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Fundamental Growth Response to Fertilizer in Rice Plants

Hiroshi EHARA

Faculty of Bioresources, Mie University

Abstract

The principal subject to establish systematized techniques in low input rice cultivation is to improve

the efficiency of dry matter production to the amount of applied fertilizer. To clarify the primary

essentials

s0 as to improve the production efficiency and the characteristics for which rice plant must

have a higher production efficiency to the amount of fertilizer applied, the fundamental response to ferti-

lizer regarding the process of individual growth and morphogenesis of the leaf blades of rice plants was

investigated in this study.

I.

Various Differences in the Growth Rate at the Seedling Stage

The various differences in growth rate and its related characteristics at the seedling stage
were examined using 35 rice varieties of different ecotypes and growth types. They were
grown until the 8, 5-leaf stage under 7 levels of nutrient concentrations of the Kimura B cul-
ture solution.  Distinctive differences were found particularly in the dry matter increase
(AW), relative growth rate (RGR) and net assimilation rate (NAR). Several varieties always
showed a higher value of AW for all nutrient levels.  Also highly positive correlations were
found between AW and RGR, RGR and NAR, and NAR and the nitrogen content per leaf
area (NCLA), while being highly significantly negative between NAR and SLA, and NCLA
and SLA for all nutrient levels. However, NAR did not correlate with the nitrogen content
per leaf dry weight (NCLW). Based on these results, NCLA was specified as a very impor-
tant factor related to various differences in the growth rate. Consequently, it was concluded
that the high ability to increase NCLA is one of the most important characteristics for high
growth rate at lower nutrient levels, as well as at higher levels where SLA has a tendency to
increase. However, neither ecotypes nor the growth type corresponded with these charac-
teristics.

Types of the Fundamental Growth Response During the Scedling Stage

Fundamental growth response to fertilizer and low- and high-fertilizer-response characteris-
tics in rice plants were examined using 35 rice varieties of different ecotypes and groth
types, which were grown until the 8. 5-leal stage under seven levels of nutrient concentra-
tions of the Kimura B culture solution. Though various differences in the response of RGR
to fertilizers were not observed clearly before the 6. 5-leafl stage, four types of responses
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were observed during the following grown stage. They were based on the changes in the
specific leaf area (SLA) and nitrogen content per leaf area (NCLA), which showed four typic-
al patterns to the nutrient levels. The critical concentration of the nutrients and response
intensity with the increase in nutrient concentration in the types of RGR response to ferti-
lization indicated the concentration of culture solution which SLA increase depressed and the
degree of NCLA increase, respectively. Moreover, it was clarified that change in SLA and
NCLA affected the photosynthetic rate of a single leaf with a change in CO, diffusion resist-
ance through the stomata and in the mesophyll. On the other hand, three patterns to nut-
rient level were observed in nitrogen content per leal dry weight (NCLW). These results
show that both high NCLW and NCLA under a low nutrient level, being found to a small ex-
tent in indica rice, are important characteristics for low-fertilizer-response varieties, while
higher stable RGR with a small increase of SLA under a high nutirent level, being seen in
most of japonica rice, is for high-fertilizer-response ones. As a result of simulation in case
SLA did not change in three various groups which SLA was easy to increase and NCLA was
hard to increase, it was presumed that the production efficiency increased by 30-40%.
Then, utility of heightening NCLA without SLA increase was pointed out.

Various Differences in Morphologeial Change in Leaf Blade by Different Nutrient
Concentrations of the Culture Solution in Rice Seedlings

To clarify the internal leaf morphology concerned with various differences in specific leaf area
(SLA) response to concentrations of a culture solution during the seedling stage, various dif-
ferences in leaf morphological change with the advance of leaf position and in the response of
leaf morphogenesis to nutrient concentrations were investigated. Vascular bundle number
(VBN) in the transverse section of leaf blade and leaf width increased as the position adv-
anced, but VBN did not increase with leaf width. Increase in leaf length with the advance in
position was greatest in NNN-type wherein the nitrogen content per leaf avea (NCLA) in-
creased but SLA did not increase as the nutrient concentration increased. The increase in
VBN and leaf width in NNN-type were less than the others. However, Dular was an ex-
ception, which was a variety in SSN-type wherein SLA increased with the nutrient concen-
tration, the VBN did not increase with the nutrient concentration and was much more than
others for all concentrations. In the relationship between leaf width and length, leaf area
expansion of NNN-type depended on leaf length, but others depended on the leaf width in-
crease. From these results, it become clear that SLA increased when fertilization was was
heavily applied in the varieties having many VBN by nature, and showing a remarkable in-
crease of VBN in response to the increase in fertilizer. Then, presumably, to improve
efficiently rice productive ability in connection with fertilization, it is important that varieties
have certain characteristics, i.e. VBN and leaf width do not increase, leaf area expansion
depending on the increase in leaf length, and moreover, leaves remain erect even under
heavy fertilization.

Effect of the High Nitrogen Treatment Prior to Transplanting on the Growth and
Yield in Rice

The effect of temporally high N application was investigated to develop a fertilization method
that increases the N content per leaf area (NCLA) without increasing of specific leaf area.
The change in N content of the seedlings treated with high N concentration (230, 1150,
2300, 4600, 11500 and 23000ppm) for 12-48 hrs, the effect of this treatment prior to trans-
planting on the growth and yield were analyzed. The result showed that the treatment with
2300ppmN for 12 hrs did not affect leaf thickness, but increased NCLA by 40%. Seedlings
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pretreated and p

lanted to a lower level of the basal dressing showed remarkable enhance-

ment of net assimilation rate, relative growth rate (RGR) and relative leaf growth rate. As
a result of the measurement of the photosynthetic and respiration rates in plants, an increase

in the photosynthetic rate with this treatment was confirmed,

From the result of field trial

under a lower level of soil fertility, various differences were detected in this treatment, such

as a dry matter increased of 5-90%, tiller number increased of 10-90% during
However, this treatment had no effect on plant length for any of varieties.

stage of growth.

the early

It was considered that this treatment influenced growth directly for 3 weeks, due to the

change in RGR.
ductive tillers, clearly, t
crease in the spikelet number per hill,
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Fig. 1-2. Relationship between nitrogen application and
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Table 2-1  List of rice varieties and line used

Growth Seed _— Fertilizer
Designation duration” weight Plant Tlllermg respon- Remarks®
@ (m%) type” habit sivel?ess”
Indica
IR28 106 23.2 SN Med. High Drought-SV, Salt-SV
IR58 106 23.8 N High High Drought-TV
IR60 106 21.8 N High High
IR50 108 20.3 N High High Salt-SV
IR52 108 24.5 SN High Med. Drought-TV, Salt-MV
IR38 119 23.7 M High High Salt-SV
IR46 119 17.1 SW High Low Drought-MV
H4 121 24.8 W Med. Low Salt-MV
BPI-76 122 21.5 w Med. Low Drought-MV
Azucena 124 31.8 SW Low High Salt-SV
Binato 126 24.8 W Mid. Low Salt-SV
Cc22 130 21.2 W Low Low
IR32 134 23.0 M Low High Salt-MV
IR42 137 19.0 SW Med. High Salt-MV
Peta 137 22.3 W Med. Low
IR4595~4~1-13 24.9 IM High Salt-TV
Dular 140 24.6 W Low Drought-TV
Kala-Rata 1-24 21. 4 W Med. Salt-TV
Cp231 17.1 Low
BR4-10 19.9 SW Med.
Pokkali 29.1 W Med. Salt-TV
Nona Bokra 23.0 A Med. Salt-TV
Japonica
Rikuto Norin 21 141 28.2 SN Med. Drought-MV
Horei 147 27.0 M Low Drought-SV
Koganemasari 152 25.2 SW Low Drought-MV
Toyonishiki 154 26.8 M Low Drought-SV
Yamabiko 159 29.0 IM Med. Dalt-MV
Norin 22 160 26.8 W Med. Med. Drought-MV
Toyohatamochi 161 27.8 W Low Drought-TV
Esoshimamochi 161 31.3 N High Drought-SV
Tsukubahatamochi 161 29.7 N Med. Drought-MV
Akebono 162 29.5 M Low
Asahi 162 26.0 M Med. Drought-MV
Omachi 162 29.1 W Med. Low Drought-MV
Rikute Norin 12 28.2 W Low Drought-MV

