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Comparison of length of period for each 
growth stage between rice plants grown in 
the cool northern region and those grown in 
the warm southern region of Japan indicates 
that there are great differences in the period 
from transplanting to the maximum tiller 
number stage and the period from the maxi
mum tiller number stage to the panicle initia
tion stage (which is called vegetative Jag 
phase). Duration of vegetative lag phase 
(hereafter referred simply to lag phase) in 
the cool region is short, less than O to about 
10 days, whereas that in the warm region is 
usually as long as 2-3 weeks. The lag phase 
duration shows a high negative correlation 
with the duration of tillering stage in each 
variety group with different maturation 
period, and the duration of tillering stage is 
determined by air temperature at that stage, 
rate of leaf area enlargement, and nitrogen 
content (%) of plants6>. Rice plants in the 
warm region show long lag phase durations 
due to rapid leaf area enlargement under high 
air temperature in the tillering stage, and 
because of photoperiod sensitivity which re
quires a certain .day-length for panicle differ
entiations>. 

Nitrogen absorbed in plenty at the lag 
phase tends to promote the elongation of lower 
internodes and upper leaves, causing lodging 
and deterioration of ripening characteristics. 
Therefore, nitrogen absorption at the Jag 
phase is strictly restrained, according to the 
theory of fertilizer application. In recent 
years, however, the risk of lodging has 
markedly decreased due to the use of short
culm varieties in the warm regions, particu
larly in Kyushu where a series of short 

varieties starting from Hoyoku through to the 
latest Nishihomare have been released. On 
the other hand, the spread of mechanized 
transplanting, which makes early planting of 
young seedlings, causes prolonged duration of 
lag phase, giving rise to a problem of nitroge
nous nutrition for the prolonged Jag phase. 
These new developments make it necessary to 
re-examine the effect of nitrogen absorption 
in lag phase of rice plants in the warm region. 

Effect of nitrogen absorbed in each 
vegetative growth stage on leaf area 
and number of spikelets 

In case of medium-late maturing varieties, 
showing the lag phase of about 3 weeks, the 
customary method of nitrogen application 
(basal dressing, and top dressing at tillering 
stage and at panicle initiation stage) gives 
a bimodal pattern of nitrogen absorption with 
two peaks at the late tillering stage and 
panicle formation stage, and a depression at 
the lag phase. Relative contribution of 
nitrogen absorbed in various growth stages to 
leaf area, number of panicles, and number of 
spikelets produced was determined by the path 
analysis. The result is shown in Table 1. To 
the leaf area, nitrogen absorbed at the lag 
phase gave the greatest contribution, followed 
by nitrogen absorbed at the late tillering 
stage, and almost no effect was observed with 
nitrogen absorbed at the early tillering stage 
and panicle formation stage. Relative contri
bution to the number of panicles/m2 was 
greatest with nitrogen absorbed at the late 
tillering stage and the lag phase, but it was 
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Table 1. Relative contribution and multiple correlation coefficient (R) of nitrogen 
absorbed in various growth stages to maximum LAI, percentage of pro
ductive tillers, number of panicles / m2, number of spikelets / panicle and 
/ m2 and number of spikelets/ unit dry matter weight at heading time 

Relative contribution (%) 
R 

6N1 6 N2 6N3 6N, 
---

LAI 2 32 61 4 0.9534 
Percentage of productive tillers -2 19 38 -5 0.9605 
Number of panicles/m2 15 39 35 0.9096 
Number of spikelets/panicle 9 - 25 34 -9 0.9674 
Number of spikelets/m2 14 14 48 2 0.8797 
Number of spikelets/D.W - 9 - 27 14 14 0.7953 

Note, 1) Relative contl'ibution(%) was calculated from standardized partial 
regression coefficient. 

2) 6N 1: nitrogen absorbed in the early tillering stage (from transplanting 
to the end of productive tiller formation). 

6N2: nitrogen absorbed in the late tillering stage (from the end of 
productive tillel' formation to the maximum tiller number stage). 

6N3 : nitrogen absorbed in vegetative lag phase. 
6 N4: nitrogen absorbed in reproductive phase (from panicle initiation 

stage to heading). 

not so great with nitrogen absorbed at the 
early tillering stage. One of the reasons fol' 
this result is that the relative contribution of 
nitrogen to the percentage of productive tillers 
varys with the growth stage wben the nitrogen 
was absorbed: nitrogen absorbed at the lag 
phase exerts a very strong influence to in
crease percentage of productive ti llers, and 
hence it causes a great contribution to the 
number of panicles/m2. This fact indicates 
that nitrogenous nutrition of lag phase should 
not be neglected in increasing number of 
panicles/m2 in the warm region. 

