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Multivariate Statistical Analysis of Grain Yield and Agronomic 
Characters in Durum Wheat 1 

j. LEE and P. J. KALTSIKES 

Plan t  Science Depar tment ,  Univers i ty  of Manitoba,  Winnipeg,  Mani toba (Canada) 

Summary. Correlation, stepwise multiple regression and factor analyses were conducted on grain yield and a number 
of agronomic characters in the parental, F 1 and F~ families originating from a 10 • 10 diallel cross in durum wheat. 
For the F 1 diallel, the correlation analysis indicated that  the number of spikes and kernels per plant and %000 kernel 
weight had the highest correlations with grain yield; for the F, diallel, the number of spikes and kernels per meter, 
1000 kernel weight and plant height showed most striking correlations with same. 

Stepwise multiple regression analysis indicated that, for the /71 diallel, number of kernels per plant, 1000 kernel 
weight and days to maturity were the most potent predictor variables for grain yield, accounting for 78% of its varia- 
bility. For the t72 diallel, the number of kernels and number of spikes per meter, 1000 kernel weight and number of 
kernels per spike were the most potent predictors for grain yield, accounting for 91% of its variability. Five common 
factors were extracted which explained 98.8% and 98.t% of the total variance in the/71 and F~ diallel, respectively. 
However, the importance of each of the five factors and the characters which loaded highly on each of them differed 
from generation to generation. 

Introduction 
In  a p lant  breeding program,  a breeder  usual ly  

records da t a  and makes his selections on the  basis of a 
large n u m b e r  of agronomic  characters  among  which 
significant posit ive and negat ive  correlations m a y  
exist (Kr ishnamur thy ,  t958;  Johnson  and Schmidt ,  
1968; Lebsock and Amaya ,  t969;  Hsu  and Wal ton,  
1970; Kaltsikes and Larter ,  t 970; Kalts ikes and Lee, 
1971). Therefore,  any  analyt ical  me thod  which could 
result  in a reduct ion  of the number  of agronomic 
characters  to  be recorded wi thou t  sacrificing a signi- 
f icant  amoun t  of informat ion would be a major  asset 
to the breeder. Tradi t ional ly ,  correlat ion studies have 
been employed  for this purpose.  However ,  a corre- 
lat ion between two characters  does no t  necessarily 
imply  a cause-and-effect  relationship. I n  fact, m a n y  
unknown factols  could have produced  their  numerical  
association. Alternat ively,  mult iple  regression ana- 
lysis can be useful when the  main  interest  is on the 
predict ion of the response variable f rom a set of pre- 
dictoi  variables.  Grain yield is logically chosen as the 
Iesponse variable while other  agronomic  characters  
are the  predic tor  variables.  Fur thermore ,  fac tor  
analysis, a mul t ivar ia te  stat is t ical  technique,  is use- 
ful in explaining the inter-correlat ions among a set of 
selected variables (Lawley and Maxwell, t963;  Har-  
man,  t967). I t  also helps in ascertaining the n u m b e r  
and na ture  of common  causat ive influences on which 
more  intensive work can be concentra ted.  Pract ic-  
ally, factor  analysis can be used to select a set of 
fewer characters  based on the s t ruc tura l  interrela- 
t ionships among the  original set of characters .  

1 Contribution No. 323 from Plant Science Department, 
University of Manitoba, Winnipeg, Manitoba R3T 2N2, 
Canada. 

The  present s tudy  was under taken  to  provide  in- 
format ion for two generat ions of a diallel cross of 
du rum whea t  (Triticum turgidum L. vaI.  durum) 
with the  following object ives:  1.) To ident i fy  agro- 
nomic characters  which are impor tan t  predictors for 
grain yield by  means of a mult iple stepwise regression 
analysis and 2.) To ascertain whether  a smaller set of 
common  causat ive influences (factors) could be iso- 
lated by  means of factor  analysis which would explain 
the inter-relat ionships among the original set of cha- 
racters. 

