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Abstraet .  In field experiments, the competition among plants of two distinct wheat genotypes 
in binary mixtures, and among three genotypes being grown in adjacent rows was investigated. 
The competition greatly affected the over-ground dry weight, weight of stem and grain per 
plant. This effect was undercompensatory, the depression in poor competitor was higher than 
the enhancement of strong competitor for all these characteristics. From final components of 
grain yield per plant, the number of fertile stems and number of grains per ear were more 
affected than weight per grain. More expressively than weight of grain on the main-stem ear, 
the weight of grain per average secondary ear-hearing stem was affected by competition in 
binary mixture. The enhancement in standard height -- a strongly competitive genotype - 
reached in binary mixture about lO(~/o for this last characteristic in comparison with the value 
from the pure stand. Some morphological characteristics of plants being in relation with com- 
petition for grain yield per plant are discussed in these experiments. 

In hybrid population where there is a segregation, and in the early screening 
of lines being grown in adjacent  rows, the distinct genetic types of plants 
may  be in neighbourhood. In such situations the interaction between in- 
dividuals may  occur. MATHE~ (1969) pointed out tha t  individuals may 
cooperate to their mutual  advantage or individuals may  be antagonistic 
to one another. When A and B come together, A is on the average at an 
advantage by  comparison with the situation where A has come together 
with a second A, and B is on the average at a disadvantage b y  comparison 
with the situation where ~B has come together with a second B. This is the 
competition in the sense that  the term is generally used (SAKAI 1955, DONALD 
1963). Plant  breeders are concerned with intergenotypic competition since 
such competition may  be a source of bias in evaluation test  and impose 
limitations on the bulk hybrid method of plant breeding (AKI~AMA 1968, 
JENSEN and F E D E R E R  1965,  JENNINGS and AQUINO 1968,  ALLARD a n d  ADAMS 

1969). 
In this s tudy competition is defined as an interaction between different 

genotypes and does not include the interaction between plants within 
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a genotype. It was conducted to ascertain the effect of the competition 
among wheat genotypes seeded both in binary mixture and adjacent rows, 
on breeding valuable characteristics, over-ground dry weight, grain yield 
per plant and its final components. 

Material and Methods 
Field Experiments 

The s tudy  had  been conducted for two years  (1970 and 1971) a t  the LC.C., Krom~H~, Two 
series of exper iments  were carried out  in which the compet i t ion of Triticum aestivum L. genotypes  
in b ina ry  mixtures ,  and  in adiaeent  rows was evaluated.  

(i) Binary Mixture Competition 

Two cult ivars  Mironovskaya 808 and Moisson, designated as MI and  Me ,  each of  bo th  being 
con t ras ted  for p lant  type,  were used. Mironovskaya 808 is s t andard  height  (about  100 em), 
h igh yielding cul t ivar  wi th  horizontal  leaves. On the other  hand  Moisson is sho r t - s t emmed  
(about  70 era) wi th  erect leaves. Pure  and  mixed popula t ions  (1 : 1) were made  a t  three ni t rogen 
levels and spacing densities. The ni t rogen doses were 60, 120, and 60 -b 60 kg N, when  in the  
last  case N was  applied at  the  end of tillering. For  the different densities the spaces 15 • 12.5 era, 
3.75 • i2.5 cm and  3.75 • 6.25 cm were used, in which the  first value designates the distance 
of seeds wi th in  ~ row. Thus  in each t r ea tmen t  three replications of two pure  s tand  plots and one 
mixed plot  were used. I n  the mix tu re  two cult ivars were planted al ternat ively in bo th  directions. 
Five row plots were used, rows were 1.5 m long. 

The competi t ive ability (c.a.) per  p lant  was  es t imated  by  sub t rac t ing  the  value of a charac- 
teristic measured  in the pure  s t and  (P) f rom t h a t  of mixed s tand  (M), and  this difference was 
expressed in ~o of  pure s tand  performance.  Thus  c.a. = 100 (M--P) /P .  

