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Abstract

In this study, 21 genotypes of sunflower (Helianthus annuus L.) derived from a half diallel cross between six inbred
lines were evaluated in both water-stressed and well-watered environments. In each environment, the genotypes were
evaluated using a randomized complete block design with three replications. From the grain yield data, drought
tolerance indices comprising of stability tolerance index (STI), mean productivity (MP), geometric mean productivity
(GMP), harmonic mean (HM), stress susceptibility index (SSI), tolerance index (TOL), yield index (YI) and yield
stability index (Y SI) were calculated for every genotype. The resulting data were analyzed as obtained from a randomized
complete block design. Significant differences among genotypes were observed for all drought tolerance indices except
for SSI and YSI. High yield value in non-stress and stress environments was exhibited by genotypes ‘LR4 x LR25’
(14.02 g) and ‘LR25 x C100° (3.84 g) respectively. The maximum value of STI (0.93), MP (8.72), GMP (6.91) and
HM (5.48) indices was by genotype ‘LR4 x LR25’. Correlation coefficients revealed that TOL, MP, GMP, STI, HM,
and Y1 indices could effectively be used for screening of drought tolerant genotypes. Using MP, GMP, HM, TOL, Y1
and STI indices, genotypes UPGMA classification was done and three clusters were established that paralleled the
biplot analysis results. According to results in this study, ‘L R4 x LR25’ is the most drought tolerant genotype which
was clustered as group A. We suggest that tolerance indices including MP, GMP and HM are suitable for sunflower
drought tolerant genotypes selection.

Additional key words: biplot; diallel cross; Helianthus annuus L.; multivariate analysis; water-stressed condition,
yield stability.

Resumen

Evaluacion de la reaccion de lineas puras de girasol y sus hibridos F, a las condiciones de sequia mediante
diversos indices de tolerancia al estrés

En este estudio, 21 genotipos de girasol (Helianthus annuus L.) derivados de un cruce medio dialélico entre seis li-
neas puras se evaluaron con y sin estrés hidrico. Para cada ambiente, los genotipos se evaluaron usando un disefio de
bloques completos al azar con tres repeticiones. De los datos de rendimiento de grano se calcularon los indices de to-
lerancia a la sequia para cada genotipo: indice de estabilidad de la tolerancia sexual (ITS), productividad media (MP),
productividad media geométrica (GMP), media armdnica (HM), indice de susceptibilidad al estrés (SSI), indice de
tolerancia (TOL), indice de rendimiento (YI) e indice de estabilidad del rendimiento (Y SI). Los datos resultantes se
analizaron como obtenidos a partir de un disefio de bloques completos al azar. Se observaron diferencias significati-
vas entre los genotipos en todos los indices de tolerancia a la sequia a excepcidon de SSI y YSI. Los genotipos
‘LR4 x LR25”y ‘LR25 x C100’ exhibieron un alto rendimiento en ambos ambientes (14,02 y 3,84 g, respectivamen-
te); ‘LR4 x LR25’ presento el valor maximo de los indices STI (0,93), MP (8,72), GMP (6,91) y HM (5,48). Los co-
eficientes de correlacion revelaron que los indices TOL, MP, GMP, STI, HM y YI podrian ser utilizados para la se-
leccion de genotipos tolerantes a la sequia. Utilizando los indices MP, GMP, HM, TOL, YI y STI, se hizo una
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clasificacion UPGMA de los genotipos y se establecieron tres grupos analogos a los resultados del analisis biplot. De
acuerdo a los resultados de este estudio, ‘LR4 x LR25’, del grupo A, es el genotipo mas tolerante a la sequia. Se con-
cluye que los indices de tolerancia MP, GMP y HM son adecuados para la seleccidén de genotipos tolerantes a la se-

quia en girasol.

Palabras clave adicionales: analisis multivariado, biplot; cruce dialélico; estabilidad del rendimiento; estrés hi-

drico; Helianthus annuus L.

Introduction

Sunflower (Helianthus annuus L.) is one of the most
important oil crops due to its high content of unsa-
turated fatty acids and a lack of cholesterol (Razi and
Assad, 1998). Although sunflower is moderately tole-
rant to water stress, its production is greatly affected
by drought conditions (Pasda and Diepenbrock, 1990).
Evidence indicated that drought stress during vege-
tative phase, flowering and seed filling period causes
considerable decrease in yield and oil content of sun-
flower (Razi and Assad, 1999; Ali et al., 2009). Several
research findings show that plant height, leaf area
index and number of green leaves were reduced with
no irrigation (Vivek and Chakor, 1992; Agele, 2003;
Turhan and Baser, 2004; Poormohammad Kiani ef al.,
2009). D’ Andria et al. (1995) concluded that sunflower
yield components such as seed weight is high in irri-
gation environment compared to non-irrigated condi-
tions. Vasiliu (1988) reported a high seed yield ranging
from 2.64 t ha™' in non irrigated condition to 3.34 t ha™!
with irrigation at 50% field capacity. Similarly, Vijay
(2004) mentioned that achene yield in irrigated condi-
tions is higher than non-irrigated one. One of the sun-
flower breeding goals is establishing resistance to
environmental stresses such as drought stress. For this
reasons improved tolerance to drought has been a goal
but unfortunately, success in breeding for drought
tolerance has been limited because (I) it is controlled
by several genes, and their simultaneous selection is
difficult (Richards, 1996; Yeo, 1998; Flowers et al.,
2000); (IT) tremendous effort is required to eliminate
undesirable genes tightly linked to favorable ones, that
are also incorporated during breeding (Richards, 1996);
and (II1) there is a lack of efficient selection procedures
particularly under field conditions (Ribaut et al., 1997;
Kirigwi et al., 2004). Generally, different strategies
have been proposed for the selection of relative drought-

