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STUDms ON THE COMPETITIVE ABILITY OF 

RICE PLANT IN POPULATlON* 

K. KAWANO and A. TANAKA 

Faculty of Agriculture 
Hokkaido University, Japan 

The word "competition" may be referred to what was stated by DONALD 
(1963). That is, "Competition occurs when each of two or more organisms 
seeks the measure it wants of any particular factor or thing and when the 
immediate supply of the factor or thing is below the combined demand of 
the organisms". 

Organisms may compete for space, temperature, humidity in air, water in 
soil, oxygen, carbon-dioxide, nutrients, and light. There will be very few 
cases where plants compete for temperature and humidity. In dealing with 
competition in irrigated lowland rice community, water may be excluded from 
the factors. The facts that spacing and nitorgen have a drastic effect on 
many characters of rice plant suggest that the competitions for light and 
nutrients are highly possible. Lodging of rice crop in some cases might have 
something to do with competition for space. The measurement of carbon­
dioxide of the air in corn community (LEMON, 1960) suggests the possibility 
of carbon-dioxide deficiency as the limiting factor in photosynthesis of corn 
field. But in the rice field carbon-dixide in the air may not be a significant 
factor since in rice leaves the response curve of photosynthesis to carbon­
dioxide (MURATA, 1961) is not as sharp as in corn leaves (HESKETH and Moss, 
1963). This will be true also with the oxygen in the air. Since aeration to 
rice roots grown in culture solution does not show any big effect on the 
respiratory rate of the root (ARIKADO, 1958), oxygen in soil may not be a big 
factor in competition. Thus, it may be assumed that in rice community com­
petition for light, nutrient, and space is likely to occur. 

Although there are many combinations of competition, they would be 
divided into two categories, namely (1) competition among plants which differ 
in their genetic compositions, and (2) that among plants with the same genetic 
compositions. Examples for the former are the competitions between crop and 

* The experiments were carried out when the authors worked at The International Rice 
Research Institute, Los Banos, Laguna, The Philippines. 

[Journ. FacuL Agr., Hokkaido Univ., Sapporo, VoL 55, Pt. 3, 1967] 
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weed or legume and grass in pasture land, and the skew distribution of plant 
weight under high planting density in soybean population (KOYAMA and KIRA, 
1956) will be the example for the latter. Of great importance to plant breeders 
would be the competition among varieties or lines or among the progenies 
derived from the inter-varietal hybridization in the bulk population. 

There are significant differences in response to population density among 
the varieties of corn (LANG et at., 1956), soybean (HINSON and HANSON, 1962; 
LEHMAN and LAMBERT, 1960), and of rice (TANAKA et at., 1964). This sug­
gests that the competitive ability of individual plants in the genetically mixed 
population may be different depending upon the genotypes. The experiment 
by HARLAN and MARTINI (1938) confirmed this viewpoint and their result 
shows that a competitive ability of a genotype differs according to the environ­

ment under which the genotype is subjected to competition. 
The experimental evidences of SUNESON and WEIBE (1942) showed that 

the yield of barley variety in pure stand was not the same with its competitive 
ability in the genotypically mixed population. SUNESON (1949), therefore, 
through his experiences with the bulk population of barley varieties stated, 
"The bulk population method of breeding will not necessarily perpetuate either 
the highest yielding or the most disease resistant progenies, but that the other­
wise intangible character of competitive ability may measure other very im­
portant plant characters". 

SAKAI (1955) also suggested the independence of competitive ability from 
yielding ability and considered the competitive ability as a plant character gov­
erned by Mendelian genes. The important meaning of competitive ability to 
the process of plant evolution was emphasized. He also demonstrated that the 
effect of competition depended on the spacing between adjacent plants and was 

stronger at closer spacing. 
YAMADA (1954 b) showed the trend that the varietal difference in pheno­

type is relatively increased by intensifying the effect of competition. He 
assumed that the variability in the plant population is increased by the inter­
action between genetic difference in the population and competition. He and 
his co-worker (1954 a) further emphasized that in order to clarify the effect of 
competition on the phenotypic difference in the plant population, the morpho­
logical differences of young plants, which work as internal factors on the 
competition effect, are to be made clear first. Then the relationship between 
these factors and other factors which later become limiting and the relationship 
among the intensities and directions of these factors are to be clarified. 

Koy AMA and KIRA (1956) found in the soybean population where the 
individual plants were assumed to be genetically the same with each other 
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that the population initially of nearly uniform plant weight moved progressively 
toward a skew distribution of plant weight and that this trend was more obvious 
at closer spacing. This may suggest that the individual difference in the 
population which is originally caused by the micro-environmental difference 
would become bigger with the increase of competition intensity, though the 
skewness of plant weight distribution can occur, at least theoritically, independ­
ently of competition. 

It can be assumed that individual plants in a community under a certain 
condition are largely influenced by planting density and that the difference 
among the individual plants, whether its origin is genetical or environmental, 
becomes bigger as the intensity of competition increases. 

