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Abstract

The genetic studies were conducted on six new winter wheat (Triticum aestivum L.) line during three years investigations developed 
in agro ecological conditions of Kosovo. Data for various morphological and yield traits were taken and analyzed for spike length (SL), 
plant height (PH), total dry matter (TDM), spike Weight (SW), grain weight per spike (GWS), yield (Y) and harvest index (HI). 
Field design consisted in a randomized blocks design (RBD) with three replications. Results indicated that the line 01KS as the most 
competitive genotypes produced significantly higher for SL (9.58 cm), GWS (2.37 g per spike) and grain yield (10.66 t ha-1) while lower 
yield was recorded at the line 04KS (8.02 t ha-1). The lowest SL (8.4 cm) belonged to line 06KS which was ranked as the least competitive 
genotype. The significantly higher total dry matter (TDM) was recorded at the wheat line 02KS on value 4.88 g, while the lowest (4.44 
g) belonged to 04KS which was ranked as the last genotype. There was a positive and significant harvest index (HI) on value from 50.5% 
to 39.1%.
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Introduction

Common wheat (Triticum aestivum L.) is an impor-
tant cereal crop of Kosovo and a major component of 
bread. Based on area and production it ranks first in ce-
reals. Statistics of Kosovo (2008-2009) winter wheat was 
grown on a total area of 60.000-70.000 ha-1 on total pro-
duction of 214.500 thousand tones with average yield 3.3 
t ha-1, according to the data of MAFRD (2009), whereas 
needs for wheat seed per year in are about 10.000-12.000 
tones of C2 certificated seed. During the last few decades, 
better progress has been made in increasing the unit area 
yield of wheat in the country. By comparing the yield of 
wheat per unit area of Kosovo with the per unit area yield 
of wheat of the advanced countries, we are still outlying at 
the rear. Wheat is a staple diet and provides more nour-
ishment for the people of the world than any crop. About 
90% of the world’s wheat production consist of the three 
species; Triticum aestivum L. (common wheat), Triticum 
compactum (club wheat) and Triticum durum (durum or 
macaroni wheat) cited by Mahmood et al. (2006). The ob-
jective of plant breeding is the development of cultivars 
combining high and stable and productivity with good 
quality (Fasoula, 2008). A great success of developing 
high yielding wheat genotypes has been achieved through 
breeding. Improvement of grain quality is a major objec-
tive of most breeding programs. Recently scientist associ-
ated the progress in plant breeding with the presence of 
diverse source material with new germplasm, including 
such created by breeders as published by Mangova and Ra-
chovska (2004). 

Yield is the complex traits and is a result of value of 
yield components as well; plant height, number of spikltes 
per spike, number of grain per spike, grain weight per spike 
and other parameters and it’s influenced by genotype and 
agro ecological conditions by Drezner et al. (2007). Several 
morphological parameters such as plant height, grain yield 
have been indentified to many researches (Ahmed et al., 
2007; Garol et al., 2005). The global climatic changes and 
the increase of the population lead to increasingly stronger 
emphasis on productivity as well as on the end use quality 
traits of the new wheat varieties as published by Atanasova 
et al. (2008). Several institutions create and improve new 
cultivars, in order to achieve higher production, and de-
mands of the population (Vural et al., 2007). Common 
wheat (Triticum aestivum L.) provides the nutrition for the 
greater part of the world population. The objective of this 
paper was to determine variations between examined win-
ter wheat lines genotypes using morphological data (plant 
height, spike length, grain weight per spike, harvest index) 
and yield for three years’ investigations. This information 
will be useful to improve the developed wheat lines. 

Materials and methods

Experimental site 
The experiment was conducted in Prishtina region 

which is located in the Kosovo agro ecological region on 
elevation 570 m. Plants were grown during growing sea-
sons 2005-2006 (Y1), 2006-2007 (Y2) and 2008-2009 
(Y3). This region is the 5 km southwest part of capital city 
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ences test (LSD) at 0.05 and 0.01 level of probability. The 
computer software MINITAB-14 was used for these com-
putations. Relationships among the traits were estimated 
by Pearson correlation analysis. Mean values of the agro-
nomic traits for wheat genotypes were standardized and 
used for computing Euclidean distances between them.

