
l\'Iost important growth stages for 
the viewpoint of yield-determining 

From the consideration of 
at which the effect 
at the neck ·HJde differenti:ttion st:;ge, 

of 

spikelets is 
stage which 

and at the full stage. 

1ncrease its percentage 
for the growers to choose the 

in their 
percentage nnd the number of 
in value or both components 
the number of 

be lhe 
author's "Crop Science in Rice" 

Mil. 

Quantitative :relation of the amount of nitrogen absorbed 
different growth stages to the magnitude of yield and 

Using several varieties under various cultural conditions 
1957 to 1965), the authors examined the relation quantitatively 
nitrogen absorbed by the rice at different 
and yield-components. 
wiil be mentioned in the 

1) The relation betvveen the number of 
m the rice plant per m2 at the neck-node initiation 
high correlation coefficient between them. 
plants at the maximum tiller number stage, 
coefficient than this might have been obtained 
cultural conditions used. 

per 111:: anLl the 
stage can be seen 

they 
done it, 
of the 

2) The relation between the number of differentiated per 
of nitrogen in the rice plant per 111 2 at the late 1111tiatioa stage is showa 
In any place, however different the varieties, season and cultural conditions may 

at 

high positive correlation betvveen them will definitely be obtained as m 2. But there: 
is almost no relation between the number of differentiated per and the 

m Departn1ent of Physics and St;::tistics~ ::\'ationa! Institute l'f' .:\griculturnl Scien.._·e,-::. 

Kita-ku, Tokyo, 114 Japan. 



60 

f:lote No.5 
?\orin No. 25 
Manryo 
Early transplanted 

'lA Ordinarily transplanted 

>~ Directly 
Shading treat:rnent 

Fitt" 1" Relation between the number of panicles 
per unit area and the amount of nitrogen 
in rice plant at the neck-node initiation 
stage. 

r=- 0.970*"'"' 

y= 

0 

Fig" 2. Relation between the number of spikelets 
per unit area and the amount of nitrogen 
in rice plant at the late spikelet initia· 
tion stage. 

centage of ;n the leafblades. In rnost cases, as the nmnber of degenerated spikelets 
per unit area 1s much less than that of differentiated ones, the actual number of spikelets 
1s correlated with the amount of nitrogen in the rice plant at the late spikelet 
initiation stage as well as at the stage as sho,vn in Fig. 3, except the cases where 

an1ount of nitrogen is appiied or the amount of solar radiation is extremely short 
from the late initiation stage to the heading stage. 

3) The relation between the number of differentiated spikelets per panicle and the 
amount of per panicle at the late spikelet jnitiation stage is shown in Fig. 4. A 
very high correlation coefficient can be seen betw·een them, hut only a very low correlation 



·. 

Fig. 3. Relation between the number of spikelets 
per unit area and the amount ofnitrogen 
at the ear emergence and the~late:spikelet 
initiation stage. 

r=0.93 '" • 

20 30 40mg 
_\mount of nitrow:m 

J<'ig. 4. Relation between the number ~ofl. dif
ferentiated spikelets per panicle and 
the amount of nitrogen per panicle at 
the late spikelet initiation stage. 

coefficient is seen between the number of differentiated spikelets per panicle and the 
percentage of nitrogen in the leafblades at the late spikelet initiation stage. 

4) The relation between the amount of nitrogen absorbed per m' after the heading 
stage and the percentage of ripened grains is shown in Fig. 5. From Fig. 5 it can clearly 
be recognized that there is no correlation between them, but in case of much amount of 
nitrogen being absorbed after the heading stage there is no plot which shows a low 
percentage of ripened grains. Until recently, it has been believed that an increase of the 
amount of nitrogen absorbed during the period after the heading stage reduces the percent· 



Fig. 5. Effect of the amount of nitrogen 
absorbed after the ear emergence on 
the percentage of ripened grains (1957 
~'65). 
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Fig. 6. Relation between the yield and the 
amount of nitrogen absorbed after 
the ear emergence. 

