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ABSTRACT 

 
Current study was conducted for the evaluation of genetic variability present in 

triticale for seven yield attributing characters, to classify the triticale genotypes 

into similar groups and find out the characters responsible for distinguishing 

the genotypes into groups. For this purpose 70 lines of triticale were 

introduced from CIMMYT and grown at the experimental site of Department of 

Plant Breeding and Genetics, University of Agriculture, Faisalabad during the 

cropping season of 2012-2013. Experiment was conducted in RCBD with two 

replications. Triticale genotypes were evaluated for characters: plant height 

(129.9 cm), spike length (14.71 cm), number of spikelets per spike (32), number 

of grains per spike (28), number of tillers per meter (117), 1000 grain weight 

(87g) and grain yield per meter (104.50g). Analysis of variance found that 

genotypes selected were significantly different for all the characters in study. 

Plant height showed negative and non-significant correlation (-0.006) with grain 

yield per meter. Correlation between number of grains per spike and grain yield 

per meter was found to be highly significant (0.118). Genotypes were grouped 

into 15 clusters as a result of cluster analysis based upon the characters under 

study and cluster I and XV were most diverse while cluster VIII and IX were 

most similar.  Genotypes belonging to the cluster XII showed best performance 

for various characters indicating the presence of superior genetic material for  

breeders in triticale improvement programmes. 
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INTRODUCTION 

 
Triticale man-made cereal is a hybrid developed by crossing wheat and rye. It 
has attained superior characters from both of his parents i.e. higher potential 
of yield and good quality of grains from wheat and tolerance to disease and 
harsh environment and ability to grow even on saline soils to some extent 
from rye. Triticale is grown worldwide especially in European countries for 
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bakery products. Main uses are as fodder and in bakery products like 
cookies, pasta, pizza dough and breakfast cereals. Sell et al. (16) indicated 
that it could be used as feed grain. Under the optimum cropping conditions, 
triticale and wheat showed the similar productivity but when compared on 
marginal soils i.e. saline soils and under environmental stress conditions i.e. 
drought and pest attack  triticale showed better production as compared to 
wheat (21). Mergoum and Helena (12) verified the results when they 
conducted similar experiment in drought affected regions of South Africa. In 
addition, they added that triticale can replace wheat and barley. Overall, 
triticale could be better alternative of wheat in future as it is higher in 
production and superior in other characters as compared to wheat except 
one disadvantage i.e. low gluten contents. 
 
Royo et al., (15) grouped the triticale genotypes total of 299, on the basis of 
variation present in characters: plant height, spike length and number of 
spikelets per spike by using cluster analysis. Six to ten clusters were 
obtained as a result of cluster analysis of forty nine triticale cultivars as 
indicated by Plana et al., (14). They used yield and yield contributing 
characters for the study. Maqbool et al., (11) analyzed the triticale genotypes 
for estimation of correlation present between yield and yield contributing 
characters by using correlation analysis. They found that kernel weight and 
number of grains per spike were significantly correlated. A study was 
conducted on different genotypes of wheat selected from Turkey. Characters 
including height of plant, 1000 kernels weight, number of tillers and number 
of grains/spike were used for study. Cluster analysis was used for grouping 
of wheat genotypes. Experiment was conducted on winter wheat genotypes 
and found that genotypes participated in the study had similar genotypic 
sources or similar parents in the ancestors because the grain yield and its 
components were significantly correlated along with the yield analysis (22).  
 
The objectives of the present study are to check the variability among 
different genotypes of triticale by using different statistical techniques 
including correlation analysis and cluster analysis. The results generated 
from this study would be used for further research and genotypes 
improvement. 
 

MATERIALS AND METHODS 
 

The experiment was conducted in the experimental area of Department of 
Plant Breeding and Genetics, University of Agriculture, Faisalabad during the 
growing season 2012-13. For the experiment 69 genotypes of triticale 
acquired from CIMMYT and a local check (Nursery name: 42ITSN) were 
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grown in two replications under RCBD. In both the replications, row of five 
meter length was laid. Plant to plant and row to row distance was kept at 15 
and 30 cm, respectively. Sowing was done by dibbling method and two seeds 
were sown in each hole, uniform depth of seed and the distance between 
plants was maintained. Thinning was performed after the germination of 
seedling and only one healthy plant was kept. Agronomic practices which 
were necessary like irrigation, removal of weeds and hoeing were done at 
proper time. Well guarded plants were selected from each row randomly and 
were tagged to measure the data on the characters: plant height, spike 
length, number of spikelets per spike, number of grains per spike, number of 
tillers per meter, 1000 grain weight and grain yield per meter. 

