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Abstract
This research was carried out to determine of yield stability and performance

and some of the agronomical and physiological traits of the bread wheat gen-
otypes in Trakya region. This research was established with 25 genotypes in
completely randomized blocks experimental design with 4 replications and at 3
locations in Trakya region in 2012-2013 growing season. In this research, grain
yield, biomass, canopy temperature, chlorophyll content, plant height, days to
heading, thousand kernel weight and test weight and relationship between these
characters were investigated. According to the results it was found significant
differences for the genotypes in terms of studied characters. While mean yield
of the genotypes was 719.4 kg/da, the highest yield was determined in TE5793-
13 line with 805.8 kg/da. The highest yielding location was Tekirdað. It was
determined that entry number 19, 22 and 23 genotypes are well adapted to good
environmental conditions. There were many lines well adapted to all environ-
mental conditions. Canopy temperature was scaled at heading stage and the
lowest temperature was determined in TCI012033-16 line. The highest biomass
and chlorophyll content was measured in OK81306/STAR-3-19 line. In this
study, it was established a positive relationships between grain yield and biomass.
It was found to be negatively correlated with between grain yield with canopy
temperature and plant height. Also, higher biomass was measured in late mat-
urating variety. The highest grain yield was determined in genotypes which have
low canopy temperature, higher biomass, short plant height and late medium
maturating.
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INTRODUCTION

Trakya region is located in the Northwestern part of Turkey and covered about
3% of Turkey. Mostly winter and facultative bread wheat cultivars are grown in
the region and it covers 5-6% of the total wheat area of Turkey. Wheat production
area is about 650.000 hectares per year. Average wheat yield is almost 5.0 tons/
ha and wheat production over 3 million tons per year in the region. When the
average yield of the region is compared to the Turkey’s average yield which is about
2,5 tons/ha, it can be seen that wheat crop is important for the region (Anonymous,
2011). Bread wheat research activities started in 1970 in Trakya Agricultural
Research Institute (TARI). These activities include breeding, pathology, quality and
agronomy study. Objective of the breeding program was to develop cultivars which
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have high yield and yield stability, good bread making quality, wide adaptation,
and resistance to biotic and abiotic stress. Some of the bread wheat varieties are
released Pehlivan, Gelibolu, Tekirdað, Aldane, Selimiye and Bereket. From these
varieties Aldane has very excellent grain quality and resistance to leaf rust, Gelibolu
and Bereket have high yield and yield stability. Pehlivan has good adaptation ability
and protein value and gluten ratio is very stable.

Almost all breeding programs in the world aim to improve varieties with
stable yields. The yield stability is generally grouped as static or dynamic stability.
The static stability is defined as the lack of response to environmental variations
while the dynamic stability is defined as the average response (Pfeiffer and Braun,
1989). Several methods have been developed to analyze and interpret genotype
x environment interaction (Lin et al., 1986; Piepho, 1998). Consistency in yield
has always been a problem in crop production due to the strong influence of
environmental effects during the various stages of crop growth. G x E interactions
are therefore, of major concern to plant breeders for developing commercial
varieties. Many publications described the importance of G x E interactions and
concluded that mean yields are not a satisfactory basis and emphasis should
therefore be given on the evaluation of genotypes which could perform better
irrespective of environmental fluctuations (Golmirzaie et al., 1990; Kinyua, 1992;
Yan and Hunt, 2001; Viana and Cruz, 2002).