(ii) Adjacent Row Competition 

The three genotypes  chosen for test ing were the cul t ivars  MI, Me,  and  Kaw osinatka,  
designated as KA. Each  of the  eul t ivars  was grown separately on pure  plots  and  row-mixed  
plots.  The a r rangement  of five rows within plots was as follows: X X X X X  in pure-,  and  YYXYY" 
in row-mixed  ph)ts, where X and Y represent  ~o~r of the test  and compet i tor  genotypes,  respect- 
ively. The distance between rows was  12.5 cm and between plants  within row 15 cm and 3.75 era. 
The rows were l-5 m long. All possible pairwise combinat ions  of row-mixed plots including reci- 
procals, and pure  plots were used, thus  the total  n u m b e r  of  var ian ts  (p2 -= 9) was  equivalent  to 
GRIFFI.~C'S (1956) diallc[ me thod  1. The field design was a randomized complete block wi th  three 
replications. Original measu remen t s  f rom center row of each plot were used in the analyses.  
The sum of squares  of the compet i t ion  var ian ts  was subdivided into four par ts ,  using the  model  
proposed by  EBEnHA]Vr e ta l .  (1964). 

Characteristics Evaluated 

Careful sampl ing  of five p lants  free f rom border  effect was made  for each genotype  f rom 
center  row on each plot a~ harvest .  After harves t  the da ta  measured  or compu ted  for each p lan t  
were: over-ground dry  weight  [g], dry  weight  of s tem [g], grain yield per p lan t  [g], n u m b e r  of 
ear  bear ing -- fertile -- s tems,  average n u m b e r  of grainu per  ear, average weight  per  grain 
(in rag), weight  of grain on main  s t em ear [g], and  weight  of grain per  average s e conda r ys t e m [g]. 

Results 
Competition In Binary Mixtures 

The spacing densities and years markedly influenced the overground dry 
weight of plants of the both genotypes in pure stands and mixtures. In the 
mixture with Mironovskaya 808, this characteristic for the Moisson plants 
in all treatments was lower than in pure stand (Table 1). The enhancing 
and depressing effects for the both genotypes used were found not to be 
compensatory, the depressing effect was of greater magnitude. The depression 
of Moisson eultivar in mixture reached about -- 19%. Moisson cultivar is the 
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TABLE 1 

COlYI1JETITIVE ABILITIES of tWO eult ivars  expressed as the relative values of the  over-ground 
dry  weight  per  p lant  in pure  s tand.  

Competi t ive abili ty 
[%] 

MI M e  ,Dif. 

Pure s tand 
[g] 

MI M e  

Ni@ogen 
60 kg 

120 kg 
60 + 60 kg 

Space 
15 • 12-5 cm 

3"75 • 12-5 em 
3"75 • 6"25 em 

Year  
1970 
1971 

-0.90 18.51 17.61 
1.34 --21.33 22.67 
8.48 -- 18.52 27.00 

0.64 --18.65 19.29 
10.49 --13.97 24.46 

1.24 --27.06 28.30 

2.13 --23.75 
4.82 - 13.79 

17.77 13.18 
18.71 11.58 
19.35 13.66 

31.32 21.07 
13.25 8.95 
11.26 8.39 

23.94 14.36 
13.28 11.24 

Mean 3.12 -- 19.36 18.61 12.81 

Cultivars: MI = Mironovskaya 808, M0 = Moisson 
Part icular  values f rom 90, overall mean  f rom 270 plants  
LSD(0.05) for eultivars,  nitrogen, space and  year  = 2.04 g, 1.85 g, 1.31 g and 1.50 g, respectively 

relatively poor competitor for over-ground dry weight per plant. The differ- 
ences between competitive abilities of the both genotypes for this charac- 
teristic increased with nitrogen doses and stand density increasing. 

The results for dry weight of stem and grain per plant are quite similar 
(Table 2). In  mixture the poorly competitive Moisson plants were --30% 
for dry stem weight and --16 % for grain weight, compared with pure stand 
characteristics. The poor competitive ability for grain yield per plant in 
Moisson cultivar was in mixture associated with lower number  of fertile 

TABLE 2 

RELATIVE COMPETITIVE ABILITIES of  tWO cult ivars in the b inary  mix ture  (1 : l) 

I qan~v characterist ics 

D r y  weight  of  stern per p lant  
Grain yield per  p lant  
Number  of fertile s tems per  t)lant 
N u m b e r  of grains per ear 
Average weight  per  grain 

Competi t ive ability 
[%1 

Mironovskaya 808 

0.67 
7.54 
5.14 
8.27 
3.54 

Moisson 

-30.34 
15.78 
16.53 

- 2.50 
1.64 

Single values from 270 measuremen t s  
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TABLE 3 

