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In the second and sixth reports of the present series, we reported that the aatotetraploid 
plants of Ho~'deu~n sativum L. or Nieotia.na tabac~ L. were d~finitely inferior in competi- 
tion to their diploid prototypes (Sakai & Suz~ki, 1955a; Saka[, 1956). tn the fifth report, 
however, the competitive superiority of amphidiploid hybrids to one or both of their 
parents in Abd~nosehus, Nicoti~na and Tr,iticum x Seeale was described (Sakai & Suzuki, 
I955b). In addition, in a~other paper the results of another experiment were described in 
which the competitive ability of F I barley hybrids was found to be distinctly inferior to 
that of their parental varieties in spite of their very vigorous growth due to heterosis 
(Sakai & GoCob, 1955). 

Findings from these experiments suggest that while mere doubling of chromosome sets 
in d@loid plants seems to decrease their competitive ~bility, doubling of different chromo- 
some sets in species or genus hybrids rather appears to increase it. The high competitive 
ability of the amphidiploids, however, is not likely to be ascribable to hybrid vigoar, if 
any. Thus, it remains to be investigated what is the mechanism that makes.aHopolyploidy 
very advantageous and autopolyptoidy very disadvantageous in terms of competition. 

l%iee, O~ryza sc~tiva L., involves two subgroups, [~zcZiec~ and Japc~iea, which differ from 
each other in some respects so distinctly that ib might mot be impossible to consider them 
even as different species. For example, Indies and Jag)chics groups differ from. each. other 
with regard to grain shape, habit, and various other physiological, raorpho]ogical a~d 
ecological properties, and the F x hybrids between them tend to show high sterility, though 
the chromosome number of both groups is the same, and the eoiljugation of chromosomes 
in ~h.e meiotic divisio.u looks quite normal 

Taking this situation into account, we have been interested in inquiring ingo, the 
relation betwee~a competitive ability and poIyl)loidy ~..hybridity using varieties of the 
Indies and Japonica groups. The present paper reports the resnlts of the experiment 
dealing with. the problem. 

MaT~IAhS ~a~ MIE:reODS 

Four varieties of the Ja2cnica and two of the Indlea groap were used. The former were 
Sensho, Sen-it_hi, Sirtriki-mochi and Sddtori, and ~hey are called in. the i~o/IowNg descrip- 
tion, for the sake of brevity, 'gx, Ss, ~a at~d 5'~, respectively. The latter two varieCi.es 
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were Knan-Yin~Sen and Karalath, called K 1 and K~, respectively. Arti:ficiatly induced auto- 
tetraploids of each Japonica variety, and the diploid and %traploid F 1 hybrids Between N 1 
a~d 5'~, S~ and S~, S s a n d K  1, a~d S 1 and K~ were raised and used in the present experiment. 

Seedlings Of all the strains were raised in ~he nm:sery bed and were transplanted to the 
paddy field. The distance between adjacent rows was 30 cm., and the spacing between the 
adjacent plants ia a row was 12 cm. 

In 1953, an experiment compaing competitive ability between diploids and their 
auto~ebraploids was conducted with four Japonica varie@es. I~ this ease, ~he two ehro~no- 
some races of each variety were compared with each o~her with regard to competitive 
ability by being grown separately and in mixtures. Plan~s were grown individually in 
pure-stand pleas and in mixed plots, in which plants of both chromosome races were 
planted alternately in the row. Data on an individual plan~ basis were taken on Cop 
weight, number of panicles and weight of panicles. The experiment was conducted by the 
split-plea experimental design. 

In 1954, another experiment was conduceed in which diploid and tetraptoid chromosome 
races of four Jctponiea and diploid races of two I~dica varieties together with the diploid 
and te t raploid/~ hybrids of fo~r kinds were planted. To the writers' regret, attempts to 
get antotetraploids of the two Indite varieties did not succeed. 

Compeh"~ive ability of various races was tested in this experimen~ by the aid of a dip]old 
tester variety, Norin no. 29, one of the most popNar commercial varieties in our counl,ry. 
Plants of the tester variety were grown alternating wi~h plants of eaeJa of the races men 
@chad above. The experiment was conducted by the split-plot method with fot~r replica- 
tions. The data, however, were analysed according to the method of randomized blocks. 
~Ieasurements were taken on ~he tester variety, and top weigh~ and number of panicles 
on an individual plant basis were recorded. 