D3 Growth duration and plant type were according to the paper of Tsuchiya®"®®, the list of recomended rice
varieties by the Ministry of Agriculture, Forestry and Fishery of Japan®”,
N: Panicle number type, SN: semi-panicle-number tyope, IM: intermediate type, SW: semi-panicle-weight
type, Wi panicle weight type.
¥ Fertilizer responsiveness was evaluated according to IRRI annual report, the paper of Shi et al.” and Baba®.
¥ Drought and salt tolerance were evaluated according to the paper of Ichwantoari et al'®, IRRI annual
report® 29, TV: tolerant variety, MV: moderately tolerant variety, SV: sensitive variety.
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Z 100: Table 2-2  Correlation coefficients between 4W for
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Fig. 2-1. Change of air temperature and relative humid-

Data of RGR are from the lst growth analysis for 23
ity in vinyl house.

days after germination.
k- significant at 1% level,

1.6 NS: not significant.
all Loep 3 gl
nap °T :[ I VT b, AW OEHIINFEAT L BT T % ¢ RGR 0l
%: L . i 5 ° % R IO TWA I ERRL, H2— 2 IR L5
—E; o5l 8 : . 5 % BHMO AW OFBHR2ES, 1HIETIE% < RGR @
E é g é é g FERNIETCTN B LD E# L SN, LIhtsTRIZ,
g 08 2 5 8 : g RGR 12 ARSI 4 T B Bl A, S35 H23 H I
041 X o g 8 ° hS AR LT, RGR % HiFLEe (Net assimilation rate:
0.2 _%& o 8 o o NAR) & BRI (Leaf area ratio: LAR) 4240 THUE
ol ; | : L L j L7z (B2—3). ZOWM® NAR %:Rd A IZH
0 10 40 70 100 130 160 180 o
Concentration of culture solution {%) Foo T, BEMMOMMMAME N0, R & (o

Fig. 2-2. Varietal difference of 4W in rice seedling NAR #%i L, LAR {3 RGR # NAR T+ = &1z
grown for 33 days from germination under Lo TR LY, 20/, RS L ORISR %

Pt
dxffere.nt.nutrxent concentrgtmn. . F4e4kiZ, NAR & LAR o1 i oosi Hﬁ\,}{)af) i
Varieties are grouped into three according

to the value of 4W/plant at standard nutrient 2 T, AW OXRE VT AW 2N S W
concentration: large-dW (@), |g=4W; W2, LAR A5k Cdh - C ~‘£> NAR ALl < Ml

medium-4AW (x), 0.654W < 1g and small- SNTUDZENWEMIARY, SO LM AW 0);}:,
0), 4W <0.6g Bars indicate L.8.D.
?IEN(()())) ¢ * EVHHEEO RGR 29k E (R A EM EFZ LN,

LT, LAR 25K TdH - T NAR ¥ T 8P, 3

i o (Leaf weight ratioo LWR) A%k C &, e 5% 1 fit
Dy, oMo pime SN EE R 0H (Specific leaf area: SLA) ASILEY/A S VI IED VT
oo Tid, ZOREWEHMIILTBLENSHL, £2TC, WhHLDEEZ SR (B2—4 ),
AEEEOEFWAOR L, HTEosiodisin SEHHA M OBA T COOAMEN S E LAg 210
S EZ SNDIEFRBANIIOWT, AW & 1 I HOEEMWFORKIIIBNTEH, NAR & LAR, LWR
B LU AW EMixf 45 (Relative growth rate: RGR; b SLA ORI IFH*M) LB LENZ EMG, %
WEM I O W % 1 AL [1&: LTI L) LoMMRE B THIcHE LR ol h gk /f! i
RO (228, FOMUL, LOWMERIZE (Nitrogen content per leaf weight: NCLW) f‘: SLA O



A O EEPE B B 9

600 [~
[} OO
" Cg . .
o eyt o
= ~ 400 ® %Q’ e
L 3 v o o
5 ! o e 9.,.'{ s Qo '
I - A U °
= @ (tm
= 200 [
4
0 € ) } | i 1 )
o ) ‘ . , . . , } 6 2 3 4 5 6 7 8
100 200 300 400 NCLW (%)
ae . LAR _(cmz & - . Fig. 2-5. Comparison of three varietal groups in the re-
Fig. 2-3. Comparﬁon Of‘ three varietal groups in the Jationship between N content in leaf blade and
composition of RGR. SLA.
Data of RGR, IA\IAR and LAR are from ‘the Symbols are the same as those in Fig. 2-3.
1st growth analysis for 23 days after germina-
tion. Curved lines indicate RGR (g g™t d ™).
Varieties are grouped into three: large-AW — SLA VNSV I EAMWIHAI% Y, NAR & HGIHH O
group (@); medium-4W group ( + ); and small- A7k (Nitrogen content per leaf area: NCLA) & O
AW group (O) as shown in Fig. 2-2. M (2 —5 ).
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Fig, 2-4. Compar‘ls.on of three varietal groups in the Ll E N (52 —7 ), &%, C/F & NAR ®
composition of LAR. e e p e IS Ao g s
Data of LAR, LWR and SLA are from the  [)/= &~ EOMHAR SNG0 & T HRET 425 L7
1st growth anmalysis. Curved lnes indicate S OFME, REBRTL NAR (213 & A L8 5
LAR (cmz. g” Y. Symbols are the same as Nhdat CIF 0.8~ 1 1oFHIc BV THE LN

those in Fig. 2-3 DTHY, FERETIHLECSDEHEL SN,
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Table 2-3  Correlation coefficients between NAR
and the content of some leaf constituents
under different nutrient concentrations

Content neLw  Chloroshyll 0oy
(%) content
10 0.199 00058  0.580%% —0. 466"
40 —0.305%  0.204  (.705%* —0,508%"
70 —0.286%  0.246™5  0.485%* —0. 568"
100 —0.405%  0.176%  0.601%* —0.682%
130 0.2128  0.333F  (.720% —0.672%
160 —0.057  0.138N  0.531% —(.558%
190 —0.217 0,006  0.515% —0.666%

Y Chlorophyll content per leaf area.

Data of NAR and SLA are form the 2nd growth
analysis,

# ik significant at 5%, 1%, level.

NS: not significant.
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Fig. 2-6. Relationship between NCLA and NAR under

different nutrient concentrations.
Slopes of the regression equations are 8. 76

at 10% (@), 7.73 at 40% (O), 3.75 at 70%
(@), 4.25 at 100% (1), 5.25 at 130% (&),
4.12 at 160% (D) and 5.49 at 190% (+)
levels of standard nutrient concentration, re-
spectively,

e <, WML 0 0BRGN s
TVLIENEETHLIEERTLIDTHD, NI
W, A ARG OBREHEEVTNERREAEEE, B L

U RuBP carboxylase (RuBPc) {f1: & 1« IE #1316

16 -
14 °
12 °

10~

NAR per unit NCLA (mgmg ' d™ )

o § 1 | ] ! ; | i ;
0% 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

C/F ratio

Fig. 2-7. Relationship between C/F ratio and NAR per

unit NCLA under different nutrient concentra-
tions.
Symbols are the same as those in Fig. 2-6.
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T VT, AT 330 B 22 8 MO8 12 i
FEDS P A o T OB 5 A v AL R0 B 2 LA &
Ml ol &b, RETE, AEHEIHRDD K/
T A=Y —OGHIMORE, BLOENL OB LR