MEAN SQUARES from the  ana lyses  of va r i ance  for th ree  complex  p l a n t  cha rac te r i s t i c s  

Source df  Over  -ground W e i g h t  W e i g h t  
d ry  we igh t  of s t em of g ra in  

Rep l i c a t i on  
Space (S) 
Y e a r  (Y) 
V a r i a n t s  (V) 
Genera l  compet .  (GC) 
Geno types  (G) 
G C x G  
Specific compet .  
V x Y  
V x S  
S x Y  
V x S x Y  
E r r o r  

2 
1 
1 
8 
1 
2 
2 
3 
8 
8 
1 
8 

70 

18.7485 
5 663.7075 ++ 

497.9408 ++ 
314.2583 ++ 
261.5408 ++ 
772.6929 ++ 

44.8086 
205.8409 ++ 

87.1338 ++ 
84.9200 ++ 

187.4935 +~ 
47.8326 + 
21.6969 

7.2730 
501.3253 ++ 
310.9312 ++ 
110.3417 ++ 

79.6358 ++ 
309.4999 ++ 

11.4040 
53.7599 ++ 
30.6900 ++ 
31.2645 ++ 
26.1960 + 
16.8209 ++ 

5.8093 

6.7911 
1 233.4296 ++ 

41.5648 + 
52.0408 ++ 
41.8034 + 

I06.3045 ++ 
15.6021 
43.5699 ++ 
21.2121+ 
12.3839 

105.2972 ++ 
8.5974 
7.2593 

+ a n d  ++ deno te  s igni f icant  a t  the  5 a n d  1 ~o levels,  r e spec t ive ly  

stems per plant. On the other hand the relatively strong competitor for grain 
yield per plant, Mironovskaya 808, had in mixture about 8 % higher number 
of grains per ear than in pure stand, with the number of fertile stems not 
increasing. 

TABLE 4 

PERCENTUAL VALUES of the  o v e r - g r o u n d  d r y  we igh t  pe r  p l a n t  for c u l t i v a r s  t e s t ed  in  r o w - m i x e d  
)lots in  c o m p e t i t i o n  w i t h  the  s u r r o u n d i n g  cu l t ivars .  

Cu l t i va r s  t e s t ed  
Su r rounded  b y  the  c u l t i v a r  

K A  MI M e  Mean 
[%] 

Value  f rom 
pure  p lo t s  

[g] 

Space:  
K A  
MI  
MO 

Moan 

1 5  X 1 2 . 5  c m  
-- 65.45 94.21 79.83 

103.90 -- 102.73 103.32 
57.02 67.54 -- 62.28 

80.46 66.50 98.47 81.81 

37.13 
27.45 
25.20 

Space:  
K A  
MI 
M e  

3.75 • 12.5 cm 
- -  79.25 118.72 98.99 

58.60 -- 97.98 78.29 
62.28 60.77 -- 61.53 

Mean 60.44 70.01 108.35 79.60 

1 3 . 2 5  
1 5 . 8 7  
1 1 . 9 3  

Cul t iva r s -  K A  ~ Kaw163  o s i n a t k a  
MI  ~ M i r o n o v s k a y a  808 
M e  ~ Moisson 
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This type  of competition did not significantly affect the average weight 
per grain. In  both genotypes a small tendency of increasing this characteristic 
was observed in comparison with the pure stand. 

One-year experiment in 1970 did not show significant differences between 
competit ive abilities of wheat  genotypes for weight of grain on main stem 

TABLE 5 

EFFECT OF ADJhCENT-RO~,V COMPETITION on t h e  g r a i n  y ie ld  p e r  p l a n t  

Cu l t i va r s  t e s t ed  
S u r r o u n d e d  b y  the  c u l t i v a r  

K A  MI  MO M e a n  
[%] 

V a l u e  f r o m  
p u r e  p lo t s  

[g] 