~t:;:l«. y=4.7bx+O.!~ 
HG 

:n 20g/~r/ 

Fig. 7. Relation between the yield and the 
amount of nitrogen in rice plant at 
the ear emergence. 



age of However, in an increase of the amount of nitrogen absorbed 
after the heading stage increases the percentage of in many 

cases, because of the enhancement of photosynthetic rate. 
5) The relation between the grain and the amount of nitrogen absorbed per m2 

after the stage is shown m 6. There exists a considerably high correlation 
coefficient between them. 

6) The relation between the yield and the amount of nitrogen in the rice plant 
per m' at the heading stage can be seen in Fig. There also exists a considerably high 
correlation coefficient between them. 

Fig. 8. Relation between the yield and the 
amount of nitrogen in rice plant at 
maturity. 
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y=0.1548x+34 
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Fig. 9. Relation between the dry weight pro· 
duced after the ear emergence and the 
product of the amount of solar radia
tion (S) and the sum of the amount 
of nitrogen in leaf-blades (N) and~ the 
amount of nitrogen absorbed after the 
ear emergence ( dN). 



64 

7) The relation beh\"een the yield and the amount of m the rice 
per m' at maturity is shovvn in Fig. 8. In Fig. 8 there exists much correlation 
coefficient between the grain and the amount of than in Fig. 6 and Fig. 7. 
From the figure it can be recognized that so long as the upper limit of the of brown 
rice is nearly 10 tons per hectare, the more amount of nitrogen the rice plant absorbs 
during the vvhole growth period, the more the yield is produced. this ease there 
neither lodged plot nor seriously insufficient plot in the amount of solar radiation after 
the heading stage.) 

8) The dry weight produced after the heading stage, \vhich is the most closely corre
lated with the grain yield, shows a very high correlation coefficient with the product of 
the amount of solar radiation during the ripening period(S) and the sum of the amount of 
nitrogen in leaf-blades at the heading stage (N) and the amount of absorbed 
after the heading stage (dN), as can be seen in Fig. 9. 
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cr::·, 

fro:n headir:g -58 -j8 ··38 -23 -!8 -8 

Fig. 10. Effects of an extraordinary heavy
dressing with ammonium sulphate at 
various growth stages on the plant 
height and the length of each leaf
blade. 
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The effects of an extraordinary heavy-dressing with nitrogen at successive growth 
stages on the yield, yield-components, growth, morphological characters and 
chemical composition of the rice plant 1l2H). 

An extraordinary amount of ammonium sulphate (756 kg. per hectare) was top-dressed 
under the field condition to the rice plant, which had been grown without nitrogenous 
fertilizer, at intervals of 5 days at successive grovvth stages during 3 seasons with 3 replica
tions. (Adequate amounts of P and K vvere basically fertilized.) Among the results only a 
few important ones will be mentioned as follows. 

1) The effects of nitrogen top-dressing at successive growth stages on the plant 
height and the leaf-length are shown in Fig. 10. From the figure the most effecti1.·e time 
for lengthening the plant height and each leaf-length can clearly be seen. Furthermore, it 

Fig. 11. Effects of an extraordinary heavy
dressing with ammonium sulphate at 
various growth stages on the length 
of the longest culm and each inter
node. 



blade. 
nas 

n1ost effective tirne for· leaf-sheath and each 
time for lengthening each leaf

of each 
each 

stages on the 

n1au1 

Fig. 12. Effects of extroardinary heavy
dressing with ammonium sulphate at 
successive growth stages on the 
heading date. 

Fig. 13. Effects of an extroardinary heavy
dressing with ammonium sulphate at 
successive growth stages on lodging 
resistance of rice plants. 

:"Jote ; The larger in the figure of 'lodging resistance', 
the higher in the resistance. 

the most effective 
effective time:> 



Fig, Effect of aa <::draordinnry heaYy-
dressing '\Tith amnu:ndurn sulphat~ at 
various growth stages on the 
composition of the rice plant, 

percentage of starch and sugar stored in the 
stage, which causes the lO\v percentage of 
The effects of stages on the 
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of successive 
five groups on the basis of their role deter· 

Group 1 (a base and a top-dressing just after rooting, Treatment 1 and 2) 
increase large and strong tillers and consequently increase grain yield 

Group 2 (top-dressings at the early and middle stage, Tre<ctment 3, '1 and 5) 
contribute toward yield by increasing the number of panicles but some times bring about 
late-emerging tillers and reduce the percentage of ripened grains as well as yield. 