DA & DIHEBFRIZ D DT L 72,

MHE LA E
W OPARIS & o TH BN/ K5 &z&'&[ﬁ IBITA
IEIEHRIIE DI (AW), SEHH2HH»S33H %

TOH MO EEE (RGR), #MELE (NAR), ¥
iifiit (LAR), JL3Eis (SLA), #EMIL (LWR), B4&
U333 H BIC B A 2B H DY » 7 v il
T 2 D SR EA R (NCLA), Mokl e
FEAAR (NCLW), AN o R#ESH R (Carbon
content per leaf area: CCLA), ST LS/ mES

47 4t (Carbon content per leaf weightt CCLW) & 7~
F =0T, FRENGEKTH i iE A Th -
oo e+ A & & B2, R Mol %

RHTC, BT A — 5 —DOHHMTOLEE T £ —
§ — ORI R U, E72, SR HME o K

BIGR & TR BIR T35 NCLA BLU'SLA &,

10 PR, BARMOBN, oL, R,
R, A RO & OMIEARIC D WD THER L 7,

R L EB
H2— 4 FE, RN COZRLERST R —F —~ DY
SUR T T 570000, KRB L RN 2 O Rk,
&»Wﬁ&mﬂ%@m%mLtomﬁﬁ Hitlo> AW

TR 9%, RGR, NAR, LAR, SLA & NCLA T
2 ~ 3o MMERYH L Z EpIcRs L
12, LWR B XU NCLW B 5 E R G tho st
T A= =B L TNB T EDH LM oo, K
FEBRCH W A350 o C 4, RGR, NAR, LAR, SLA
BLUNCLAK, ZOBREOKRS LRI ERDH -

Table 2-4 Range of varietal difference in growth parameters under different nutrient concentrations

190%

a/b Max. Min

160%

Min.

130%

100%
Min.

Min.

70%

Min.

40%

Min.

10%

Min.

a/b

a/b Max. a/b  Max. a/b  Max. a/b  Max. a/b  Max.

Max.

Growth
parameter

1G]

(a)

7.30 1.326 0.150 8.84

(b)
1.77 0.177 0. 115
2.60 1.072 0.547

(@)

(b} @ o
5.15 1.311 0.263 4.99 1.344 0.184

(@)
1.371 0.266
1.57 0.143 0.084 1.70 0. 160 0.091

(b) @ o
2.91 1.141 0.163 7.00 1.203 0.199 6.0

(@

0]

)

0.358 0.123

5

AW

1.54
1.96

1.76 0.180 0.102

1.97 0.143 0.091
2.25 0.902 0.433

0.122 0.055 2.22 0.126 0.064
1.774 0.566 3.13 1.233 0.547

GR
NAR
LAR
SLA

R

2.08 0.945 0.477 1.98 0.978 0.374 2.62 1.230 0.474

1.57 322.3 146.1 2.21

1.82 488.3 270.7

1.59 255.2 162.1

1.71 215.9 133.2 1.62 209.3 137.3 1.52 244.4 153.6

155.5 90.9

2.67
446.9 217.0 2.06 393.1 215.8 1.82 537.6 292.2 1.84

133.1 49.9

1.80
1.35
1.59

1.36

1.79

455.5 284.7 1.60 548.0 296.3 1.85 528.2 290.6

1.24 0.537 0.441 1.22 0.561 0.417

1.52 0.531 0.427

1.48 17.1

0.395 0.277 1.43 0.430 0.366 1.28 0.480 0.420 1.14 0.646 0.426

LWR

17.6 11.1

9.8 2.06

5.04

9.8 1.75 20.2

L77 16.9 11.4

5

15.0 8
507 3.99 1.27

8.6 1.87

2.01 16.1

7.2
2.62

14.5

NCLA

6.02 4.42

1.41

1.37 7.08
80.9 1.94 150.3 87.1

4.58
1.07 48.15 46.37 1.04 47.58 44.52 1.07 48.32 44.33 1.09 50.31 42.25

6.27

1.27
1.71 159.7 88.3 1.81 160.8 102.7 1.57 157.1

5.49 4.34

1.28 4.12 2.90 1.42

3.36
199.0 102.8 1.94 199.6 117.1

NCLW
CCLA

1.73 168.7 94.3

1.09

1.19 48.96 44.86
Data of AW per plant (g) are for 33 days after germination, data of RGR (g g 7' d™ "), NAR (mgem™2 d™"), LAR (cm® g™ ), SLA (em® g™ %) and LWR (g

46.84 44.04 1.06 47.46 44.45

CCLW

g™ 1) are from the 2nd growth analysis, NCLA (mg dm™2), NCLW (%), CCLA (mg dm™2) and CCLW (%) are in leaf blade of rice seedlings grown for 33

days after germination.
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Table 2-5  Varietal difference in CCLW, and relationship between SLA and CCLA
under different nutrient concentrations

CCLW SLA and CCLA
Conceg}t)ration . F—
N Men oy Rmen Gl
10 45,59 1.60 — 1. 000 y 1552 —0. 981+
10 46.00 L3l —0.999%%9  —0. 963w
70 47.03 0.90 —0.990 ™38 —0, 977
100 46.06 1.33 —1.017x%%8 (. Qo2
130 45. 84 1.92 ~1.029341  —. Q72
160 46,21 3.07 —(0. 96] #0657 —0, 975
180 46. 11 1.86 ~{), Q58 y#60-8 ~0. 966+
All 46.12 2,02 —0,97971958  —(, gGg

NCLA (mgdm™®

Fig. 2-8.

Data of SLA are from Znd growth analysis.
#% . Significant at 1% level.
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Fig. 3-1. Varietal difference of RGR response to nutrient concentration.
Gruup A: IR60, IR32, IR42, IR4595-4-1~13.
Group B: IR50, IR52, IR38, H4, BPI-76, C22, Pokkali Kala-Rata 1-24, Koganemasari
Toyonishiki, Rikuto Norin 12, CP231, Toyohatamochi, Esoshimamochi.
Group C: Horei, Yamabiko, Norin 22, Asahi, Omachi, Rikuto Norin 21, BR4-10, Tsukubahata-

mochi.

Group D: IR28, IR58, IR46, Azucena, Peta, Dular, Nona Bokra, Akebono.
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Fig. 3-2. Scheme of RGR response to nutrient concen-
tration in rice seedlings.
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Table 3-1

Classification of rice varieties based on the type of response in NCLW, NCLA and SLA to nutrient

concentration
Group ri%r‘lzc Response type in NCLA and SLA to n‘utnent concentration ot
NNN NSN SSN NSnN
A HHH IR32 2
[R42
LLH IR60 2
IR4595-4~1~13
LHL 0
B HHH IR38 IR50 2
LLH BPI-76 IR52 5
C22
Kala-Rata 1-24
Pokkali
LHL H4 Koganemasari* Cp231 7
Toyonishiki* Rikuto Norin 12*
Toychatamochi*
Esoshimamochi*
C HHH 0
LLH 0
LHL Horei* Tsukubahatamochi*  Rikuto Norin 21* 8
Yamabiko® BR4-10
Norin 22*
Asahi*
Omachi*
D HHH IR46 1
LLH Azucena IR58 IR28 7
Binato
Peta
Dular
Nona Bokra
LHL Akebono* 1
Total 7 i1 10 7 35

*: Japonica rice.
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Table 3-2 Correlation coefficients of relationship
between RGR and SLA, NCLA of four
varietal groups in response of SLA and
NCLA to nutrient concentration

Response type SLA NCLA
NNN 0. 136" 0. 795%*
NSN 0. 376 0. 671%*
SSN 0.257% 0. 662+*
NSnN 0.311% 0. 505%*

Data of RGR and SLA are from the 2nd growth analy-
sis. NCLA is in leaf blade of rice seedlings grown
for 33 days after germination.

wE giemificant at 5%, 1% level.

NS: not significant.

Table 3-3  Standard partial regression coefficients
and multiple correlation coefficients of re-
lationship between RGR and SLA, NCLA
of four varietal groups in response of
SLA and NCLA to nutrient concentration

Standard partial

Response type  regression coefficient C%ﬁ%gn
SLA NCLA coefficient
NNN 0. 144 0.796 0. BOgH*
NSN 0. 401 0. 686 0. 782%*
SSN 0.393 0.735 0. 766%*
NSnN 0. 386 0.557 0. 633%*

Data of RGR and SLA are from the 2nd growth analy-
sis. NCLA is in leaf blade of rice seedlings grown
for 33 days after germination.

