than that
of primary shoot in September and in October.
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Table 1. Fertilzier doses for The Year 1957~1961 per (10a)

Yesr | Agpomin | phplece | Pgentim | Rowsion o
kg of leekg kg k]
1957 — — — —
1958 5 23 11 — Applied in January
1959 9 30 — 9 P:in January; N and K in middle July
1960 S 22.5 — S Applied in January
1961 S 22.5 — 9 Applied in January

1961 FICIEHEB S Bic D&, THYMD 4ARKOHEER+RY, FECEZNLOKETHE?2,
3, 4, 5, SUINOECDVTRELTLLTAYKE T oA 80 F 2B WML TRE L.
CNTREREDESOEC I ZBELEITELLENTE S,

1957 i3 B E “1hpE KU TOROEHAOREEZRL, 1958 FICi3E 3, 8 4MhEE A
W, 1959 FICHEE 3, BAMMNELROTRELIZ U, PIECHEYEESELLL S
BROUHLERN B2 2 1CEL-DT, 9 A LALIKER EDE RUZOROMEO 2EEAFINT
B U7, 19604 HE3, FAMMEAB VI, 1959 £ KU 1960 EICHE BRI, 53, $4
HifIEDTLE, kWi, RO ZOROHED 2> (Ll 7)) ONEERENENE
LT, B—AMIEDESICIZEMEELE L. 1961 FICERERMEENSELLILD,
S RATHMELICIEIRLE 2, B3MMECO>HTHEEL .

REICONTE, REFTRBEICEET MM ISERE0BAEC I >THE L.,
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1957 &« KEFOEBRERAE2E, F3ERUBINIKRT. £33 7H6 R & 5 R0RARK
BIURENRHEZATACBRERNELOBET AR 1.3 KM, SUEEE (29.1°0) 4 ET&3
CESBMODITHAKEI36.Tmg THLIORFTERABOELELNS, ULHALESLTH~

Table 2. Photosynthetic rate of Campbell Early Grape at Various Season.
(Increment of dry matter mg/1 m?/1 hour)

%ﬁi I T m v
@1 M/VI | E/VE | M/VE| L/VI | E/WI | M/WE | L/W | E/XI | M/XI | L/XI | M/X
Year )
1957 —| 366.7| 733.4 — — — | 463.0| 348.2| 430.8| 339.8 | 164.8
1958 —| 633.4| 4525 — | 119.3 —| 257.0 — | 380.0| 536.3|367.1
1959 | 608.1| 324.4 — | L5 — | 365.3| 656.1| 611.9 — | e4a1.4269.1
1960 — | 4254 3013 — | 296.6 — — — — - =
1961 | 616.9 — | 464.9 — —| 192.3| 304.1 — | 740.5| 553.5 | 534.6

* Only one measurment. Details, see text.
E:Early, M:Middle, L:Late
I. Shoot growth II.Stoning TI.Maturity IV.Post-harvest.

Table 3. Relation between Photothynthetic Rate and Environmental
Conditions. (in 1957)

g?x?:ﬁétic Air Temp. | Air Temp. |Evaporation| Hour of
pate rate Weather mean max. Sunshine
mg/1m2/1h| °C °Cl mm| (Total)
6/VI 366.7 Clody 23.7 29.1 5.3 11.3
15/VI 733.4 Cloudy after Scatter 26.4 30.8 4.5 4.1
23/ 760.9 Cloudy after Rain 26.0 29.3 1.5 2.5
27 Vi 165.0 Fine 27.3 32.9 4.7 5.3
2/X 375.9 Fine 21.1 27.17 7.0 11.7
3/IX 320.0 Clear 21.2 28.0 6.6 11.0
12/1X 430.9 Cloudy with secatter 23.4 28.6 5.5 9.2
27/1X 386.8 Fine wih cast 18.5 24.5 3.7 9.5
1/X 291.7 Cloudy with scatter 15.9 22.9 4.6 10.4
19/X 164.8 Fine after over cast 11.1 18.8 3.0 9.5

