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Abstract

BOYADJIEVA, D. and B. ANDONOV, 2010. Selection efficiency of morphological and physiological param-
eters of T. aestivum L. in dry climatic conditions. Bulg. J. Agric. Sci., 16: 539-546

The morphological and physiological parameters of T. aestivum L. and their integration with yield were stud-
ied in order to identify more effective criteria for the genetic improvement of new cultivars in dry climatic
conditions. The tested varieties were developed at the Institute of Plant Genetic Resources in Sadovo in the
period 1948-2005. Cultivar N 301, widespread in 1948, was used as control. A field trial was carried out in 3
replications in 2006, 2007 and 2008. Plant and leaf parameters were analyzed as well as yield and duration of the
vegetation period. Variability and genetic gain of the studied indexes were identified. A computer software pack-
age was used for variation, correlation and regression analysis.

It has been established that the preservation of canopy and leaf mass for up to 10 days after ear growth is
most important for yield increase in the dry conditions of Central South Bulgaria. At the same time, the correlation
coefficient of yield and foliage area of one plant during heading was high and statistically proven. The same was
true about canopy per unit of land, the area of one leaf and the area of the flag leaf.

The semi-planophyl flag leaf was optimal for the specific conditions of the trial and its width was in positive
correlation with the yield.

Yield increase was parallel to the shortening of the vegetation period.
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Introduction

Drought is characteristic of many world regions.
The damage is different and depends on the phase of
plant development, the power and duration of the
adverse factors and most of all the resistance of the
grown cultivars.

The Institute in Sadovo has been breeding wheat
for the dry conditions of Bulgaria for more than 100
years. The characteristics of the continental climate
are expressed most clearly in this area.

Given the extremely dry climatic conditions in the
area, it is no surprise that many drought-resistant cul-
tivars with ecological plasticity such as Sadovo 1,
Katya, Pobeda, Yunak, Momchil and Boryana, etc.,
have been developed in Sadovo.

According to Kronstad (1998), one of the major
steps in every breeding program is the identification
of the limiting factors and the application of an ad-
equate selection pressure. Therefore, scientists are
focussed on the studies of the physiological founda-
tion for improvement of yield and yield stability in the
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conditions of stress (Harris, 1989; Salsac and
Monneveux, 1989; Ortiz-Ferrara et al., 1989; Sarrafi
et al., 1992). The breeders of CIMMYT (Reeves et
al., 1999) consider that a better balance of the pa-
rameters of grain fill and improvement of yield poten-
tial with up to 20% can be achieved by fine tuning of
source and sink ratio. Evans (1981) also thinks that
even though some productivity genes have a specific
effect on yield structural elements, it is rather an indi-
rect effect through physiological processes than on
individual yield components. Therefore, finding a more
secure way to overcome the adverse conditions in
crucial phases of wheat development by integrating
the morphological and physiological parameters
with yield would help breeders with practically more
effective criteria for the genetic improvement of the
new cultivars by breeding. This issue is of special im-
portance today, when wheat breeding has made a great
progress in this direction, creating cultivars with high
and stable yields (Boyadjieva, 1996).

Objective of the study
The objective of the study was to identify and in-

tegrate the adequate morphological and physiological
parameters with yield in order to overcome water
deficiency and dry winds during the critical phases of
wheat development as criteria for the genetic improve-
ment of the new varieties by means of breeding.

Material and Methods

A comparative field study was carried out for the
purpose of the experiment with cultivars of the Insti-
tute in Sadovo, developed within 1948  2005. Culti-
var ¹ 301Â, widespread in 1948, was used as control
along with the Russian cv. Bezostaya 1 as a world
quality standard. Table 1 shows the cultivars tested
by the years of their creation and their characteristics
with regard to flag leaf position.

The block method was used on 10 m2 of trial area
in 3 replications with 550 seeds per square meter. Of
the total area, 5 m2  were used to record the yield per
unit of area and 5 m2 for biometrical analysis. The field
trial was treated with chemicals for disease and pest
control.

The biometrical analysis was done on 5 random
plants of each replication.

The study continued for 3 years: 2006, 2007 and
2008.

Studied parameters:
a) Grain yield (kg/da).
b) Phenological characteristics  duration of the

vegetation period (in days after January 1 to head-
ing).

c) Characteristics of the plant and leaves: number
of productive tillers, position of the flag leaf in the phase
7-9 (according to Feekes), length and width of the
flag leaf, number of leaves per plant, area of one leaf
(cm2), leaf area per plant (cm2), leaf area (cm2) per 1
m2 of land, loss of leaf area (%), mass of one leaf (g.),
leaf mass per plant (g), loss of leaf mass per plant (%)
and specific leaf mass (mg/cm2).