* Rk gignificant at 5%, 1% level.

NS: not significant.
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Fig. 3-9. Comparison of four varietal groups in photo-
synthesis response of single leaf to NCLA.
i NNN, et : N8N, ~«—~: 88N, -----n:

NSaN.

Partial correlation coefficients of relationship between r, + ry and SLA,

NCLA, r,, and SLA, NCLA of varietal groups in response of SLA and NCLA

to nutrient concentration

rﬂ + rbl) rHIZ)
Response type
SLA NCLA SLA NCLA
All 0. 526%* —~0.219M —0. 1178 0. 12708
NNN, NSN, NSnN 0. 505%* ~(. 22978 —0.105™ =0.420*
SSN 0.516%* ~0.415% —0. 388N 0. 255N

Y CO, diffusion resistance through the stomata,

2 CO, diffusion resistance in the mesophyll.

* R significant at 5%, 1% level.

NS: not significant.
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Fig. 3-10. Comparison of four varietal groups in re-

sponse of CO, diffusion resistance through
the stomata to SLA.
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Relationship between SLA and NCLA, photo-

synthetic rate.

— relationship between SLA and NCLA
minimum level of CO, diffusion resist-
ance through the mesophyll.

-—--: relationship between SLA and NCLA
maximum level of photosynthetic rate
of single leaf.

------t relationship between SLA and photo-

synthetic rate by maximum level.

Fig. 3-12.
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Table 3~-5 Standard partial regression coefficients
and multiple correlation coefficients of re-
lationship between photosynthetic rate
and r, + rg, I, under different light in-
tensity conditions

Standard partial

Light( li(111)t§nsity regression coefficient Cg}g&%gn
1,1, Ty coeficient

75 —0.546 —0.406 0. 576

40 -0.314 —0.556 0. 675

21 —-0.302 —0.571 0. ()47“”‘

12 —0.223 ~—0.634 0, 660

4 significant at 1% level.
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Fig. 3-13. The schematic flow diagaram of the effects of
SLA increase on the growth of rice seedling.
SLA: Specific leaf area, NCLA: Nitogen con-
tent per leaf area, r, +r, CO, diffusion re-
sistance through the stomata, r,; CO, diffu-

LAR %444, RGR, AW #HiR$ 5 ETHENL,
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NFENZ.5%, 32.2% AL, FRIZE - TNAR 7%
NENIE. 3%, 22.1%, RGR H515.6%, 21.9%HiKk L,
HEH 4 FERDE G R B C B8, 2%, 39, 4%k
ThHLDEHEE SN (B3I —68) . T O,
SLA D¥iKEE S Ly NCLA Ok %2[(b I &0
R RIET %S0 LB S, SLA A5k Lik<
NCLA 2% & 0 85V {88y IR £ 47 3 B Rl o
B, &5 IEHEH 0 S AN pE A Es o LI 12 4
OTHERTHH I L #RT D EMESINL,

¥4 B
A RPN O MBSO SHEIMzER E, 2hiEb s
BRI B L UL E, L0000 E SO B
H AWM T 5700, 42 N, FABO 1 R355H
T, BRI T A BRI T X — v — 0L
BLURLOWGYT L) SF G0 (NCLW), i
Rl h s a4i NCLA) o2{bd et L, +o

=3

EQ

sion resistance in the mesophyll, Py: Photo-
synthetic rate, NAR: Net assimilation rate,
LAR: Leaf area ratio, RGR: Relative growth

Table 3-6 Simulation of production efficiency to fertilization in change of SLA-NCLA response type to nutrient con-

centration

Response ¢ NCLW  SLA NCLA NAR RGR aws AW per
esponse type %)  (an'g ) (mgdm Y (mgem “d7H @g 'd7H @ G
NSN Actual 4.46 345.6 12.9 0. 669 0.109 0426 849
Simulated 282.0 15.8 0.778 0.126 0.546  108.8

(8L6)  (122.5) (116.3) (1156 (1282 (1282

SSN Actual 4.38 370.3 11.8 0.630 0.105  0.35 709
Simulated 281.9 15.6 0. 769 0.128 0496 98.8

(76.1)  (32.2) (221 (1219 139D (139.4)

Numerals in parentheses show percentage of simulated value to acutal value,
#: Increment of dry matter weight for 10 days from 23rd day to 33rd day after germination,
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Table 4-1 List of rice varieties used

Response type* Japonica Indica
NNN Horei, Yamabiko, Norin 22, Asahi, Omachi H4, Azucena
NSN Koganemasari, Toyonishiki, Toyohatamochi, IR38, BPI-76, C22, Kala-Rata 1-24,
Esoshimamochi, Tsukubahatamochi Pokkail, IR46
SSN Rikuto Norin 12, Rikuto Norin 21, Akebono CP231, BR4-10, IR58, Binato, Peta,
Dular, 'Nona Bokra
NSnN Ir32, IR 2, IR60, IR4595~4~1~13, IR50,

IR )2

* Response type in nitrogen content per leaf area and specific leaf area to nutrient concentration of culture solution.
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Fig. 4-1. Relationship between length and area of leaf
blade in rice seedings of 35 varieties. Slope
of the regression equations are 0.224 in 3rd
leaf (), 0.273 in 4th leaf (@), 0.331 in 5th
leaf (). Correlation coefficients are 0. §73%*
in 3rd leaf, 0.839%* in 4th leaf, 0. 766** in 5th
leaf, 0. 923%* in all leaves.
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Fig. 4-2. Relatipnship between width and area of leaf

blade in rice seedings of 35 varieties. Slope
of the regression equations are 0.937 in 3rd
leaf (©), 1.763 in 4th leaf (@), 2.680 in 5th
leaf (7). Correlation coefficients are (. 725%*
in 3rd leaf, 0.659%* in 4th leaf, 0. 911%* in 5th
leaf, 0. 843%* in all leaves.
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Vascular bundle number

Relatipnship between vascular bundle number
and width of leaf blade. Slope of the regres-
sion equations are 0.146 in 3rd leaf (O),
0.164 in 4th leaf (®), 0.222 in 5th leaf (O).
Correlation coefficients are 0.722%* in 3rd
leaf, 0.609%* in 4th leaf, 0.866%" in 5th leaf,
0. 822%* in all leaves.
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Fig. 4-7. Change of vascular bundle number to concen-
tration of culture solution.
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centage to standard concentration of Kimura B
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Bars indicate confidence interval.
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Fig. 4-8.
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Table 4-2 Comparison of change in vascular boundle number, leaf width and leaf length to concentration
of culture solution

Response type in Vascular bundle Leaf width Leaf length
vascular bundle Variet number (mm) (om)
number, leaf width ariety
and length, 0% 100% 160% 40% 100% 160% 40% 100% 160%
LL H4V 30 30 30 5.8 6.8 6.62 29.4 37.9 36.8
Norin 22" 27 27 27 6.20 6.49 6.69 22.5 23.7 26.0
LW Dular® 36 35 35 893 974 9.77 24.8 22.7 25.5
VNLW BPI-76% 29 30 3 6.8 7.54 7.80 23.6 206.2 26.2
IR58% 28 29 30 619 6.8 6.99 16.1 19.7 20.5
IR32" 26 28 29 5.34 5.8 5.9 13.1 154 16.5
D'NNN, # NSN, # S8N, # NSnN are response type in NCLA and SLA to nutrient concentration.
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Fig. 5-1. Change in leaf area during the high N treatment.
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Bars indicate confidence interval.
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Fig. 5-2. Change in NCLW during the high N treatment. Symbols are the same as those in Fig. 5-1.
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Fig. 5-7.
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Table 5-1 Design of experiment

Ushiku® Okayama®

Variety used Akebono 1R46, IR58

Nakateshinsenbon

Niigatawase

Tanginobozu

Nanjing 11

Choshentongil

IR38
Seeding 18 June 1990 21 May 1990

120 g per nersery box 896 seeds per Minoru pot®

2 seeds per hole

Transplanting 11 July 26 June

2 plants per hill 2 plants per hill

22. 2 hills per m* 22. 2 hills per m?
Fertilization N:P,05: Ky0 N:P,05: K,0

Basal dressing
2.0:2.0:2.0
29 August

Top dressing

0:0:0kg per 10a

3.0:4.2:3.6kg per 10a
0:5.0:6.6
13 September

D Research institute of The Japan Association for Advancement of Phyto-Regulator.
2 The Research Farm, Faculty of Agriculture, Okayama University.