11 BCRERHOmm OBELH Y IS HOMERIR BN £2700 T HEHHEIZ 4. 11BETH
DD, PADTI33.Amg ORAEEEAR LA EREBET S, RICBATHD2ED
BIEEEEI12 463.0mg TRHABH 8 A2 B2 i3 21 8 RU 2 0.1 %X 0.2mm @
BERKBEEOEMMSHD, HRFERN (FHR3BL%) THREERE 25 BICS ER0rES
KEHBEOOTHAHEIZT60.9mg TCOAME L TERERBICH ., ChICRL23F L2401
THE 40 mm OARED 27 FRELTUABTRELR 32.9°C Lz, KFHHBEOBRTHZD
THAL I 165.0mg LS BEITRNEL 2 DTN 3B,

SH2AKRU S AREREONRAKEERL TS, 8 AKRKBEICRERDEIEE &b~k
R, BEMBERIIBEYLT, ERESEDTEH (T.0KXT6.6mm) RESERICTELL
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Fig. 1. Relation between Photosynthetic Rate and Rain fall. (1957~1959)
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W AL 375.9, 320.9 me THIMEL, 98 12 BiZ 8~ 11 HIC 39.5 mm OBFREZOE
RLLULBEBHENORETHIOTHARENSSZ Y, SATAKU 10 A1 HEICEAEDRE
MO 72O AREE T AL B b5, 10 § 19 BicREDER(MSENL LS KD,
T 2R BDOFHERRN 1L 1°C T PEQRETFETR (16.5°C) J0FEL JEND, TORH]
ELTENCRBIAREOETERL TS,

1958 48 . AEDREOAERS2ERUE 1IN ETML TH2. £T 7TATHICE, 74
SBREDEBROEMBORB RO -0 AKRBRRIEL 422.5mg THE. RBICIHDE.4
mm OFFH, 1THKELVER (BEKIRE29.9°C) Th 20T, KEREDIEHKE844.2
mgaRL, CDOTH, 11 AMEOTEEM633.4mg Th5b, 7TH 15 ARTT, I8HIZDN
T, YBICBBABAEROAMNEEZ ARSI EMELI0~1IEEIY, EEREREDE
D 32.8, 33.3BLU324°CTHEDIHAERANBDBD338.5, 642.3 L 376.8mg T
3. COBS1B6HDYFDO LTmmOBERIE T HOREARELE LS SO EEETEC
EWTED. COXHRFRAEBEIFZOMIESH B,

8H1 B2V TIRC O 10 FMEZ <, 7830, 31 A SAFESO%RERE (BRE
9.1 RU8.3mm) THDDIL BIHNT EEKE33.8°C, BRET.2mm Th 57D HERK
H92.8mg T, 196148 FIBH & L bR AEBRPREDCETHS. ARBZIC]1 HFF 3.9mm,
2HF 1L.3mm OBRO-H8 A3 AREERE34.0°C &2k b s Do 7 EEKER
145.8mg IKEE2TCW5, 8H2], 2ZAWMERRESL L, BRBRTH3.6mm, JRIEF
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¥ 28.8C TR LW HHTAEEEDEEREIZ 257.0mg T, ZOHAMELTRIENESTHS.

QAR BRRURRNEE 9A 15 16MAbEELHORETEEL T380.0mg AR
BICe &, 851, 9830 BiciiB%rs, DHEER6.8EA, tAeE679.9mg% KL 10
R1RREX, OREFEE22OEM, YeRE394.6mg Th5, BIC COMBEZTFEHLTHOA
THIOYEAREE536.3mg OERARL TS, 10 §16, 17\ A OEEAKED 367. 1mg
THEDOTHF YV RVOERERKREFES, AHAOENS A LHD 3.3 FEORARETED T LD
»B.

1960 & : ERDOHFEDE2ERVEIRICRTNTH S, AELBRE oY FEHENICLS
AHBORESTHNT.

