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Abstract

The study aims at approaching some important crop characteristics in a population and the consideration of the limitations and
possibilities is a general way to define suitable genotypes. Data collected over six years in the cold winter experiment stations of Iran
were used to determine to optimal levels of characteristics and the stability paramerters of wheart varieties under rainfed conditions.
The boundary lines method allowed the determination of optimal levels of days to heading, days to physiological maturity, duration
of grain filling, plant height and thousand kernel weight, which were 221.2 days, 259.6 days, 33.8 days, 62.5 centimeter and 28.3 grams,
respectively. These data were closely equivalent to optimal levels determined using the averaging method. The results showed also that
the released cultivars in each location had similar maximum crop properties balance index (CPBI). The maximum CPBIs in Maraghch,
Kurdestan, Zanjan, Ardabil and Uromeh regions were 155, 270, 150, 182 and 440, respectively. The analysis of adaptation of commonly
grown winter wheat varieties showed that ‘Sardari’ is more suitable for regions with cold winters and cool springs along with spring
precipitation; ‘Sabalan’ variety is adapted to cold winters and relatively temperate spring with abundant spring precipitation; and ‘Azar-2’

cultivar is suitable for cold falls and temperate springs along with fall-spring precipitation and minimum winter precipitation.
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Introduction

The aim of any breeding program working for chang-
ing and rainfed environments is to develop varieties with
high and stable yields. Breeders take advantage of the se-
lection for several traits to achieve maximum economic
yield (Koucheki ez al, 1987; Rezaei, 1996). The selection
of genotypes based on indices using yield components was
used by breeders for a long time (Jensen, 1988). Smith,
(1936) believed that obtaining a linear function for mea-
surable traits could lead the selection of genotypes with
better genetic values, but a need to include economic value
in this function is expressed by many researchers. Simul-
taneous selection using characteristics with important and
heritable economic values is a more effective method (Fal-
coner, 1983; Baker, 1986; Borojevic, 1990). Crop yield is a
function of multiple inter-related variables and this func-
tion can not be defined only by a single-variable equation.
A scattered diagram is obtained when crop yield is plot-
ted against one factor while considering other variables.
In this case, maximum yield related to the factor will be
located at the upper border of the scattered diagram (Saj-
jadi, 1992). By changing the growing crop properties such
as the environmental conditions of the experiments, the
limiting factors reach their minimum levels in contribut-

ing to maximum yield (Sumner, 1987; Walworth ¢z 4/,
1986). Part of the population is used to determine the
optimum boundary of a given trait. One of the methods
for the determination of the optimum level of a trait is
called “Boundary Line” which was explained by Webb
(1972). Boundary lines define suitable efficiency of geno-
types based on causes and effect of variables. In another
way, boundary lines express the maximum restriction that
cach plant’s trait has on yield production (Sumner, 1978;
Walworth e al., 1986). In this paper, the “Boundary Line”
method and crop properties balance index (CPBI) are
used to determine optimum levels for some traits of dry-
land wheat as well as of their unit index in cold areas.

Materials and methods

More than 7000 data for each trait were collected from
national and international trials conducted under rainfed
conditions in Ardabil, Maragheh, Sanandaj, Zanjan, and
Urumich DARI experiment stations over six growing sea-
sons (1995-2000). This information was extracted from
the Iran-ICARDA annual reports prepared by the cereal
group (Mahfouzi ez al., 2000; Amiri ez al., 1995; Amiri ez
al., 1996; Amiri et al., 1997; Roustaei et al., 1998; Rous-
taci ez al., 1999) of the Dryland Agricultural Research In-
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stitute (DARI). The traits considered in the analysis are:
days to heading, days to physiological maturity, grain fill-
ing period, plant height, thousand kernel weight and grain
yield. The Grapher software was used to develop a scatter
diagram showing the relationship between each trait with
grain yield at every location except for Ardabil because of
insufhicient data.