Space :  15 • 12.5 em 
K A  
MI  
M 0  

M e a n  

- -  69.81 95.86 82.84 
104.16 - -  105.22 104.69 

58 .84  72.44 - -  65.64 

81.50 71.13 100.54 84.39 

17.16 
13.22 
13.46 

Space :  3.75 • 1.25 c m  
K A  
MI  
MO 

- -  82 .14  123.21 ]02 .68  
74.97 - -  107.04 91.01 
63.47 67.73 - -  65.60 

Mean  69.22 74.94 115.13 86.43 

6.55 
7.67 
6.57 

ear, especially due to compensation of number  of grains with weight per 
grain in this ear. But  in the combined analysis from two years, the differences 
at P 0.05 appeared, especially due to the number of grains. Plants  of Miro- 
novskaya 808 have in mixture about  7 ~o higher weight of grain for main- 
stem ear, compared with the magnitude of this characteristic from pure 
stand. More expressively the weight of grain per average secondary ear- 
bearing stem was affected by  competition in binary mixture, it being in 
this cultivar higher in average about  10 ~o than in pure stand. This competitive 
effect increased rapidly with increasing density, reaching about  18% of value 
from pure stand at the narrowest spacing. 

C o m p e t i t i o n  i n  A d j a c e n t  R o w s  

Table 3 gives a par t  of results of the experiment in which three wheat 
cultivars were grown in pure plots and in row-mixed plots. From mean 
squares of this table it may  be seen that  different distance between plants 
within a row, and years, influenced all the three complex plant characteristics. 
To ascertain the effect of each cultivar as a test  genotype and that  as a neigh- 
bour, data  in Table 4 and 5 were arranged in a diallel array. Each of the two 
distances between plants within a row are shown separately. 

The individual values in the rows in Table 4 give two-year means for the 
over-ground dry weight per plant of each cultivar tested, when it was s u r -  
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rounded by rows of a specific other cultivar in percentage of this characteristic 
of each cultivar, planted in pure plots. Absolute values of the over-ground 
dry weight in g per plant for each cultivar from pure plots are on the right 
side of this table. The columns indicate the effect of each cultivar as a c o m -  
p e t i t o r  for the over-ground dry weight of its neighbours. The overall row and 

TABLE 6 

M E A N  8QUAI%ES FI%OM T H E  ANALYSES OF VARIANCE for final c o m p o n e n t s  of the  g ra in  y ie ld  
per  p l a n t  

Source 

Rep l i c a t i on  
Space (S) 
Y e a r  (Y) 
V a r i a n t s  (V) 
Genera l  eompet .  (GC) 
Geno types  (G) 
G C •  
Specific. compet .  
V •  
V •  
S •  
V • 2 1 5  
E r r o r  

d f  

2 
1 
1 
8 
1 
2 
2 
3 
8 
8 
1 
8 

70 

N u m b e r  
of fert.  s t ems  

2.922 3 
326.911 2 ++ 

21.422 3 ++ 
12.077 0 ++ 
15.778 5 ++ 
23.493 4 ++ 

3.256 6 
9 .1126 § 
6.502 3 ++ 
2.816 2 
7.002 3 § 
2.271 5 
1.608 2 

N u m b e r  
o f g r a i n s  
per  ear  

4.205 5 
791.158 7 ++ 
742.770 7 ++ 
380.220 9 ++ 

9.238 2 
1 382.714 6 ++ 

35.605 7 
65.296 1 + 
31.976 2 
22.579 5 
90.768 3 + 
32.887 1 
19.465 1 

W e i g h t  
per  g r a in  

13.5127 
16.016 0 

336.403 8 +~ 
98.007 94 

0.000 1 
358.600 24 ~ 

4.897 4 
19.022 7 
17.575 3 

7.186 8 
172.546 l +~ 

12.776 8 
17.104 4 

+ a n d  +~ deno te  s igni f icant  a t  the  5 a n d  1 %  levels,  r e spec t ive ly  

column means indicate that Moisson was the poorest competitor among these 
three individual cultivars, and on the other hand, it was the mixed neighbour, 
because the over-ground dry weight of plants of other cultivars sometimes 
!.enefited and sometimes suffered when surrounded by rows with Moisson. 
There is an interaction of competition with space. With the increasing 
distance between plants within a row, the competitive ability of Miro- 
novskaya 808 reversed from strong to poor. The effect of adjacent-row 
competition on the over-ground dry weight per plant was undercompensatory 
and in average reached --20 %, compared with mean value for this character- 
istic from the pure plots. This difference was indicated by significant mean 
square for general competition in Table 3. 

As to weight of grain per plant (Table 5) the Moisson cultivar had the 
poorest competitive ability when surrounded by other genotype rows. 
In this situation the percentual value of this characteristic for Moisson 
plants was about --34%, compared with its pure plots. 

