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Studies on Leaf Analysis
VIII The Growth and Development of Leéf, Inter'node and
Ear on the Main Stem of Rice Plant.
Seasonal changes of size, dry weight and dry matter percentage
of various parts of rice plant, and on the leaf size index.

Giichi Hasecawa and Kin-ichi NisHikawa
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ek ¢ SanpeE Bakuuvzen O/NEICEET AEMCH
FV BBy, XEBC L BXMOERVBRLOWTOH
HED0 L 5%, :

B0 B ERIEO(LERS, AHIEOHMILH
U OIRRRID LREL T50THBR, —F
RESH (EoBYE, BHHE) LERLRTEN
BERELSFETHIER YL, TH D, FHE WaTson
e 0 EHI % 35 & Al 3w TR T oW
39, HESL - 0 FECRKGICER 2R OTW B DT,
AERCRERE O EEE bHE LT EELTo
To. BRORBZIEROHE L RSV, Kbl
W AHEdREo—&ER LV E5E, BOREREOE
B X b BEEYFETIEE (leaf size index) *1B72HE,
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HfEy (2B OBk Hif RS &
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HE OB OBEHRROWL ThHD, ShEYHE
UC 7 BECERISET 9 BEERRERIC X b B k&1L
D, TROKWEFWM L. MbEHORE IOR/EK
kY, EEROMECREEEYEY, 195643
S =t—s— XD, 19584 1% LD K7z
®B, by NI UARBACTERECHRELL. ¥
PR AORE IR FEEDRY vy, 105° CEEIE T o7k,
SRS RI21955, 57, S84EMD 3 FAETH B A, R
T FE—ENAR LD T, ACREHOHE&T—
R R (1995), ¥Mpska (1957) % Hr¥, 1958
SEDRER D B HIF Hudg L.

BRERUER
(1) FEXCHITHIEFRREDICILR
BERDEERR OB KO T

7z.

(a) W&
£ ORr 1955 1956 1957 1958
PEMKEIE 2192g 1710 1727 1723
KL HAR 3.507A 2.736  2.763 2,757

(b) REHENOHEAB

oy BE M HERR &AM
SEOIR WL SPEEEC FSL 4BERL BT AEENK
cm A cm A cm A

1955 38.5 2.8 83.8 9.3 119.3 7.9
1956 47.1 4.3 76.0 9.3 118.9 8.6
1957 3l.6 2.1 77.9 10,9 111.3 0.4
1958 49.5 6.9 661 12.1.116.0 9.2
1955 68 28H 88 18 9A 12RH
1956 7H 1B 8H 38 95 11H
1957 68 24H 7H 2B 94 13\
1958 78K 78 78R 21d 9H 158
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(2) FIMLIOFRHFFIMIAM

BEN OFEBECMRE 1 oM thHs. ARic
AT LR OFERHE L ), BERT v
AW BBE L7k liic, KX b KEREH B 7S]
Thb. Igis, & ORFT LI AMTREEOT M
i 7 EMIARREN S, SGSBFHEIHRNE 35 B R
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Lic.
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DTH#IBO~TOR T, FRZEDIZ © 2 {50 MR % 1EBI3E L
LT eh Tz, £ LTEDOIEEIHIR, W3V
8 ~103E 12 SP8EIC Y D, SB11~138 3 3 L LT ik
Eb O HRIERUEIC, #14~16381 B Alic A~ 304
LT,

—Ji, EHROTEBIERFBECL B L, SrlEEk
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SRS LHERNBLE L, FRICE Y 1ROERET
7S 6~ 7 R L, HBLREIRER LR L, M
B 5 A, BB 2 X LT
(B) BFEXOXEE, GMERUNE

(a) BHE  BIUNEEOHES TR ORLRAT
2o THDH., BIBE2 ~148F C13 HVEERES
BEML, EhDLTA~2BHO FUELEREL
T, WG CRETOREEILIAL, H16E (LE) BELC
s { I THELIEE L 13 v RIEEE T H Ol

(b) EHh : BEHREIROMLC, H2~83F
TRESHHHL, FOBWT-BL LB LU THI2EE
TRl L, $13, UERPLABEENLRL, B
16, 16 TCHUMIM LA, H12~16EDRITIREL T
DERIBD TN DTz,