tolerant and resistant genotypes, as Fisher and Maurer
(1978) reported that achene yield in drought environ-
ment could be considered as drought-resistance index.
While Blum (1988) mentioned that selection of geno-
types for drought resistance must be associated with
selection for high yield in non-stress environments.
Hence, by calculation of genotypes yield in drought
and well-watered environments, one could select resis-
tant genotypes to drought. There are several selection
indices for screening drought resistance genotypes
such as geometric mean productivity (GMP) (Fernandez,
1992), mean productivity (MP) (Rosielle and Hamblin,
1981), harmonic mean (HM) (Jafari et al., 2009), stress
susceptibility index (SST) (Fischer and Maurer, 1978),
yield stability index (YSI) (Bouslama and Schapaugh,
1984), yield index (Y1) (Gavuzzi et al., 1997), stress
tolerance index (STI) (Fernandez, 1992) and tolerance
index (TOL) (Rosielle and Hamblin, 1981) that iden-
tify susceptible and resistance genotypes based on their
yields in stress and non-stress environments. The best
selection index must be able to distinguish genotypes
that have uniform superiority in both stress and non-
stress environment. Fernandez (1992) reported that
mungbean (Vigna radiata L.) genotypes selection based
on STI and GMP indices resulted in genotypes that
have high tolerance and high yield. Clarke ef al. (1992)
used SSI index to distinguish between wheat (Triticum
aestivum L.) genotypes. According to Sio-Se Mardeh et
al. (2006), MP, GMP and STI were best indices under mo-
derate stress in wheat. The objectives of present study
were evaluation of several drought tolerance indices as well
as to identify drought- tolerant genotypes in sunflower.

Material and methods

Five sunflower recombinant inbred lines (RILs) to-
gether with their paternal line were selected on the

Abbreviations used: CV (coefficient of variation); GMP (geometric mean productivity), HM (harmonic mean), MP (mean pro-
ductivity), PCA (principal component analysis), RIL (recombinant inbred line), SSI (stress susceptibility index), STI (stability to-
lerance index), TOL (tolerance index), YI (yield index), YSI (yield stability index), (Yp) (yield in non-stress condition), Y (yield
in stress condition), UPGMA (unweighted pair group method with arithmetic mean).
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basis of their contrasting responses to water stress and
different agronomical characteristics revealed in our
previous experiments (Poormohammad Kiani et al.,
2007a,b, 2008, 2009). The RILs used in this experi-
ment were Fy pure lines which were developed through
single seed descent from F, plants derived from a cross
between ‘PAC2’ and ‘RHA266°. RHA266 was obtained
from a cross between wild H. annuus and peredovik by
USDA and PAC2 is an INRA-France inbred line from
a cross between H. petiolaris and ‘HA61’ (Gentzbittel
et al., 1995). This public RILs population is widely
used for genetic analysis of complex traits in sunflower
(Poormohammad Kiani et al., 2007a,b, 2008, 2009;
Darvishzadeh et al., 2007; Abou Al Fadil et al., 2007).
The six genotypes were grown and crossed in a diallel
mating system without reciprocals to produce 15 F,
hybrid combinations. The parental genotypes and their
F, hybrids were grown in the greenhouse under controlled
conditions. Plants were individually grown in plastic
pots containing a mixture of 40% soil, 40% compost and
20% sand as described (Poormohammad Kiani et al.,
2007a,b). Temperature was maintained at 25/18 £ 2°C
(day/night) and relative humidity at about 65/85 + 5%.
Supplementary light was provided to obtain 16-h light
period. Twenty-one genotypes including 15 F; hybrids
plus 6 parental lines were evaluated in well-watered
and water-stressed conditions. In each condition, the
genotypes were evaluated using a randomized com-
plete block design with three replications. In order to
simulate natural water deficit conditions similar to
field, a progressive water stress from mild stress to
severe stress was imposed on 45-day-old plants at stage
near flower bud formation (R;) (Schneiter and Miller,
1981) for a period of 12 days (Poormohammad Kiani et
al., 2007a,b). Both well-watered and water-stressed
plants were weighed and water lost replaced carefully.
Well-watered (control) plants received sufficient water
to maintain soil water content close to field capacity.
Water-stressed plants were subjected to a progressive
water stress and irrigated with a water volume of 60%,
50% and 40% of field capacity (each 4 days) during
12 days and continued up to harvest. Plants were
harvested at maturity, and then the grain yield was re-
corded for every plot. The drought tolerance indices
were calculated for every genotype using the corres-
ponding well-watered and water-stressed plots. The
resulting data were analyzed as obtained from a
randomized complete block design. Drought tolerance
indices were calculated using the equations cited in
Table 1.
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Statistical analysis

The data were analyzed using the general linear model
(GLM) procedure in the SAS software (SAS Institute
Inc., Cary, NC, USA). Correlations between grain yield
per plant in each of the water regimes and drought
tolerance indices were determined using SAS PROC
CORR. The Student-Newman-Keuls test was used for
comparing mean performance of parents and F1s. Mul-
tivariate statistical analysis as principle component
analysis, biplot display, three dimensional plots, and
cluster analysis were performed using the SPSS ver-
sion 15.0 and STAT GRAPH softwares.