Results and discussion

Mean square for different traits and yield components 
which are included in our investigations are presented in 
Tab.  1. All sources of variance were a significant source 
of spike length, grain weight per spike, yield, and harvest 
index, while interaction between line x year also were sig-
nificantly higher at all investigations traits. 

The morphological development of traits wheat is a 
highly co-ordinated process. During the growing season 
wheat plants height variation, means, standard devia-
tions, values for various morphological and yield traits in 
six wheat genotypes lines (Tab. 2). Results for the three 
years investigations indicated that wheat genotype 02KS 
produced significantly higher plant height (80.6 cm) 
compared with other genotypes. The lowest plant height 
belonged to 07KS (74.7 cm) wheat genotypes. In com-
parison to value µ (78.20 cm) the difference were +2.4 cm 
(3.06%) and was associated with reduction in plant height 
(4.48%) or-3.5 cm respectively. There was significant in-
crease at p=0.05. The coefficient of variation and standard 
deviation of plant height of all wheat genotypes lines were 
3.01% and 2.34 respectively. The results regarding pheno-
typic correlation coefficients are presented in Tab.  3. The 
results revealed that phenotypic correlations were on dif-
ferent values. Plant height was positively and significantly 
correlated with total weight plant (0.80**), while negative 
correlation was recorded with yield (-0.06) and harvest in-
dex (-0.18) respectively. In the studies of Mohammad et al.  
(2006) they obtained different results for plant height at 
the different wheat genotypes from 62 cm to 110 cm. The 
similar results were obtained by Fetahu et al. (2008) they 
are realized results for plant height from 70.8 to 79.05cm. 

Significantly higher differences were observed in dry 
matter on different new wheat genotypes lines. The results 
regarding total dry matter (TDM) of the maximum value 
was obtained by genotype lines 02KS (4.88 g per plant) 
compared with value µ (4.63 g per plant) that had higher 
+0.25 g or expressed in relative value 5.39%. Wheat line 

Prishtina, with receiving variable rainfall averaging about 
613.3 mm per year. The region has mean annual tempera-
ture of about 10.27oC. Summer temperatures in these re-
gion sometimes reach more 35oC resulting to high evapo 
transpiration.

Plant material and experimental design
The experiments were conducted as a randomized 

complete block design (RCBD) with three replicates Gen-
otypes (Line) (6) x Years (3) x Repetitions (3) x locality 
(1) x parameters (6) =324 combination. Plant materials 
used in this study were six new winter wheat lines coded 
as: 01KS, 02KS, 03KS, 04KS, 06KS, and 07KS, originat-
ing from the Faculty of Agriculture in Prishtina. The plot 
sizes were 15 m2, while plot seeds were sown was 450 seed 
m -2. The experimental population received normal agro-
nomic and plant protection care, except irrigation.

Measurements
Under the growing conditions of these experiments 

to determine morphological data per plant; plant height 
(PH); of the main tiller at maturity was measured in centi-
metres from base of the stem up to the apex. Spike length 
(SL) of the main spike o selected plant excluding awn was 
measured at the maturity in centimetres. Total dry matter 
(TDM) was measured at maturity together stem from base 
up to the apex (spike) in grams per plant. Spike weight was 
measured from the plants at maturity in grams, while yield 
was calculated in t ha-1. Regarding to grain weight per 
spike (GWS) at maturity all the randomly selected plants 
were harvested manually, threshed on machine separately 
and their recoded in grams. Harvest Index (HI), were cal-
culated on percentage basis in each plot using the follow-
ing formulae:

Harvest Index,                                   were 

Gy- represent grain yield and By- is Biological yield.
We measured at field and laboratory plants were ran-

domly harvested from plots; 5plants per repetition x 3 rep-
etition x 6 wheat line x 6 parameters =540 plants. 