— 1, EHHOEHECHTHHAEL LHTRON
{7, Pe~aBRE ST LIRS %S 5EET,
DA K < T B A R TAREL S, BL4ZERR
L, BBLEIEHR N IR B U ETH O

(C) BEHE  BEEOZRE 4 R T T
W2 ~3ERMIR T DRI ML, FI3ELRRE LT
(BRI BUEN BE) 14, 163EL T BRI X
U, #$16% (LX) BHECPBEI I LN R DB
#riz vAEECHOk.
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Fig. 1. Duration of leaves life. (1 :Ear formation;
t: Heading; -:Death) (1958)
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Fig. 2. Length of each leaf blade. (Number shows
leaf position) (1958)
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Fig. 3. Width of each leaf blade. (1958)
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Fig. 4. Length of each leaf sheath. (1958)
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(d) FHEHE : EHY #H<5 &, H5c R KT
{, ZOEC L BAFEMREFREOHAL AL XL —H
LT3, AL 2 ~4E ¥ crBnXEGRIBAL,
HUEEATER L U T ORI L1628 D /h& <
BOTHEINELE AL THO%.

EEEYHHOCR T, ROEDERNERL AL T
ERTLIOHIE, Bititke A Fann 7 ATRETOR
M QB EREYE L, 8 H LawikL ik b kil
Bl7. Wie—HsoDsDECONTRL L, ED
HEBICONEMEZRD O ErAnLEAREALML, &R
IC3E LT, BEORREMN D Z{UCH fEDICE D ik
W 7.

(e) WMMEXOHEE : 56 RicRTa<, Wk
EMREE L, BCHOETOMMIZE L 1ok,
BRIZFEIHM X b 2 N ghhsot.

(4) HEMERIHEHCONT

HEH B O AR/ NRNARR DB DFFHCSLOLIBRICIIR L,
OV TIREM B IR O R ¥ TIC T 53
BN ThD., B oo BLbE ¥V o2 b5
A, EEEOWEKCM Y, chsafSResicilztikn
FHEBCHENTSHS. HEFRESR, EHW, HWE
RO OB L REH Y KT ERE R EE L L
p (o

%t, KENLOBESOFAKK HLD Tedic iR (Il
/&) KRB LB TROWL T Holk. HibF2, 3
EREICHLNESHROL D ESTHD/N (HL
EHBE O RIZEUN) UREENRER L, ©RHU
AL, PIOEENHE L HO HRETH DI
RCREN OB (L), BHH (W), JIBEmiHK
(S) DML BHEARE (M2 o) ZRBIEE 1 LD
M THB. KEFCBTcMLEH R EHBRORIEN
X BKx DYWHEOMERNR L CBULTWDT, ¥
RLEREL OMOBBEE RS0, (S)/(L) #EHH
L7, B1EROUNL EERDOZIFE CETR K 4T
%18 7chs, SAENCIGE U7 iB a8 2300k h
i Wi, (&Xif) LEHEEL OBMGREMELL
5 (S)/(L)X(W) offiid, AHMO ZIENICIs\ T
0. 7TD¥EE X B, GEMIH 1 £31)
ZOEmBHER (Leaf size index) # i\ 78k
B (SD=LxW)x0.7) r FHmk (S) OBfRER
LcORE8RTHD. AR LAVEFEER (/48
REAEED o OWEICAZIEND T, EHl
(AA) KEDTE Mok, S FERERICT 5,
19554F & SBEEDIEIUCHEN ARE R TH D, Tl
EEOBIHREREL LT, (BXl) K ERKER. 7%
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Fig. 5. Seasonal change of each leaf area. (1958 )
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Fig. 6. Length of each internode and ear. (1958 )
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Fig. 7. Leaf shape index (width length). «1958)
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Fig. 8. Relation between leaf area and leaf size
index. (1958) (S: mesured leaf area ; S':

calculated leaf area)
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Table 1. On the leaf size index of each leaf blade (1955, 1958).