Success of a wheat breeding program depends on the regional adaptability
of the cultivars improved and adaptability of such cultivars in the target envi-
ronments determined by its tolerance to biotic and abiotic stresses. The most
important abiotic stress factor is the shortage of rainfall in the region. There are
three critical periods of rainfall; Fall rains during the early vigor and tillering,
early spring rains during the tiller survival and stem elongation, and late spring
rains during grain filling period (Altay, 2012). Canopy temperature effected by
bi-ological and environmental factors like water status of soil, wind, evapotrans-
piration, cloudiness, conduction systems, plant metabolism, air temperature,
relative humidity, and continuous radiation (Reynolds et al., 2001), has prefer-
ably been measured in high air temperature and low relative hu-midity because
of high vapour pressure deficit conditions (Amani et al., 1996). Phenotypic
correlations of CT with grain yield were occasionally positive (Reynolds et al.,
1994). CT has been used as a selection criterion for tolerance to drought and
high temperature stress in wheat breeding and the used breeding method is
gener-ally mass selection in early generations like F3. Cool canopy during grain
filling period in wheat is an important physiological princi-ple for high temper-
ature stress tolerance (Munjal and Rena, 2003).

The normalized difference vegetation index (NDVI) has commonly been used
to evaluate the status of the crop and associate it with growth traits and grain yield
(Morgounov et al.,2014). NDVI has also been shown to have a positive relationship
with grain yield and biomass under well-irrigated conditions and a stronger asso-
ciation with yield under drought conditions (Gutierrez-Rodriguez et al., 2004),
although association with yield varies according to when the NDVI is measured
(Marti et al., 2007). Genotypes with horizontal orientation of leaves at the stem
elongation stage had higher NDVI values compared to erect types, and it was also
shown that wheat yield was more accurately predicted if NDVI was measured at
both the early heading and the filling stage (Feng and Yang, 2011).
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Although the average annual rainfall is 560 mm in the region this precip-
itation ranges between 350 mm to 850 mm. During the growing season (October-
June) the distribution of this rainfall is not regular. Due to this fluctuation of
rainfall in some growing year drought problem occurs and decrease grain yield.
The main objective of this research was to assess the yield and yield stabilities,
some physiological and agronomical traits of some varieties which was widely
grown in Trakya and other region of Turkey and advanced lines.

MATERIALS AND METHODS

This experiment was conducted at three locations of Trakya region in 2012-
2013 growing seasons. Twenty five winter wheat genotypes, 5 of them were local
check and 20 advanced lines, were examined under field condition with random-
ized complete block design with four replications. All plots were sown into 6
rows, and plot sizes were 6 m2 at harvesting. In the experiment 500 seed/m2 was
used at planting. Sowings were performed by using a plot drill between 17
October and 16 November 2012, and 40 kg ha-1 P

2
O

5
 and 185 kg ha-1 nitrogen

were applied at three times, at sowing, tillering and stem elongation stage. Also,
chemical was used for weed control. Plant growth conditions were favorable at
all locations of the experiment.

In this research grain yield, biomass (Gutierrez-Rodriguez et al, 2004),
canopy temperature (Babar et al, 2006; Jackson et al, 1981; Reynolds et al., 2001),
chlorophyll content (Babar et al, 2006), plant height days of heading, thousand
kernel weights and test weight (Elgün et al., 2001; Köksal et al., 200) were
investigated. Physiological characters (CT, SPAD, NDVI) were measured at
heading stage of the plant development. A handheld portable SPAD-502 chlo-
rophyll meter (Minolta) was used to estimate chlorophyll concentration. This
instrument provides a convenient means of assessing relative leaf chlorophyll
concentration. Ten flag leaves were used to take chlorophyll meter readings from
each plot at heading stage in the experiment. Chlorophyll meter data were taken
on the same day or the closest possible day coinciding with the spectral reflec-
tance measurements (Babar at al., 2006). A handheld infrared thermometer, with
a field of view of 2.5°, was used to measure CT (°C). The data were taken from
the same side of each plot at 1m distance from the edge and approximately 50
cm above the canopy at an angle of 30° to the horizontal. Readings were made
between 13.00 and 15.00 h on sunny days. To avoid the effect of soil temperature
on the CT, the data were taken when the infrared thermometer viewed no soil
because of high leaf coverage areas. The CT measurements were taken at heading
growth stage (Babar et al., 2006).