Results

There were significant differences among genotypes
for yield under stress and non-stress conditions (Table 2).
Significant differences among genotypes were obser-
ved for all drought tolerance indices except for SSI and
YSI (Table 2). These results indicate that there is high
genetic variation among genotypes, which could be an
useful resource for selection of drought-tolerant germ-
plasm. The experimental coefficient of variation (CV)
varied from 18.45 to 30.92. However, for the majority
of traits the values were less than 25% (Table 2). High
yield value in non-stress and stress environments was
exhibited by genotypes ‘LR4 x LR25” (14.02 g) and
‘LR25x C100’ (3.84 g) respectively (Table 3). The ma-
ximum value of STI (0.93), MP (8.72), GMP (6.91)
and HM (5.48) indices was by genotype ‘LR4 x LR25".
The highest value for YI (1.27) was from genotypes
‘LR25 x C100’ and ‘LR4 x LR25’ (Table 3). Genotype
‘LR4 x LR25” had desirable yield in both environments
and hence it is recommendable in arid and semiarid re-
gions. A suitable index must have a significant corre-
lation with yield in any of the two environments. To
identify the best index of selection for drought-resis-
tant genotypes, correlation coefficient between these
indices and yield in non-stress condition (Y5p) as well
as yield in stress condition (Ys) was determined (Table 4).
Correlation coefficients matrix (Table 4) revealed that
TOL, MP, GMP, STI, HM, and YT indices could effec-
tively be used for screening of drought resistant geno-
types.

Principal component analysis (PCA) revealed that
the first PCA explained 72.1% of the total data varia-
tion and had positive correlation with the performance
under both stress and non-stress environments (Table 5).
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Table 1. Drought tolerance indices used for evaluation of the reaction of sunflower inbred lines and their F, hybrids to drought
conditions

Drought tolerance indices Equation! Reference
Y
1- (Yfé)
Stress susceptibility index SSI = 17P Fischer and Maurer, 1978
1-(zH)
YP
Geometric mean productivity GMP = (Y, X(Y,) Fernandez (1992) and Kristin et al. (1997)
. Y +7, . .
Mean productivity MP = % Rosielle and Hambling (1981)
2(Y, . Y
Harmonic mean HM = LRRD) Jafari et al. (2009)
YP + YS
Tolerance index TOL=Y,-Y, Rosielle and Hambling (1981)
Y)Y,
Stress tolerance index STI = ( (SY)()zP) Fernandez (1992)
P
S Y, )
Yield index YI = )7—5 Gavuzzi et al. (1997)
N
. e Y
Yield stability index YSI = 79 Bouslama and Schapaugh (1984)
P

! Ysand Y, are stress and optimal (potential) yield of a given genotype, respectively. Y5 and ¥, are average yield of all genotypes
under stress and optimal conditions, respectively.

Thus the first dimension represents the yield potential
and drought tolerance. In other words, this component

was able to separate the susceptible genotypes. Hence,
selection of genotypes that have high PCA1 and low

was able to separate the genotypes with higher yield
under both stress and non-stress conditions. The se-
cond PCA explained 26.35% of total data variation that
have positive and high correlation with SSI but nega-
tive one by yield under stress conditions (Table5). The-
refore it was the stress susceptibility dimension and

PCAZ2 are suitable for both stress and non-stress con-
dition.

Biplot presentation depicted genotypes ‘RHA266 x
C100’, ‘LR4 x LR25’, ‘RHA266 x LR55’, ‘LR55 x LR4’,
‘LR55xLR25°, ‘'RHA266 x C104°, ‘RHA266 x LR4’,
‘C104 x LR25’, ‘LR4 x C104’, and ‘LR55 x C104’ lo-

Table 2. The mean squares of grain yield of sunflower genotypes under optimal and stress conditions, and calculated different
drought tolerance indices

Source

. . df! Y,? Y¢S SSI# TOLS? MP* GMP’ STI® HM® Y1 YSI!
of variation
Replication 2 0.07%  0.21" 0.01%  0.005% 0.09%  0.17%  0.07"s 0.250s 0.09ns 0.02ns
Genotype 20 0.99*%* 0.29*%*  0.02 0.91* 0.60** 0.50%* 0.103** 0.42*%* (0.12%* 0.02™
Residual 25 0.30 0.09 0.03 0.40 0.16 0.13 0.03 0.12 0.04 0.02
cvi? 20.96 19.92 19.06 30.12 18.79 18.45 30.92 18.83 19.86 25.46