Materials and Methods 
The ten cultivars of durum wheat (Triticum turgidum I,. 

var. durum) used in this study and their respective country 
of origin were: Adur (France), Candeal Selection (Argen- 
tina), DT-310 (Canada), Iumillo (Italy), I~harkov Kaja 
(Russia), Leeds (USA), Madif (Italy), MY-54 (Mexico), 
Narodnaja (Russia) and Stewart 63 (Canada). These cul- 
tivars were crossed in a diallel fashion with recipro- 
cal families bulked to yield 45 F1 and subsequently 
45 F~ families. Hercules, a high performance, locally 
adapted cultivar, was also included in the study. Alto- 
gether, there were 56 entries (11 inbreds and 45 hybrids) 
in each of the two diallel generations. Seeds were sown 
in May 1971 at Winnipeg, Manitoba and Swift Current, 
Saskatchewan. At each location, the /7t and F2 diallel 
experiments were separately laid out in a randomized 
complete block design with two replications as follows: 
Each F 1 plot consisted of a single 3-meter row with 1 5 
seeds space-planted. The number of plants surviving to 
harvest ranged from 8 to 15. Each /72 plot consisted of 
three 3-meter rows with 160 seeds sown per row. A guard 
row was sown between plots to minimize inter-plot 
competition. Duplicate plots were sown for each of the 
eleven inbreds. Thus, each replicate for the /72 diallel 
consisted of 67 plots. The inter-row distance for both 
diallels was 30 cm. 

The following characters were measured from each plot: 
1.) Grain yield. Yield observations consisted of the 

weight (gm) of seed from each plot. In the /71 diallel, 
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grain yield per p lant  was derived by dividing plot  yield 
by  the number of plants  surviving to harvest.  

2.) Spike number. In  the F 1 diallel, the number of 
fertile spikes per p lant  was determined by dividing the 
to ta l  number  of fertile spikes by the number  of plants  
surviving to harvest.  In  the F~ diallel, the number  of 
spikes per linear meter was determined by direct count. 

3.) f,000 Kernel weight (gin). 
4.) Number of spikelets per  spike. 
5.) Number of florets per spike. 
6.) Number of kernels per  spike. 
7.) Proport ion of florets bearing seeds. 
8.) Number  of kernels per  spikelet. Characters (4) 

through (8) were taken from the pr imary  spike. Two 
and ten pr imary  spikes were sampled from each F 1 and 
F 2 plot, respectively. 

9.) Kernel  number.  In  the _F 1 diallel, the number of 
kernels per p lant  was obtained by  dividing the to ta l  
number of kernels by the number of plants  surviving to 
harvest ;  in the F2, the number of kernels per linear meter  
was est imated by  mult iplying the number of kernels per  
spike by number of spikes per linear meter. 

t0.) Maturi ty.  The number of days to physiological 
matur i ty .  

11.) Plant  Height.  Height  (cm) was taken from the 
ground to the t ip of the tal lest  spike, excluding own, on 
individual  plants  in the F~ and on 10 randomly sampled 
spikes in the F~. 

Values for each of the above characters were averaged 
over each plot  (224 and 268 F 1 and F~ plots in all, respec- 
tively) prior  to all s tat is t ical  analyses. The F 1 and F 2 
diallels were separately subjected to the product-moment  
correlation and stepwise multiple regression analyses 
as described by Draper  and Smith (1967). According to 
this method, the multiple regression equation and multiple 
co-coefficient of determinat ion were obtained by  adding 
one independent  variable at  a t ime according to their  
relative importance in determining the response variable 
(grain yield). Terminat ion of analysis occurred when the 
introduct ion of a new independent  variable resulted in 
explaining less than 1% of variance of the response 
variable.  The same two sets of da ta  were also each sub- 
jected to factor analysis. The extract ion of the original 
factor mat r ix  was by  principal factoring with i terat ions 
(Cattell, t965). The init ial  est imate of the communal i ty  
was the squared multiple correlation of each variable 
with every other in the original correlation matr ix.  Deri- 
vat ion of solution was through i terat ions until  the com- 
munali t ies converged with a 0.001 criterion. The criterion 
used to determine the number of factors to be retained 
was an eigenvalue of >0.20. The factor mat r ix  so 
obtained was ro ta ted  to simple structure by the var imax 
method (Harman, 1967). 