Determination of “boundary lines”

The “Boundary Lines” method was used to determine
the maximum limits of each crop characteristic. The scatter
diagram is surrounded by two regression lines, one on the
left and the other on the right called boundary lines. Maxi-
mum yield is obtained at the intersection of both boundary
lines. To determine the equations for the boundary lines
of each crop characteristic, all data of that characteristic
along with the corresponding grain yield were sorted using
Excel software, then they were considered in groups of 20
pairs as recommended by Webb (1972). For each group
and starting from the lowest value of the trait considered,
the value corresponding to maximum grain yield is chosen.
Only pairs with increasing trend in grain yield are kept in
the new database till the highest grain yield is achieved.
Similarly, the data were analyzed from the maximum value
of the trait until optimum yield is achieved. The outliers
were discarded. These data allowed for the development
of boundary lines equations using the Curve expert while
the Grapher software was used to draw the two boundary
lines.

Determination of optimum values for a given trait

Two methods were used to determine the optimum
value for a given characteristic. First, it is based on the
boundary lines method where the maximum grain yield
and the optimum value for the trait considered coincide
with the crossing point of the two boundary lines. The
cross point was determined by means of the Qbasic soft-
ware. The second approach, called averaging method, is
based on subdividing the data into two groups: high and
low yielding groups. The high yielding group must have a
normal distribution and represents 40% of the total data
as recommended by Walworth ez 2/ (1986). If the high
yielding group does not have a normal distribution, then
we choose a lower percent of high yielding group which
satisfies the normality statistical condition defined by the
Skewness and Kurtosis tests using MSTATC software.

Using the first method, the optimum range for a given
trait can be determined by values corresponding to the in-
tersection of optimum yield for the region with the bound-
ary lines. For example, for a region with optimum grain
yield is 3 t ha™ as in cold dryland areas of Iran, a direct line
from Y-axis (from 3 t ha'! yield) crosses the two bound-
ary lines in two points with the X-values correspond to
the limits of the range of the optimum values for the trait
(Sumner, 1977; Walworth ez al., 1986).
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For the second method, the optimum range for the
trait considered is determined as values corresponding to
the upper and low limits of the average grain yield using
standard deviation (Sumner, 1977; Sajjadi, 1992). The
mean of each characteristic in normal high-yielding group
was considered as an optimum level which by increasing
the number of high-yielding group this amount will tend
to the mean of the whole dataset (Letzsch and Sumner,
1984; Walworth and Sumner, 1987).

Crop properties balance index
The crop properties balance index (CPBI) is calculated
on the basis of available data using the following calibra-
tion formula proposed by Beuafils (1973).
! :[&_ljw
! X, C.V.
where, L is the index of i* characteristic, X_ is the value
of i" characteristic in the database; x. is the optimal level
of the i™ characteristic as obtained from the boundary
lines method; and C.V. is the coefficient of variation of the
high yielding group determined by the averaging method.
Number of 1000 is a multiply of 10 by 100 (10 x 100)
which 100 is a denominator of C.V. and 10 is used for the
simplification of the calculations (Walworth and Sumner,
1987).
Then and in order to establish the relationship be-
tween crop characteristic indices and grain yield, the sum
of the absolute values of the above mentioned indices is

calculated and defined as crop properties balance index
(CPBI) i.c.

CPBI = Z";\Ii\
i=1

This index is used to characterize the stability of gen-
otypes using all available characteristics as well as grain
yield. This parameter can also be used to test the suitability
of introduced varieties in a given area.

Grain yield is plotted against CPBI and the boundary
line equation is determined using a Curve expert software.
The high yielding genotypes have low values of CPBI. For
a variety to be suitable, it should comply with the follow-
ing conditions:

-it should have lower CPBI over years based and a grain
yield higher than the optimum defined for each region.

-it should low curve slope of CPBI with grain yield to
express stable yield in the target area.

-curve of CPBI with grain yield of suitable varieties
should be closer to the boundary line of the CPBI and
grain yield of all data.

This paper presents several methods which can help
breeders to define the characteristics for suitable and sta-
ble genotypes of a given environment.
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Results and discussion

Determination of the optimal levels of agronomic wheat

characteristics

Scatter diagrams between grain yield and each of the
characteristics, days to heading, days to maturity, grain
filling duration, thousand kernel weight and plant height
and the corresponding boundary lines and their equations
are presented in Fig. 1 (A to F). The distribution trend of
scatter diagrams shows that there are minimum yield lev-
els for the lowest and highest values of each characteristic
because of the bell shape of the distribution of most ag-
ronomic characteristics. Also the scatter diagram clearly
indicates that the more the grain yield is approaching the
optimum, the narrower the range of the values of the char-
acteristic. Lower yields are given by varieties with highly
diverse values of the characteristic considered However,
the cross point of boundary lines in each figure does not
indicate the genetic potential of the evaluated varieties but
it shows the limitation of data used (Webb, 1972; Wal-
worth ¢z al., 1986; Sumner, 1990). The cross point in Fig. 1
showed that the optimum levels for days to heading, days
to maturity, grain filling period, thousand kernel weight
and plant height of wheat are 221.2 days, 259.6 days, 33.8
days, 28.3 grams and 62.5 cm respectively grown in rain-
fed cold winter areas of Iran.