Statistical methods
A computer software package (Statistica 6) fo

variation, correlation and regression analysis was used
for establishing the variability and genetic gain of the
studied parameters of yield, phenotypic correlations
and selection efficiency of some of the indexes.

The regression analysis  linear and curvilinear
model, the correlations between indexes on the one
hand and between the studied indexes and yield, on
the other, were calculated using the average values of
the indexes from the three years of study (2006, 2007
and 2008).

The significance of the correlation and regression
coefficients was established by the p-level (p=0.05)
and t-criterion of Student.

Results

The average values of the yield, morphophysiologi-
cal plant indexes and duration of the vegetation pe-
riod of the studied varieties for 2006, 2007 and 2008
are presented in Table 2. The duration of the vegeta-
tion period (CV=1.4%), number of productive tillers
(CV=8.3%), mass of one leaf (9.09%), specific leaf
mass (10%) and number of leaves per plant (12.8%)
were the least variable. The most variable indexes were
the position of the flag leaf, loss of leaf mass per plant
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and loss of leaf area (CV=38.6%, 23.0% and 20.8%).
The correlations between the indexes of yield are

presented in Table 3.
Grain yield (kg/da) correlated positively with leaf

area per plant (r=0.67*) and negatively with the loss
of leaf area per plant in % (r=-0.68*), loss of leaf
mass per plant (r=-0.58*) and duration of the veg-
etation period (r=-0.79*). The correlation coefficients
were significant at P=0.05. Grain yield (kg/da) was in

positive correlation also with the leaf area (m2) per 1
m2 of land (r=0.23), area of one leaf (r=0.28) and
area of the flag leaf (r=0.27) even though the correla-
tion coefficients were insignificant.

There was a direct negative correlation between
specific leaf mass and yield, but the former influenced
the grain yield per decare indirectly through the flag
leaf area and the average area of a single leaf per plant
as well as through the leaf mass per plant (r=0.28,

1.  ¹ 301 1948 5
2.  Okerman 1948 5
3.  Ubileyna ІІІ 1953 5
4.  Bezostaya 1 1960 7
5.  Sadovo 1 1972 9
6.  Sadovo super 1977 5
7.  Lada 1982 3
8.  Momchil 1983 7
9.  Katya 1983 1

10.   Pobeda 1984 7
11.   Bononiya 1988 9
12.   Sadovska belia 1992 5
13.   Murgavets 1993 7
14.   Zdravko 1995 7
15.   Sadovo 552 1995 5
16.   Sadovo 772 1996 9
17.   Prelom 1996 9
18.   Diamant 1997 9
19.   Mustang 1997 9
20.   Boryana 1999 9
21.   Petya 2002 5
22.   Yunak 2002 3
23.   Geya 1 2004 9
24.   Gines 2004 1
25.   Lusil 2005 7
26.   Mima - 9
27.   Nova zvezda - 7

*phase 7-9 according to Feekes

Year of creation Flag leaf posture 
(score)*

Table 1
Cultivars, year of creation and  flag leaf position

No. Cultivar

Selection Efficiency of Morphological and Physiological Parameters of T. aestivum L....
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0.32 and 0.53*). The position of the flag leaf was in
negative correlation with the number of leaves per plant
(r=-0.46) but was positively associated with many
other indexes such as leaf area per 1m2 of land, leaf
area per plant, area of one leaf, area of the flag leaf,
leaf mass per plant, mass of one leaf and specific leaf
mass r=0.20, r=0.20, r=0.74*, r=0.76*, r=0.31,
r=0.65* and r=0.27), the correlation coefficients of
the area of one leaf, flag leaf area and mass of one
leaf being statistically significant.

As far as the position of the flag leaf is concerned,
the more planophyl flag leaf was in positive correla-
tion with the area of one leaf, the area of the flag leaf
and the mass of one leaf (r=0.74, r=0.76 and r=0.65)
and in negative correlation with the number of leaves
per plant (r=-0.46).

The earlier ripening varieties were more produc-
tive in dry conditions (-0.79 ).

Regression analysis was applied to identify the in-
dexes of yield that showed progress in wheat T.
aestivum L. cultivars, developed by the methods of

conventional selection at the Institute of Plant Genetic
Resources in Sadovo in the period 1948-2005.

The regression analysis of yield, morphophysiologi-
cal indexes and duration of the vegetation period was
based on their average values for 2006, 2007 and
2008. The results are given in Table 4..

The biggest progress was achieved in grain yield
(kg/da) (R=0.71). A negative, significant and high
value regression was established for the loss of leaf
area in % (R=-0.61), loss of leaf mass in % (R=-
0.44), duration of the vegetation period ( R=-0.53)
and number of productive tillers (R=-0.48). Positive
regression coefficients were found for the leaf area of
one plant and one leaf (R=0.21 and R=0.30), leaf
area per 1 m2 of land, mass of one leaf and position of
the flag leaf (R= 0.23, 0.25, 0.21). However, in our
case, the number of productive tillers decreased in
the varieties, created before 1996. The number of
productive tillers increased progressively in the vari-
eties, developed later.