Statistical analysis 
The data for all the trials were analyzed by analysis 

of variance (ANOVA). Differences for means of various 
characters were computed using least significance differ-

Tab. 1. Mean square of morphological traits and yield components

Sources of variation Plant height Total dry matter Spike weight Spike length Grain weight 
spike

Yield
 Harvest index

(A ) Line 1.99* 1.56N.S 2.00* 16.92** 11.34** 10.82** 15.7**
(B) Year 0.68N.S 77.32** 50.42** 115.32** 148.45** 22.05** 12.98**

A x B 1.13N.S 2.85* 2.013 3.54** 5.1** 3.4** 10.32**
Error -  -  - 0.12  -  -  -

*, ** is significant at p=0.05 and p=0.01 respectively
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04KS had the lowest TDM (4.44 g), compared by the 
mean, was associated on reduction -0.19 g or 4.10% re-
spectively. In comparison to value µ for biological dry 
matter the significant differences between genotypes 
02KS and 04KS were +0.44 or 9.50 % respectively. Tab.  3 
presents the correlation matrix between TDM and others 
agronomic characteristics. Differences were observed in 
the correlation coefficients exhibited positive correlations 
with grain weight per spike (0.51*), yield (0.31). However, 
harvest index exhibited negative correlation coefficients of 
– 0.043. The coefficient of variation for TDM was 3.30%. 
Several reports have studied by the different authors. Al-
most similar results from 3.87 to 4.85 g have been earlier 
reported by Fetahu et al. (2008).

Spike weight is a character of considerable importance 
in the development of plant and determines the productiv-
ity of the plant as published by Rajaram et al. (1996). The 
results regarding spike weight (SW) have been presented 
in Tab. 1. The results revealed that the SW were positive 
and significantly higher on p=0.01 respectively. Genotype 

mean of SW per plant ranged between 2.11 g for wheat 
line 04KS and 2.66 g for wheat line 01KS. In compari-
son to value µ (2.48 g) differences were -0.37 g which was 
reduce of 14.91% and + 0.18 g (7.25% ). The differences 
among the higher and lowest obtained results were +0.55 
g per spike or with total genetic variation 22.17%. Signifi-
cantly higher correlation coefficients were found for grain 
weight per spike (0.70*) and total dry matter (0.63*) (Tab.  
3). The spike weight has received considerable attention 
because grain yield is closely related to the number of grain 
per spike and to the individual grain size by Hirotake et 
al. (1998) which also realised significant results for these 
traits. The mean spike lengths of six new winter wheat 
lines were 9.16 cm (Tab. 2.). Higher value of SL were ob-
served for wheat 01KS (9.58 cm), while line 06KS had the 
lowest SL (8.4 cm). In comparison to value µ differences 
were + 0.42 cm (4.58%) and wheat line was associated 
with reduction on -0.76 cm (8.29%).The genetic variation 
of spike length was +1.18 cm or in relative value 12.88% 
respectively. Significantly higher and positive correlation 
were found between SL and GWS on value (0.70*). The 
coefficient of variation for SL during three year investi-
gations is 4.99%. Several reports have been presented for 
spike length. According to Gorjanovic et al. (2006) the 
maximum spike length was from 7.69 to 8.14 cm. Ana-
lyzed wheat lines expressed differences of grain weight per 
spike values (Tab.  2). Grain weight or grain productivity 
per spike has the highest impact in expression of genetic 
yield potential cited by Knezevic et al. (2008). The values 
of grain weight per spike ranged from 2.37 g for wheat 
line 01KS to 1.79 g for line 04KS. Variability expressed by 
coefficient of variability was 10.64% relatively wide diver-
sity. The wheat line 01KS had higher grain weight + 0.37 
g (18.5%) than value µ (2.0 g) and +0.58 g than wheat line 
04KS. That is expressed on genetic variation 29%. Wheat 
lines showed positive and significantly higher correlation 
coefficients of yield (0.89**) and harvest index (0.79**). 
Tab.  2 shows assessment of new winter wheat lines ac-
cording to grain yield. Average grain yields at all geno-

Tab. 2. Means and standard deviation for various related traits in six wheat genotypes lines

Lines PH  TDM SW SL GWS Y HI
(cm) (g)  (g) (cm) (g) t ha-1 %
Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD Mean ±SD