! df: degrees of freedom. 2 Yp: Yield of a given genotype in optimal (potential) conditions. 3 Ys: Yield of a given genotype in stress
conditions. * SSI: stress susceptibility index. > TOL: tolerance index. ¢ MP: mean productivity. 7 GMP: geometric mean pro-
ductivity. ® STI: stress tolerance index. ° HM: harmonic mean. '* YT: yield index. "' YSI: yield stability index. ' CV: coeffi-
cient of variation. * and **: significant at 0.05 and 0.01 probability level, respectively. ns: not significant at 0.05 probability level.
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Table 3. Average yield of sunflower inbred lines and their F, hybrids under optimal and stress conditions, and calculated
different drought tolerance indices®. Means followed by the same letter are not significantly different according to the
Student-Newman- Keuls test

Code Genotype @ p:;‘;l ) (g p:;Sn ) SSI TOL MP GMP STI HM YI YSI
1 RHA266xC100 8.172¢ 3.55%® 0.91° 4.62: 5.87%c  538dc  (.72%c  4.94®  ]2]1® (432
2 LR25 5.10%b¢ 2.67%® 0.782 2,428 3,893 36l (480 3.37®  [,04c  (.54°
3 LR25xC100 6.983b¢ 3.842 0.80* 3.14%® 542w 516%c  (0.70® 4.93® 1272 0.56*
4 LR4xLR25 14.02° 3.42%® 1.06* 10.61* 8.727 6.912 0.932 5.482 1.20®  0.25°
5 LR55xC100 4.35b 1.432® 0.992 2.923 2,89 2,493 (342 D 15%  (77%®  (.332
6 RHA266xLR55 11.17%® 2.92: 1.04° 8.25% 7.05%  571®  0.77* 4.62®® 1.11®*  0.26°
7 RHA266 2.57% 0.84 0.99° 1.73*  1.70°  1.46%  0.20>° 1.26®  0.50°  0.34°
8 LR55xLR4 7.093b¢ 2.72% 0.942 4.38% 4.9]1% 4343 ().58% 386%™  1.06%c 0.40°
9 C104xC100 4.48b¢ 0.78%® 1.10* 3.70%  2.63  1.87°  0.25% 1.33® (.57 0.17°

10 LR55xLR25 7.978b¢ 2.63® 0.992 5.34%® 53] 4.53% (.61 3.90®  1.03% 0.33°
11 RHA266xC104 7.602b¢ 2.64® 0.842 4,96 5.12%¢  426%c  (0.58% 3.61*  1.05% (.48
12 C104 4.51% 0.98% 1.07¢ 3.53% 2,75 2.10%c (.28 1.61®  0.64%c  (.22°
13 RHA266 x LR4 11.00%® 2.99% 1.042 8.01®® 7.00®  5.69® 0.76® 4.65®° 1.10°® 0.26°
14 LR4 5.743b¢ 2.142® 0.96* 3.60% 3.95%c 3 5] (.47 312  (.95%  (.38°
15 RHA266xLR25  6.55% 220  0.83*  4.35% 438w 372w (50 318> (0.95% (.48
16 LRSS 4.05% 1.33% 0.982 2.73%®  2.69% 228  (.31%®c  1.95%  (.74%  (.35°
17 C100 1.35¢ 0.34° 0.942 1.01*  0.85¢ 0.62¢ 0.08° 0.47° 0.36° 0.352
18 LR4xC100 10.312° 1.97® 1.09* 8.34®  6.14%c 450  0.61%c 330  0.90® 0.19*
19 C104xLR25 11.56% 3.15%® 1.042 8.41% 7.36 595®  (0.80® 4.85® 1.14® 0.27°
20 LR4xC104 7.04ab¢ 2.66% 0.91° 4.38®  4.86%c 4.32%c (580 385%  ]1.01% (.442
21 LR55xC104 8.96%¢ 2.67%® 1.022 6.29% 582  4.88%®c (.66 4,10 1.06% 0.30°

2 Indices: see Table 2.

cated adjacent to important drought resistance indices
that confirm these genotypes being drought resistant
(Fig. 1). Genotype ‘LR4 x C100’ was near to SSI and
has high Y; (seed yield in non-stress condition) value
(Fig. 1). Therefore, this genotype had specific adapta-
bility to non-stress environment. Some genotypes such
as ‘LR55x C100°, ‘RHA266’, ‘C104 x C100’, ‘C104°,

‘LR4’, ‘RHA266 x LR25’, ‘LR55” and ‘C100’ belong

to low yield and high drought sensitivity region in the

biplot space (Fig. 1). On the other hand, there was ge-
netic variability among genotypes based on their
drought resistance. Using important resistance indices
comprising of MP, GMP, HM, TOL, YI and STI geno-
types UPGMA classification was done and three clus-
ters were established that paralleled the biplot analysis
results (Fig. 2).