To the· number of spikelets/panicle, nitrogen 
absorbed at the lag phase showed a high posi
tive contribution, while nitrogen at the late 
tillel'ing stage gave a negative contribution. 
Nitrogen absorbed at the early tillering stage 
and panicle formation stage showed a small 
contribution . Relative contribution to the 
number of spikelets/m2 was greatest with the 
nitrogen absorbed at the lag phase, reflecting 
the contribution of that nitrogen to each of 
the number of panicles/m2 and number of 
spikelets/panicle. It was considerably higher 
than the combined contribution of the whole 
tillering stage. On the other hand, a parabolic 
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Fig. 1. Relationship between number of 
spikelets and rate of N absorp
tion in vegetative lag phase 

curve regression between the number of 
spikelets/m2 and the rate of nitrogen absorp
tion at the lag phase was found as shown in 
Fig. 1. The maximum number of spikelets/m2 

was obtained at the rate of nitrogen absorp
tion of 364 mg/m2 ·day. The number of spike
lets produced per unit dry weight of plant also 
showed a positive relation to the nitrogen 
absorbed at lag phase or panicle formation 
stage, while it showed a high negative rela-



tion to the nitrogen of the tillering stage, 
especially of the late tillering s'tage. 

The above result of analysis indicates 
clearly that the eflect of nitrogenous nutrition 
of lag phase on number of spikelets is very 
large with medium-late maturing varieties in 
the warm region. It is necessary, therefore, 
to increase the rate of nitrogen absorption at 
the lag phase to a certain extent. However, 
with the usual practice of fertilizer applica
tion, the rate of nitrogen absorption at the lag 
phase is extremely low in general: in most 
cases it is 50- 150 mg/m2 • day, though it varys 
depending on soil fertility. Therefore, a 
method of ferti lizer application enabling to 
reduce nitrogen abso1·ption at the late tillering 
stage to some extent and increase nitrogen 
absorption at the Jag phase, without causing 
excessive increase in plant dry weight and 
leaf area is needed. Nitrogen applied at the 
lag phase shows an extremely high rate of 
recovery in plants as compared with basal 
dressing and top dressing at the tillering 
stage, and it is comparable to that of top 
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A: Medium-tall varieties in top-dressed plot 
Solid line shows regression line of short 
val'ieties {y= 21.4-7.59x, r = -0.811*) and 
broken line shows regression line of medium
tall varieties {y= 20.4- 8.55x, r = -0.970"""). 

Fig. 2. Regressions of carbohydrate content 
in leaf sheaths and stems on nitrogen 
content in leaves and stems at panicle 
intiation stage 
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dressing at the panicle initiation stage. Thus, 
the nitrogen application at the lag phase can 
save the nitrogen required to get a given num
ber of spikelets. 

Differences in effectiveness of 
nitrogen applied at the lag phase 
according to varietal characteristics 

By the new method of nitrogen application, 
which reduces nitrogen absorption at the 
tillering stage and increases nitrogen absorp
tion at the lag phase, CGR in the tillering 
stage was lowered, but CGR, N AR and RLGR 
were increased after the lag phase, as com
pared with the case of usual method of 
ferti lizer application. Extent of these in
creases differs with plant type: small in
creases with short varieties while great in
crease with tall varieties. The increase in dry 
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S,: Tsukushibare (extremely short variety) 
y = - 16.9+ 4.17x (10"3)-0.0473x(10"3)2, 
h = 0.970*** 

S2 : Saikai No. 113 (extremely short variety) 
y = - 4.0+ 3.88x (10"3) - 0.0483x (10· 3)2, 

h= 0.930** 
S3 : Toyotama (short variety) 

y = -95.5+9. lOx (10-3) -0.123x (10-3) 2, 

h = 0.885* 
L1 : Sendai (medium-tall variety) 

y = 13.6+ 3.50x (10·3)-0.0550x(l0·3) 2, 

h =0.921** 
L2 : Ariake (medium-tall variety) 

y = 21.1 + 2.84x(l0-3) - 0.0442x(l0-3 ) 2 , 

h = 0.776* 
Fig. 3. Varietal differences of regressions of 

grain yield on number of spikelets/ m2 
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matter production occurred after the lag 
phase induced ~he decrease of soluble carbohy
drate content, and this decrease was more 
with tall varieties than short varieties ( Fig. 2) 
as same as the resu lt of Takahashi et aJ.3> 
Extent of the increase in number of spikelets/ 
panicle caused by nitrogen at the lag phase 
was also greater with taII varieties than short 
varieties, and the increase in number of spike
lets/m2 also showed a similar tendency. Such 
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differences in the response of dry matter pro
duction and number of spikelets no nitrogen 
by plant type brought about differences in 
ripening characteristics through the light
intercepting characteristics during the ripen
ing stage. 