Position of leaf on the main stem
2‘ 3| 4 5| 6‘ 7| 8 9\10\11\12'13}14ﬂ15\1s
1958 ‘

~ :
Measured leaf { M 8%3 0. 75; 1. 88| 3.07 5.08 5.76 8. 25‘14. 0119.6 26.1 34.5 41.5 45.7 ‘38, 3128.2
area (S) +o 0.07 0. 19‘ 0. 23' 0.22 0. 71 1.04 1. 06‘ 1.97| 2.48 3.92 3.52 4.92 4.65 4.57| 4.67
Length of leaf ( M frg‘i 3.06 5.7810.2 11.5 14. 9 18.9 123.0 29.2 135.7 41.9 51.3 57.7 49.1 |34.6
blade (L) { +o 0.09 0. 45‘ 0.82 0. 99‘ 1.03 1. 66i 1.89 2.52 3.09 3.34 3.52 4.48 4.04 4.20 5.08
Width of leaf M ximé% 2.59 3.11| 3.42| 5. 03‘ 5.64 6.29 8.68 9.4810.2 |11.6 11.5 11.2 11.4 [11.7
blade (W) { to 0.12 0.30 0.28 0.32 0.38 0. 40: 0. 54| 0. 80 0. 76!1 0.70 0.55 0. 60i 0.60 0.75 0.75
(S)/(L) 0.22, 0.2¥% 0.33] 0.30] 0. 44‘ 0.38 0.44/| 0. 64| 0. 67’ 0.73 0.82 0.81 0.79 0.78 0.81
(S)/(L)x (W) 1. 33| 0. 94; 1.02| 0.88] 0.87 0. 69; 0. 69\ .70 0. 70‘ 0. 71‘ 0.71 0.70 0.71 0.69 0.70
() =((L)x(W))x0.7 | 0.12] 0.55 1.26| 2. 44| 4. 06‘ 5.86 8. 30 14.0 [19.4 24.6 33.8 |41.3 45.2 39.2 |28.3
Leaf shape index 15.8 | 8. 46; 5. 37| 3.35| 4. 32‘ 3. 80‘ 3. 33‘ 3.73 3. 25‘ 2. 85‘ 2.76 2. 231 1.94| 2.32| 3.37
1955
cm? | \ \ ‘ \
Measured leaf { M 0.25 1.13] 2.15 3. 15‘ 5.32| 7.02(10.2 18.2 24.2 24.4 !32. 7 137.2 i38. 0 135.4 |31.0
to 0.07 0.28 0.46/ 0.58 0.71 1.40 2.28 3.74| 3.88 5.36 3.88/ 3. 841 3.84] 4.98| 4.80

area (S)
cm ‘
Length of leaf { M 1.18 4.18 7.3012. 6

33.3 42.5 45.4 ‘46.7 45.8 35.4
blade (W) ta 0.19 0. 75! 1.29 1.78

3.56| 4.44| 4.08 3.20 4.82 6.36

14.2 18.0 22.5 27.8 31.3
1.32 2.28 3.08| 3.04 3.40

mm ‘
Width of leaf { M 1. 82‘ 2.25 3.38 3.67 5.08 5.68 6.55 9.0310.5 10.5 10.6 |11.5 11.0 10.7 |11.7

2
5
blade (W) to 0.27 0. 15‘ 0. 33/ 0. 25j 0.35 0. 56] 0. 81‘ 1.02 0.84 0.85 1.10] 0.65 0.64| 0.89 0.79
0
0

(8)/(L) 0.21 0.27 0.29 0. 25‘ 0.38 0.39 0.46‘ 0. 65/ 0. 77‘ 0.73 0.77 0. 82‘ 0.82| 0.77| 0.87
(S)/(L)xX (W) 1.15 1.21 0.87/ 0.69 0.74

.70 0.70, 0.72] 0.73 0.70, 0.72 0.72) 0.73] 0.72 0.74

Leaf shape index 12.5 | 5. 91‘ 4.23| 3.51

(§) =L)X (W)}x0.7 | 0.15 0.66 1.73| 2.97 5.03 7.1210.3 |18.3 23.0 24.5 31.6 36 5 36.0 34 4129.0

3. 06‘ 3. 09‘ 3. 27‘ 3. 34} 3. 40‘ 3.10] 2. 50‘ 2. 43‘ 2. 39‘ 2. 31 3.51

e
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Fig. 9. Seasonal change of dry matter per-
centage (dry/fresh) of each leaf biade. Fig. 10. Seasonal change of dry matter per-
(1957) centage (dry/fresh) of each leaf sheath.