The genotype with big ability to utilize the additional space more efficiently 
may have bigger competitive ability in a genetically mixed population. Simu­
ltaneously, the effect of competition may be great on the plant characters which 
are highly influenced by planting den"ity. HINSON and HANSON (1962) showed 
that the genotypes with late flowering dates, increased height, more nodes per 
plant and more branches per plant at wide spacings are able to utilize more 
efficiently the additional space provided by increased spacings in soybean popu­
lation. YAMADA and HORIUCHI (1953, 1954 a, 1954 b) found that plant height 
of soybean or barley at early stage of growth, length of vegetative growth 
period in soybean, and erect growth habit of barley are positively related to 
the competitive ability in mixed population. SAKAI (1955), however, found no 
relationship between competitive ability and vigorous growth habit of Fl hybrids 
in barley. 

These problems also seem worthwhile to study in rice plant. Growth 
habit of rice plants and its meaning in varietal difference under various con­
ditions were discussed in the previous reports (TANAKA et al., 1964 ; TANAKA 
and KAWANO, 1965, 1966; TANAKA, KAWANO, and YAMAGUCHI, 1966). The 
effect of inter-varietal competition on characters of rice plant at different growth 
stages and the inter-relationship among these characters will be discussed in 
this paper. 

Materials and Methods 

Experiment 1 

Two varieties, Peta and Taichung Native-I, were used. Pure and mixed 
populations were made at 0 and 150 kg N per hectare each of 50 kg P20 5 and 
K 20. In the mixed population, two varieties were planted alternatively in both 
directions. The spacing was 30 x 30 cm in all populations, one plant per hill 
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of 20 days old seedlings. 
Fifty plants were sampled from each plot at harvest. Grain yield, plant 

weight, yield components and plant height were observed on those samplings. 
Meanwhile, growth habit of two varieties were studied in the pure populations 
of this experiment by using the same methods as in the previous report 
(TANAKA and KAWANO, 1966). 

Date of sowing was November 30, 1963, dates of flowering were February 
25, 1964 for Taichung Native-1 and March 11 for Peta, and dates of harvest 
were March 30 for Taichung Native-1 and April 10 for Peta. 

Experiment 2 

Three varieties of approximately the same growth duration, Taichung 
Native-1 (A), B 5580 (B), and Tainan-3 (C), were used. Three pure populations 
of A, B, and C, and three mixed populations of A-B, A- C, and B-C were 
made in the same manner as in Experiment 1 at two spacings, 20 x 20 and 
40 x 40 cm. Two nitrogen levels, 0 and 60 kg N per hectare, were also made. 
One plant per hill of 20 days old seedlings was transplanted to the field which 
received a uniform application of 40 kg per hectare each of PzOs and KzO. 
Nitrogen level was the main plot and variety and spacing were randomized in 
each nitrogen level. 

Sampling of 10 plants free from border effect was made at 40 days and 
61 days after transplanting and of 20 plants at harvest. Sampled plants were 
uprooted, roots were discarded and washed, and leaf blades were separated 
from plants, dried in an air-forced oven at 70°C for two days and weighed. 
The leaf area of eight leaf blades taken at random from each sample was 
measured by a blueprint method. Sample leaves were dried in the oven and 
the dry weight per unit area was calculated. Total leaf area was computed 
from the total leaf blade weight and the dry weight per unit area. Tiller 
number, leaf number, plant height, leaf length, leaf width, leaf thickness and 
yield components were observed. Occasional measurement of light distribution 
in the communities was made with a Toshiba light meter. 

Results 

Experiment 1 

Plant characters m mixed populations differed from those in pure popu­
lations (Table 1). The differences were big in grain yield, plant weight, ratio 
of grain weight to total weight, and panicle number. Plant height and 1000-
grain weight were not much affected by competition. Grain yield, plant weight, 



TABLE l. Characters of Peta and Taichung Native-l at 0 and 

150 kg/ha N in pure and mixed populations. (/) 

>-l 
e 

Grain Plant Grain wt/ Plant Panicle Spikelet Filled lOoo-grain t:l 
N level ~ 

Variety Population yield weight total wt height number number grain weight tTl 
(kg/ha) (gjplt) (g/plt) (%) I(em) per plant per panicle (%) (g) 

(/) 

0 

Pure (a) 37.0 93.2 39.4 135.5 11.0 179 74.8 27.2 
Z 
>-l 

Peta :J:: 
Mixture (h) 44.6 105.8 41.3 129.7 13.0 195 70.7 25.8 tTl 

(h-a)fa + 0.21 + 0.16 + 0.05 - 0.04 + 0.19 + 0.09 - 0.09 - 0.05 
() 

0 
0 ;;:: 

Pure (a) 30.3 63.4 50.0 86.5 14.8 114 85.1 22.0 
'"d 
t:tJ 

Taiehung >-l 
~ Native-l Mixture (h) 25.8 54.0 48.5 87.7 10.9 124 77.9 20.2 ~ 

<: 
(h-a)la - 0.15 - 0.15 - 0.03 - 0.01 -0.26 +0.09 - 0.09 - 0.08 t:tJ 

;> 
Pure (a) 23.4 108.0 27.5 170.6 11.6 195 62.0 25.6 tl:I 

t=: 
Peta 

Mixture (h) 69.3 179.3 38.9 163.4 19.4 221 79.1 28.0 ~ 
><: 

(h-a)fa + 1.75 + 0.66 + 0041 - 0.04 + 0.69 + 0.13 + 0.28 + 0.09 0 
60 "i 

Pure (a) 54.6 113.8 48.2 100.4 24.1 143 80.2 24.2 ';>;I 

n Taiehung t:tJ 
Native-1 Mixture (h) 29.5 10204 28.9 10004 19.1 118 43.0 21.2 '"d 

(h-a)j(a) - 0.46 - 0.10 - 0040 0.00 - 0.21 - 0.18 - 0046 - 0.12 
t""' 
;> 
Z 

Standard deviation of error >-l 

(d.f.=8) 5.80 10.82 1.81 2.11 1.35 15.1 4.68 1.58 

w .... w 
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ratio of grain weight to total weight, panicle number, and spikelet number 
per panicle of Peta were higher in mixed populations than in pure populations, 
while those of Taichung Native-l were lower. The differences caused by 
competition were bigger under high nitrogen level. 