This study showed that similar optimum levels and
ranges of crop characteristics are obtained using bound-
ary lines and averaging methods (Tab. 1). These methods
could help breeders to determine the optimum and range
for characteristics determining the adaptation of geno-
types to a given environment. In fact, the phenology of a
given crop is the most important agronomic trait to be first
considered in the selection of varieties adapted to dryland
and rainfed conditions. Similar analyses can be performed
to determine the optimum yield components for these en-
vironments. The results show that the adapted genotypes
have a long vegetative growth period and a short grain fill-
ing period.

Determination of the relationship between CPBI and

grain yield

In order to use all measured crop characteristics and
provide some useful recommendations, all characteristic
indices were calculated by means of the calibration for-
mula and then the relationship is drawn between absolute

sum of indices and the grain yield (Fig. 2). This relation
showed that by increasing CPBI, grain yield reduces rapid-
ly and vice versa. In order to give recommendations about
varieties, we can choose the expected grain yield of rainfed
wheat using data set available for the region and calculate
maximum CPBI for promising varieties using the bound-
ary line equation (Fig. 2). For example if we want to choose
varieties with at least 2000 kg ha™, their CPBI should not
be more than 254 and by increasing grain yield to 2500 kg
ha!, CPBI reduces to 161.

Comparison of adaptability of introduced varieties using

CPBI

Different varieties and lines can be compared by calcu-
lating their CPBI in all regions or sub-regions where data
are available and their introduction could be done in more
suitable conditions. For example, ‘Sardari, ‘Sabalan’ and
‘Azar-2’ are three current varieties adapted to the rainfed
cold regions of Iran. The CPBIs of these varieties calculated
in the Maragheh experiment station showed that the lan-
drace ‘Sardari’ has special advantages compared to the two
other varieties, because by increasing the CPBI or growth
restriction factors its grain yield does not show more varia-
tions. ‘Sardari’ has a vast adaptability to the rainfed cold
areas of Iran and gives high yields. It is one of the checked
varieties used in national and international breeding pro-
grams for moderate and cold winter areas. Different stud-
ies concluded that ‘Sardari’ has some effective character-
istics explaining its adaptability to cold conditions like
narrow leaf blade, light color leaves which cause to reduce
effect of sun radiation and transpiration, relative early ma-
turity, complete the pollination and grain filling stages
before drought and heat stress (Roustaci ¢z 4., 1998; Sa-
deghzadeh, 2001). ‘Sardari’ is a multi-line which shows
good buffering ability reflected in its yield stability (Ketata
et al., 1998). For this reason, this landrace is still widely
used by farmers. Additionally, the CPBI equation of ‘Sard-
ari, compared to other varieties, is closer to the boundary
line (Fig. 3). The grain yield of ‘Sabalan, when increasing
its CPBI, was lower than that of “Sardari’ but this variety
was specifically adapted to Maragheh. The grain yield of
‘Azar-2’ was drastically reduced when increasing its CPBI.
The yield decreases of ‘Azar-2’ and ‘Sabalan’ compared
to ‘Sardari’ were 69% and 15% respectively. Under good
growing conditions (Lower CBPI), ‘Azar-2’ is outyield-
ing the two varieties (Fig. 3). But the question remains on

Tab. 1. Optimal levels of wheat agronomic characteristics using averaging and boundary lines methods

Averaging method Boundary line method Optimal difference
Trait Optimallevel SD CV % Optimal levels Optimal level Optimallevels  of two methods
Days to heading 2185 626 287 212.2-224.7 2212 212.2-224-8 27
Days to maturity 2572 317 123 254.0-260.4 259.4 253.5-260.0 22
Duration of grain filling (days) 369 561 152 31.3-425 338 32.9-445 31
1000-kernel weight (gr) 29.8 614 20.60 23.7-35.9 283 25.3-37.3 1.5
Plant height (cm) 65.3 11.85 1815 53.4-77.1 62.8 54.2-79.8 2.5