EXPERII~]~ NTAL t~,E8 ULTS 

(i) Co~npetitio~ experiqnent with dipp~oids and atttotetrep;oids of four Japonica varieties 

Analysis of variance of da~a obtained in this experiment is presented in Table 1. 
Nean values of four replications of diploid and au~otetraploid plan~s of the four 

varieties in pure-stands and in mixtures are presented in Table 2. 

Table 1. Analysis of variance of top weipht , qv~mber of panicles and ~weight of panicles of 
d@loid and autotet~'aploid plants for four rice varieties, botl~ chromosome ~'aces of ectcT~ 
varietg being grown i~, pure-stand and in mixture 

IKean squares 
A 

f 

Source m,~. Top weight I'7o, p~rJeles %Yr. p~nides 
P~ep[ie~gion 3 76,62 1-83 @-78 
~-ariety 3 110,77 29.60** 16,55 
Error (a) 9 52.90 1-42 10"04 

Chromosome no. I 2725"75** 230"85"* 2688"29"* 
Chromosome no. x v~riety 3 126.33"* 16,10"* 22.22 
Error (b} 12 t6"21 1"27 6"50 

Competition I 85, 53* 0.'27 36-65** 
(Jami?e~i~ion x ehxomosome no. t 324,87"* 16-70"* 75.89** 
Competition x variety 3 2:2.99 :2.79* 2"06 
�9 Compet, igion x varie~zy x chromosome no, 3 5-41 3"43" 1-r 
Error (e) 24 13-93 0.75 3.04 

�9 Exceeds bhe 5 % point. ** Exceeds the 1% l)Oin~. 
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F rom Table 2 we can see that eRhez' top  weight, number  of  panicles or weight of panictes 
per p lant  of diploids generally increases by  being mix-planted  with the tetraploids and 
th.~g of tetraploids decreases by  being grown among the  diploids. These results are in 
general in good. agreement  with those obtained earlier wRh bar ley  a~d tobacco. 

Table 2. Mean values of top weight, number of pxmicles and ~seight of To, sides of di/oid and 
autotetra,ploid 21ants of four J a pom c a  varieties, each i'n pu,re-stan d and, in qnixtufe with 
p~ants of 2n and 4n chromosome number of the sq.me variety. On indi~idua~ plant basis 

N z S~ S a S~ 
g ' 2 ~ " ' - ' - - - - - 5  K - -  ~ ~ ~ ..... J~ a ( _ _ 2 , _ _ _ ~  

2x 4x 2:c 4x 2x 4~ 2:~ 4x 
Top weigh~ (g,) ]?ure-s~and 2 9 . 8 4  25-02  27-85  19-75  35"55 22-11 30"45 22"62 

N_ix~ure 32.35 24-88 34 .32  15-15  4507 19-~7 3 8 . 7 3  21.45 
No, of panicles [Pm'e-s~nd 6-94 4-57 8-59 8.36 10-90 6"67 8.94 4.59 

NAxgure 7.37 5-tl 9.12 5'63 13,29 5'80 10.12 4.07 
Weigh~ of Pure-stand 16-12 7.92 14.52 4"72 17.02 1-87 15'73 4-24 
panioles (g . )  Nixture 18.72 7-27 18'85 3"70 22.03 3-71 19'06 3-4t 

(ii) Competition emperime~t with, d@Zoid a~d tetraploid plants of F~ hybrids 
a~zd their parents 

While this experimmat was designed according to the split-plot method,  statistical 
analysis of  da ta  was conducted as if R were plan~ed by  the me thod  of complete randmmzed 
blocks. The statistical analysis was tried iu two ways:  one was  test ing the statistical sig- 
nificance of the  effect of chromosome number,  and the o th?r  was testing ~hat of the effect 
of ~he diploid parents  and diploid and tetraploid F a hybrids.  I n  ~he former case, two 
Indica variet ies were excluded f rom the analysis on aeeoun~ of their not  having tetraploid 
races, and in the latter, te traploids of four JaFo~ica variet ies were excluded f rom the 
analysis. 

i n a l y s e s  of variance of da ta  proved tha t  variat ion due ~o chromosome number  as well 
as tha t  due to  parents  v. hybrids  was highly significant. 