To identify the relationship among Yp, Y and sui-

table resistance indices, three-dimensional graphs for

Table 4. Correlation between different drought tolerance indices and mean yield of sunflower inbred lines and their F, hybrids

under optimal and stress conditions

Indices' Yp Ys SSI TOL MP GMP STI HM Y1
Ys 0.673%*
SSI 0.421**  —0.253
TOL 0.958** 0.433** 0.612%*
MP 0.982%* 0.802%* 0.275 0.886%*
GMP 0.9271** 0.905%** 0.120 0.772%*  0.978%*
STI 0.886%* 0.867** 0.124 0.744%**  0.939%%* 0.963**
HM 0.823%* 0.969**  —0.039 0.628%*  0.915%* 0.979%*  0.945%*
YI 0.674%* 1.000**  —0.253 0.434%*%  0.802%%* 0.906**  0.867**  0.969%*
YSI —0.423** 0.249 —1.000** —0.612%* —0.278 -0.123 -0.127 0.036 0.249

! Indices: see Table 2. **: significant at 0.01 probability level.
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Table 5. Eigen value and vectors of principal component
analysis for potential yield (Y5p), stress yield (Ys) and drought
tolerance indices!

Principal component 1 2 3
Eigen value 7.21 2.64 0.11
Percentage of variance 72.1 26.35 1.1
Cumulative percentage 72.1 98.45 99.51
Y 0.35 0.18 0.3
Ys 034 -0.22 037
SSI —-0.01 0.61 —-0.33
TOL 0.31 0.31 —0.52
MP 0.37 0.09 0.15
GMP 0.37  -0.01 —-0.06
STI 0.36 0.03 0.13
HM 036  -0.11 -0.27
YI 034 -0.22 037
YSI 0.01 —0.61 0.36

! Indices: see Table 2.

43 T T T T T ]
3 SSI R
23+ 09 -
I 12 :
S 0.3 o -
0] o

17oT7T g5 !
17"+ _
2 i

[}
L c3 ]
=37 ] | |YSI | | 1]
-6 —4 -2 0 2 4 6

PC1

Figure 1. The genotype by trait biplots of sunflower breeding
for resistance to drought stress trial. The traits are spelled out
in lowercase letters, and each genotype is represented by num-
bers. Yp: yield of a given genotype in optimal (potential) con-
ditions. Y§: yield of a given genotype in stress conditions. SSI:
stress susceptibility index. TOL: tolerance index. MP: mean
productivity. GMP: geometric mean productivity. STI: stress
tolerance index. HM: harmonic mean. YI: yield index. YSI: yield
stability index. 1: ‘RHA266 x C100°. 2: ‘LR25”. 3: ‘LR25x C100°.
4: ‘LR4 xLR25’. 5: ‘LR55x C100’. 6: ‘RHA266 x LR55°. 7:
‘RHA266’. 8: ‘LR55xLR4’.9: ‘C104x C100’. 10: ‘LR55 x LR25".
11: ‘RHA266 x C104°. 12: ‘C104°. 13: ‘RHA266 x LR4’. 14: ‘LR4’.
15: ‘RHA266 x LR25”. 16: ‘LR55°. 17: °C100°. 18: ‘LR4x C100’.
19: “‘C104 x LR25°. 20: ‘LR4 x C104°. 21: ‘LR55x C104°.
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Figure 2. Dendrograph from cluster analysis of genotypes
based on drought tolerance indices and grain yield of sunflo-

wer inbred lines and their F, hybrids, in both normal and stress
environment. Genotype codes: see Figure 1.

each one were also employed (Fig. 3). These graphs
showed the ability of these indices to detect Fernandez
(1992) groups. By using these indices and Yp and Y
variables, three dimensional diagrams could partition
the genotypes in four groups: (1) Genotypes producing
high yield under both water stress and non-stress envi-
ronments (group A), (2) genotypes with high yield
under either non-stress (group B) or (3) stress (group
C) environments, and (4) genotypes with poor perfor-
mance under both stress and non-stress environments
(group D). A suitable index must be able to distinguish
group A genotypes from the other groups. Three
dimensional plots corresponding to TOL, MP, GMP,
STI, HM, and YT indices illustrated that genotypes
‘RHA266 x C100°, ‘LR4 x LR25’, ‘RHA266 x LR55”,
‘LR55xLR25’, ‘RHA266 x LR4’, ‘C104 x LR25’ and
‘LR55 x C104’ are drought resistant; because they
express uniform superiority in both stress and non-
stress conditions (Group A). Among these indices, re-
sistant genotype were revealed by STI, MP, GMP, HM
indices (Genotype ‘LR4 x LR25’) opposite the resis-
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Figure 3. Tree dimension scheme of potential yield (Yp), stress yield (Ys) and geometric mean productivity (GMP), harmonic
mean (HM), mean productivity (MP), stress tolerance index (STI) for sunflower inbred lines and their F1 hybrids. Genotype codes:
see Figure 1.
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tant genotypes revealed by TOL (genotypes ‘LR25’
and ‘C100’); and by YI (genotype ‘LR25 x C100°).

Discussion

The CV values for yield in non-stress condition (Yp)
and yield in stress condition (Yg) were 20.96 and 19.92,
respectively. Concerning to calculated indices the
values varied from 18.45 to 30.92 (Table 2). In general,
CV value higher than 20% is considered to be high;
however, may be possible to ignore from approxima-
tely high CV values when F test are significant and
this item is found in several published research works
(Takemoto et al., 1988; Xu et al., 2000; Aliyu and
Awopetu, 2005; Zarei et al., 2007; Okwuagwu et al.,
2008; Kandig et al., 2009; Sabu et al., 2009). This
however indicates that effect of genotypes was more
pronounced on studied characters under two irrigation
regimes (Aliyu and Awopetu, 2005). The inconsistent
CV values reported in many studies as our one might
be due to physio-genetic characteristics and degree of
compatibility of the plant material, low number of
individual per genotype in plot, low number of replica-
tion per genotype and/or variable environments in
which the trial was carried out (Okwuagwu et al.,
2008).