Relative contributions of yield components 
to yield was determined by path analysis. 
Contribution of number of spikelets/m2 to 
yield was 55% with short varieties, and only 
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Fig. 4. Comparison of number of spikelets, ripened grains, percentage of 

ripened grnins, grnin yield and grain-straw ratio between standard plot 
(not top-dressed) and top-dressed pilot (top-dressed at lag phase) of 
short varieties. 



29% with tall varieties. On the contrary, that 
of ripening characteristics (percentages of 
ripened grains and 1000 kernel weight) was 
only 17% for short varieties and as much as 
54% for tall varieties. As to the tall varieties, 
this result well agrees with the current theory 
of fertilizer application2> that percentage of 
ripened grains is most important among yield 
components0 , and hence nitrogen absorption 
in the middle growth stage should strictly be 
prevented. However, for short varieties, this 
result suggests that the theory may not be 
applicable. This is apparently shown by the 
relation between yields and number of spike
lets. The parabolic curve regression exists be
tween yields and number of spikelets/m2, but 
the pattern of the curves differed apparently 
by plant type (Fig. 3). The number of spike
lets required to obtain the maximum yield 
( the optimum number of spikelets) was about 
32,000 for medium-long culm varieties (Sendai 
and Ariake), whereas it was 37,000 for a 
short variety (Toyotama), and more than 
40,000 for extremely short varieties (Tsuku
shibare and Saikai 113) . 

These results suggest that the ni t rogen 
absorpt ion pattern of short varieties is differ
ent from that of tall varieties, and that the 
customary method of nitrogen application 
intending to promote initial growth and to 
prevent nitrogen absorption in the lag phase 
has to be modified for short varieties . 

To verify this idea, an experiment with 
plots different in nitrogen application during 
the vegetative growth period was carried out, 
using short varieties ( extremely short type 
and short type) for 5 years. In the standard 
plot, ni t rogen was applied as basal dressing 
with or without top-dressing at the tillering 
stage, while in t he top-dressed plot, amount 
of basal dressing was reduced and top dress
ing was applied at the lag phase. The result 
is shown in Fig. 4. In the top-dressed plot, 
rate of nitrogen absorption in the lag phase 
was increased 2-3 times that of the standard 
plot, and number of spikelets/m2 was signifi
cantly increased in all the years. In t his plot, 
percentage of ripened grains showed a tend
ency to decrease, and especially in 1973 and 
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1974 it decreased s ignificantly due to remark
able increase in number of spikelets and 
slightly less solar radiation during the ripen
ing period. Nevertheless, brown rice yield of 
this plot was significantly higher than the 
standard plot in all the years, due to the 
increased number of ripened grains. Grain
straw ratio was also relatively higher in the 
top-dressed plot than the standard plot in all 
the years. This result indicates that the 
nitrogen absorption pattern with limited ab
sorption during the tillering stage and 
promoted absorption in the lag phase is 
superior to the standard bimodal pattern for 
short varieties with the lag phase duration of 
about 3 weeks. The former is a monomodal 
type with a peak at the panicle formation 
stage or lag phase. 

In early maturing varieties with short lag 
phase duration of about 1 week, dry matter 
production in lag phase was less and nitrogen 
content at the panicle initiation stage was 
higher than medium-late maturing varieties. 
In this case, NAR, RLGR at the panicle forma
tion stage became high, resulting in decreased 
carbohydrate content, so that increased num
ber of spikelets caused by nitrogen absorption 
in the Jag phase tended to reduce percentage 
of ripened grains to an extent more t han the 
case of medium-late maturing varieties. 

In general, varietal improvement has taken 
the direction to enlarge t he sink, and then to 
improve the plant type in order to avoid the 
increase of LAI and decrease of N AR, both 
associated with the enlargement of sink4>. The 
present study showed a possibility to increase 
rice yield with stability in the warm regon of 
Japan by enlarging the size of the sink so as 
to enable full manifestation of characteristics 
of varieties with improved plant type in an 
efficient way from the view point of economy 
of plant substances. 
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