Feiziasl, V. et al / Not. Bot. Hort. Agrobot. Cluj 38 (1) 2010, 228-233

231
A B ¢
5500 500 3 5500
5000 é 90009 5000
4500 E 4500 4500 3
4000 3 ~ 4007 4000 7
?‘::b 3500 3 —i 83009 :g 3500 3
f;‘ 3000 J f A £ 3000
2. 2500 3 g 25009 3 2500 ]
'§ 2000 § 2000 A g 2000
1500 3 18003 O 50 ]
1000 3 1000 3¢; ¥ .
500 3 500 .l 1000 .
o 5 . e 500 4
175 185 195 205 215 25 235 245 258 220 230 240 250 260 270 280 290 T T
12 16 20 24 28 32 36 40 44 48 52 56
Days to heading Days to maturity
o matn Duration of grain filling (day)
D E
5500 / Diagram  Side Equation R?
3 . 5500 5
5000 . oo ] A Lefc  Y=749915 x exp(0.0192321X)  0.98*
it B ason | Right  Y=2.9799x 105X G159 096"
0 R 3 Left  Y=31.2921xexp(0.0198687X)  0.80°
z 3 A 4000 B P
= 3500 4 . i o - —
2 NSRSt B 3500 ] Right  Y=2.19606x 107 x X7 094
= 3 ! 0
= b £ 5000 ] Lefi  Y=445339 x exp(0.0750223X)  0.98"*
T 2500 9 .t i = C d
B el 2 2500 3 Right Y=64.3620 x X(131) 0.91*
g ! ' 2000 3 Left  Y=878.881x exp(0.0314205X)  0.84"
O 45004 ! 5} P
N 1500 3 b Right Y=360133 x X (o209 0.95*
s00 ] i 1000 E Lefe  Y=1096.76x exp(0.0569511X)  0.90*
S M . N N 1 Right Y=119681 x X(0*2810 099"
15 20 25 45 50 04

55
20 30 40 50 60 7

TKW. () Bt

0 80 90 100 110 120 130

height (cm)

Fig. 1. Scatter diagrams of grain yield and agronomic characteristics of wheat grown under rainfed conditions in cold winter areas

of Iran

Tab. 2. Maximum and Minimum CPBI for ‘Sardari, ‘Sabalan’
and ‘Azar-2’ in some cold winter areas in Iran

what are the desirable growing conditions for each variety.
This could be determined using the relationship between

the CPBI of a given variety and the climatic or growing

conditions in each region. The tree varieties showed al-

Locati ‘Sardari’ ‘Sabalan’ ‘Azar-2’
ocations ax. Min. Max. Min. Max. Min.

Maraghch 156 43 152 38 156 57
Sanandaj 277 53 266 43 272 44
Zanjan 151 40 158 24 143 20
Ardabil 177 136 188 120 181 151
Uromia 450 160 444 153 430 157

most similar characteristics in Zanjan and Maraghch (Fig.
3). But in Sannandaj, grain yield of ‘Azar-2’, by increasing
CPBI, is nearly stable and is lower than that of ‘Sardari’
and ‘Sabalan’ (Fig. 3). Roustaei ez a/. (2002) studied the
yield stability of different bread wheat varieties using Lin

"
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Fig. 2. Scatter diagram of rainfed wheat grain yield against crop
properties balance index (CPBI)

and Bins (1991) method in cold stations and concluded
that ‘Sardari’ and ‘Azar-2” are more stable than ‘Sabalan’
(unpublished report). The stability analysis of introduced
varieties in the rainfed cold winter areas allowed for the
definition of maximum CPBI for cach region. The aver-
age CPBIs in Maragheh, Sannandaj, Zanjan, Ardabil and
Uroumich were 155, 270, 150, 182 and 440 respectively
(Tab. 2). Different yield stability analysis methods like
those of Finley and Wilkinson (1963), Eberhart and Rus-
sell (1966) and Hanson (1970) do not allow for the selec-
tion of varieties with good performance in poor and good
growing conditions. Grain yield stability can be estimated
using the relationship between grain yield and CPBI in
different environments. According to this method yield
stability is studied by considering all crop characteristics
and the boundary line of yield on CPBI curve. A variety
showing a lower slope of the CPBI line, has a high yield
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Tab. 3. Correlation coefficient between climatic factors and CPBI in ‘Sardari} ‘Sabalan’ and ‘Azar-2’ in Maragheh