6515 16HARERTOETHS. 8~10RK67.ImmOBEHY, MALENEEE
DT RHFEDFESTHDT (661cal, 588cal) HAREIZ50L.1mg, 7I5.1mgTHB. T4
6, 9, DEDOEZEROROBETHS. 6, IMHIEALHESDFES (700cal, 643cal) &
BRESEOBD 33.4°C, 30.9°C TH2Hh, MEDOIAKEEHOBO 336.9 KU 437.2
mg TH5., KLU I0HRESF—EBRORET HERIE32.0°C, HiE 466cal TH 2B DICK
HOEHER28.0, 9HDZNR B.7°CIREDT LRI LICDBLEVETH D dDh
HAREH199.0mg IKF &g, o, 7TARACERIMEC D W THFHERAEC2R
PHMERURBEMEICTHEAZIN:, TH2AARU 8 AMEEFB~H—BETIREBOERD
32.5 K0 33.4°CTHE<, HEBIE635RU603cal THE, FnlkbhshieT hEoERD
HE, WEOEAHEL 884.6 K0 818.3 mg T IZ &L,

RAPIC BHTHEHNML 8HICHYTL. Tmm ORI H Dk, 10 HEFEER, EEXIE30.3°
C, #Z%E7.0mm T HAKEIR 140.7mg Lx>Tin3. AL ERBEHECT EESE
29.2°C, Z&5E 5.0mm TH ol HEKER589.8mg Lo Tn3., s THEEET
BHTNiI365.3mg &7, RED 8 APARKIEAREOETORPE LN TS, ZOHSH
26, 9B OILAKER FH656. 1mg &ish, 985, WA DHAKERE FH611.9mg,
9H28 20VHADOYVIEEL64L.4mg NS LI EHDTEVEEDYFTNS, 928 296
BEOHMHERBDED 580 Rr550cal ©H 5, K31 10 § 17 E SRR TH&E 382cal (55
SRR 24.0°0), FHER18.1°PCTHE DL RAKEIE383.4mg L7150, Lad17THELRD
18 Hi /17T 25.0mm OFER, 19 B &K T HHE 386 cal (FHKIRE20.9°C), Tig
BRI TPCIET LD THAREID 154.8mg KB L T3,

1980 & - REOEBRFIF2E, FI4RRUERCRTMLCTH 5. TRAAKEN
(2l.4mm) BB O%HDO5 B HEAZVORETTALEGOC{EEDRETHS. HEEE
591 cal, 3HEIZ5.3mm THDOTHAKREIL425.4mg TH 5, 7~ 8 HIC 125.9mm O
2, 108 L6mm OBEFBE 0L, MTH~IBRIZT BhE0CEBEORFEL LD,
FOiHIC T (WEEES) k3324 81318.0% (—20cm) TH 2, 11 RIKiIZ22.4% (B
KED64.2 %) TRENEHTOFAMEERL, BERO UBICRESETLTINSZ (B
KEDS5.8%) ThHb. ZO3HERBNTBESA—BESKEBAEICRBEZIZRL, H
SIHE BOBO 684, 678, 695 cal, THEE Tmm WATHOT, 3OO TEERARER
391.3mg TH %, )

7R 29, 30 RiCHhUTH 0O mm OFEFBH Y, £ 0% 10 BB KEREE S BN HES,
9HERBAOBEDRETHA. bbbt BHEII BDED 696 K1) 639 cal T#HFHES 8.8
EUBTmm THmHD TELY, LH/KkSR8EE143% (—20cm, BKED 40.8%), 16.4
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Table 4. Relation between Photosynthetic Rate and Environmental
Conditions. (in 1960)