Results  

I .  Correlation Analys is  

F 1 diallel. All  of the  agronomic  charac te rs ,  excep t -  
ing the  n u m b e r  of sp ike le ts  and  f lo te ts  pe r  spike,  were 
pos i t i ve ly  co r re l a t ed  wi th  gra in  y ie ld  per  p l a n t  and  
per  p lo t  (Table  t ) .  The  mos t  s t r ik ing  cor r re la t ions  
were  t he  n u m b e r  of spikes  per  p l a n t  and  n u m b e r  of 
kernels  per  p l a n t  vs. g ra in  y ie ld  pe r  p lot ,  fol lowed b y  
the  cor re la t ion  be tween  t 000 kerne l  weight  and  gra in  
y ie ld  per  p l a n t  and  per  p lot .  Most of the  agronomic  
cha rac t e r s  inc luded  in t he  p resen t  i nves t iga t ion  
showed s igni f ican t  pos i t ive  cor re la t ions  amongs t  
themselves .  The  on ly  s igni f icant  nega t ive  cor re la t ion  
was be tween  the  p ropo r t i on  of f lorets  wi th  seeds and  
n u m b e r  of f lorets  per  spike.  

F 2 diallel. All  of the  agronomic  cha rac te r s  were 
h igh ly  assoc ia ted  wi th  g ra in  y ie ld  pe r  p lo t  (Table 2). 
The  mos t  s t r i k ing  cor re la t ions  wi th  g ra in  y ie ld  were 
t he  n u m b e r  of spikes  pe r  l inear  me te r  (r = 0.90), the  
n u m b e r  of kernels  per  m e t e r  (r = 0.91), t000 kernel  
weight  (r = 0.85) and  p l a n t  he igh t  (r = 80). Most 
of the  agronomic  cha rac t e r s  were h igh ly  co r re l a t ed  
amongs t  themse lves .  Whe re a s  the  p ropo r t i on  of 
f lorets  w i th  seed showed s igni f icant  nega t ive  corre-  
l a t ion  wi th  the  n u m b e r  of f lorets  per  sp ike  in the  F 1 
dia l le l  (r = - - 0 . 3 2 ) ,  these  two cha rac t e r s  were in- 
d e p e n d e n t  of one a no the r  in the  F~ dia l le l  (r = 0.07). 

I I .  Stepwise Multiple Regression Analysis 
F 1 diallel. The number of kernels per plant (X10), 

t000 ke rne l  weight  (X4) and  days  to  phys io log ica l  
m a t u r i t y  (Xn) were t he  mos t  p o t e n t  p red ic to r s  for 
g ra in  yield,  Y (Table 3) ; t o g e t h e r  t h e y  accoun ted  for 
78% of t he  v a r i a b i l i t y  for g ra in  y ie ld  per  plot .  W h e n  
all  of t he  r ema in ing  p r e d i c t o r  va r i ab les  were forced 
into  the  regress ion equa t ion ,  on ly  an add i t i ona l  2% 
of the  v a r i a b i l i t y  of g ra in  y ie ld  was expla ined .  Clear ly  
t h e  o the r  cha rac t e r s  were of l im i t e d  va lue  in pre-  
d ic t ing  gra in  yield.  The  bes t  mu l t ip l e  l inear  regres-  
sion equa t ion  de r ived  f rom the  ana lys i s  was the re fo re  
Y = 0.04 X10 + 0.60 X 4 + t .12 X n (R 2 = 0.78**). 
The  m u l t i p l e  coeff ic ient  of d e t e r m i n a t i o n  was only  
m o d e r a t e l y  high since 22% of the  va r i ance  for g ra in  
y ie ld  was no t  accoun ted  for b y  the  above  regress ion 
equat ion .  