 

Biometrical analysis 
 
To find out which triticale genotype is significantly or non-significantly 
different, collected data were subjected to the analysis of variance in 
accordance to the procedures (18). The extent of association between the 
variables is correlation and also known as simple linear correlation coefficient 
(18). 

 

Cluster analysis 
 
Cluster analysis classifies the data into various different groups which are 
significantly different from each other but have similarity among the members 
of each group. These groups are also called clusters. Items which are similar 
are placed in single cluster. Various techniques are included in the cluster 
analysis with an aim to group the data into clusters. Hierarchical method 
gather smaller clusters which are much more similar to produce larger 
clusters in which items are included which are more dissimilar. Dendogram is 
produced as a result of hierarchical method which is the graphical 
representation of the results (2). In this study we use the Ward’s method for 
hierarchical cluster analysis and distance is calculated using Euclidean 
distance.  It is computed as: distance(x,y) = {∑I (xi-yi)2}½ 
 

Analysis was done by using computer software CLUSTER 3.0 (4). Input data 
files are: ASCII row/column files, DBASE or Paradox files. The output 
consists of a tree diagram. 

 

RESULTS AND DISCUSSION 
 

Analysis of variance was performed by using Duncan’s Multiple Range Test 
(DMRT) and then genotypes were evaluated either they are significantly 
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different from each other. Analysis of variance performed at 5% significance 
level gave the results described as: all the genotypes differ from each other 
significantly for the characters selected for study.  Genotypes 16 and 47 had 
the highest mean value for plant height i.e. 129.9 cm and 125.96 cm, 
respectively. Mean value of plant height for local check was 90.06 cm. 
Genotype 14 was at the top having maximum mean number of tillers/m (117) 
while genotype 8 was at the second position having 106 number of tillers/m. 
Local check hold middle value and genotype 61 had the last position with 
value 23. Mean values of spike length ranged from 14.71 to 7.96 recorded for 
lines 53 (14.71) and 57 (7.96). Spike length mean value for local check was 
9.14. Mean value of number of spikelets per spike ranged from 32 to 16 and 
genotypes 48 and 1, respectively. For number of grains per spike genotype 
42 and local check were at the top and bottom with 103.20 and 37.30 mean 
values, respectively.  
 
Highest mean value of thousand grain weight was recorded for genotype 49 
that was 87 g and lowest for genotype 28 that was 56 g. Genotype 20 had 
the highest mean value of grain yield per meter i.e. 104.50 g and genotype 
35 had lowest value of 64 g. Correlation analysis gave the results indicating 
that plant height  and  grain  yield  had negative, non-significant correlation (-
0.006) among them. As the spike length increased the grain yield/m was also 
increased as shown by the positive significant correlation found with value of 
0.104. Grain yield/ meter had positively significant correlation (0.129) and 
highly significant positive correlation (0.118) with number of spikelets/spike 
and number of grains/spike respectively. Characters  recorded  for  per  
meter i.e.,  number  of  tillers  and  grain  yield  were  non-significantly  
correlated (-0.044).  

 
Table 1. Correlation among selected characters. 

 
Observations Plant 

height 

Spike 

length 

No. of 

spikelets/ 

spike 

No. of 

grains/ 

spike 

No. of 

tillers/ 

meter 

1000 

grain 

weight 

Spike length 0.163**      

No. of spikelets per spike 0.426**  0.539**     

No. of grains per spike 0.333**  0.492** 0.480**    

No. of tillers per meter 0.064 -0.138** -0.434** -0.228   

1000 grain weight 0.083* -0.068 0.153** 0.110* -0.018  

Grain yield per meter -0.006 0.104* 0.129* 0.118* -0.044 -0.199** 

 
Results indicated that increase or decrease in plant height had no effect on 
the grain yield per meter where as the spike length increased with increase in 
grain yield per meter was recorded. Spike length was directly proportional to 
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the grain yield per meter. Same was found in case of number of spikelets/ 
spike i.e., as it decreased the grain yield/ meter was also reduced. More the 
1000 grain weight more will be the grain yield per meter. Similar results were 
found by Maqbool et al., (11) Kozak et al., (9), Hristov et al., (6), Mohammad 
et al., (13), Hendawy et al., (5), Kramany et al., (10), Kociuba et al., (8), 
Kamyab et al., (7), Ali et al., (1), Tohidinejad et al., (20). 

 
Weight of thousand grains, number of spikelets and number of grains per 
spike had strong correlation with yield studied by Asawa et al., (2). Shiv and 
Singh (17) found that these characters had significant positive correlation 
especially 1000 grain weight which had highly significant correlation with 
grain yield. Maqbool et al., (11) showed that 1000 grain weight had positive 
correlation with plant height while negative correlation with days to heading.  