G::oup 3 (top-dressings at the invalid tillering stage, neck-node differentiation stage, 
and rachis-branch differentiation stage, Treatment 6, 7 and 8) are most effective 
in increasing the number of differentiated spikelets per panicle and consequently are liable 

produce an excessive number of spikelets per unit area, reducing the percentage of ripened 
grains as well as yield and causing lodging. The nitrogen top-dressing at these stages, 
therefore, are risky. 

Group 4 (top-dressings at the spikelet differentiation stage and at the early reduction
division stage of meiosis, Treatment 9, 10 and 11) increase yield mainly by preventing the 
plant from degenerating spikelets and by increasing the weight of 1, 000 grains. 

Group 5 (top-dressings at and after the late reduction-division stage up to the early 
ripening stage. Treatment 12, 13, 14 and 15) contribute to grain yield by increasing the 
percentage of ripened grains as well as the ·weight of 1, 000 grains. These top-dressings do 
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Treatment No. 
No. of days 
from heading 

H\ 

16 

J4 

12 

10 

l Q 

" 
14 

10 
g 

1 2 3 4 56 7 8 910ll12131415161718 
1957 51 52-47-42-37 32-27 22 17-12 7 2+3+8 
'58'59 58 534843 3833 282318-138 3+2+7 

LJ L!J LLJ LjJ 
ll 1'1 v 

Note: L --- 1957, 1958, ···· .. 1959, 
- · Average of 3 years 

2. Treatment No.]: basically fertilized. 
No. 16 : non-fertilized. No. 17 : fertilizer 
distributed to 8 times, i. e. at the date 
of treatment No.l,3,5,7,9,ll,l3 and 15. 
~~o. 18 : fertilizer distributed to 5 times. 
i. e. at the date of treatment No. l, 2, 7 
10 and 13. 

Fig. 15. Effects of an extraordinary heavy-dressing with ammonium sulphate at 
various growth stages on the yield and the yield-components. 



69 

:10t 

In the 
sbO\VS 

and the value descends 

for thc: percentage of 
maximum is found at base 

of 1he neck-node differentiation stage, thereafter, it 
a .s~::-cond n1axin~un1 at the reduction-division stager 

the sarne \'"alues the scconci 1naxinTL1n1. 'T'he \l 
should not be 

:ini tiati(;n. On the 
established. 

at all at the 
line the 

lOp-

the neck-node 
nee cultivation has 

The V-shaped rice cultivation-A method for maximizing grain yield on 
the basis of nitrogen requirements at different stages of growth'>'l'l. 

a r..:sult of th~ rea:3on the 
c~round the neck-node -initiation reduci-:s the percentage of 

type is one of the rnost influential factors 
of The main issue in the of rice IS to maxmuze the 

pcrce:Lltagc 
area and 

;__~,omponents, related 
Since tirne to solve 

type, he induced the idea ot an ideal plant 
from the 

of rice 
on the basis of conducted by the author himself as 

made studies 
The charactcri5tics of an ideal were as follmvs. 

1) The should have the necessary and sufficie;1t number of per plant (per 

unit io obtain the target 
~) It should be short in culm as well a:; in 

and have many culms to protec1 increase lhe 
percentage of 

3) Its upper three leaf-blades should be short, and erect to increase the light
and 

indext' should be 5 to 

It should absorbing 
percentage of ripened grains. 

the percentage of 

in the 

5! lt should han; r~s many green leayes per culm as possible 
e-red as an iedex of 

(The "leaf-area 

to increase the 

nurnber can be consid-

6) Its heads should emerge at a proper time so that it 1nay possess at least 25 sunny 
after heading to increase the amount of products at tbe 

most active stage. 
Furthermore, getting a hint from Fig. 10 and 11, the author found a method which 