Yield per unit area in mixed populations was higher than the mean yield 
of two varieties in pure populations though this trend was not very significant 
(Table 2). In pure populations, Peta yielded higher in the 0 N plot than m 

TABLE 2. 

N level 

o 

150 

Yield of the pure and mixed populations and the 
deviation of yield in the mixture from the mean 
yield of two varieties in the pure population. 

Population 

Peta 

Mixture 

Taichung Native-l 

Pet a 

Mixture 

Taichung Native-l 

Yield 
(ton/ha) 

4.11 

3.89 

3.37 

2.79 

5.49 

6.06 

Deviation 
(ton/ha) 

+ 0.15 

+ 1.06 

the 150 N plot, while Taichung Native-l did higher III the 150 N plot than 
in the 0 N plot. Peta yielded better than Taichung Native-l in the 0 N plot, 
while in the 150 N plot, Taichung Native-l yielded better than Peta. In mixed 
populations, Peta yielded better in the 150 N plot than in the 0 N plot and 

1200 

~ 800 

40 80 

Days aHer transplanting 

Flowering H 
N- 0 0 

Peta N-150 • 
N- 0 fl 

T-N-l N-150 I. 

110 

Fig. 1. Plant weight at each growth stage. 
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exceeded the yield of Taichung Native-1 in both N levels (Table 1). 
Growth habits of Peta and Taichung Native-1 in pure populations are 

shown in Figs. 1-4. Peta grew taller, had larger leaf area, and intercepted 
more light than did Taichung Native-1 in both nitrogen levels. 

E s 
-+-' 
.c: 
en 

·05 
.c: 
+' c: 

'" CL 

a a 40 80 120 

Days after transplanting 

Fig. 2. LAI at each growth stage. (Symbols are 

the same as in Fig. 1). 

160 

80 

oL-------~--------.-------~----o 40 M IW 

Days after transplanting 

Fig. 3. Plant height at each growth stage. (Symbols 

are the same as in Fig. 1). 
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t: 1- ><, {'t; 

Days after transplanting 

Fig. 4. Light Transmission Rate at each growth stage. 
(Symbols are the same as in Fig. 1.). 

In pure populations, Taichung Native-l gave the highest yield at all spac­
ings and nitrogen levels. B 5580 was second and Tainan-3 the last at all plots 
other than at the 0 N of 40 x 40 spacing where Tainan-3 was second to 
Taichung Native-l (Table 3). 

There was no particular trend in the relationship between the yields of 
pure populations and those of mixed populations. But the yields from more 
than half of the mixed populations were higher than the mean yield of two 
component varieties in each pure population. 

Plant characters at each variety in pure populations at harvest are shown 
in Table 4, and the characters in mixed populations are compared with those 
in pure populations (Table 5). 

The yield of Taichung Native-l was the lowest in pure populations and 
was the highest in the mixture with B 5580 at all spacings and nitrogen levels. 
The grain yield of B 5580 was always the highest in pure populations. Com­
petition with other varieties always reduced the yield of this variety. Tainan-3 
yielded highest when it was combined with B 5580. It is very apparent that 
the inter-varietal competition affected the grain yield. Taichung Native-l had 
the highest competitive ability, Tainan-3 the next, and B 5580 the weakest. 
This trend was also true with plant characters like plant weight, amount of 
nitrogen in the plant, or number of panicles. 

Variance analysis in two dimensions (variety x competition) was made in 
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TABLE 3. Grain yield of the pure and mixed populations 
and the deviation of the yield of the mixed 

population from the mean yield of two com-
ponent varieties in the pure population. 

Spacing N level Population Yield Deviation 
(cm) (kg/ha) (kg/l0 m2) (kg/10m2) 

A 3.45 

B 3.08 

0 
C 2.98 

A-B 3.16 - 0.10 

A-C 3.40 + 0.18 

B-C 3.35 + 0.32 
20 X 20 

A 4.47 

B 4.25 

60 
C 2.85 

A-B 4.32 + 0.04 

A-C 4.56 +0.90 

B-C 3.71 + 0.16 

A 2.51 

B 2.20 

0 
C 2.24 

A-B 2.56 + 0.21 

A-C 2.88 + 0.50 

B-C 2.24 + 0.02 
40 X 40 

A 3.01 

B 2.25 

60 
C 2.00 

A-B 2.53 - 0.10 

A-C 2.60 + 0.10 

B-C 1.73 - 0.47 

A: Taichung Native-l 
B: B5580 
c: Tainan-3 
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TABLE 4. Characters at harvest of each variety at each 

spacing and nitrogen level. 