01KS 79.0 ±3.61 4.69 ±0.40 2.66 ±0.04 9.58 ±0.33 2.37 ±0.14 10.66 ±0.63 50.5 ±5.82
02KS 80.6 ±1.84 4.88 ±0.16 2.49 ±0.12 9.57 ±0.41 2.01 ±0.16 8.96 ±0.68 41.1 ±2.09
03KS 79.6 ±2.15 4.67 ±0.41 2.74 ±0.35 9.40 ±0.43 2.05 ±0.20 9.20 ±0.91 43.8 ±2.33
04KS 75.8 ±5.93 4.44 ±0.65 2.11 ±0.09 9.10 ±0.70 1.79 ±0.14 8.02 ±0.63 40.3 ±0.65
06KS 79.2 ±3.17 4.57 ±0.43 2.40 ±0.25 8.40 ±0.70 1.79 ±0.12 8.05 ±0.54 39.1 ±1.62
07KS 74.7 ±2.91 4.54 ±0.67 2.50 ±0.27 8.90 ±0.64 199 ±0.34 10.08 ±0.69 43.8 ±2.50

µ 78.2 4.63 2.48 9.16 2.00 9.16 43.13
LSD 0.05 8.50 0.67 0.50 0.70 0.37 1.59 4.94

0.01 12.09 0.95 0.71 0.99 0.53 1.60 7.03  
Notes: PH; Plant Height, TDM; Total dry matter, SW; spike weight, SL; spike length, GWS; grain weight spike, Y; yield, and HI; harvest index

Tab. 3. Phenotypic correlation coefficient among six 
characters of wheat (Triticum aestivum L)

Characters
Spike

Length
(X2)

Total 
dry

matter
(X3)

Grain 
weight
Spike
(X4)

Yield
(X5)

Harvest
Index
(X6)

Plant height 
(PH)(X1)

0.37 0.80**  0.30 -0.06 -0.18

Spike length 
(SL)(X2)

-       0.63*      0.70* 0.50     0.54

Total dry matter 
(TDM)(X3)

- -   0.51 0.31 -0.043

Grain weight 
spike 
(GW)(X4)

- - -      
0.89**      0.79**

Yield 
(Y)(X5)

- - - -      0.75**

*, ** is significant at p=0.05 and p=0.01 respectively.
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types were 9.16 t ha-1 which can guarantee higher yield. 
There were statistical differences for yield at p= 0.01. The 
highest-yielding according to three years’ was observed in 
new wheat line 01KS on average value 10.66t ha-1, which 
was distinguished by high genetic variability. The low-
est yield was realized at wheat line 04KS on value 8.02 t 
ha-1. In comparison to value µ (9.16 tha-1) the differences 
among extreme value were +1.5 t ha- 1 (16.37%) and -1.14 
t ha-1 (12.44%) which had genetic variation 28.82%. The 
significant correlation coefficient were found for yield and 
harvest index (0.75*). Phenotypic distance and similarity 
of studied genotypes were computed by cluster analysis. 
By analysis of dendrogram we can find three groups of 
wheat genotypes. Each group consist two genotypes. The 
most similar genotypes are first group (04KS and 06KS). 
The second group most similar belonged wheat genotypes 
02KS and 03KS. Third group there are also two wheat 
genotypes 01KS and 07KS, expressed the highest distance 
in relation to other wheat genotypes (Fig.1).

Data collected along with their statistical analyses are 
presented in Tab.  2. It is clear from analysis of variance an 
average harvest index value varied from 39.1 to 50.5%. The 
differences between new wheat lines genotypes (01KS and 
06KS) were +11.4%. The average value of harvest index at 
all wheat lines was 3.13% which was manifested on genetic 
variation 26.43%. Several authors have reported different 
results for harvest index. Herthmuth et al. (1995) realised 
harvest index from 0.39 to 0.52.

Conclusions

Results of our research indicated significantly differ-
ent between new wheat lines for morphological and yield 
components. The investigation suggests that the new 
wheat lines based in our study represent a highly genetic 
valuable for spike length, spike weight, grain yield and har-
vest index and this material could be successively used in 
production for different purpose because, have a good per-
spective in seed production after evaluated for VCU and 
DUS- test. 
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Fig. 1. Dendrogram of analyzed wheat lines developed in Ko-
sovo