As shown in Table 3, selection based on SSI index
identified genotypes with relatively high Y, but low
Y and this is in agreement with Sio-Se Marde et al.
(20006) findings in wheat. For the SSI index, the greater
values correspond to greater susceptibility of genotype
to stress. The main disadvantage of this index is that
separated genotypes are not co-located in group A. Clarke
etal. (1992) reported that SST index does not differen-
tiate between potentially drought resistant genotypes
and similar limitation was also observed by White and
Singh (1991) and Farshadfar and Sutka (2002). YI
index that was proposed by Gavuzzi et al. (1997), was
significantly correlated with stress and non-stress yield
and therefore is a suitable criterion for drought resis-
tance selection. However, Sio-Se Marde et al. (2006)
reported that this index groups genotypes only based
on their yield under stress condition and so does not
discriminate genotypes belonging to group A. In this
experiment, a reason for this significant correlation
between yield in both conditions and this index may
be due to less severe stress conditions. According to
Tezara et al. (2002), 67% of field capacity is conside-
red as mild stress and 33% is considered as severe
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stress in sunflower. In this study, YSI index was not a
desirable index because it had no significant relation-
ship with both growing condition’s yield. Stability is
more important than high yield in non-stress condi-
tions. This index shows the relative stability of yield
with conditions changes and the higher the YSI, the
more resistant the crop is. Selection based on TOL was
efficient in improving yield under stress condition
whereas the selected genotypes performed poorly
under non-stress condition (Fernandez, 1992). MP is
mean yield for a genotype in two stress and non-stress
conditions. MP can identify genotypes with high Y,
but with relatively low Y (group B) and thus it fails
to distinguish group A from group B. By decreasing
TOL and increasing MP, the relative tolerance in-
creases (Rosielle and Hamblin, 1981; Fernandez, 1992).
GMP is more powerful than MP in separating group A
genotypes and has a lower susceptibility to different
amounts of Yy and Y. Therefore MP, which is based
on arithmetic mean, will be biased when the difference
between Yg and Y is high. The geometric mean is often
used by breeders interested in relative performance
since drought stress can vary in severity in field envi-
ronments and over years (Fernandez, 1992). A high
STI demonstrates a high tolerance and the best advan-
tage of STl is its ability to separate group A from others.
STI index is calculated based on GMP index and the-
refore there is high positive correlation between these
indices (0.963) and agree with Fernandez (1992) and
Mozaffari et al. (1996). The observed relationships bet-
ween Yy, Y and a few desirable criteria (GMP, MP and
STI) are consistent with those reported by Fernandez
(1992) in mungbean (Phaseolus aureus Roxb.), Farshadfar
and Sutka (2002) in maize (Zea mays L. ) and Kristin
etal. (1997) in common bean (Phaseolus vulgaris L.).

Results based on PCA and biplot analysis revealed
that genotype ‘LR4 x LR25’ classified as group A is a
drought resistant genotype that has reasonable yield in
both stress and non-stress conditions. PCA and biplot
application for screening resistant genotypes agreed
with several studies by Fernandez (1992), Farshadfar
and Sutka (2003) and Golabadi et al. (2006). Result of
UPGMA clustering method, based on desirable resis-
tance indices, was in agreement with the output of
biplot analysis and therefore by using genotypes that
are located in separate groups and have maximum ge-
netic distance, it is possible to analyze genetic para-
meters of these drought resistance indices.

Drought is considered as one of the most visible fac-
tors which affect grain yield and some of the consti-
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tuents of the seed oil of sunflower (Razi and Assad,
1999; Aliet al., 2009). According to results in this study,
the following suggestions are made: 1. In order to
select a genotype with stable and high yield in non-
irrigated and irrigated conditions, STI, MP, GMP, and
HM are proposed as the more suitable indices. Selec-
tion by these indices can be useful to identify a cultivar
with desirable yield in both stress and non-stress
conditions (group A), although it is recommended that,
the selection be done based on PCA results (namely
by using several indices instead of only one index in-
formation). 2. In order to identify parents with high le-
vel of differences for confirmation of mapping popula-
tion for QTL analysis, we suggest making a first selection
according to MP, GMP, HM indices to have a maximum
of segregating loci.

Acknowledgements

The authors are gratefully thanked to the Institute
of Biotechnology, Urmia University, Urmia, Iran for
the financial support of this work. The technical
assistances of Mr. O. Rasouli, Mrs. S. Nopors and Mrs.
M. Miri, Institute for Biotechnology, Department of
cellular and molecular biology, Urmia University,
Urmia, Iran, are kindly acknowledged. The reviewers
are kindly acknowledged for their helpful suggestions.

References

ABOU AL FADIL T.A., POORMOHAMMAD KIANI
S., DECHAMP-GUILLAUME G., GENZBITTEL L.,
SARRAFIA. 2007. QTL mapping of partial resistance to
Phoma basal stem and root necrosis in sunflower (He-
lianthus annuus L.). Plant Sci 172, 815-823.