(1957)
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(5) #¥XH, EHBRUBGBMBORYHESOEFCHES
314

(a) BEHHYBG OO 4 (dry/fresh) ©
HE e 2P IR Th b, KRNI L EY
8, 9, 10BCREY %I ENEREL, Bo28f%kL LT
BIEL Ot TR GBERBOECIEGEER D%
rEZOLRD. 11, 12, 13ELLEL LTHEL, X
EEERTH DN, CHAR ENERZEL k27
W14, 15, 16FRAKRYL LT%RLE L, Ho Mg
ot TRORELBEELXFTLETHD. KB
M,w,#ﬁ&ﬁvfMﬁ&~ﬁ%%Mf6®m,%ﬁ
LEOMOVERORHIA L A E 2 51, Codls
BHBECH BEOAMAEBTCH I DL BEbIS.
B TRESU L OFE R T 51 S R HIEC
B1BEENTHELZTT 5 THS Y. COHETELD
FTHUE, 12, 133 SRR 22 WP THD
13, BEROHEE~NORTOLELELLND.

(b) YA  FIORCR T L, Eick W
THBOBRIRAACELDOHEMLFA U THD. L
LEG&M A D CK\T, FDHERI HEV 2% i
L, SmaiciE LILog#ik s s8R EL L h $RThH
s,

ERICRT D% AATHERR, TBEMRoRMBC
5L EPhDY, EHTRLOMCERBRCIVE
CERENBEEZLNS. AILEMCR VTR,
LTEBOERERO/EECHES BRcAEE SR L3O
YEZHRD. B4, 15, 16EM OIS WT R
—W§ 2% DIk, EREBHLOHEEOMBECH: ) &
WAEBTCLID DL Bbhs.

(c) HifSszHAA « BRSO LA OB i R
EBNKOWL ThD, H13~15HiRED 2618 ik 2 e
TREL, BEEICEL TROBDE S XKEVOREY
DI ERINIFL L, B2ZDROBITHIXK
EWAELELLNRD. B DN G %DE VDI
B EROVCBILLIHHDTEHA 5.

(6) H, HMM, MR ILEWESHOEER

UORFHEWEOEFICHESTIL

(a) BEHEYE  TEHEMBEO/EH D BLER
BIIFRKROE 3 EOML THD. AMic XLy 2
~UEFTREHERE L, PUELYESL LTIRE
D _EALTIREI L TRI6TE (13 IR L3RI
BThHol. T LTHEL DM EORSNIMEET
WoeLHicitwbinic. X A EDOREL, Ei& BB A1
MR R, BB12~143E T TR 0 R RIIC 5515,
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Fig. 11. Seasonal change of dry matter per-
centage(dry, fresh) of each internode.(1957)
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Fig. 12. Seasonal change of dry weight of each
leaf blade. (1958)
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Fig. 13. Seasonal change of dry weight of each
leaf sheath. (1958)
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Fig. 14. Seasonal change of dry weight of each
internode, ear and 100 grains. (1958)
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2 3 4 5 6 T 8§ T ' it 12 3 4 15 1% 17 (8 19 20 2|

Fig. 15. Seasonal change of dry weight per lem?
of each leaf blade. (1958)

16T B H#A 2 BB LT 5.

(b) BEHYE : Fy Y EOELRHFIRIR VS
3FRTIML, BHOBACHMUT B, R HA
BERESFRENOE N TEHSOFEULEL 1 ENOT
k5%, XgaERNGEOMERENTNIEL L
ELTEGBEOLTNEE LA BYRCTHHTLHLS. H
L 2 ~ BN OBBEIANIZBIETH 505, PBI2EMZ
Ml hREL, P13, UETEARLKD, PISETRR
B, LECEWTRBD TN 2TV ThbHD
FERWTFRLEEFCEROERECRBITRE L &
ICHEE LTS e Bbhb,

(c) HiRG, FEMOF100 MEEHIE @ 140N H 2
FIRTWL, HHTREFOERCEVCERLEIHEL,
BREICE L TR T 2R AR P RATH 5.
CORFELE L R THRBROERBET L EVBE
DD THH5. FRU100 B ERZIFEHRECLOE
BAMALE.