:m<kes it possible to control, at one's disposal, the length of a leaf-blade, sheath and 
inter-node of the rice plant'>. From the results of the various experiments, it has been 
found that the restriction of nitrogen absorption during the period from 69 to 93 in the 
"leaf-number index" can be said a key to establish the "ideal plant type" (The critical 

from 69 to 93 in the "leaf--number index", is roughly corresponding to nearly 43 
to 18 before ""Ioreover, referring to the characteristics of the ideal 
mentioned a hove and other experimental results related to the characteristics, 
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the author established a culturai method which makes 
rice through 
the mam 
16. For 

2. Drying 
practicE' 

1. Top~-dressing 

{ twlre) 

2. 

(Intermittent 
irrigation J 

3. Sunny weather 

Fig. 16. Schematic representation on points in practice of V-shaped rice cultivation. 

By using the cultivation the author succeeded in 10. 2 tons of bro;.v;" 
1 ice per hectare in water culture under a community condition (lO square meters in are:1. 
excluding border effects) and in obtaining 7. 7 tons of brO\vn rice in an experimental paddy 
field, which has never been obtained so far by any other means in his experimental field. 
Furthermore, by using the method, a farmer in Furukawamachi of Gifu Prefecture yielded 
9. 6 tons in 1967 and 9. 7 tons of brown rice per hectare in 1969, each yield of which was 
the nearly the highest one in Japan in each year, respectively, and some Japanese expert• 
(Dr. Hirano and others) yielded 8. 5 tons of brown rice per hectare in Cambodia 
Battambang). 



A. Tanaka, Japan : In 
arc:ount of nitrogen absorbed 

Answer : One of the 
as the density per m 2 and 

Discussion 

A. Tanaka, : Can we expect to han· 
amount of is applied different stages 
IS given as basal ? 

Answer : In the characteristics of 
at different stages of growth, an Pvh·,,nt·d 

each stage in this experiment. if an ordinary amount of 

the rice 

will sometimes become much obscure. But, as the results of in the crop 
science laboratory of University of proved, m which experiment half an amount 

was as basal application, a similar 15 will lw obtaint'd 
m many cases, if much amount of nitrogen is 

A. Tanaka, Japan : Generally, soils \Vith !11 

high rice Do you think it is U1 

the soil as you like during soil? 

Answer: It is true that the controi of 
in the soil with large cation exchange capacity 
it is not impossible, but it is considerably 

level in the soil is much more difficult 
than in the soil v.-ith small one. Hown-er. 

\'arious agronomical 

Y. 1\Iurata., Japan: Docs the depletion of N 
heading not badly affect the size: of hulls and as a result 

from 43 before 

Answer: From my experiments it has been clarified that the size of hulls 1s affected 
the nutrition of during the period from 25 days before heading (initial stage of 

spikelet differentiation) up to 5 days before heading stage of reduction diYision of 
PMC) and the size of hulls is most affected in the period of reduction division. 
Since the reduction diYision stage generally starts at the earliest on the 15th before 
heading, if we top-dress on the 18th day before heading, the effect of appears 
on the growth of hulls during the of reduction division and increases the s1ze of 
hulls in manv cases. 

S. I{ De Datta, IRRI: At IRRI we obtained 10. 47 metric tons per hectare of 
rice (at 14% moisture) from a replicated experiment conditioned farmers fidel. This may 
correspond to about 8 metric tons per hectare of bro\vn rice. Such instance~, have been 
reported from many countries such as West Pakistan (Dokri ;,aye 
been obtained under less elaborate practices ancl less complicated fertilizer than 
those of Dr. Matsushima's V -Shaped rice cultivation. 

Answer : In tropical countries in not a fevv cases the amount of sunshine 
growth period of rice plants is much more than in Japan, so under less elaborate 
and less complicated fertilizer application sometimes much more yields than in Japan ;viH 
easily be obtained. However, if you utilize the V-Shaped rice cultivation, you 
be able to obtain much higher yield than your highest yield at present. 
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