- . Total - -
Air Air . Soil Moisture
Ph?&f—t. Temper- Temper- | Evapor- [Hour of Rad;atmn
date | Synthetic Weather ature ature ation  |Sunshine| 3o depth
rate. mean max. Horizonal date :
P o ° Surface 5 —20cm: ~50cm
mh/Im?/1h C C mm| (Total)] cal/cm? :
5/Vi 425.4 | Fine with Cloudy 24.2 29.9 5.3 9.2 591 4/Vi| 18. 0%5 17. 5%
11/Vi 477.9 | Fine 26.2 31.7 6.8 13.0 684
12/VI 277.2 | Fine 26.9 32.6 6.6 12.5 678 |11/VI| 25.4 21.3
13/VI 418.9 | Fine with Cloudy 27.6 33.1 7.5 11.5 695 |14/V@| 19.5 20.4
8/VIl 222.7 | Fine 27.7 33.5 8.8 12.3 696 8/Vll| 14.3 16.3
9/l 320.0 | Fine with ClodY 28.2 33.3 8.7 10.5 639
10/ 137.2 | Cloudy with Rain 27.0 31.8 8.0 6.1 501 |11/V| 16.3 18.3

Fig. 2. Relation between Photosynthetic Rate and Environmental
Conditions. (in 1960)
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OREBRER BORD222.7mg R 320.0mg TH 5. 10 BICZEICENE { BIERICIZ—
BENETFRIOBO G EE>THA EHR) 20.9mm O BEF M H o7/, HHER 501
ccal CHIEFEPRPIZOZAERIESY, BHBEHBKE L 8.0mm TEL, T/ ORI
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Fig. 3. Relation between Photosynthetic Rate and Environmental
Conditions. (in 1961)
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1961 &£ : REEDERRRIZE 258, FORRUEIKICRT ML THS., 6 HI0~19HD 5
BOMERCS> B 13H & 19 BRAESKEOETHEELY. ZRSVTRFRICEBDHT &
WEERBEHZL LNCEEALEDE, FIARIOHICFR I ~3BHCE HEERE0.9ic>k
20T, YEORSEE L TIE708clic T, BHTE DAL 5 HIDE/E 461.0mg
EOTWVE, CDZER 15 HORAHELRALGHLOBEEN LT 2B, RICI5HE
ZEOYAHRELALET AL, COBEELTH RBEEEIDH LA BEY OREDCT IV
ERICRFER E BN S,

TR EAEOHEFEEELImg RCOAME LU THEBENTZODEEZ NS,

BAL~IBRoMO3IEORAIEDR I8 ADHAKEN.6mg THEDIF 195848 A1
EEBICREEOHARIETH S, 1THOSF2.0mm OEMMBHD, COHOHEEKREEDNTS
%THBHT L, m%%ﬁ@%B@c%ofﬁ%f%b%ﬂﬁtﬂf%é 8 A 21 B R UHC
25 IR ARESEELTWADRER LB FOMBEICHEY BRI S D EICERT
5X3TH5.

9H95#5m5C@H189mm®%ﬁﬁ§ot”,MEKiE%E%&ﬂC?%f
AR B O BRSSP ORI 2L THIEMIZ540.8mg TH B, I5~I6RICEAFE2E
FAMICT (& 37. 1mm) £ ORI ELIZDT, WEORIOLEEZLATION
HELRLELS, JHAMKE40.2mg VI EIEEER LA, TOHITHRIETEESIE 26.0°C
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Th3b. IARBLEEIROXS CRMELZAOTHE L., 9B TE3HONEFEER
553.5mg icC 1958 EDRAEI L HBELR LTS, 0B 16 HKRAEDEERREIL DD
(FHKE19.1°C) 7odds, 624.4mg OFAREEELERLTVA, AU 17 gici FEHRER
< 19.8°CThHoTdERTHZ-DIRSEER 44 Tg IKETF LTINS,