(d) BMAEY Y ESEYE : KEOKREE M S
i, PNEEY Y 0BEGENBEORER B L, #16
Rowm< T, RTEIBICRS &, BRoEiconE
SO OBERAR L TWB. — 4 DEZOWT
B, MEZTHROPRHRICESITEL, TOERME
L7243, (OB RIEThH .

(e) 1ZEYD QI DEHEHE : FH—EDOKTEH)
wE, MW, IR OFEOR IREA L 2 R X 16 D
mTHsH. FTEHCOVLTRIUE, TOERIHE
HOETRICEABSESHS. CORERFWO—#L LT
ORILERNR T ORICRRE LB ERIERDTR L
I~ 5. EHE FES L Bllotne R
L, iR RS L BRRIC R i b, DI HERY
IO E BB ORIANOBITIC L D TERIZEZWEL,
IR ARENICER AL 7-.
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Fig. 16. Seasonal change of dry weight of total
leaf blade, leaf sheath, internode, ear and
total living parts per main stem. (1958)

Y LSRRy s, CYEZRVUEZS D
B7-BEH™-® OFEEE OBk SR OM Refz ABEL
T, FHREENO T BAFEBEY R TIUE KRR D
mLEHTHENER LS.

RPN AT
% 8, 9,10 4 B¢ TE(Tillering leaf)
HifE{#E  /Stem elongation and

B laﬁm{ﬁjﬁ%ﬁi (Ear formation leaf )

14, 15. 163+ ¥ ¥ ¥ (Ripening leaf)

i =

AKERKRRIES T O FHEAT LoRBER & LT,
FIRELORFRRALAIET 5 7o DIT1955~584ED 4 &
FERbLIDTUT271LDTHS.

SO B FCE PO RS, HLEOHM
M YL TH5DTHL SN, —HBYAH YR, %
RS dBRICKEL EETS. FAEROBRREL
DOEERE RS0, AHIRICIs T 5 hikttREo—&
B-n 5%, WOKEREOFEER L b EHiEL R T
BuBroTHETHIRFETHS. WALEIREBKITS
T, 1LERBLI6ETH S,

(1) BENOES HEHMR T AECRBELTEL
(30BLAW), Wfr¥ET #XEL (FS0HETR) /b,
FETcRELLRL (60~70R), EBEORLE L
R T 5 DR EED D PRI T T ED
EHIL 7 Thoto. (Fig. 1)

(2) EHRIZP 2 ~14ZETi2 RIS 7 BICPED>THIK
R, BUELREEY LT, X h EERFHOEN
L7-. (Fig. 2)

(8) Ly 2 ~128-CIIEIH L, 13, 4R
RfiE U, H15, 163 THOE RN LA, 12
~16EDM TR AKZEL D7, (Fig. 3)
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Table 2. Dry weight of internode, ear and 100 grains (1958).

Sanipliné . Position of internode on the main stem Internode 100
date . 13 14 15 i6 of ear Ear
(1958) M +¢|/M *¢|M +s|M +¢|M +¢|M =+ seeds
To o ey o o pasd/ 4 o

11 Aug. 5 | 135 32.0| 49.018.2
12 h 12 | 228 32.4)137 37.0
13 19 1259 311|171 5L.8| 41.010.1
14 26 | 266 30.6|257 29.6134 34.0
15 Sept. 2 1296 41.2 (342 38.0|270 37.8|102 27.2| 28.0 4.0 |414 50.0 280
16 9 | 318 47.4.(327 37.0|322 40.6 254 38.4|152 '21.2|541 90.0 350
17 16 | 257 39.6 290 40.4 | 241 22.4|289 40.2|155 19.4 |1070 160 1000
18 22 257 37.8 | 274 35.0 269 20.0|139 29.2 |1744 245 1430
19 30 239 33.2 (246 32.2|239 25.4 |123 21.4 2000 440 1850
20 Oct, 7 206 33.8)239 30.0 238 30.8)]116 20.4 2180 362 2210
21 14 200 30.0 226 35.4|209 36.0|118 25.3 2632 466 2410