 
Cluster analysis classified the triticale genotypes in 15 clusters depending 
upon the variation present for characters under study. Cluster analysis gave 
dendogram  which  distributed  the  seventy genotypes into 15 clusters 
shown in Table 2.  

 
Dendogram constructed by cluster analysis revealed that the most diversified 
clusters were I and XV. This showed that for the selected characters they 
had great genetic variation and diversification. Most close clusters were VIII 
and IX showed the presence of less variation in the genetic material and 
indicated the presence of same parents in their ancestor. As we move from 
cluster I to XV, the similarity index between cluster increases indicates the 
presence of some common parents among the genotypes. Local check was 
included in cluster I and within the cluster genotype 2 was most diverse than 
line 57 because genotype 2 had parentage POLLMER_2.1.1 while genotype 
57 had many crosses involved with POLLMER_2.1.1. Genotype 2 had 
superior traits for the number of tillers per meter but had recessive traits for 
number of grains per spike. Genotype four was most similar to genotype 2 
may be because of the similarity of their origin. Genotypes included in cluster 
VX, most diverse cluster than cluster I, had average performance genetic 
material for all the characters. Genotypes 26 and 29 were most similar within 
the cluster. 
 
Genotypes included in cluster III shared some common parentage. 
Genotypes 16, 21 and 35 had ARDI_1 in their crosses. While genotype 28 
was included in cluster III because genotype 35 and 28 had BULL_10 in their 
parentage. All the genotypes included shared similar genetic material and 
most distinct genotypes were 35 and 6. In cluster IV genotype 55, 56 and 69 
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had FARAS_1 in their crosses, genotype 55 and 44 had ERIZO_9 in 
common while genotypes 34 and 46 had parent LIRON_2. Member 
genotypes of cluster V possible shared similar genetic makeup. Cluster III, IV 
and V were less diverse because of ARDI_1 present in their parentage. 
Diversification between these clusters was because of the involvement of 
other parents in the crosses. 

 
Table 2. Clusters and genotypes. 

 
Cluster No. Genotypes 

I 1, 2, 3, 4, 5, 12, 57 

I I 8, 14 

I I I 6, 18, 21, 28, 35 

I V 11, 34, 44, 46, 55, 56, 69 

V 20, 45, 52, 59 

VI 7, 30, 31, 40, 41 

VII 15, 16, 17, 19 

VIII 13, 22, 32, 54, 62, 63, 66 

IX 53, 58, 60, 70 

X 51, 61, 65, 67, 68 

XI 9, 49 

XII 10, 42, 43, 47, 48, 50 

XIII 23, 38, 64 

XIV 23, 24, 25, 37 

XV 26, 27, 29, 36, 27, 39 

 
Genotype 53 included in cluster IX had superior genetic makeup for spike 
length but inferior for the 1000 grain weight. Other lines included in this 
cluster performed average. The variation in their behavior was probably 
because of single parent change in the crosses or because of the reshuffling 
of the genes. Genotype 47 included in cluster XII showed good performance 
for the characters plant height and spike length indicated that parents 
involved in its cross had dominant genes for these characters. Genotype 50 
had accumulation of genes from parents which were superior in favor of plant 
height and number of spikelets per spike. Similarity among both these 
genotypes was because of parent cross HX87-244/HX87-255 and difference 
was because of the further crosses made with different parents. Other 
genotypes included in this cluster also shared the same cross of parent i.e. 
HX87-244/HX87-255 but the change in their behavior was probably because 
the other parents being involved in their crosses had genes which suppress 
their effect and dominate the behavior. Studnicki et al., (19), Ali et al., (1), 
Atak et al., (3) also found the similar results in their studies. 
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Fig. 1. Dandogram of Ward’s method showing Euclidean distance and Linkage distance. 
 

Genotype 48 along with the above mentioned parents had other parents 
which had genetic material superior for spike length, number of grains/spike 
and grain yield/meter. Genotype 20 included in cluster V had the highest 
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grain yield per meter and was most diverse genotype within the cluster. 
Genotype 45 had recessive genes for spike length and genotype 52 for 
number of grains per spike. The variation within the cluster indicated the 
involvement of different parents. 

 
CONCLUSION 

 
Mostly the variation among the 70 lines of triticale was because of cross 
made between wheat and rye. Wheat parent used in the crosses may have 
different origin and genetic makeup. Line 2, 53, 20 and member lines of 
cluster  XII  showed  best  performance  for  various  characters  indicated 
the presence  of  superior  genetic  material.  These  lines  should  be  
selected  and might  be  proved  helpful  for  the  triticale  improvement  and  
breeding programmes. 
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