Grain Plant Grain wt/ Panicle Spikelet Filled lO00-grain Amount N Culm 
Variety yield weight total wt number no. per grain weight of N length 

(g/hill) (g/hill) (%) per hill panicle (%) (g) (g/hill) (%) (em) 

20 X 20 em, 0 kg/ha N 

Taiehung N-1 13.8 26.9 51.3 8.8 90 78.8 22.3 0.24 0.89 66.5 ?' 
B5580 12.3 30.3 40.6 8.7 119 61.6 21.5 0.27 0.89 78.2 ~ 

:> 
Tainan-3 11.9 31.6 37.7 6.8 128 71.8 20.3 0.28 0.89 103.7 ~ 

:> 
20 X 20 em, 60 kg/ha N 

Z 
0 

Taiehung N-1 17.9 . 38.4 46.6 11.6 93 75.9 22.8 0.38 0.99 85.0 :> 
Z 

B5580 17.0 37.3 45.6 9.0 160 79.9 16.3 0.38 1.02 82.7 t:I 

Tainan-3 11.4 39.1 29.2 8.6 130 54.7 21.3 0.34 0.87 113.0 ?> 
>-l 

40x40 em, 0 kg/ha N :> 
Z 

Taiehung N-1 40.2 83.3 48.3 25.9 102 69.2 22.1 0.80 0.96 68.2 :> 
~ 

B5580 35.3 76.9 45.9 14.7 182 84.2 17.4 1.03 1.34 76.2 
:> 

Tainan-3 35.8 94.8 37.8 16.9 166 75.8 19.8 1.06 1.l2 92.5 

40 X 40 em, 60 kg/ha N 

Taiehung N-1 48.2 106.4 45.3 33.4 106 70.0 22.1 1.28 1.20 76.0 

B5580 36.1 83.3 43.3 14.1 199 88.0 16.2 1.l8 1.47 73.5 

Tainan-3 31.8 101.6 31.3 15.8 202 53.6 18.7 1.28 1.26 98.7 



TABLE 5. Deviation of characters in the mixed population from that 
in the pure population as expressed by the percentage of 
the value in the pure population. 

Grain Plant Grain wt/ Panicle Spikelet Filled lOoo-grain Amount N Culm (fl Variety Population 
yield weight total wt number 

number/ grain weight 
of N % length 

..., 
panicle % (g) e 

8 
20 X 20 em, 0 kg/ha N tr1 

(fl 

Taiehung 
Mixture + 22.3 + 23.S -1.0 + 16.0 - 1.1 + 4.5 + 27.2 + 2S.1 +4.5 + loS 0 
with B Z 

N-1 
Mixture ..., 

(A) 
with C + 9.3 + 3.4 + 5.6 + 7.9 + 16.6 - 9.S - 12.5 - 4.1 - 6.7 0.0 :r: 

tr1 

Mixture () 
- 40.6 - 49.S + lS.0 - 49.4 + 10.9 + 3S.0 - 29.S - 55.5 -11.3 -6.4 0 B55S0 with A 

~ 
(B) Mixture + lS.3 - 29.2 - 21.7 - 4.4 -7.0 

>tI 
with C - 17.0 - 30.0 + 14.2 + 41.5 tr1 

- 34.5 ..., 

Mixture 
::j 

+ 4.1 - 25.0 + 27.6 - 26.5 - 23.4 + 25.1 + 25.1 - 37.0 - 19.0 - 21.8 =2 Tainan-3 with A tr1 
(C) Mixture + 32.8 + 11.3 + 19.1 0.0 + 1.6 + 18.5 + 13.2 - 3.5 - 13.4 - 9.2 ;J> 

with B to 
~ 

20 X 20 em, 60 kg/ha N ::j 

Mixture >-<: 

Taiehung with B + 43.5 + 47.0 - 2.3 + 42.2 + 12.9 - 18.4 + 1.2 + 52.6 + 4.1 -7.4 0 
N-1 ~ 

(A) Mixture + 25.8 + 34.9 - 6.9 + 50.0 + 5.3 -12.9 - 0.4 + 42.0 + 5.0 - 5.2 ~ with C () 
tr1 

Mixture - 56.5 - 53.9 - 6.4 - 44.4 - 20.6 +0.9 -13.5 - 57.9 - 8.8 -1.1 >tI B55S0 with A l' 
(B) Mixture - 19.7 - 28.8 - 17.5 - 11.7 - 3.0 - 47.4 0.0 -0.6 

;J> 
- 57.6 - 47.4 Z with C ..., 

Mixture + 8.7 - 23.5 + 42.1 - 29.1 - 0.7 + 45.2 -1.8 - 29.4 - 8.0 - 6.4 Tainan-3 with A 
(C) Mixture + 86.0 + 46.9 + 26.3 + 21.0 + 20.7 + 16.5 -1.4 + 50.0 + 2.2 - 9.9 w 

with B ,j>.. 
<.0 
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Table 5 (Cont'd.) 0 

Grain Plant Grain wt/ Panicle Spikelet Filled lOoo-grain Amount N Culm 
Variety Population 

yield weight total wt number 
number/ grain weight 

of N 0/0 length panicle 0/0 (g) 