Mean v a n e s  of four replicated plots of top weigh~ and l lnmher  of panicles on an indivi- 
dual p lan t  basis in the tester v a r i e t y  mix-plan~ed with various strains are presented in 
Table 3. Figs. 1 and 2 tel?rescuer the  average values diagrarnma~icaIly. 

I t  mus t  be understood in these tables and diagrams t_hat strains allowing the tester 
var ie ty  to have a larger number  or higher bars are weaker  in competi t ion than  those 
allowing the tester  to have a smaller number  or lower bars. 

Table 3. Mea~ val, ues of to? ~eight and numbe~" of y ,  nid, es q/'tlte tester va~'iet;g mi:z-p~anted with d{pZoid 
and tetraptoid 12ant~ of fou~" Japon ica  va~'ieties, diploid plants of two Ind i t e  verier'ice, a~d &F~oid 
and tetralPoid pl, mzts qf F~ h.ybrids between pairs of Japonica  or one Japonica  and one Indiea  
varietg of 'rice p~ants 

Top w~. (g.) 
Tester Variel~y 
(Norin no. 29) No. of 

panicles 

S, J~2~enicc~ varielie~; IC, 7'n~ic~, va.rie6ies. 

,' p .  

2~" 38-45 36-31 28-9:3 37-79 33'71 33'19 35-04 
4x 42.41 39.70 36'59 ,s 51"35 46'06 ~11.64 

2x 8 .84 8-97 7-14 9-22 7'93 8-11 8-76 
4.x 9-17 9.04, 8 .40  9,78 I0'6~ 10-36 9-29 

2~ x K I S I • H~ 

.{Q .Fj. s ZC~ W~ 
27.91 17-3,I 42.15 34-47 26-68 

.... 3~. } 3 46106 ~ 41-63 

7-25 5-11 9,05 8-45 7-66 
- -  8-64 10.14 .-- 9-07 
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I t  is apparezlt from Table 3 and Figs. 1 and 2 ~hat tegraploi.d plants are always weak 
competitors against the diploid plants h a v i n g  the same kind of genes, either in parental 
varieties or i~l ~he hybrids. ]?~urther information obtained from the table as well as fi'om 
the diagrams is that in some cross combinations the competitive ability of the/7  i hybrids 
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Fig. 1 ~ig. 2 

~ig. 1. Oi~grsmmM, i~ illustration of comparative competitive ahiH$y of 2z and 4m plants of p~we-line rice 
varieties and theh' 2z and 4x dY i hybrids. Bars represent top weight of the 2x tester variety mi~planted 
with 2~ (black bar} and 4x (white bar) p~rents end thelr Y~i hybrids. 

Fig. 2. Diagrammatic illustration of compe$iflive ability of 2-x and 4r plauSs of p~'e-Iine rice varieties and their 
2r and &~ F z hybrids. Bars represent p~niele number of flhe 2x ~es~er variety mix-planted with 2r (bl~ek 
b~r) ~nd 4z (white bar) parents and theh" Yl hybrids. 

is approximately the same or inferior to thai  of the stronger parent (e.g. S~ x Sa), while in 
others it is far st}perior ~o those of bosh parents. As a result of hlteraoti.on between these 
two opposed tencle~.cles, tetraploid plants o fE  i hybrids beoome ra~her strolzger competitors 
than both parents in. some eases (e.g., number of panicles in S z x Sz) , weaker i~ another 
case (S s x St) , and more or less stronger than the weaker parent in still other eases 
(Sa x K i and Six Ep). 
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]DIscUSSION 

As described at the beginning of t~his paper, the senior writer and Suzuki have found that 
doubling of ch.l~omosome number in a pure4ine variety decreases the competitive ability, 
while allopolyptoid plants artificially induced, from species or genus hybrids are superior 
~o one or both parents as competitors. In still another experiment it has been found that 
F~. hybrids of barley varieties are generally inferior to their parents in competitive ability 
m spite of ~heir very vigorous growth due to heterosis. Then what would make allopoly- 
ploid plants good competRors against their parents? 