ALI Q., ASHRAF M., ANWAR F., 2009. Physico-chemi-
cal attributes of seed oil from drought stressed sunflo-
wer (Helianthus annuus L.) plants. Grasas y Aceites 60,
475-481.

AGELE S.0., 2003. Sunflower response to weather varia-
tions in rainy and dry, cropping seasons in a tropical rain-
forest zone. Int J Biotronics 32, 17-33.

ALIYU O.M., AWOPETU J.A., 2005. In vitro regeneration
of hybrid plantlets of cashew (Anacardium occidentale
L.) through embryo culture. Afr J Biotechnol 4, 548-553.

BLUM A., 1988. Drought resistance. In: Plant breeding for
stress environments. CRC Press, Boca Raton, Florida,
USA. pp. 43-76.

BOUSLAMA M., SCHAPAUGH W.T., 1984. Stress tolerance
in soybean. Part 1: evaluation of three screening techni-
ques for heat and drought tolerance. Crop Sci 24, 933-937.

1045

CLARKE J.M., DEPAUW R.M., TOWNLEYSMITH T.F.,
1992. Evaluation of methods for quantification of drought
tolerance in wheat. Crop Sci 32, 723-728.

D’ANDRIA R., CHIANRANDA F.Q., MAGLIULO V,, MORI
M., 1995.Yield and soil water uptake of sunflower sown
in spring and summer. Agron J 87, 1122-1128.

DARVISHZADEH R., POORMOHAMMAD KIANI
S., DECHAMP-GUILLAUME G., GENTZBITTEL L.,
SARRAFIA., 2007. Quantitative trait loci associated with
isolate-specific and isolate-non-specific partial resistance
to Phoma macdonaldii isolates in sunflower. Plant Pathol
56, 855-861.

FARSHADFAR E., SUTKA J., 2002. Screening drought
tolerance criteria in maize. Acta Agron Hungarica 50,
411-416.

FERNANDEZ G.C.J., 1992. Effective selection criteria for
assessing plant stress tolerance. Proc Intnl Symp Adapta-
tion of Vegetables and Other Food Crops in Temperature
and Water Stress. AVRDC Publ, Tainan, Taiwan, 13-18
August. pp. 257-27.

FISCHER R.A., MAURER R., 1978. Drought resistance in
spring wheat cultivars: I. Grain yield responses. Aust J
Agric Res 29, 897-912.

FLOWERS T.J., KOYAMA M.L., FLOWERS S.A.,
SUDHAKAR C., SINGH K.P, YEO A. R., 2000. QTL:
their place in engineering tolerance of rice to salinity.
J Exp Bot 51, 99-106.

GAVUZZI P, RIZZA F., PALUMBO M., CAMPALINE
R.G., RICCIARDI G.L., BORGHI B., 1997. Evaluation
of field and laboratory predictors of drought and heat
tolerance in winter cereals. Can J Plant Sci 77, 523-531.

GENTZBITTEL L., VEAR F., ZHANG Y.X., BERVILLE
A.,NICOLAS PM., 1995. A composite map of expressed
sequences and phenotypic traits of the sunflower (Helian-
thus annuus L.) genome. Theor Appl Genet 90, 1079-1086.

GOLABADI M., ARZANI A., MIRMOHAMMADI
MAIBODY S.A.M., 2006. Assessment of drought toleran-
ce in segregating populations in durum wheat. Afr J Agric
Res 1, 162-171.

JAFARI A., PAKNEJADA F., JAMI AL-AHMADI M., 2009.
Evaluation of selection indices for drought tolerance of
corn (Zea mays L.) hybrids. Int J Plant Prot 3, 33-38.

KANDIC V., DODIG D., JOVIC M., NIKOLIC B.,
PRODANOVIC S., 2009. The importance of physiological
traits in wheat breeding under irrigation and drought
stress. Genetika 41, 11-20.

KIRIGWI FM., VAN GINKEL M., TRETHOWAN R.,
SEARS R.G., RAJARAM S., PAULSEN G.M., 2004. Eva-
luation of selection strategies for wheat adaptation across
water regimes. Euphytica, 135, 361-371.

KRISTINA.S., SERNA R.R., PEREZ F.1., ENRIQUEZ B.C.,
GALLEGOS J.A.A., VALLEJO P.R., WASSIMI N.,
KELLEY 1.D., 1997. Improving common bean performan-
ce under drought stress. Crop Sci 37, 43-50.

MOZAFFARI K., ARSHIY., ZEINALI H., 1996. Response
on the effects of water stress on some morpho physiolo-
gical traits and yield components of sunflower seed and
plant. J Plant Nutr 12, 3, 24-33.



1046

OKWUAGWU C.O., OKOYE M.N., OKOLO E.C., ATAGA
C.D., UGURU M.I., 2008.Genetic variability of fresh fruit
bunch yield in Deli/dura x tenera breeding populations
of oil palm (Elaeis guineensis Jacq.) in Nigeria. J Trop
Agr 46, 52-57.

PASDA G., DIEPENBROCK W., 1990. The physiological
yield analysis of sunflower. Part II Climate factors.
Wissenschfat Technol 93, 155-168.