40 X 40 em, 0 kg/ha N 

Taiehung 
Mixture + 38.0 + 32.9 + 4.5 + 28.9 + 6.8 + 2.6 - 3.2 + 42.5 + 7.3 - 4.4 with B 

N-1 
Mixture (A) 
with C + 36.5 + 40.2 - 2.7 + 41.3 - 1.0 0.0 - 2.7 + 111.2 + 50.0 + 3.6 

?' 
Mixture - 27.0 - 33.8 + 10.8 - 31.8 + 3.9 - 5.2 - 2.8 - 45.6 - 17.9 + 2.5 ?' B5580 with A 

~ 
(B) Mixture - 29.4 - 26.0 - 4.6 - 20.4 - 3.8 + 1.5 + 2.8 - 22.3 + 5.2 + 1.7 ::'i1 

with C ~ 
Z 

Mixture 0 

Tainan-3 with A 
+ 3.8 - 3.0 + 6.8 -10.7 + 11.3 + 6.9 -10.6 - 12.2 - 9.8 + 9.6 ~ 

Z 
(C) Mixture + 30.3 + 16.8 + 11.6 + 14.8 + 3.0 +7.9 +4.5 -0.8 -15.2 -1.6 tl 

with B >-
40 X 40 em, 60 kg/ha N >-,J 

>-
Mixture + 13.8 + 29.0 -11.8 + 24.4 - 8.5 -11.4 - 0.7 + 61.0 + 25.0 - 13.5 Z 

Taiehung with B ~ 
N-1 ?' 
(A) Mixture + 19.6 + 38.2 - 13.2 + 19.7 + 4.6 - 2.7 - 0.7 + 70.2 + 23.3 - 0.4 ~ 

with C 

Mixture - 28.8 - 28.8 0.0 - 22.6 + 2.0 - 12.7 - 1.7 - 26.3 - 0.6 + 12.5 
B 5580 with A 

(B) Mixture - 35.2 - 26.3 -12.0 - 12.1 - 2.0 -13.0 + 3.8 -17.0 + 8.8 + 3.5 with C 

Mixture - 21.0 - 9.1 - 13.0 - 8.9 - 17.3 + 39.6 +1.1 - 27.3 - 19.8 - 4.3 
Tainan-3 with A 

(C) Mixture +1.1 + 24.2 - 6.6 + 15.8 - 13.3 + 27.2 - 2.1 + 24.1 0.0 - 9.0 
with B 



Spacing 
N 

level 

TABLE 6. F values for the effect of inter-varietal competition and varietal order 

(large to small) of competitive ability in nitrogen amount in the plant, 

plant weight, and leaf area at different growth stages. 

40 days after transplanting 61 days after transplanting 61 days- At harvest harvest 
--~---- --

Amount Plant Leaf Amount Plant Leaf Dry matter Amount Plant Grain 
~ __ ~~ __________ ~~ ____ wei~~_ area of N ~_'::'~~~~ __ area _ increase of N _ wei~ _ yield ___ --- -- -- ---

A-C-B A-C-B A-C-B A-C-B A~C-B A-C-B C-A-B A-C-B A-C-B A-C-B 
0 

5.17 3.56 5.62 7.33 10.55 2.52 1.80 6.27 13.48 22.32 

20 X 20 ------ ---- ------- ------ -- --- ---------

A~C~B A-C-B A-C-B A-B-C A~C-B A-C-B C~A~B A~C-B A-C-B A-C-B 
60 

0.73 0.02 1.08 23.14 9.43 16.23 6.23 21.75 18.99 17.13 

--- - -~---~ - --- --- -- - - - ----- -- -- -- - --

A-C-B A-C-B A-C-B A-B-C A~C-B A-B-C A-C-B A-B-C A-C-B A-C-B 
0 

4.29 4.85 1.51 1.42 1.14 0.57 11.67 0.75 5.28 4.73 

40 X 40 -~ ---- -~------ --- -- ------ ----------- --------

C-B-A B-C-A C-B-A A-C-B A-C-B A-B-C A-C-B A-C-B A-C-B A-C-B 
60 

0.02 0.59 0.10 44.63 2.11 4.28 1.17 0.46 4.96 2.40 

A: Taichung Native-l 
B: B5580 
C: Tainan-3 

(d, f = 4, 2) 

(fJ 

>-l 
c: 
8 
tTl 
(fJ 

o 
% 

>-l 
:r: 
tTl 

() 

o 
;:;:: 
'iJ 
tTl 
>-l 
::j 
< 
tTl 

> 
IJj 

r-< 
::j 
>< 
o 
'TJ 

i'j 

() 
tTl 

'"0 
l' 
>­
Z 
>-l 

w 
V1 
I-' 
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TABLE 7. F values for the effect of inter-varietal competItIOn and 
varietal order (large to small) of competitive ability in 
plant characters at 61 days afer transplanting. 