Several methods have been developed to analyze genotype x environment
interaction (Lin et al., 1986; Piepho, 1998). Finlay and Wilkinson’s joint regres-
sion model (1963) and Eberhart and Russel’s method (1966) were applied and
the regression coefficient (b), determination coefficients of the regression equa-
tions (R2) were calculated (Finlay and Wilkinson, 1963; Eberhart and Russell,
1966 and 1969; Tai, 1971). Also, regression graphs are used to predict adapt-
ability of genotypes. The statistical analyses of measurements were performed by
using JMP program for and the differences among the means were compared
with LSD (Least Significant Differences) at a 5% significant level (Anonymous
2008; Kalaycý, 2005).
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RESULTS AND DISCUSSION

The results of variance analysis are presented in Table 2. It was showed that
there was statistically difference among genotypes in yield according to all
locations. As a result, the highest grain yields than locations were determined
in TE5793-14 line with 805.8 kg/da. Other highest yielding genotypes were entry
number TE5793-14, TE5793-9 and OK81306/STAR-1-22. According to location
the highest yield were obtained in Edirne in TE5793-9 line with 835.7 kg/da, in
Kýrklareli in TE6025-12 line with 692.0 kg/da and in Tekirdað in TE5793-14 line
with 940.9 kg/da. Tekirdað was the highest yielding location and 4 lines gave grain
yield more than 9 t/ha. The lowest yield was determined in Kýrklareli location,
so there was significant difference among location and this result showed that
although production area of wheat crops is not too wide, the region had different
environment conditions.

A genotype having high yield across the environment is very important for
wheat breeders and growers. Genotype x environment interaction is a mainly issue
to plant breeders in improving high-yielding, stable genotypes across variable
environments. Several methods of measuring stability of genotypes tested across
a range of environments have been proposed. Stability parameters of the genotypes
are presented in Table 3. It was showed that all stability parameters were signif-
icantly different. The highest determinations coefficient (R2) was obtained in entry
number 18, 19, 22 and 25, so these genotypes were very stable. It was shown that
the regression coefficients (b) values ranged between 0.47 and 1.73 and entry
number 9, 21, 17 and 24 genotypes had optimum b value. Bereket and Pehlivan
cultivars besides entry number 12, 7, 13, 14 and 16 lines had the highest intercept
values (a). This result showed that these genotypes were higher yield potential both
well and less fertile environment condition (Table 2). According to all stability
parameters it could be seen that entry number 13, 14 and 21 were very stable
genotypes with high yield and higher determinations coefficient (R2), positive
intercept value (a) and suitable regression coefficient (b) with close to 1.

Because of the high yield potential to determining in genotypes there are
some important physiological selection traits in breeding program. Some of these
are biomass, canopy temperature and leaf chlorophyll contents. Large numbers
of physiological studies have been carried oud. Phenotypic correlations of CT
with grain yield were occasionally positive (Reynolds et al., 1994). NDVI has also
been shown to have a positive relationship with grain yield and biomass under
well-irrigated conditions and a stronger association with yield under drought
conditions (Gutierrez-Rodriguez et al., 2004). According to the results it was
found significant differences among cultivars in terms of yield, biomass, chlo-
rophyll content and canopy temperature. Canopy temperature and leaf chloro-
phyll content was measured at heading stage of the plant. Canopy temperature
ranged between 25.3°C and 28.2°C and highest value were obtained in entry
number 6 and, the lowest in entry 16 lines. Plant growth stage influenced CT
value. These results showed that early maturating genotypes had high CT and
late or medium late maturing genotypes had lowest CT value. So, it was seen
that too early genotypes was not suitable in the region for high yield potential.
The highest chlorophyll content was determined in entry number 19 line (55.6
SPAD) and in entry number 23 line with (55.4 SPAD). There was slightly positive
relation between grain yield and chlorophyll content.

DETERMINATION OF YIELD, SOME AGRONOMICAL AND PHYSIOLOGICAL TRAITS AND STABILITY
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Plant height is other important traits to evaluation genotypes especially for
lodging resistance. Lodging is ne of the mainly problem in Trakya region. Plant
height ranged from 90.0 cm up to 116.7 cm and mean was 103.7 cm. The lowest
plant height was obtained in TE5857-7 lines, and entry 16, 21 and 22 were other
genotypes with short plant height. Earliness is other important characters because
of to grow second crops within same growing cycle in the region. There was
significant difference among genotypes than plant height and TE5427-4 line and
Aldane cultivar was early heading genotypes (Table 4).