# Nursery box for seeding in hill.
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Table 5-2 Effect of the high nitrogen treatment prior to transplanting on change

of plant length

Plant length (cm)

Veriety Plot
2 WATY 4 WAT 5 WAT
Akebono Control 32.4%£3.6 - 57.5+4.4
Treated 34.7+£2.2 - 63.9£5.6
Nakateshinsenbon Control 33.4+2.6 - 52.2x2.1
Treated 30.442.3 — 51.34+2.3
Niigatawase Control 28.1£2.1 — 56.84+1.2
Treated 31.2£0 - 58.0£1.7
Tanginbozu Control 24.7+2.4 - 37.44£2.0
Treated 24.7£3.2 - 36.1%£1.6
Nanjing 11 Control 46.5£2.9 — 63.4£3.5
Treated 49.14+3.3 - 66.34£3.5
Choshentongil Control 42.5£3.6 - 58.8:4.4
Treated 42.6+1.6 — 60.9%1.1
IR36 Control 37.141.7 — 56.7+4.4
Treated 36.5+3.2 - 60.9£2.6
IR46 Control 46.94+0.8 60.64+0.8 —
Treated 47.54+0.6 64.2%2.8 —
IR58 Control 46.6+£1.5 56.7+1.4 -
Treated 46.3+1.1  56.442.4 -

U Weeks after transplanting.

Values represent mean + confidence interval.
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Table 5-3  Effect of the high nitrogen treatment prior to transplanting on tiller number per hill,

A, BLOMRITER S 2BHE 5 29, Sif>%ol
B X D ROMAIS LT EH o2k
AR

TIC, WMIth 4 BN F COLRIRNE - 7 IR 46
BLUIRSD 2 {HlIZ DT, RGR OBLE iz D
BRI DEHEIN 205 L 7z 08, B2
W E T2 LS X C RGR 25K Cdh o 7= w3,
FERB: 2 ~ 4 M IR46THMIRK CRTH h, IR58
TR OERIHAN LT, 1A EHERDHD SN
Pols WS—9/ ). oI Lrolk, BRIEMON
BHIMELIIC & 2 BB O LT ISEOH I LM 3 M
WHZ A7z TS B 2 L dsgibo i,

‘ D f_o

BAH REVECRIZTHE
SRETIE, BAIHT — W % S R

TIEE ST, HOR ﬂ,w 2

WA (NCLA) P LEATHZ &, # I’éhf{f&é’)

EFFAES N, P OESIMT A L R e ML
shoot dry

weight and dry weight per stem at 5 weeks after transplanting

Tiller number

Dry weight

Variety Plot per hill Shoot d(rg% weight per stem (g)
Akebono Control 6.84+1.2 3.86+0.40 0.44
Treated 11.2+3.8 (165) 7.4342.05 (192) 0.56 (127)
Nakateshinsenbon Control 6.4+1.4 4.03£0.58 0.48
Treated 7.44+1.2 (110) 4.3240. 40 (107) 0.46 ¢ 96)
Niigatawase Control 4.8+1.6 3.80£1.10 0.57
Treated 7.2:41.9 (150 6.45+1. 17 (165) 0.70 (123)
Tanginbozu Control 5.0+0.7 3.20+0. 10 0.46
Treated 6.0£0 (120 3.3540. 14 (105) 0.42 ( 9D
Nanjing 11 Control 15.4+2.8 13.46£3.57 0.77
Treated 21.0£2.7 (136) 20. 16£0.96 (150 0.88 (114)
Choshentongil Control 6.8+0.7 8.43+£1.77 0.96
Treated 12.843.7 (188) 12.5941. 63 (149) 0.85 ( 89)
IR36 Control 15.040.6 8.50+1.15 0.50
Treated 16.6%0.7 (111) 11.87+2. 15 (140) 0.64 (128)
IR46* Control 12.2+0.9 6.82+0.52 0.48
Treated 13.840.6 (113) 7.504£0.54 (110) 0.48 (100)
IRH8* Control 19.1£1.2 8.7640.48 0.42
Treated 21.941.4 (115) 10.17£0.57 (116) 0.43 (102)

Values represent mean = confidence interval, numerals in parenthesis are percent of control.

# value are data at 4 weeks after transplanting.
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Bars indicate confidence interval.
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Fig. 5-10.
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Fig. 5-11. Scheme of tillering pattern.
©: panicle.
Numerals in parenthesis are spikelet number.

Table 5-4 Effect of the high nitrogen treatment prior to transplanting on yield components

D No. of No. of Percentage 1000 graing Yield
Variety Plot I;zgg}(gﬁlb pil;ﬂg:ln(ﬁe of gr;glcnx;ed welgh%r (@ @m 4
Nakateshinsenbon Control 11.0£1.0 36.2+4.3 74.3+8.5 24.1+£1.0 158.3+£13.0

Treated 14.0+1.9 38.4%4.4 74.1£5.8 24.5+1.0 216.7+12.4
Choshentongil Control 7.0+1.9 90.94+6.7 63.84+9.7 26.9+1.0 242.4+10.8
Treated 11.0£1.6 79.9£6.8 66.6+9.0 27.4£1.5 356.1+18.2
IR46 Control 10.0+1.2 156.8+11.2 41.2+4.4 12.7£0.3 182.1%£12.0
Treated 12.2+£1.0 147.1£12.9 40.7+4.7 13.6+2.3 220.5+ 7.6

D Nakateshinsenbon and Cmshentongil were applied 2.0kg N and 2.0 kg K,0 per 10 are at the panicle formation
stage. IR46 was applied 6. O0kg N, 5.0 kg P»0; and 6. 6 kg K,0 per 10 are at the panicle formation stage.

2 1000 grains weight of brown rice.

¥ Estimated grain yield of brown rice derived from yield components. Values represent mean = confidence interval.
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Fig. 6-1. Relationship between the change of C/F ratio

and the change of NCLW.



A ORI

B HE 45

(NCLW) L odidgibihs, #2°C,
NCLW @24k iz

nj Lf-o 1|1
Lt/ i) ﬂ, HiYiA

A %
BOTHBTERESRS SN RIE

m&*ﬁquNCUNoﬂwmux£WMﬂ¢1ﬂbﬂ MR

B, M xEd A NCLW oL gER

(C/F 1) offbL ol

IL—EORR %

HLTHY, KRR 10~40% Tl Ao BIRHD,
130~160% CiEEIE oMM MHs b s N (56— 1
f, SIS B W C/F b

By, zoz&
PO TKE (H
Bl P e
LBiry -
F 7o, BB

C/F HWBUHNDBH L3 b —

EMmeid, i
Y ’(hvlé?‘)
UlanZ b&hs

WA NS Wz, MRS
S ORKIRE AN S WL
AU & o TEHEWI) A

ST A
[T &, Libw

MEIZBVTIE C/F AvhEnwio
12, AR5 DA T 3 A M OB AR C b B T
FEEHBDARKECIEEZRLTO S L0 EHHHS
Nb, T/, RHEMRICEI S NCLW OELOFERN

DEEFEPINLT) O IR
Cii < BEI N THAH LD E
L, BEIBHE 2 B UG

EOWRIZ e oTzl

RO L
A ONb,
i, BRI

mWLLﬂT&M%@%&W&L@&M%ﬂ,ﬁxw

MR AT B

R AR MR QLT

ZLC, Sg&

A OIS X - THRH
HEIZ & » TRESND LD
RIS BTG BE R

=R A% [iND)
LR NS,
SINARYTYi D)

BRI M T2 T, REGBEWII TR A0,

8L I O BhIRA
BITKE g
M, EhERE

RbBNI,

e TR Mk S PN
FREF I AT B bl
Ha3NbNEEYLILYT

3. EFESEBEEORH.L
3FUTB I B MG ONEBAERED S A

KRITlE, 4
Spl oo
VARV €L )
B E AN
B & 5 T

T, A

B3 2 Sl

é&l/\\_ t/){
BAsiE G b
HHLOL#

Ped b bz, IRk
EEZOENBHEIZDNT

81902 3 A5 LS FE D K iE COy I AT

s SN B7%, 53 HOH:!