FILER KA EOF vy T7 AL LS RIMEERIANOEETH 5. AERELT
@ 1960, 1961 EDHKED 8 AKBE, AMEOKERI BOE0OBR.7%8LU8.4%2TH
T, BEREZROLOTHHY., COMETOXY VSVOEEREREHEE (1), B (1D,
BRE (M) RUOE#ER (V) 055, BRARKXET B Ldd, Rl 7 B TEa~8 AhaET
%% AEOPEEZEERZEIZCLANL, 1957 ~1959 03 #ERZOBICKENHD, i
1957 fEi2i3 7 A T EI~ 8 A A D B E % Ko, 1958 4Iid 7 BhE X aiaes 100 & 31
B8 AhEOZENRLTMIC26.4THE DT, £LTI0LERCDEEFORERLIZECZAH
Bic 7 Bhaic kL 8 AP E O AR 57.9 % TH Y, EIC 19614 s 7 Ahaic kL 41.4
BIET LTS, 1959 FICiE 7 B A0 KRB E WS EHRER TR 225, zhlkzhizd
i, 7TATHE (24, 28 5) kL 8 AhEoD (10, 11 B) Y&l 42.9%ThH 50D T, [l
ERFEKEMEOF ¥ v~ v OETRRAEN (88 15~20H) EriicY % 8 B LbaIctAmKk
BEOETAREZ LD EHEELIZ 2B,

0% 8 ATA»L 9 AN RAKEINEET 2 L bHETHE. 4 10 AiIhEaDNRA
BhEeld, AR ORI EOETHE L 1958 E1CiE 7 AhaNc L 3.3 TH D, ARy

BIRYEE L THE L 1961 F£icid 8 ArhaEic kL 2.8 fF & 12D TW 5,

ZETRECBENEEEFCIVRELSBLNTHIEELZBED TR L THED, Z07HE
BEROBNBRECEEZIOTETVICEEECRICRINCTH S, FI0E T 1 TH

Table 6. Comparative ammount of shoot growth for the year 1957~1961.

Number of Length of Secondary Shoots on a Primary Shoot.

Year Shoots Tested Primary Shoots. Number. Avarage Length.
cm cm

1957 30 115.76 1.85 28.75
1958 40 92.35 3.25 29.85
1959 12 84.50 6.67 48.87
1960 20 74.35 2.40 22.97
1961 140 70.68 2.81 34.12

DUKREREEOES S 75 em, BEIMOFHENm SS50NDHDNEIETDIAROEERDLN
TWA, FAREKT 1960, 1961 OoFE L &, LB RO, 10a Yo EHEERHERES 4kg
OITERY., EEPCINME LR TOZEEER (Fyv7y) OEREZRLUNED
BESREIBOBO26RU0.7T%ThH5. ABOF¥ N WVOESFTEKRZETEROML TH
25, 1BIEIREERUNESEN EEORESEEDOLDTH B,

ADDICOTT K 7F LynNcHV 3% IEQABICE T 5 58HED —B & LT “senescence” BHEID
WTIRHARA B CERRELTHADT, 1960ERFE—HER FoE (83, 46w &
LD HE (0N & 20T OMAZE) oBRan (BT8R LEAREDOHEBIC OV T L 7.
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Table 7. Nitrogen and Potassium content of the
Leaves on Primary Shoots. (Dry-basis)