In bread wheat varieties for irrigated environments, it must be decided
whether to select directly in the irrigated or indirectly in a rainfed environment.
In addition, it is concluded that thousand seed weight and test weight values of
wheat will be selected by indirect selection in rainfed conditions (Tosun åt al.,
2006).

Table 4 shows mean and ranges of variation for TKW and TW in all
genotypes were evaluated during 2012-2013 at three locations. These are the
characters affected by environmental conditions, agronomic practice and geno-
typic traits. According to genotypes there was a wide variability both in thousand
kernel weights and test weight. Thousand kernel weight ranged from 34.6 g to
49.1 g among genotypes and mean value was 41.7 g. The highest thousand kernel
weight was measured in Pehlivan (49.1 g) and BBVD7-3-24 (48.7 g) genotypes.

DETERMINATION OF YIELD, SOME AGRONOMICAL AND PHYSIOLOGICAL TRAITS AND STABILITY
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Test weight ranged in genotypes from 77.5 kg to 83.4 kg and the highest test
weight scaled in entry number 18, 17 and 4 lines, mean value of the test weight
was 80.2 kg (Table 4).

Grain yield was affected from environmental fluctuations and there are
various components, such as some physiological traits, days of heading, plant
height, test weight and thousand grains weight. In this research these characters
were examined and assessed for relationship amongst them. As it expected there
was negatively relation between grain yield and canopy temperature (R2=0.2687),
and positive relationship between grain yield and biomass (R2=0.3457). It was
found slightly positive relation between grain yield and chlorophyll content.
These result showed that genotypes which have lower canopy temperature, higher
biomass and chlorophyll content, had higher yield potential. There was negative
relation between grain yield with plant height (R2=0.2957) and test weight
R2=0.3246). Also, it was found negative relation between biomass with plant
height and canopy temperature (Figure 1).
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Correlation coefficients among the tested characters of cultivars were given
in Table 5. A strong positive and highly correlation was observed between grain
yield and biomass (r=0.588), and moderate positive correlation between grain
yield and heading days (r=0.446). These result indicated that higher biomass
significantly increased grain yield even under normal field condition. Also, earliness
affected yield potential and genotypes which have early heading gave higher yield.
It was determined that a negative correlation between grain yield with canopy
temperature (r=-0.518) and plant height (r=-0.544), and test weight (r=-0.570).
Although biomass was highly and positively correlated with days of heading
(r=0.720), it was negatively correlated with plant height (r=-0.674). These results
are in agreement with earlier finding (Gutierrez-Rodriguez et al., 2004; Babar et
al., 2006; Jackson et al., 1981; Reynolds et al., 2001), so all these results showed
that to see the expected relationship between grain yield with physiological and
agronomical traits, physiological researches should be carried out both under
various stress and natural conditions.

Ýrfan Öztürk, Vedat Çaðlar Girgin, Remzi Avci, Bülent Tuna, Orhan Onur Aþkin

Wheat growing area is not too large in Trakya region. Yield potential had
changed across region due to various environmental conditions. Because of
various environmental conditions there was significant difference among geno-
types and locations. The highest yield was determined in TE5793-13 line and the
highest yielding location was Tekirdað. There were many genotypes well adapted
to good and all environmental conditions. In this study biomass positively af-
fected grain yield and it was determined a positive relationships between grain
yield and biomass. This experiment carried out under natural field condition but
as it expected grain yield negatively correlated with canopy temperature. The
highest grain yield was determined in genotypes which have low canopy temper-
ature, higher biomass, short plant height and late medium maturating. These
results showed that the area having different environment condition, including
climatic and soil structure, have good advantages for highly efficient selection
of the genotypes.
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