LGk, il

FETF UL LB AL (SLA) AVR & I &Y/ %5
LT, #LCHRBTCEMmfLLy

(NCLA) H¥kv

EHEWARBU AR U C,

SR EA
2R

DREFHELRT 3L 2L o T0DH I &
Z LT, SLA #H¥BiR-3° NCLA %9 <

W T o 7y %
MEasns k

IF, HUETCLERTTY,

EEP

L 2w BT B b e v R,

& T, BRSOV T, NCLA O ERIZE b %
VIR A T A W &, %~ P NCLA
TR BB IL B B U T L, 5 NCLA Tl
PROBRS 2 A RO SN, WEE & - TR
T B LT ol NCLA OfAT M2 5 2 &
& 542, U NCLA THWAMMOR L 5 2 & 25Hfi%
SN, ThooZ ki, BRNYHOREBIINEE 5{.»
WO R BHBETHLIED 2 #HETLE, £/,

B U783 L B R BB IE B AT LT D &
PWET B E, GHEHOMRIIN LT, HIFTE L1
ey 30 OWERHIIZ L - TH A Z:u.é:’#’ffb’t"_‘%»
LD THbD,

L7ztio T, COp 7 AR & I (3 A THRAEK

)

HIE T WO L 1T, R LT SLA Ak LiE<
NCLA 55 & D SV HTH I LB TH
BH7%, ¥ E 72 NCLA ﬁfx)}"’i A MERER OfE

BT LAt H Z LI L “d“&db%‘&f)%é &
wixﬁo%tf,:@Hﬁ,%&,M%W%ﬁ&%ﬂ
DY ERAT HICS o TO—DOEELRHETH 5
LOLMHENS,

4, FEEOEMERS LURROFBICH T 3EREONE
DATREMEIZ DV T
B 3OFBD S, 4 F ORI L8 A,
IR AL (SLA)Y 29k L, fmifi i v e
(NCLA) 2% F S il & 5 Witk 4 5600 4R
TS, BRSO I LR EME LR
AEHE A R S, L SR L E A e 1R
COPOENE I EBHL PR ol Thbb,
A B CERRERT SR A % L& TR o
TALAER SN, FObABEERERLE{LL, Dw
T EREREAETLTLE > b LV, 14D
Rt R UG 28I A LT, ol et
olés:Lv T TG & L S ¢ B R )
, BeET UL, SLA # 2 a4 v T NCLA 239
B &) GO LR Z LRI S NS,
INEDHEE 5T R TT o 28 5 MOEBH > S
W, FEHIEINT 00— ey Ze v SE FIL AT (2300 ppm N
1205 1) 12 & »C SLA 1384 NCLA A% b, &
TGN T Iz B W TIE, BHiGROETIRAENIE L <,




46 AN 7%

¥/, FOHAERELOMEIEBII IR O R
T AP OOMIMICED LMD Z LWL IR Y, Y
PUE D L 2 &ARE s,

L2 AT, BAEORAENI B BN % R E A
Wi R ARIE, EEI 2 2GR X B RO
{LAsifle a8 7113/1\1‘}/“:{ ChbEELILNDL, F, BE
DAL % Hls & 3 BRI 2 U S s o THENT S AR
BT I TS A%, M S B VIR L THE
W CIRRNERIIEAT £ 0 B <, ko2 LhT L

DNHRENHVIOLIEHING, TOLI LI LE%
ZEbEhE, !Jf?" TRl T A AT pINE 15 L P A
&) BHE O NBEAE I & IS % LS B ik o i
PR E SR, FOEK,S O Lk LA a sy

L& o THEEAL R & & b A R RE 1) L % T

'9“6)& Wi, 4 A B AR OB & Bk L %
MK LA B, MO H 0 oo W Tl
BEERESHLDE VR B,

W5, BT B LR 2 X 2 A, B RO
R s & OO ﬁ*!ii*?‘ﬂ LTI & LT,
—EIZHBARES TN T B A, ZoZ kil
S U ie i g & b4 2 b, ALk
MO L MU TEEREORTADI &R ENTWD
boLUMENL, T2, WEBREONGEA IR

WL TIL S STk, B, BYHRCHL
THIBERARRE LTI ENFOERNO—DTH L E
FEZHN, WERIZE L, RAER ORI E AT

BNTHBEEVZBVONBUIRE N B, — #5121
AORRMEREHI BV, BRI L AR AT L,

A R0 & - ’u‘f He A MM TAHIENRECTH S
A&, AR, ETIAYE < B 3 ~ 4 I
(SIS ATR TN Z.mm AR5 L "ﬁ}\éﬂfb‘% A s
TS, BALAD & OB R OMEA TR M E v

A, FRFOHE D S BII RS A S SRR OB T, &
DO MR ROML L L WA b, T/, B
WU BV TRk AV & SR B ER&HD, v
D@L EROBIBERIES NS WD Zehbid, Zok
% e R Bl C ok T, laliy)f’f’lwﬁf})L LIS
TG S 0, HEEOEIINT A AR E v R B,

D& BIRROPC, PPEETIZE T, Flof)
R 2 3z mjjéﬁ T BRSO 2hm L, IR
A EOWH D BEN R HEATRE S Z L, T

2)

3)

6)

7

9)

10)

11)

HERTHALDEHELONS,

3 B X W

Axita, S., L. BLANCO and S. 8. VIRMANL  Phys-

iological analysis of heterosis in rice plant. Jpn. /J.

Crop Sci. 55 (Extra issue 1): 14-15 (1986).
HELYY. AR KB, SRR B

M2 TEMOSARL Y. SRV, R

b4, WEE, p63-70 (1987).

Byl EHETESEE AR - ARG,

’Fl‘ﬁf’l’-mﬁlﬂé. . 1§}j ] /P ., p() -73 ( 95 G)
By M, wAsisE. /MJF{ R OB S, UM%
RE Ve B RERIEW A, WE, p

159-185 (1975).

BrackmaN, G, E. and G. L. WILSON. Physiological
and ecological studies in the analysis of plant en-
vironment. VI. The constancy for different spe-
cies of logarithmic relationship between net as-
similation rate and light intensity and its ecological
signiﬁcance Ann Bot. 15: 63-94 (1951).

oi /;l::-y H Y. /}qlﬁo)%ﬁfﬁt%]ﬁﬂﬁ((:
B4 %9, /l"‘ | BEIIIC L Bk akiEl

oSN RS, HYER 49: 88-94 (1980).
MW=, R, ’H HY. KEONEK &

WJ ey |9ei'9“?;>T}F’ CENA e+ St Y ‘eh /'5

MR B O fL&v‘c szf;t))t@lim
%nuﬂ' 17, {/l‘l 49: 608-614 (1980)
KWEHE K iifzi B AR %

fFge. 456 A
OB RHEE RATTEY.
(1970).

VLR g, AR, WML S v I 74
Yo A FRYTHEY v DI B H R4

}LJH AN Y 7 B KA A
HfEd 39 426-430

B & O, AR A sk 29
12-13 (1988)

?ﬁ]llﬁi"l &, hEESE, AR AR ORIEIK
TGP ’4‘/9711? B TER AAIC B B A
“"@nn»‘i! 7. Hﬁ?ﬁﬂ 59: 426-434 (1990).