N% N% Thickness Length Plant Tiller Number 
Spacing N level of of Leaf size * of 

of plant of leaves leaves leaves height number leaves 

A-C-B A-C-B B-C-A B-C-A A-C-B A-C-B A-C-B A-C-B ?' 
0 ~ 

1.31 1.92 0.19 0.40 0.75 1.17 15.95 2.86 >-
20 X 20 ~ ----------- ---- >-

A-B-C A-B-C A-C-B A-C-B A-C-B A-C-B A-B-C A-B-C Z 
0 

60 
>-3.45 1.77 0.40 7.63 5.52 1.48 14.89 11.53 Z 
ti 

A-B-C A-B-C A-C-B B-A-C C-B-A C-A-B A-B-C A-C-B > 
0 ..-j 

4.03 2.01 27.33 0.08 3.40 0.06 2.84 2.37 >-
Z 

40 X 40 --- .. >-
A-B-C A-C-B C-A-B C-B-A A-B-C B-C-A A-C-B 

~ 
A-B-C >-

60 
1.47 2.37 0.38 1.26 0.71 2.18 8.40 1.49 

* Average area of individual leaves. 
A: Taichung Native-1 
B: B5580 
C: Tainan-3 
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TABLE 8. F values for the effect of inter-varietal competition 

and varietal order (larger to smaller) of competitive 

ability in characters at harvest. 

N Culm Grain wt/ Panicle Spikelet Filled 1000- N 
Spacing 

level length total wt number 
110. per grain grain 

% panicle % wt 

A-B-C B-C-A A-'.C-B A-B-C B-C-A C-A-B A-C-B 
0 

1.09 0.45 5.53 1.43 1.09 3.56 0.81 
20X20 

B-A-C A-B-C A-C-B A-C-B C-B-A C-A-B A-C-B 
60 

0.93 6.30 10.98 11.60 9.57 0.93 20.63 

B-C-A C-B-A A-C-B C-B-A A-C-B A-C-B A-B-C 
0 

1.91 2.10 4.28 2.88 0.27 0.23 4.94 
40X40 

B-A-C C-B-A A-C-B B-A-C C-A-B B-C-A A-B-C 
fiO 

6.00 0.42 7.30 1.00 2.78 3.33 7.17 

A: Taichung Native-1 
B: B 5580 
C: Tainan-:3 

each of 4 treatments (2 spacings x 2 nitrogen levels) by arranging the com­

peting varieties in one direction and the varieties to be competed in another. 
In pure populations, plants are assumed to be competing against plants of the 
same genotype (Tables 6, 7, and 8). In these cases, the effect of intervarietal 
competition was estimated as the difference in varietal measurement among 
three populations, namely pure population and mixtures with other two va­
neties. By assuming the interaction between competing variety and variety 
to be competed as the error, the F value for the effect of variety to be com­
peted (the effect of inter-varietal competition) was calculated. A variety with 
suppressing effect to the competing variety in the mixed population can be 
considered as a variety with strong competitive ability. 

Competition seemed to exist in grain yield and plant weight at harvest 
at all spacings and nitrogen levels (Table 6). The extent to which plants 
were affected by inter-varietal competition seemed to be much bigger at 20 x 20 
cm spacing than at 40 x 40 cm. Taichung Native-l was the strongest in com­
petitive ability of these plant characters; Tainan-3 followed next, and B 5580 
was the weakest at all spacings and nitrogen levels. 

At 40 days after transplanting, the existence of intervarietal competition 
was highly probable for the amount of nitrogen in the plants, plant weight, 
and leaf area at 0 N of 20 x 20 cm spacing (Table 6). Taichung Native-l was 
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the strongest m competltion. At 61 days after transplanting, which was 
approximately the flowering time of the three varieties, the existence of inter­
varietal competition was highly probable for these characters at both nitrogen 
levels of 20 x 20 cm spacing. The inter-varietal competition might have existed 
also at 40 >~ 40 cm spacing since Taichung Native-1 also appeared first in this 
case in the varietal order of competitive ability. 

During the period from 61 days after transplanting to harvest, Tainan-3 
seemed to have the highest competitive ability in dry matter production at 
20 )( 20 cm spacing. The varietal order of dry matter production might have 
been reversed sometime around 60 days after transplanting at 20 x 20 cm 
spacmg. 

The effect of inter-varietal competition on net assimilation rate (GREGORY, 

1917) at different growth periods is shown in Table 9. After flowering, 
Tainan-3 had high competitive ability at 20 x 20 cm spacing though it was not 
very significant. 

TABLE 9. F values for the effect of inter-varietal competition 
and the varietal order (larger to smaller) of com-
petitive ability in net assimilation rate. 

0-40 days 40-61 days 61 days-

Spacing N level harvest 

NAR (per leaf area) 

A-C-B B-C-A C-B--A 
0 

1.78 0.91 1.00 
20 X 20 

C-A-B 
60 

A-C-B C-A-B 

0.44 1.04 3.69 

A-C-B C-A-B C-A-B 
0 

0.12 1.81 1.15 
40 X 40 

A-C-B 
60 

A-C-B C-A-B 

3.41 0.88 0.53 

* Net assimilation rate based on nitrogen in the leaves. 
A: Taichung Native-l 
B: B5580 
C: Tainan-3 

61 days to 
harvest 

NAR (per N)* 

C-B-A 

1.78 

C-A-B 

4.35 

C-A-B 

0.75 

C-A-B 

0.46 

Tiller number (Table 7) and panicle number (Table 8) seemed to have 
been highly affected by inter-varietal competition, while thickness of leaf, N% 
of leaves, plant heigth, culm length, and 1000-grain weight (Tables 7 and 8) 
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were scarcely affected. Characters like N % of plant, leaf length, leaf size, 
ratio of grain weight to total weight, spikelet number per panicle, and % of 
filled grains seemed to have been affected only at 60 N of 20 >( 20 cm spacmg. 
Flowering date was not affected. 