Date N K
% %

1960 10/VI Basal leaves 2.79 0.96
Apical leaves 3.18 1.08

10/ Basal leaves 1.48 1.21
Apical leaves 2.26 1.11

1961 15/V] Middle leaves 2.86 1.52
15/VI V4 2.58 0.68

15/ y 2,57 0.98

ZOREE, TELILDES BHCEREEFL, BRCRETHET7 Ahaic (B23R), B
KT 27t EREIZ LI 39 3mg Ik k» EDZ L, 402.3mg THEDEEZ L, RINT
I DL EFRETAEET 728 ArhEICiZ, T FHEOAKEIL226.6mg :235.9mg T
ot CO%E, BE1I0ADORIE: LY EOETEXEEN1.48:2.26%ThHOTh, T
BEBUEDEBOBODT7 A 8 AREOAREETESRA—EETH S, HicxmiE: 1k
WIRREDESDERT RAREICELELHVC Ebrs, 7 1961 1013 6 Fhahs
QSHHREEITE2~6LMDELR O/ DTHEH, TNOBESICHFL BEKEERLT
B, WIC 1961 FEOARMIEDAIKE ClEEE%) 16 BItidN68 % THo7bDa9 A
RENCIZ 62 ZICIE T LT3, T O, EOBKEIFAKEEIOBEIHEERAEDLN
B, COCERMIBOTHEEPHEEL TOWACEWRKRT A, IMOHEE (F5 V7 .
NYTWT) WDDWTERELICEE—B LTV A,

TICERZEC L UBINEO L AREEN M TH A LR TARME S H D, HoREELK
LUNENDHLOTHEZ B L REEEBRICRT. (E2E3K) 8 AdTaRBOTIRA

Table 8. Photosynthetic Rate of Leaves on Secondary Shoots of Campbell
Early Grape at Growing Stage. (Increment of dry matter mg/1m?/1h)

Year M/ L/ E/KX M/IX L/KX M/X
1957 _ 408.0 508.6 265.9 513.4 283.8
(463.0) (348.2) (430.9) (339.8) (164.8)
1958 . 220.2 N 356.8 568.9 458.5
(257.0) (380.0) (536.3) (269.1)
195.6
1961 (192.3) — — — 553.5 534.6

( ) : Leaves of primary shoots.

W L BIMIED RARIBIC A D E DA, 10 BrhElcid IS 208 BIREED T 23 YA BEEMS K
THAH. OB HOEBICONTIZ 1957 EnEEIEEETH S C L, 19584F 1T RIEEENEL
DR EREEBRELTNELDITHS. .

Bk EInE, KRCTRESRETCTEBICHEL S BEREDENICDOTHS Mt
DOWAH B, BEY RAKRAROEEICE S RERED ) X22RBD 2L EbIT, BRIV
%15~25 00 10 HROEAREEZEL T ARBERES BROBAED D TIRIEBIC K& E
WAL EAREL TS, Ml S KT O BURERRIC B 1 2 B O AR 1 28 D AR E R L 14
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KALENEbDTHZCEREEL TN, KFPR, 20—, Ei-EREINZEEHN,
SEBMICHY TREMCAE T IESRECEILER, FHPKRICEFRINOBBEHT
B EBR~NTINB, WeavEr KU McCune™ ZREEBEHCR EFERBICHL EERICE
PETCORKPROPUIIFRES NG BHENE LS DROCLERIEL TS, COXIITHF
YNV ORBIICE REREOB N LN FEEINIIDS MbSF, FAAILINIEBFI8E
(H 42 548 cal « ZE%IE 34.3°C) ORABEN . 6mg KBS DK, EEOAKESHE
F£9H19E (BHEB06cal « FFEKIR 26.0°C) 1012 940.2 mg ORARBEERL TV AERER
T EICEDITIAIE W,

TOXH BEBMOAREBETHRICEES 2RERAFICOVTIRZ DML DBEAITONT
BARTBOY, WIS D, ZBREFROEFALZSTCARY. %7 BRIC KA FRER
DEHEI DV T/ 28 TRERE OFRERHSRRICHL TECHALEb0THE] Ll
NCNBEDT—IEEENLTE. MR RBBETFEREDT 7V 7 « AV TVFICTHROVENED
HETHBC &, ERENARMBEOMICEETRBERADBNC EEZED TS, CEAPMAN K&
U Loomis? k5T EBHREDEHE T 18~40°C DHAKD QuizidtAE1TH 5. (IH
B RKFHC TBESER (35°C) TRABHOEIESREN EEICETTEC &ERLTY
. BAERDHEREPE, ORENORESIOREBEBR LRI THA 5P LOREMIKDNT
i, FILUSWBEEL AT TRENOERSERT 255, DADTAREEOMOEL D LAK

DTVELEDEHEEL T3,

B I SEKRRICTERD, TR LY I I EEIC TMEN ARt HiEd 5,
AEBRICTIBIEDERLVMEDEBRICE>T ZOESEN,S 9 B HAmas: BiEL 278,
—FRIMOERRNUBZHEOLHEOIC LEEORITRTM TH 5, KERICT, BEOLE
KADOBARRBHEGREETICE L ZET 2848 Yok, HKATEEROBROE
EHFEZEROHEBOBEACODWTHELLEC S, BEROKSBERICOVTHE L BLER
ZRLUTW GREE) C E2WET 5.