‘V’i;:.

L 4 LEeds, s KERHS S %
AR O g z’z’;i"ﬁziii’kﬁ!frﬁﬂixé:lbli} ey
i HiER 61 1-9 (1992).

E g2, BRde, ANEHEE. FSRE O
WIZ & B A AR OREL TZIEE L o ST S
Ak 610 10-15 (1992).

Havashi, K.. Efficiencies of solar energy conver-
sion and relating characteristics in rice varieties.




A I ORI

PR B 47

16)

18)

19)

20)

21)

22)

23)

Proc. Crop Sci. Soc. Japan 38: 495-500 (1969).
o . lﬁ‘infdﬂ&ﬂlr%%ﬂm,{‘{zf S,
TR IR AR 0. P IO AL, TR,
~-65 (1973).

FOCREE, W fF. WA o g8 DU
{ZonT, AHEE 57 134-141 (1986).

Horig, T. Studies on photosynthesis and primary
production of rice plants. II.  Gaseous diffusive re-
sistances, photosynthesis and transpiration in the
leaves as influenced by atmospheric humidity, and
J. Agr. Met, 35 1-12

air and soil temperatures.

{1979).
~ IR, EUAIES. A AR IS BT D

A% 43 U UL GDLfluﬂl (B MR, BAER
58: 7-12 (1989).
4'7‘/%”‘) R, R, AT
SO L R R L ‘} Zgﬁllinui‘pm&i &}
Al 57 (A1) :187-188 (1988).
ok 5, BHEGE, FHBEEE.
ME Lo BHYENL BIEL 3T
(1968).
International Rice Research Institute.
Highlights. Annual Report for 1975
Baiies, p 1-66 (1975).
International Rice Research Institute. Genetic e-
Annual
p 67-202

KA BB
614~617

Research
IRRI, Los

valuation and utilization (GEU) program,
Report for 1975. IRRI, Los Baiios,
(1975).

International Rice Research Institute. Agronomic
and related characteristics. Annual Report for 1982.
IRRI, Los Bafos, p 16~22 (1982).
International Rice Research Institute,
Annual Report for 1983,
(1983).

Drought re-
sistance. IRRI, Los

Barios, p 68-91

International Rice Research Institute.  Genetic
evaluation and utilization (GEU) program. Annual
Report for 1985, IRRI, Los Bafios, pl1-142

(1985).

International Rice Research Institute. Genetic re-
sources program. Annual Report for 1986. IRRI
Los Bafios, p 2-5 (1986).

International Rice Research Institute. Adverse soils
tolerance. Annual Report for 1986, IRRI, Los
Bafos, p 122-139 (1986).

INTHAVONGSA, K., T. Yasug, T. Morwaky T,
WataBe and K. IMal Studies on vyield and yield
components in Indica rice. I. Response to nitrogen
application in local and improved varieties. Japan. J.

28)

29)

30)

31)

32)

33)

34)

36)

37

38)

39)

40)

Trop. Agr. 2%: 131-139 (1985).
IntTHAVONGSA, K., T. Morwakl, T. WATABE, and
K. ImaL 1. Formation of yvield in Jocal and im-

proved varieties.  Japan. J. Trop. Agr. 29
140-145 (1985).
TR, W WL KRR SEENI S 5 0F

g8 ROHE B R Z AHT o B
491~-494 (1960).

O, W [, E R
MEAZI DY AT SE. 45 4
W B 4 Bk AL Ul i 1 o S A I o
201-207 (1986).

HEARESE, 3K 7F, BRI KEoORe
JSO'RBP HARF I~ Vb F L —
KRRAETHE )y, S URIZOEE
48: 378-384 (1979).

KA, /I

4k 3L

KEFOT-924:
U 3
(£ RAEF TG )

jiges
R
H

H 4 T4 Ao
ety st gt 23

B,

21-23 (1 ¢}88)

/M"/\l’l), T-a ey 3
M4 BRI £ B rf fu’){u)F
479-497 (1973).

MR, DHEE, KIS G HIE B
AEIESAEIIN SR, AT MEOEGEGEE &
KA, AR 59 282-292 (1990).

B3 PAHEE, RSO E I8
VAEFIA SR SRR, 42 4 HL{JW L BT

B i Bl 7 8 o /i fiiifee
293-297 (1990)
MEHGW, UNEE. RO IS
AHIHSRIN SR, B3l Eas Lo
W= FeB R O A S A 0 Sh BT 2 5
SENYILHE, HYER 59 298-302 (1990).
KVET, ., J. P. ONDOK, J. NECAS and P. G. YARVIS.
Methods of growth analysis. Z. Serak, J. Carsxy
and P. G. JARVIS ed.  Plant photosynthetic produc-
tion, manual of methods. Dr. W, JuNK N. V. Pub-
lishers, The Hague, p 343-391 (1971).

Lubrow, M, M. and P. G. Jarvis, Methods of
measuring photorespiration in leaves.  Z. SETAK, J.
Carsky and P.G. JARvis ed. Plant photosynthetic
production, manual of methods. Dr. W. Junk N.
V. Publishers, The Hague, p 294-312 (1971).
MACKINNEY, G.. Absorption of light by chlo-

SRk RE. HER 59

rophyll solutions. f. Biol. Chem. 140: 315- 322
(1941).
HHET. KA YE 1510 & B L IUHER S,

F G S rge ik 31 48-49 (1990).



48 i %

41)  AlisEde, EA—, HARS L1 v Fiiog BEid 58 (B12): 81-82 (1989).

T BAEFRIS, B2W s & A 57)  MEHORBER RTRMIZER. K BRATHSEIFIR B
WEB Lo RmAMmo &R B AL 5T AR B - SRS e, BRI S,
692-698 (1983). 571, p63-160 (1985).

42) MR, MBI, .' ”‘“5_ ST BATS L 58) WH U J’L‘IS. Fifidy o
WSS AE OO A LI B R, B R eSS S e e I B oo
19: 9 ~98 (1950). PR, W p 1039 1078 (19‘37).

43) BRI B HUETESETRE. B 59)  MFAVBERE, PIORRIME, BN, e osidRE
1 ﬁi D3: 1-111 (1952). S ATRE. BI6H RERE RIS B A kA

44) KWIBEZ. KBRS &I AR B WA E NUH L 0BG BIER 48
BORIFgE, SRR A5 1-271 (1957). 10-16 (1979).

45) REEE, MRS B, KRG & 60) IRk, ERERE. oS REHI T B0
ISR A e S rgE. LV L. £ %‘rlm ge. IS ARMOMH AR, BEAWRLY sink
oL .,,%L#/Mumllﬁd WA - 42 W IZ BT B INEEH OF AN M BAFYE. A
NI & ORISR, B o 53: 204~212 (1984).
f29: 202-206 (1961). 61) Osapa, A. Studies on the photosynthesis of indica

46) MBEE, mrp s KRR L & 2 o rice. Proc. Crop Scz' Soc Japan 33: 69-76 (1961).
BT DU Enmige. oo Mo T 62) EHEPg, HEES. KEMHOLAN &Ik
WA T B oW BER 32 4447 WM e, 6 l Hi oh ok SO YE A & I
(1963). PRz B e, HYER 30: 220-223 (1962).

47) MBS, WWdEsE, RIS AKHIDUE LI 63) EiIiElU'UC MY, RSO YA & EINM:
& FOIEMIHT B 1S ’JW! 7. HEO8H A W HWFgE. #5290 RARMONA LR
oL ELES, AER 33 44-48 (1964), H: WY AR BR300 224-227 (1962).

48) MyEEE, BB, mEeREEsE REds, RE 64) RS, WM B AR R RIS 26 AL
HEL AKERYL R F OB S SHIWTFIT A, & OBIR L, B
SERTFTE. HEGOML I B TR & IEE. M e R e S AR R A R R S, HU,
HPER  33: 49-52 (1964). p47-51 (1972).

49) BB, A ¥ FEOREROBIIZ B 5 815K 65) Ross, V. SR & RS, MIBNEWIR, K

OEFIMZEN, MAFmsgE 25 107-114 (1981). Ak 60 108-116 (1967).