. . Av. Av.  Aw Av. Av. Av. Av. Av.
Tot. Aut. Win. Spr. Aw AV AV v v v . Y Vo AWT . v v v
. aut. win. spr. T aut. T win. T spr. T win. T spr. T aut. T
cultivar ~ R. R. R. R. T. . . . ; max.
(mm) (mm) (mm) (mm) (C) T. T. T. min. min. min. min. C) max. max. max.
m [¢] [} (<] [} [e] (<] 0o (<] o [}
(°C) Q) (C) (C) (C) (C) (C (°C) (¢ (O
‘Sardari’ ns s
-0.56 -0.13  -022 -083 083 062 065 064 059 0.67 0.62 -0.01  0.60 -0.23 0.39 0.39
‘Sabalan’ ns ns ns
-0.67 -028  -0.13 -094 073 0.89 047 029 023 0.86 0.86 -0.46  0.44 0.15 0.25 0.05
A 2’ * X * ok * % * * X * % * k. * % ns * % * k. * % * % ns ns ns
e -0.37 -0.41 025 071 064 088 029 030 0.17 0.62 0.62 -0.64 039 0.18 0.12 0.18
Itivar R.H. Spr. R.H. Av. E. Av. Spr. E. No. ED. No. Spr. ED.
cultiv:
(%) (%) (mm) (mm) (day) (day)
‘Sardari’
-0.60 -0.69 0.46 0.59 -0.96 -0.46
( ’ . . ‘o . . ns
Sabalan -0.50 0.62 0.52 022 072 0.06
. N * % * % * %k ns * % ns
Azar2 028 -0.37 0.54 0.18 -0.68 0.14

aut.=autumn, Av.=average, E.=evaporation, ED.=frost days, R .=rainfall, R H.=relative humidity, spr.=spring, T.=temperature, Tot.=total, win.=winter

stability. Also according to this method, the location effect
is omitted from the environmental variation and the sta-
bility of the varieties is studied in different locations sepa-
rately (Fig. 3). Although it can be used in a vast region, it
is not recommended to use this method since the location
is a part of macro environmental variations, and it is not
necessary to study variety variations in different locations.
In another way, location can be considered as a fixed factor
and the year as a random factor because it is not predict-
able. This subject had been considered by Lin and Binns’s
(1991) method.

Finding growth limitations of varieties

The relationship between regions climatic information
and CPBI can be used to find growth limiting factors or
the suitable growing conditions for introduced or promis-
ing varieties. The correlations between CBPI of ‘Sardari,
‘Sabalan’ and ‘Azar-2’ and the precipitation, mean of abso-

6000 3

lute minimum temperature, mean of absolute maximum
temperature, average relative humidity, number of days of
frost and the evaporation were studied in Maraghch (Tab.
3). The results showed that ‘Sardari’ needs cold winters
(r=0.65"*), cold springs (r=0.64"*), less number of frost
days (r=-0.96**) along with spring rains (r=-0.83**) and
less spring evaporation (r=0.59**) to produce optimum
yield. Whereas ‘Sabalan’ performs better under cold win-
ters (r=0.86"*), cold autumns (r=0.86**) and relatively
moderate cold springs (r=0.29**) with a rainfall of more
than 120 mm. ‘Azar-2’ likes cold autumns (r=0.88**),
moderate cold spring (r=-0.64"*), good rains in autumn
and spring (r=-0.41"* and r=-0.71** respectively) and
minimum winter precipitation (r=0.25**). The employed
CPBI method to find the weaknesses and strengths of
these varieties will increase by increasing the number of
crop characteristics investigated. This method can be used
in crop breeding programs to define ideotype characteris-
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Fig. 3. Relationship between CPBI and grain yield of ‘Sardari; ‘Sabalan’ and ‘Azar-2’ cultivars in Maragheh, Sanandaj and Zanjan

experiment stations
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tics for each environment, mainly the optimum levels for
phenological traits and plant height. CPBI method can
also be introduced as a complementary method to analyze
the yield stability of new varieties.
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