Leaf mass preservation for up to 10 days after

D. Boyadjieva and B. Andonov

Yield, кg/da 27 771 508 900 92.5 11.99
Number of productive tillers 27 2.3 1.7 2.5 0.2 8.3
Number of leaves per plant 27 6.63 5.3 8.3 0.85 12.8
Leaf area per plant 27 161.3 116.3 219.9 22.9 14.2
Loss of leaf area per plant, % 27 32.7 20.1 46.3 6.8 20.8
Area of one leaf, cm2 27 23.9 19.1 30.4 2.8 11.7
Flag leaf area, cm2 27 29.5 21.2 37.7 4.3 14.6
Leaf area per 1 m2 of land, m2/1m2 27 5.94 3.9 8.3 0.92 15.5
Leaf mass per plant, g 27 0.79 0.61 1.04 0.12 15.2
Loss of leaf mass per plant, % 27 25.9 18.7 40.9 5.97 23
Mass of one leaf, g 27 0.11 0.08 0.16 0.01 9.09
Specific mass, mg/cm2 27 4.7 3.9 5.6 0.47 10
Flag leaf position (score) 27 6.4 1 9 2.47 38.6
Duration of the vegetation period 
(days from January 1 to heading) 27 128.5 126 133 1.8 1.4

Table 2

Std. Dev. CV, 
%Mean Min. Max.  Studied indexes

Yield, morphophysiological indexes of the plant - average values for the period
 2006, 2007 and 2008 and duration of the vegetation period

Number 
of cultivars
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heading is the most important factor for yield increase
in the conditions of Central South Bulgaria. Yield was
in negative correlation with the loss of leaf area per
plant and loss of leaf mass per plant.

At the same time, the correlation coefficient of the
yield with leaf area per plant during heading was high
and statistically significant as well as with the leaf area
per unit of land (canopy), the area of one leaf and flag
leaf area.

The specific mass was in negative correlation with
yield (kg/da) but was positively correlated to the mass
of one leaf, leaf mass per plant and other indexes,
directly related to yield, such as area of one leaf and

flag leaf area.
The score of the flag leaf position increased with

an optimal value about score 7 (of the semi-erectophyl,
semi-planophyl type) (Figure 1).

The width of the flag leaf was in positive correla-
tion with yield ( r=0.50).

Discussion

Many indexes of wheat have been attributed a
potential for yield increase in literature but few have
been tested as selection criteria for its genetic improve-
ment. From this point of view, the morphophysiologi-

Selection Efficiency of Morphological and Physiological Parameters of T. aestivum L....

Grain yield, kg/da 1 -0.08 0.2 0.67 -0.7 0.28 0.27 -0.02 -0.6 -0.06 -0.48 0.04 to heading
Number of leaves per plant 1 0.6 -0.15 0.28 -0.42 -0.42 0.48 0.24 -0.38 -0.07 -0.46 0.07
Leaf area, m2/1m2 1 0.23 0.12 0.37 0.37 0.83 0.16 0.21 0.05 0.20 -0.17

Leaf area per plant, cm2 1 -0.7 0.28 0.29 0.07 -0.5 0.10 -0.15 0.20 -0.44

Loss of leaf area per plant, % 1 -0.16 -0.14 0.10 0.92 -0.09 0.07 -0.05 0.31
Area of one leaf, cm2 1 0.97 0.52 -0.1 0.87 0.32 0.74 -0.18
Flag leaf area, cm2 1 0.48 -0 0.81 0.28 0.76 -0.22
Leaf mass per plant, g 1 0.13 0.59 0.53 0.31 0.12
Loss of leaf mass per plant, % 1 0 0.07 0.08 0.29
Mass of one leaf, g 1 0.67 0.65 0.15
Specific mass,  mg/cm2 1 0.27 -0.53
Flag leaf position (score) 1 0.09
Vegetation period 1
days from January 1 to heading
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Correlations between yield indexes and morphophysiological plant indexes
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Scatterplot (BA sredno 06,07,08 26v*27c)
flag leaf posision  = -67,2547+1,2064*x-0,0049*x^2
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Fig. 1. Flag leaf position

cal indexes, having a potential for the improvement of
wheat ideotype, are of special interest.

The present strategy of CIMMYT includes testing
and joint improvement of the source and sink ca-

pacity of wheat. That is why lines with big ears and
respectively big potential for number of grains per ear
were crossed with others that could increase the
source capacity, namely those with a large erectophyl
leaf, high chlorophyll concentration and longer dura-
bility of the canopy (Reynolds et al., 1999).