50) CEIE IR, BRI IS & AOKERI RO LA 66) KEIEH. KERoOS BRI B (4
”»T‘M-l-e’é‘/'b%}fm B3 AREMEERTE O G . SFolcB LT EREROEE, L
DEEI T A0 BER 38 (J2) 33; 243-246 (1962).

41-42 (1969). 67) FIEFRET, TFHMZ, HEU JR. KERZ AU

51) HEEY. AMOREH L 2 OB NESRIC DY LY v‘-U;C’)ﬁ»H L2 WA . APARERE
",‘3"23’{3}1"7’/"6 B A5 1-168 (1961). MMl ook, AfERd 59: 303-311 (1990).

52) P WAL L CoRILER. £ 68) W . A AOEFILHES RuDP KR F L

: , MOTHE & Hil, MBI 2, WO, -Gt 1L eAE - WREE, 71:1
p 87-130 ( 961). o7 ViSOG BER 45 O 2

53) Nacasl, L., Japonica rice, its breeding and culture. 179-180 (1976).

Yokendo, Tokyo, pp. 843 (1958). 69) SaMmarral, S, M. Studies on varietal differences in

54) BEE-HE, WHERE, FFM Fro FY— Fv productivity and related characters between japo-
VBRI S FARI S & O BLKRR O BLIE. nica and indica rices. Proc, Crop Sci. Soc. Japan 38:
HAk  40: 170-177 (1971). 627-646 (1969).

55)  hUHECHY, [eRiERE, g ’-'7'.. KIMORE ML 70) {/{J'f;? D"‘ A, HOME, WEUEIKIERED
W2 B0 W BRI AT - I RIE JeA MR R B 38 (ML)
W, RER 5% 265-269 (1990). 7-8 (1963)

56) R, MEAIE, “\'))/: BASC. RETA L AR T RS KA o4 “4)")15‘ 2&13:'5& ()‘%‘H’J
DIAEBHEIZ DWW T 1!(‘1]44\6’)}1, I ISP HIPE. B8 @




A O3 EOS T B 3 B IFgE 49
’jﬁ"ﬁ &(i’“miﬁ;»}; I {/liﬁ’ﬂ 32: 53-56 (1963). )‘b b — i} /fL i 7’,‘;{ I P f ﬁ w40:

72)  SHI, Q. and S. AKITA, Biomas production and grain 164-169 (1971).
yield of IR cultivars in high nitrogen water culture, 86)  ERRPRE-—, WakTdeH, aEii A 75‘/Mm 253
Jpn. J. Crop Sci. 57 (Extra issue 1) : 23-24 TN BT T3, MEIEY - R S
(1988). 21: 1-6 (1976).

73) BRI, w3 YIIB U A KREOEHH & o 87) J Bk, 40 F Tl ¥ S s IR SifEod
RIS AHF%E, W5 EEMFEORH: & TN, B ARBAA S R AOBI I ,
IR B M. BB 40: 88-94 (1971). [y, p28-29 (1985).

74) er SN, WEHd, WK, KB O KA 88) Bz, B. S. VERGARA, B, (kgididett

S oosEEE. T WERAMTICE LK BRSO RISHT L. HER
’hu@fr} oo n T, WAL KBRITFH 8 55 (3 1): 50-51 (1986).
91-117 (1956). 89) LEBWwde, fLE & bAoA F oK

75) AR, AEHBEWORA Vb RIS ISR AWI7E. B 28 A o BB s R
S, MEEHAARR R 2 1A - AR 12T, HAERE 5% 435-442 (1990).

WA, A A AL &, W, p153-160 90)  fHIHAL AR, YM‘iﬁUD S i i & ) A oD
(1976). g, EHEPOSHEFTREIZoVC. BEL

76)  WEEREE--. N AT PR E NS BB B 21: 209-210 (1953).

IR SO 22, 3, xﬁ‘rﬂw ety 3 O MEIEZER (RO & AT E SR
A AERBEOHMT  F. ML &, 33: 1469-1474 (1958).
W, pl1-9 (1977). 92) MMEMERS (MO S ILHE & A R

77)  EESHET, AREMEUA, R, Rl 2R 33: 1625-1629 (1958).

ROt M. — 2 e S b EoMEL 93) Tsunopa, S. A developmental analysis of field
MRS -, B - 18 69-80 crops. I Leaf area per plant and leaf area ratio.
(1990). Japan. J. Breed. 9: 161-168 (1959).

78)  ECHUKES, IOREE. RSB B I8 94) Tsunoba, S. A developmental analysis of field
BT, B ARSI B oN S IR crops. [l. The assimilation-system of plants as
oo fghr, BER 28 179-181 (1959). affected by the from, direction and arrangement of

79)  ECEUEBUER, AR & gidn, WMRERE, B single leaves. Japan. J. Breed. 9 237-245
O & e BRI &, W, p 131-167 (1959).

{1969). 95) Tsunopa, S. A developmental analysis of field

80) ECHTADMER, 4 #EW, Hpz, B - % crops. ll. The depth of green colour and the ni-
FATKEE B BOAREE OHVERDK AR O iERy, A3 trogen content of leaves. Japan. J. Breed. 10:
PORCIE, 5 13 WMo Besed & A7 EhAli N 2. 107-111 (1960).

Hesd 55 (B 1): 150-151 (1986). 96y BB, TE L BEED & A S, 2

81)  ECELEMEE, Frilbz, 9 W, W R 8 JEETAN, MOIE &5k — 2 oSG —
FE1a 4 B BAK G OEIEERUK SR O RE Ny, A3 MHIEMI &, W, p 179228 (1960).

PO, 5 1 SOOI A S & 7 ST . 97) MEEZES 34 6 NN oI & o4 g
Fese 55 (1) 152-153 (1986). T3 VR ETE D L E ORI — AT oy &

82) M W A ¥ NGB R h—. BARSEHREE, WE, p23-51 (1964).
33: 299-304 (1958). 98) PR, PRS-, ’f 108, TR ORIz B

83) MWt W SO L R AT EAR R LNANRE O LR IZ T AR, &1
B, AR, WE, p18-65 (1971). 4 %5 0)—»&1_"”;; J:Hé?é’éft. FAER 49:

84) M W, e, BRERS, SRR, iy 127-134 (1980).

&Y Az 2 33 ORI OO BE a9 . 99)  LIAREHAE, UEAIZE, WEESE AREOMIBM
A HREE 39 526 334 (1968). BT A0, 5528 BAGRORNTEES &4

85) Hh#FsE, MRS, ARIRIR O 8 R & c‘O) AR AU L RIS O gy o B,
TSI B A0 g8, 550840 2 HEfd 47 3) 47 (1978},

HHB L UG O 3 1[(’:] WOEMB L U‘é«m@ 100)  thddde, WML, R B oS



50 TR VN
e Uy OB - BT L OB, TR OTTEE 2 MW+ 52, ZodEi Bkl
#k 58 591-594 (1987). 32: 237-242 (1963).

100 igEkE. RIGOROBEIEIZIMS 5878, 1. 109) Hll”i’: I, HEERIRYE, EoRARME Rk AL AR
SEORE M B0 B 3L B AR SRR OBICE ) L T
371-378 (1963). b2y & RN L OBER. B 58 (I

102) e, RO ROWIILHI - A28, 1. 1): 88-89 (1988).

WY % SIS L8 03 058 bt 0w T, 106) Wabpa, G. and P. 8. CrUZ, Varietal difference in nit-
AEfd  32; 81-88 (1963). rogen response — special reference to growth dura-

103) g, REROROLBILRIC 4 L0058, . tion. Jpn. J. Crop Sci. 56 (Extra issue 2): 2-3
=, COBRBIGMATEOEIL B LT (1987).

H{Ekd 320 145-151. 107)  Warson, D. J. The physiological basis of variation

104)

L EE. KRR B BI%E. V.

in yield, Adv. Agron. 4: 101-145 (1952).