Relationships among amount of nitrogen in the plants, leaf area, plant 
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Fig. 5. Relation between leaf area and pant weight at 
40 days after transplanting (data from all 
spacings and nitrogen levels). 
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Fig. 6. Relation between the amount of nitrogen 
in the plant and the leaf area. (Symbols 
are the same as in Fig. 5). 
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weight, and tiller number at 40 days after transplanting are presented in Figs. 
5, 6, 7, and 8. There were close relations among these plant characters re­
gardless of varieties or kinds of populations. There was no particular trend 
relating to the difference between pure and mixed populations. 

Varietal characteristics at the early stage of growth in pure populations 
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Fig. 7. Relation between the amount of nitrogen in 
the plant and the plant weight. (Symbols 
are the same as in Fig. 5). 

,... 

30 
",1 ,~ 0 • I! 0 

0 
"-, 

20 • • 0 
0 

0 

0 Y .. 
10 .~ V~ o V 

~E 
VA 

o~------~ ________ ~ ________ ~ __ __ 
a 0.2 04 0.6 

Amount of nitrogen in the plant (g / plant) 

Fig. 8. Relation between the amount of nitrogen in the 
plant and the number of tillers. (Symbols are 
the same as in Fig. 5). 



STUDIES ON THE COMPETITIVE ABILITY OF RICE PLANT 357 

TABLE 10. Amount of nitrogen absorbed, LAI, and plant 

weight of three varieties in the pure population 

at 40 days after transplanting. 

N Plant weight 
Spacing N level Variety absorbed LAI per m2 

per m2 (g) 

Taichung N-1 3.35 1.32 166 

0 B 5580 1.95 1.02 121 

Tainan-3 3.57 1.22 149 
20 X 20 

Taichung N-1 7.58 3.31 299 

60 B 5580 4.30 1.67 150 

Tainan-3 5.68 2.23 221 

Taichung N-l 1.64 0.50 51.1 
0 B5580 0.95 0.32 36.7 

Tainan-3 1.08 0.30 40.1 
40 X 40 

Taichung N-1 3.88 1.06 110 

60 B 5580 1.39 0.43 46.7 

Tainan-3 1.98 0.53 65.8 

TABLE 11. Plant height and leaf characters in the pure 

population at 61 days after transplanting 

Plant Leaf Leaf Spacing N level Variety height length* angle** K*** 
(cm) (em) 

Taichung N-l 76.0 39.0 79 0.49 

0 B 5580 93.0 45.5 74 0.53 

Tainan-3 103.7 60.7 74 0.51 
20 X 20 

Taichung N-1 90.7 48.2 72 0.46 

60 B 5580 93.0 49.5 68 0.41 

Tainan-3 124.2 62.0 47 0.55 

Taichung N-1 87.7 48.0 74 0.25 

0 B 5580 95.2 45.5 66 0.S9 

Tainan-3 106.7 61.5 61 0.43 
40 X 40 

Taichung N-1 102.7 57.7 70 0.19 

60 B 5580 94.2 45.5 66 0.S8 

Tainan-S 114.5 60.2 51 0.31 

* 2nd leaf from the top. 
** Angle between the line from the base of leaf blade to the tip of the 2nd 

leaf and the culm. 
*** Extinction coefficient (Mansi and Saeki, 1953). 
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are compared III Table 10. Plant height and leaf characters of three varieties 
in pure populations at 61 days after transplanting are given in Table II. 
Tainan-3 showed the highest value in plant height and leaf length, and the 
lowest in leaf angle at all spacings and nitrogen levels. The extinction coef­
ficient (K), proposed by MONSI and SAEKI (1953), tended to be big with 
Tainan-3. 

Discussion 

In lowland nce community, competItlOn would occur for nutntlOn and 
light. Rice plants would be competing for nutrients in the soil and for light 
above the ground. Competition occurs in a similar manner plants respond to 
planting density. Plant characters which are influenced by planting density 
tend to be influenced by inter-varietal competition. 

The results from Experiment 1 show the drastic effect of inter-varietal 
competition. Since light utilization by plants is a key factor to yield and other 
plant characters when heavy nitrogen is applied (TANAKA and KAWANO, 1966), 
Peta would have held the "mastery of the air" in the mixed plots. The 
difference in plant height would have been decisive in the competition and 
the difference in leaf area or growth duration might have also been the factor. 
The result shows that the yielding ability does not necessarily tell much of 
the competitive ability. 

The results from Experiment 2 suggest that competition among varieties 
with approximately the same growth durations has also big effects on many 
plant characters. 

Combined yields of mixed populations did not differ significantly from the 
mean yields of the component varieties in each pure population. This leads to 
the assumption that in many cases it is at the sacrifice of another component 
genotype in the mixture that one genotype performs better in the mixed than 
in the pure populations. 