. ¥ 3

1), Frvaw.7—) -7 BHEERICh 2 BIREDRZ L BILEERK R b
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JIDEHHMBIC OO THE L 2. REBOBEMMIEIRET B L~hE<T, WHHE8 AdhaT
b5,

2). WEFEZARREBOLEDOERTHREICELD, eAlkENRETREIm*ED, Faj9H
~FH3BOMOY 1 BN L oghiEnE (ng) KTERLE.

3), 1961406 ArhdE), 7 B4, 8 A4, 8 T4, 9Atd, SATABLT 10 H
B BWARENITENEN616.9, 464.9, 192.3, 304.1, 740.5, 553.5 %5 & O 534. 6 mg
THAH TUOLEE ARU BitEg~T7 BhEhr s, & IC8 A LiaEDEARREIET S
BEZLWY., 2OBESIT 1958, 1960 £ BN THRBICEETH 5.

4). 1999 i HBIERDA R TESERA NS, 7T ALFAOHER (3H) 055
Ol ABERDI DL, BHOLERENSBD TE,., 7 ATACERRUNEOEMEAES
BB IN D, TATEHLE 0 BhEETHRERESFIFICHL BEBICKTHS, A
U8 Bl OB RIRERLIENE S DTS h s 5T 8 AEAORAREOETRIHEDEZ LA
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6). EREKE CIEKE®) BESLESEFLTIERR D 355, HERELEKRE
DORIICHEBR RN hD7.

7). AEECHTRESOEIC I BRGRENCESRD LN, 72 ¥ UEIHEZIB AL
WIRARBEL D SARBICRESLND, 9~10 ABEICRARE X2 2hll kot ERL
T3,

sl B X B’

1) Appicorr, F.T. and Lywor, R.S. (1955) : Ann. Rev. Pl. Physiol. §:211-213.
2) Coarvan.H.W. and Looms, W.E. (1953) : Pl. Physiol. 28 (4) : 703~716.
3) k% BT - BERERE (1956) @ EmEE. 31 (2) 333-335.

4) $h E (1960) - 3L - FIATIE

5) A% H - FMEYR (1962) : s EABTEE REAR - TEREER.

6) bk E (1938) : BESEE 9 (1) : 43~60

7) MER EE (1939) @ BESEME. 10 (1) @ 27~51.

8) Bk E-fHFEZ=-FE T (1957) : EEHE 26 (2) 1 73~B2

9) BEL= (1957) : EEtER. A (5) 1 pp. 271

10) Ml - E=E - REES - BESEE - JIIESHE (1955) : 8508, B (4) : 123~166.
1) BSOS (1949) : S5, 24 (11) @ 757~1760.

12) KBfese (1956) : A, 11 (8) : 29~32.

13) EEEA— (1954) : Efpis;. E (3) @ 140~168.

1) F5k - EEEA (1956) : B 24 (4) : 303~306.

15) &KMER (1953) « deppfbar. B(1) @ 17~22.

16) +EEH (1956) : VAT, BRE.

170 U & . NESE - EEEEE - FBULRG—80 (1955) - HER. 253: (3).214~222.
18) |JHE B - NESE - BEHEE - BUE—Ep (1955) @ HeEE. 24: (2)117~118.
19) Weaver, R.J, and McCune, S.B. (1960) : Proo. A.S.H.S. 75: 341~353.