F 2 diallel. The n u m b e r  of kerne ls  peI  l inear  m e t e r  
(Xg), t000 kerne l  weight  (X3), n u m b e r  of spikes  pe r  
l inear  me te r  (X~) and  n u m b e r  of kerne ls  pe r  sp ike  
(Xs) were the  mos t  p o t e n t  p r ed i c to r s  for g ra in  y ie ld ,  
Y (Table 3); toge the r ,  t h e y  accoun ted  for 91% of the  
v a r i a b i l i t y  for g ra in  yield.  W h e n  the  r ema in ing  cha-  
rac te r s  were forced in to  the  regress ion  equat ion ,  on ly  
an a dd i t i ona l  t ~o of t he  v a r i a b i l i t y  of gra in  y ie ld  was 

Table 3. Partial regression coefficients from the stepwise 
multiple regression analysis on grain yield per plant in 

a Io • lo diallel of durum wheat + 

F 1 diallel (n --  224) 

Kernels/plant t,000 KW Days to maturity R 2 

0.06*** --  --  0.65*** 
0.04*** 0.81"** --  0.75*** 
0.04*** 0.60*** 1.12"** 0.78*** 

F 2 diallel  (n = 268) 

Kernels/ 1,000 KW Spikes/ Kernels/ R 2 
meter meter spike 

0.28*** --  --  --  0.83*** 
0.19"** 28.45*** -- -- 0.89*** 
0.11"** 28.09*** 5.19"** --  0.90*** 

--0.23*** 23.48*** 19.28"** 38 .86"* '0 .91"** 

+ Characters explained less than 0.01 of the variance for yield 
per plant were not included in table. 

*** Significant P ~___ 0.00t 
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Table 4. Varimax rotated factor matrices for yield and agronomic characters in a lo • lo 
diallel of durum wheat 

Character 
Factor Commun- 
t 2 3 4 5 ality 

F 1 diallel 
Yield/plant 0.654 0.197 0.576 0.016 0.156 0.823 
Yield/plot 0.794 0.167 0.495 0.014 0.077 O.9O9 
Spikes/plant 0.930 0.116 0.290 0.023 0.103 0.973 
1,000 Kernel weight 0.413 0.096 0.749 0.017 0.086 0.748 
Spikelets/spike 0.039 0.025 0.056 0.877 --0.093 0.783 
Florets/spike 0.023 0.506 --0.001 0.594 --0.650 t.000 
Kernels/spike 01250 0.802 0.195 0.493 0.089 0.993 
Florets with seeds 0.297 0.431 0.278 --0.083 0.762 0.938 
Kernels/spikelet 0.247 O.966 0.198 --O.073 0.096 1.000 
Kernels/plant 0.860 0.350 0.288 0.187 0.097 0.989 
Days to maturity 0.325 0.254 0 .581  --0.093 0.105 0.527 
Plant height 0.257 0.115 0.693 0.249 0.082 0.625 

F~ diallel 
Yield/plot 0.799 0.264 0.317 0.117 0.132 0.839 
Spikes/meter 0.942 0.176 0.223 0.070 0.165 1.000 
1,000 Kernel weight 0.610 0.299 0.232 0.058 0.265 0.588 
Spikelets/spike 0.318 0.852 0.213 0.033 0.234 0.928 
Florets/spike 0.404 0.450 0.825 --0.045 0.220 1.000 
Kernels/spike 0.399 0.426 0.652 0.394 0 .251  0.984 
Florets with seeds 0.050 0.026 0.096 0.764 0.004 0.596 
Kernels/spikelet 0.338 --0.018 0 . 7 6 1  0.533 0.195 1.000 
Kernels/meter 0.830 0.265 0.397 0.179 0.202 0.987 
Days to maturity 0.272 0.300 0.260 0.036 0.613 0.608 
Plant height 0.6O0 0.472 0.180 0.059 O.224 O.668 

explained. The best multiple linear regression equa- 
tion derived from the analysis was Y--- - - -0 .23 
X9 + 23.48 X , +  19.28 X 2 + 3 3 . 8 6  X6 (R ~ = 
0.9t**).  According to this regression equation 9% 
of the variabi l i ty for grain yield could not be ex- 
plained by  the above four predictor variables. 