The erectophyl leaf is attributed the capacity to
increase productivity potential by the better utilization
of light. It has been associated with 4% higher yield in
isolines in the UK (Innes, Blackwell, 1983). The
physiological basis of this index was studied in the
isogenic lines of CIMMYT and it was found that the
more erectophyl leaf was associated with the bigger
number of grains and bigger stomatal conductance
(Araus et al., 1993). That is why it was used as a
criterion in the selection of germplasm in some high
yielding lines of bread and durum wheat of CIMMYT
(Fisher, 1996).

In our study, there was no correlation between flag
leaf position and grain yield (kg/da). That was expli-
cable, given that the new varieties, dated within 1948-

D. Boyadjieva and B. Andonov

Grain yield, kg/da                             0.71 0.13 5.11 0
Number of productive tillers -0.48 0.17 -2.73 0.01
Number of leaves per plant -0.16 0.2 -0.8 0.43
Leaf area per plant, сm2 0.21 0.19 1.08 0.29
Loss of leaf area, % -0.61 0.16 -3.86 0
Area of one leaf, сm2 0.3 0.19 1.59 0.12
Flag leaf area, cm2

Leaf area, m2/1m2 of land 0.23 0.19 1.18 0.24
Leaf mass per plant, g 0.07 0,19  0,32 0,74
Mass of one leaf, g 0.25 0.19 1.27 0.21
Loss of leaf mass  per plant, % -0.44 0.17 -2.45 0.02
Specific mass of the leaf,  mg/cm2 -0.19 0.2 -96 0.34
Flag leaf position  (score) 0.21 0.19 1.06 0.3

-0.53 0.17 3.05 0
Duration of the vegetation period 
(days from 01.01 to heading)

R t(22)

Table 4
Regression analysis of the morphophysiological indexes, associated with yield 
(average values in 2006, 2007 and 2008)

Morphophysiological 
indexes

Std.
Err. p-level



2005, were created with the participation of varieties
with high productive potential like Sadovo 1 and Katya
but with very different leaf mass position   the flag leaf
of Sadovo 1 was planophyl and that ot Katya
erectophyl.

The score of the flag leaf position increased with
an optimal value about 7 (semi-planophyl type) (Fig-
ure 1).

Hansen et al. (2005) found a significant correla-
tion between flag leaf senescence and final yield (0.60-
0.75). Flag leaf width was in correlation with yield
(0.67-0.75). Blake et al. (2007) established in a study
of McNeal/Thatchår cross that the date of flag leaf
senescence was in insignificant correlation with the
yield and had a positive correlation with the hectoliter
mass and mass of 1000 grains but higher yield was
obtained in the subsequent generations.

Generally, in our study, the more planophyl flag
leaf was positively associated with the area of one

leaf, including the flag leaf area and the mass of one
leaf and negatively associated with the number of
leaves per plant. Flag leaf configuration was also of
definite importance. Leaf width was in positive corre-
lation with yield (r=050).

It is necessary to maximize the early soil surface
coverage post-emergence for the yield potential, re-
lated to the source capacity (Jenner and Rathjen,
1975).

The progress of the cultivars, created at the IPGR
Sadovo within 1948-2005, in terms of grain yield (kg/
da) is indisputable. The regression coefficient is high
and statistically significant. At the same time, the du-
ration of vegetation period, loss of leaf area and loss
of leaf mass per plant have been decreasing. A num-
ber of other indexes, related to the increase of total
leaf area (canopy), including the leaf area per plant,
area of one leaf, leaf area per unit of land and mass of
one leaf, have been improving as well.

YIELD (L)
SIR_F_L_ (R)

Scatterplot (Sr. st Morfof.pokaz.STA 18v*27c)
YIELD (L)=6.297e6-2.817e5*x+5020.09*x^2-44.56*x^3+0.197*x^4-3.473e-4*x^5+eps

SIR_F_L_ (R)=-11154.2+486.79*x-8.49*x^2+0.07*x^3-3.22e-4*x^4+5.59e-7*x^5+e
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Fig. 2. Flag leaf width correlation with yield



Conclusion

The following achievements were reported for
conventional selection of common bread wheat in dry
climatic conditions:

- Increase of productivity and a/ shorter vegeta-
tion period, b/ decrease of leaf area loss 10 days af-
ter heading and c/ decrease of leaf mass loss 10 days
after heading.

- The improvement of the productivity of created
cultivars was related to the increase of leaf area as a
whole  that of one leaf and per unit of land area
(canopy).

- The flag leaf position did not correlate with grain
yield (kg/da). The semi-planophyl position was found
to be optimal (score 7 according to Feekes).

- Flag leaf configuration was important for pro-
ductivity. Flag leaf width was in positive correlation
with yield (Figure 2).

These conclusions can be used as selection crite-
ria in a future selection strategy in dry climates.
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