Competition occurred first at 0 N of 20 x 20 cm spacing. This suggests 
that the inter-varietal competition started first for nitrogen in the soil rather 
than for light above the ground since leaf area index was bigger at 60 N plots 
than at 0 N plots. This can be seen also in the effect of competition on the 
amount of nitrogen in the plants, since it is more or less equal to the amount 
of nitrogen absorbed by plants until this stage. Nitrogen absorbed by the 
plants till this growth stage will be used in the production of leaf and the leaf 
thus produced will increase plant weight. In this manner, the effect of com­
petition in the absorption of nitrogen will be reflected in leaf area, plant weight, 
and tiller number. 
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At 60 days after transplanting, the effect of competition in these characters 
was highly apparent at both nitrogen levels of 20 x 20 cm spacing and the effect 
of competition seemed to be bigger at 60 N plots. This may be so because 
the competition for nitrogen was saturated earlier at 0 N plot as the amount 
of the remaining nitrogen in the soil became smaller. 

Competition for nutrients other than nitrogen might have occurred but its 
influence on other plant characters would have been much smaller, if any, 
than in the case of nitrogen. 

High competitive ability of Tainan-3 in dry matter production or NAR 
after flowering suggests the existence of competition for light. This viewpoint 
is also supported by high competitive ability of this variety in the percentage 
of filled grain at 60 N of 20 x 20 cm spacing where competition for light was 
the biggest because shading after flowering has big bearing on the percentage 
of filled grain (MATSUSHIMA, 1957). 

There is an equation on light transmission in plant community (1/10) and 
leaf area index (LAI) shown as follows: 

1/10 = e-K . LA1 

(MONS I and SAEKI, 1953), where 10 is the vertical light intensity at the surface 
of plant community, I is that at the bottom, e the base of natural logarythm, 
and K the extinction coefficient. The amount of light intercepted by plant 
community with 1 LAI will be given as (l-eK'l)·Io• This implies that the 
bigger the K, the more will be the amount of light intercepted by unit leaf 
area. This leads to the assumption that a variety with big K value has 
a high ability in competition for light. Long and open leaf characters are 
related to big K as varietal characteristics (TANAKA and KAWANO, 1965). 
Tainan-3 was taller by about 20 cm than the other two varieties. The differ­
ences in plant height and the big K value of Tainan-3 would have been 
advantageous in competition for light. 

There was a significant varietal difference in regression coefficients of leaf 
area with the amount of nitrogen in plants (Fig. 9). This suggests the im­
portance of relative leaf growth rate for unit amount of nitrogen or leaf area 
ratio to plant weight in competition for light. 

When a hybrid population of rice plants is kept for generations without 
artificial selections, genotype which will dominate the population of the later 
generation will be apparently seen. High activity to absorb nitrogen at the 
early growth stage, high expansion rate of leaf area for unit amount of nitrogen, 
tall growth habit, long growth duration, and big K value (long and open 
leaf) are advantageous in competition within bulk population. These are the 



360 K. KAWANO AND A. TANAKA 

80 

• 
, o 

o~------~--------~------~~------~-o 0.5 1.0 1.5 20 

Amount of nitrcgen in the plant ( q! "lnt ) 

Fig. 9. Relation between the amount of nitrogen in the plant 
and the leaf area at 61 days after transplanting. 
(Symbols are same as in Fig. 5). 

characteristics of varieties which respond negatively to nitrogen application 
but yield fairly well when grown without nitrogen application (TANAKA and 
KAWANO, 1965; TANAKA, KAWANO, and YAMAGUCHI, 1966). Typical rice 
varieties in the tropics are of this type (JENNINGS, 1964; JENNINGS and BEA­
CHELL, 1964). It is reasonable to consider that this type of varieties has come 
to existence as a result of competition in bulk population for many generations, 
since in the tropics the history of artificial selection has been started not long 
ago. It may then be concluded that bulk population method of rice breeding 
will be advisable when breeders seek for the genotype suitable for the culti­
vation of no nitrogen application but not advisable when the genotype suitable 
for the cultivation with heavy nitrogen application is to be bred. 

Summary 

In rice community, competition occurs for nitrogen m the soil and for 
light above the ground. The genotype with high ability to absorb nitrogen 
is advantageous in inter-varietal competition not only for nitrogen but also for 
light because the absorbed nitrogen is utilized in the expansion of leaf area. 
Genotype with tall growth habit, long growth duration, big value of extinction 
coefficient (K) (long and open leaf), and high leaf expansion rate for unit 
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amount of nitrogen is advantageous in inter-varietal competition for light. 
Yielding ability under a certain environmental condition does not neces­

sarily accord with the competitive ability of the genotype under the same 
environmental condition. 

Competition starts first for nitrogen and then competition for light sets in 
as long as spacing among plants in population is not far less than 20 x 20 cm. 
Competition exists for nitrogen already at 40 days after transplanting in a 
population of high planting density without nitrogen application. 

Grain yield, plant weight, leaf area, amount of nitrogen in the plant, 
and tiller number or panicle number are highly affected by competition. Growth 
duration, plant height, culm length, 1000-grain weight, and thickness of leaf 
seem not to be affected. N% of plant, ratio of grain weight to total weight, 
spikelet number per panicle, % filled grain, and length of leaf are affected 
when the effect of competition is big. 

The bulk population method in rice breeding will bring about a genotype 
that is unsuitable for the cultivation under heavy nitrogen application but 
yields reasonably when grown without nitrogen application. 
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