I I I .  Factor Analys is  

F 1 diallel. The factor  loadings and communalit ies 
in the var imax ro ta ted  mat r ix  are presented in 
Table 4*. Five common causative influences (factors) 
which explained the structural  inter-relationships 
among yield and agronomic characters were extracted. 
Together  these five factors accounted for 98.8% of 
the variabi l i ty for the twelve correlated characters. 
The communalit ies or amount  of variance of a char- 
acter accounted for by  all factors taken together, 
ranged from 0.53 (days to matur i ty)  to 1.00 (florets per 
spike and kernels per spikelet). For the purpose of 
interpretat ion,  only those factor loadings greater  
than  0.6 were considered important .  With this 
criterion, no characters loaded on more than  one 
factor  (Table 5). 

The most  impor tan t  factor (factor 1) contained the 
characters grain yield per plant  and per plot and num- 

* The importance of a particular factor as indicated 
by the proportion of variance accounted for by that 
factor in the initial or unrotated factor matrix is of no 
interest in the terminal or rotated factor matrix as the 
result of rotation. Nevertheless, the relative importance 
of the factors is still reflected by their order (i.e. factor 1 
is relatively the most important factor, etc . . . .  ). 

ber of spikes and kernels per 
plant  (Table 5). This result 
implies tha t  the expressions 
of the four characters were 
simultaneously influenced by  
some common underlying 
force. The magni tude of the 
influence of a factor on a char- 
acter is the factor loading 
for tha t  character;  tha t  is, 
the proportion of the variance 
of a character  accounted for 
by  a factor is the square value 
of the factor loading. Thus, 
factor t accounted for 82% 
of the variance for the number  
of spikes per plant.  Similarly, 
factor 2 contained number  of 
kernels per spikelet and per 
spike; factor 3 contained 1000 
kernel weight and plant  
height;  and factors 4 and 5 
contained the number  of 
spikelets per spike and the 
proportion of florets with 
seeds, respectively. 

F~ diallel. Five factors were 
extracted from the correlation 

matr ix  (Table 4) which explained 98. t% of the varia-  
tion for the eleven correlated characters. The commu- 
nalities ranged from 0.59 (t000 kernel weight) to 1.00 
(number of spikes per meter,  number  of florets per 
spike, and number  of kernels per spikelet). The most  
impor tant  factor (factor t) contained grain yield per 
plot, number  of spikes and kernels per meter,  t000 
kernel weight and plant height. Factor  2 contained 
the number  of spikelets per spike; factor 3 contained 
number  of florets and kernels per spike and number  
of kernels per spikelet; factors 4 and 5 contained the 
proportion of florets with seeds and days to matur i ty ,  
respectively. 

Table 5. Summary of factor loadings for yield and agro- 
nomic characters in a 2o • lo diallel of durum wheat 

Factor Characters of F 1 diallel 

Grain yield per plant and per plot; spikes and 
kernels per plant 
Kernels per spikelet and per spike 
1,000 kernel weight and plant height 
Spikelets per spike 
Proportion of florets with seeds 

Characters of Fe diallel 

Grain yield per plot; spikes and kernels per 
meter ; 1,000 kernel weight; plant height 
Spikelets per spike 
Florets and kernels per spike ; kernels per spikelet 
Proportion of florets with seeds 
Days to maturity 
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Discussion 

In both generations most of the agronomic charac- 
ters were highly associated with grain yield and 
amongst themselves. Although plant height was 
correlated with yield in both generations in the pre- 
sent study, this association does not occur with all 
genotypes of durum wheat. Kaltsikes and Lee (t971) 
found no association between height and yield from 
a 6-parent diallel in durum wheat while Kaltsikes and 
Lat ter  (1970) found significant correlation between 
these two characters from a study of five inbreds of 
durum wheat grown in the Canadian western co- 
operative test. Lebsock and Amaya (t969) found 
correlation between height and yield only in certain 
crosses and generations in durum wheat. 