The effect of adjacent row competition on final components of the grain 
yield per plant is evident from Table 6. As pointed out by general competition 
mean squares, the only characteristic in which genotypes in row-mixtures 
and pure plots were different was the number of fertile stems per plant. 
In row-mixed plots the value of this characteristic was about 15% lower 
than in monotypical, pure plots. The poor competitor Moisson produced 
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about --32% fertile stems. The average weight per grain was influenced by 
this type of competition in the least extent. 

Diseussion 

Experiments with intergenotypic competition have shown that  many 
agronomic and breeding valuable characteristics in wheat plant are affected 
by this competition. Generally, this effect was high and undercompensatory 
in these experiments for complex plant characteristics, such as over-ground 
dry weight, weight of stem and grain per plant. The influence on number of 
fertile stems and number of grains per ear suggests that  the competition 
among wheat genotypes begins in the earlier stages of plant development. 

Many workers have considered the association of competitive ability for 
yield with specific plant characteristics, especially in rice. JENNI~GS and 
AQUINO (1968) observed in rice that  strong competitor had more tillers, 
longer and more leaves, greater LAI, height and dry weight than poor 
competitors. In  mixtures, the strong competitors intercepted more light at 
the expense of the poor competitors. In  these experiments with wheat the 
light interception was not measured. But  the relation between competitive 
ability for grain yield per plant with some leaves and stem characteristics 
of plants from pure stands was investigated. I t  follows from path coefficient 
analyses that  especially a genotype with more horizontally disposed flag 
leaf, with greater number of tillers at the beginning of heading, with higher 
angle of second leaf from the top and greater height of plants at heading in 
pure stand, may be strong competitor in mixture, when planted in a close 
neighbourhood with other distinct genotypes. All these observations compar- 
ed with KAWANO and TANAKA (1967) in rice, SMIT~ et al. (1970) in oat, show 
that  in cereals relatively a close relation between the plant-type and its 
competitive ability exists. 

In  these experiments also negative correlation (r ~ --0.8744 ++) between 
competitive ability of plants of single genotypes and their influence on distinct 
neighbours for grain yield per plant was found. In this situation especially 
genotypes with higher area of the second leaf from the top, with higher sum 
of lengths of 1 + 2 q-3 leaves from the top at heading, eventually with 
higher sum of lengths of uppermost two leaves at shooting acted in this way. 
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V polnfeh  pokusech  by la  s ledovAna k o n k u r e n c e  mezi  ros t l inami  d v o u  odli~n.~eh geno typf i  
p~enice v dvouslo~kov:~ch sm~sfch  a mezi  t~emi g e n o t y p y ,  p~s tovan~ 'mi  v sousedn l ch  bs 
K o n k u r e n c e  znaSn~ pflsobila n a  vAhu su~iny n a d z e m n i  h m o t y ,  v s  st~bel  a v&hu z rna  ros t l iny .  
T e n t o  v l iv  byl  podkompenzaSn i ,  ,sni~eni u s lab6ho k o n k u r e n t a  bylo  vy~w nee  zv:~tenl si ln~ho 
k o n k u r e n t a  u v~ech t~chto  cha rak te r i s t ik .  Z koneSn~ch  s lo lek  v:~nosu z rna  ros t l iny  b y l y  vice 
ov l ivn6ny  poSet p r o d u k t i v n l e h  st6bel  a poSet z rn  v k l a su  nee  vAha j e d n o h o  zrna .  V:~razn~ji 
ne~ v~,ha z rna  k l a su  h l avn lho  s t6bla  by l a  k o n k u r e n c i  v dvous lo~kov6 sm~si  ov l ivn~na  v ~ h a  z rna  
p rdm~rn6ho  vedlej~iho p r o d u k t i v n ~ o  st~bla.  Z v : ~en i  u s t a n d a r d n ~  v y s o k 6 h o  --  siln~ konku -  
ru j lc lho ge f fb typu  --  dos~,hlo u posledn~ j m e n o v a n ~ h o  z n a k u  ve  dvous lo~kov~ sm~si  okolo l0  ~o 
ve  srovn~,nl s h o d n o t o u  z 5ist6ho poros tu .  J s o u  d i sku tov&ny  n~kter6 morfologiek~ c h a r a k t e r i s t i k y  
ros t l iny ,  ktord j sou  ve  v z t a h u  s k o n k u r e n c i  ve vAze z rna  ros t l iny.  