POORMOHAMMAD KIANI S., GRIEU P., MAURY P,
HEWEZI T., GENTZBITTEL L., SARRAFI A., 2007a.
Genetic variability for physiological traits under drought
conditions and differential expression of water stress-
associated genes in sunflower (Helianthus annulus L.).
Theor Appl Genet 114,193-207.

POORMOHAMMAD KIANI S., TALIA P.,, MAURY P,
GRIEU P, HEINZ R., PERRAULT A., NISHINAKAMASU
V., HOPP E., GENTZBITTEL L., PANIEGO N., SARRAFI
A., 2007b. Genetic analysis of plant water status
and osmotic adjustment in recombinant inbred lines of
sunflower under two water treatments. Plant Sci 172,
773-787.

POORMOHAMMAD KIANI S., MAURY P., SARRAFI
A.,GRIEU P, 2008. QTL analysis of chlorophyll fluores-
cence parameters in sunflower (Helianthus annuus L.)
under well-watered and water-stressed conditions. Plant
Sci 175, 565-573.

POORMOHAMMAD KIANI S., MAURY P, NOURI L.,
YKHLEF N., GRIEUP,, SARRAFIA., 2009. QTL ana-
lysis of yield-related traits in sunflower under different water
treatments. Plant Breed 128, 363-373.

RAZI H., ASSAD M.T., 1998. Evaluating variability of
important agronomic traits and drought tolerant criteria
in sunflower cultivars. Agr Nat Resour Sci 2, 31-43.

RAZI H., ASSAD M.T., 1999. Comparison of seletion cri-
teria in normal and limited irrigation in sunflower.
Euphytica 105, 83-90.

RIBAUT J.M., JIANG C., GONZALEZ-DE-LEON D.,
EDMEADES G.O., HOISINGTON D.A., 1997. Identifi-
cation of quantitative trait loci under drought conditions
in tropical maize: 2. Yield components and marker-assis-
ted selection strategies. Theor Appl Genet 94, 887-896.

RICHARDS R.A., 1996. Defining selection criteria to im-
prove yield under drought. Plant Grow Reg 20, 157-166.

ROSIELLE A.A., HAMBLING J.,, 1981. Theoretical aspects
of selection for yield in stress and non stress environ-
ments. Crop Sci 21, 943-946.

R. Darvishzadeh et al. / Span J Agric Res (2010) 8(4), 1037-1046

SABUK.K.,ABDULLAHM.Z., LIM L.S., WICKNESWARI
R., 2009. Analysis of heritability and genetic variability
of agronomically important traits in Oryza sativa x
O. rufipogon cross. Agron Res 7, 97-102.

SCHNEITER A.A., MILLER J.F.,, 1981. Description of sun-
flower growth stages. Crop Sci 21, 901-903.

SIO-SE MARDEH A., AHMADI A., POUSTINI K.,
MOHAMMADI V., 2006. Evaluation of drought resis-
tance indices under various environmental conditions.
Field Crops Res 98, 222-229.

TAKEMOTO B.K., BYTNEROWICZ A., OLSZYK D.M.,
1988. Depression of photosynthesis, growth, and yield
in field-grown green pepper (Capsicum annuum L.) expo-
sed to acidic fog and ambient ozone. Plant Physiol 88,
477-482.

TEZARA W., MITCHALL V., DRISCOLL S.P., LAWLOR
D.W., 2002. Effects of water deficit and its interaction
with CO, supply on the biochemistry and physiology of
photosynthesis in sunflower. J Exp Bot 375, 1781-1791.

TURHAN H., BASER 1., 2004. In vitro and in vivo water
stress in sunflower (Helianthus annuus). Helia 27,227-236.

VASILIU N., 1988. Contribution to the establishment of
irrigation regimens for intensive crops on the Braila Plan.
Field Crop Abst 41, 3403.

VIJAY K.L.,2004. Irrigation strategies for crop production
under water scarcity. Int Commiss on Irrig and Drain, New
Delhi 110-021. pp. 89-109.

VIVEK L.S., CHAKOR I.S., 1992. Effects of nitrogen and
irrigation on growth and yield of sunflower (Helianthus
annuus) under mid-hill conditions of Himachal Pradesh.
Indian J Agron 37, 500-502.

WHITE J.W., SINGH S.P, 1991. Breeding for adaptation to
drought. In: Common beans. Research for crop improve-
ment (Van Schoonhoven A., Voysest O., eds). CAB Int
CIAT, Colombia. pp. 501-560.

XU W., SUBUDHI PK., CRASTA O.R., ROSENOW D.T.,
MULLET J.E., NGUYEN H.T., 2000. Molecular mapping
of QTLs conferring stay-green in grain sorghum (Sor-
ghum bicolor L. Moench). Genome 43, 461-469.

YEO A., 1998. Molecular biology of salt tolerance in context
of whole-plant physiology. J Exp Bot 49, 915-929.

ZAREI L., FARSHADFAR E., HAGHPARAST R., RAJABI
R., MOHAMMADI SARAB BADIEH M., 2007. Eva-
luation of some indirect traits and indices to identify drought
tolerance in bread wheat (Triticum aestivum L.). Asian J
Plant Sci 6, 1204-1210.