O~'yz~ sat~va L. includes numerous varieties belonging to I~dica or Ja2)o~iec~ subgroups. 
Ig is generally accepted by rice geneticists that these two groups a~ce rather remotely 
related to each other, and some tend ~o consider tetraploids of i~  hybrids between them 
as something like segmental alIopolypIoids in the sense of Stebbins's definition (Stebbins, 
1950). It seemed to be interesting, therefore, to investigate the relation between comped- 
tire ability and chromosome number in combination with hybridity, using hybrids among 
rice varieties. 

It  has been found, as described above, tha~ the eompetidve:abilRy of ~etraploid plants 
is always inferior ~o that of ~heir diploid prototypes regardless of whether they are derived 
from pure lines or hybrids, t t  has been also found that the/~1 hybrids often possess very 
strong competitive ability, in some eases far stronger than both parents. Thus, it will be 
quite reasonable to assume that some hybrids, possessing very strong competitive ability 
in the diploid condition, may still in the tetraploid condition remain stronger than the 
weaker diploid parent or stronger even than the stronger parent. In this eomtexion, the 
findings in barley should be borne in mind (Sakai & SuznM, 1955r~). i t  was concluded that 
a diploid variety with higher competitive ability tends to produce a tetraploid race with 

relatively higher competitive ability, and a diploid with lower competitive ability, a 
tetraploid race with relatively low competitive ability' and ' the autotetraploid race of 
Bohemia no. 1 (a barley variety) tended to approximate or even exceed the diploid tester 
variety in competitive ability'. 

At the present time, I have no material for experimenting with immediate interspeei~c 
or intergeneric hybrids in Abdmosd~s, lV~eogc~c~, or between f ~ i t i c ~  and Nettle. The 
supposition may be made, however, that they would be very strong eompetRors agains~ 
their parental species. 

Lasdy it should be mentioned that/7~ hybrids among rice varieties are in general better 
competRors than both parents. AdmRting the fact that the competitive ability is inde- 
pendent of vigoro~ts growth due ~o heterosis, we could advance the hypothesis that the 
genes controlling competitive ability might show over-dominance in the heterozygous 
condition. This hypothesis, if proved, would explain why an amphidiploid can be superior 
to one or both parents with regard to competRive agility. 

CONC]LUSIO~N 

Doubling of chromosomes in rice either in pure varieties or hybrids has bee:u :found to 
bring about an apparent decrease in competitive abllRy. The/?'1 hybrids~ however, have 
been :found generally to be good competitors against their parents, the superiority of the 
hybrid in competitive ability in some cases appearing extremely high.. Thus it is concluded 
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that  some hybrids ca~l ]~e stronger than. their parents with which they compete, even ill 
the tet,'aploid condition if the competitive ability of the hybrid in the diploid condition 
was very high, The high competRive ability of/~1 hybrids shotdd not be understood as a 
resrdt of vigorous growth due to heterosis of the hybrids. I t  has been assumed iri this 
respect that  genes controlling competitive abilRy can exhibit over-dominance in ~he 
heterozygous condRion. 

~ UNNAI~Y 

In I953, four varieties of the. d~po~ica rice group were compared :dr their competitive 
ability with. their respective tetraptoid plants. I t  was found that  tetraptoids were arrays 
inferior to their diploid prototypes in this respect. -in 1954, these diploid and tegraploid 
races of Ja2o'n~c~ varieties, two dipl.oid varieties of ]'nddea group and diploid and tetra- 
ploid F~ hybrids between two of the four Yapon~ce varieties or between ,Japonica and 
tn3ic~t varieties were compared for their competitive ability by the use of a standard 
tester. It was found that  the tt~ hybrids often show very notable superiority to both 
parents. Doubling of the chromosome number in hybrids always decreases their com- 
petitive ability just as doubling of chromosomes in puredine varieties does. I t  may be 
possible to tlnd a tetraploid hybrid with higher competitive ability than its parental 
varieties if" the original hybrid possesses a very high competitive ability. This possibility 
may probably explain the competitive superiority of amphidiploids to their parental 
species. The very high competRive ability of hybrids is assumed to be due to over- 
dominance of competitive ability genes in heterozygous condition. 
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