—%, ORI TIRERS LFE2~4ERREI

CHUMEL Bkok 28 ¢, DREMTH R 51
HERLUED, HUENRDEHL, BI6ESLLA®RE
BT, 5 ~16EM0ERE L T/hE 27
(Fig. 7)

(4) FEMEORKBHIECHI6E (LID) BIZTH
113 R ChH o, (Fig. 5)

(5) HiMER ENMEREND7. (Fig. 6)

6) #THE (L), Ehh (W) RUHEAIEER (S)
PHEmMBEOHA T EEL LT ¥=1LXxW)x07
(S« e 0.7 ¢ FEEEIS) 2B,

(1) EEPRRESRETERTRWT, 48 ~10% T,
bRz rosiEl, Bosthr LT %EL ot 1
~13ETR2HE LTHEVL, ek L%
Mmoot HIA~16E TR, 2y LTuwibE<, B2
g EE O EHRUHRMERS VT, %0B%
RIGALEGOEMER T ThH RN, K£EHL20ERY
HDERCHE VSR L, BRIl L CRERTS
ERRIES X b b RThofk, (Fig. 9, 10, 11

(8) HHEOEKIL, TEHTRYIALE, THTIRHIS
#, I CRPEUBMThHL k. (Fig 12, 13, 14)

(9) M) SHOBYRBOEHELLT, E
H RO TR0 ETIIRARE RS Y, Hi
HiFE BRI RAL 20, BRBEHMCEOER
L. (Fig. 16.)

1), U EoRRECCEEE OBHS LEAFREL
T, ARCRIT 5 REOETEN T ERE S HBEE (B
8, 9, 10%), HEFRE ONCHIRNh B (8811, 12,
138) ROBIIE (BF14, 15, 1635 K ARBLEDLE
x5,

(BB EEE, FH34 « 8+ 31 « Z/B)
5l A X ®

1) Sanpe Baxkuuvzen, H. L. van de : Studies on
wheat grown under constant conditions. Stan-
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Summary

This experiment was carried out to make clear
the growth and development of leaf, internode and
ear on the main stem of rice plant, as the basic
data of leaf analysis. Results obtained are summri-
zed as follows:

1. Life duration of each leaf showed a tendency
to increase gradually from the lower position to the
higher position. (Fig. 1)

2. The length of leaf blade increased gradually
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as the position rose from the 2nd blade to the 14th
blade, and it reached maximum at 14th blade, de-
creasing again at the 15, 16th blades. (Fig. 2)

3. 'The width of leaf blade increased as the
position rose up to the 12th blade, and the 13, 14th
* blades decreased slightly, it increased again at
higher position than the 14th blade. (Fig. 3)

4, The maximum leaf area was observed at
the 14th blade, and the area of the 16th blade was
nearly equal that of the 11th blade. (Fig. 5)

5. Elongation process of the internode are
shown in Fig. 6, and the length of internode in-
creased gradually as the position rose.

6. From the relation between the length of
leaf blade (L), width of leaf blade (W) and mea-
sured leaf area (8), the authors found the rapid
method of determination of leaf area, such as §'=
(LXW) x0.7. (S':calculated leaf area; 0.7: leaf size
index) (Table 1) '

7. The dry weight of each leaf blade changed
regularly according to the leaf position as shown in

Fig. 12, and the maximum weight was reached at
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about one week after full elongation.

8. Sheath-weight changed in the similar ten-
dency as that of the blade, but the sheath showed
the remarkable decrease than the blade after the

maximum weight ~was attained. Tnis decrease

of dry weight correlated closely with starch trans-
location in sheath. (Fig. 13)

9. Total weight of blade and sheath per stem
was largest at the time immediately before heading.
On the other hand, the maximum total weight of
internode was reached at about one week after
heading. (Fig. 16)

12:8)From the above results and the previous
reports, the authors conceived the predominant func-
tion of each leaf on the main stem as follows: the
role of §~10th leaves is the tillering, 11~13th leaves
is the stem elongation and ear formation, and 14~
16th leaves is the ripening.

(Laboratory of Food Crop Science,

’ Received Aug. 31, 1959)