Examination of the correlation matr ix showed that  
correlation between number of spikes per plant and 
grain yield was among the highest in the F 1 data 
(Table t) and yet this character accounted for less 
than t%  of the variance for grain yield (Table 3). 
However the correlation between number of kernels 
and spikes per plant was 0.94. The introduction of 
number of kernels into the regression equation was 
evidently sufficient in explaining the variation in 
yield which was due to these two variables and once 
one was introduced the other became numerically 
superfluous. From the biological point of view both 
characters are naturally important  yield compo- 
nents. A similar result was found with the F 2 gene- 
ration. Here although number of spikes per meter had 
a correlation coefficient of 0.90 with grain yield it 
only accounted fol t %  of the variability for grain 
yield (Table 3). 

The results obtained from the stepwise multiple re- 
gression analysis for both generations indicated that  
the two most potent predictors for grain yield were 
the number of kernels per plant (F1) and per linear 
meter (F2) and kernel weight. Days to physiological 
matur i ty  was an important  predictor variate for 
grain yield only in the F~ generation while the num- 
ber of spikes per linear meter and number of kernels 
per spike were important  predictors for grain yield 
in the F 2 generation. Based on the present investi- 
gation, it is suggested that  the number of kernels per 
plant or per linear meter, t000 kernel weight, and to a 
lesser extent, days to physiological matur i ty  and 
number of kernels per spike be given due importance 
as predictors for grain yield in selection programmes 
in durum wheat. 

Factor analysis of the results of the yield and agro- 
nomic variates conducted on data from the two gene- 
rations indicated that  the importance of each of the 
factors extracted and the component variates be- 
longing to individual factors differed from generation 
to generation. In the F1, it was shown that  grain 
yield and number of spikes and kernels per plant were 
simultaneously influenced by  a common underlying 

factor whereas in the F v grain yield, number  of 
spikes and kernels per meter, 1000 kernel weight and 
plant height were simultaneously influenced by a 
common underlying factoi. Other differences can be 
seen from Table 5. These results were not completely 
unexpected since the correlation matric6s for the two 
generations were apparently heterogeneous with 
respect to a number of characters. The discrepancies 
of results between the two generations can be attri- 
buted to several possible causes: 1.) There is no gene- 
tic segregation in the F 1 whereas segregation occurred 
in the F2; therefore, the lat ter  generation was sub- 
jected to genetic sampling error; 2.) Plot size varied 
considerably between the two generations; therefore, 
each generation was subjected to varying degrees of 
sampling errors; 3.) F1 material was space-planted 
whereas solid-planting was used in the F~ material. 

In a discussion of "logical correlated characters" in 
numerical taxonomy, Sokal and Sneath (t963) stated 
"we  must exclude as redundant  any property (cha- 
racter) which is a logical consequence of another".  
In a real sense, this applies to structurally correlated 
characters as well. From this point of view, perhaps 
the most impol tant  aspect of multiple regression and 
factor analyses as statistical tools is their ability to 
reduce redundance in character-taking. Stepwise 
regression analysis identified three characters in the 
F 1 and four characters in the F 2 as the most potent  
predictors for grain yield. Then the remaining varia- 
tes included in the present investigation could be 
thought of as redundant  information. Similarly, from 
the analysis of the F 1 population, there should be no 
reason to take all four characters (grain yield per plot 
and per plant, number of spikelets and kernels per 
plant) when measurement of any one will suffice. 
Thus, selecting one character from each factor with 
high loadings on more than one will in all likelihood 
preserve most of the information if the primary ob- 
jective were to isolate common factors which could 
bet ter  explain the inter-relationship among a set of 
correlated characters. On the other hand, if the pri- 
mary interest were to predict the performance of the 
response character (i.e. grain yield), stepwise multiple 
regression analysis would be a more appropriate sta- 
tistical method. From the practical point of view a 
plant breeder initiating a breeding program with a 
new crop species about which a limited amount  of in- 
formation is available would be well advised to first 
conduct a multivariate statistical analysis of as many 
characters as he can handle. This accomplished and 
the important  predictor variables and common causes 
(factors) identified he can then concentrate on identi- 
fying superior genotypes. 
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