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Abstract

Drought is a wide-spread problem seriously influencing sunflower production and
quality, but development of resistant cultivars is hampered by the lack of effective
selection criteria. The objective of this study was to evaluate the ability of several
selection indices to identify drought-resistant cultivars under a variety of irrigation
conditions. Four sunflower cultivars differing in yield performance were grown in
separate irrigation regimes in 2006–2007. Seven selection indices, including stress
susceptibility index (SSI), stress tolerance index (STI), tolerance (TOL), yield index (YI),
yield stability index (YSI), mean productivity (MP), and geometric mean productivity
(GMP), were calculated based on grain yield under drought-stressed and irrigated
conditions. Highest grain yield in non-stressed and stressed environments was
exhibited by cultivar Mater (5400 and 3458 kg.ha-1, respectively). Correlation coefficients
revealed that TOL, MP, GMP, STI and YI indices could effectively be used for screening
drought-tolerant cultivars. Using the same 5 indices, cluster analysis was performed and
three clusters were established that paralleled the biplot analysis results. According to
the results of this study, cultivars Master and Lakumka, clustered together,werethe most
drought-tolerant cultivars. We suggest that tolerance indices, including MP, GMP and
STI, are suitable for selection of drought-tolerant sunflower cultivars.
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Introduction

In arid and semiarid regions with a Mediterranean climate, sunflower crops usually encounter drought
stress during the growth period (Darvishzadeh et al., 2011). Sunflower (Helianthus annuus L.) is one of the
most important oil crops due to its high content of unsaturated fatty acids and a lack of cholesterol (Göksoy
et al., 2004). Although sunflower is moderately tolerant to water stress, its production is greatly affected by
drought. Evidence indicatesthat drought stress during the vegetative phase, flowering and seed-filling period
in sunflower causes a considerable decrease in yield and oil content (Ali et al., 2009).

Risk management in agriculture, whichis very crucial in the investment and financing decisions for
farmers in developing countries and in transition economies, includes choosing plant varieties against
adverse weather events (Robert, 2005). The optimum variety should exhibitsuperiority in environments with
different stress intensities. Some genotypes are only favorable in one specific environment, like landraces
thathave been adapted tosevere local stresses or bred cultivars which are genetically modified for high yield
in full irrigation conditions. The introduction of improved varieties is one of the most powerful and cost-
efficient means of enhancing crop productivity and farmers’ income. The performance of a plant in diverse
environments depends on the efficiency of developed varieties, which should match the production areas,
andalso implies anunderstanding of cropping systems in a targeted production zone. Multi-location testing is
the main tool for understanding varietal responses to environments, but the process is time-consuming and



Intl. J. Agron. Plant. Prod. Vol., 4 (7), 1628-1636, 2013

1629

expensive. The efficiency of this analytical process can be enhanced using recently developed statistical
methods (Mohammadi et al., 2011). Understanding aplant’s response in dry environments has great
importance and is also a fundamental part of producing stress-tolerant crops (Zhao et al., 2008).

Different strategies have been suggested for selecting resistant and relatively resistant genotypes to
drought stress. Several selection indices viz. geometric mean productivity (GMP) and stress tolerance index
(STI) (Fernández1992), mean productivity (MP) and tolerance index (TOL) (Rosielle and Hamblin 1981),
stress susceptibility index (SSI) (Fischer and Maurer 1978), yield stability index (YSI) (Bouslama and
Schapaugh 1984) and yield index (YI) (Gavuzzi et al. 1997) have been suggested for screening drought-
resistant genotypes. The objectives of the present study were to evaluate several drought tolerance indices
as well as to identify drought-tolerant sunflower cultivars.

Material and Methods

Experimental site
The experiment was carried out at the Agricultural Research Station of Kabotar Abad Esfahan, Esfahan

Province, Iran (47º 56´E and 32º 31´N; 1545 m elevation) during 2006 and 2007 on a clay (average 45.6%
clay content) soil having 0.15% total nitrogen content, 0.40 kg ha-1 phosphorus (Hamm et al., 1970), 5.70 kg
ha-1 exchangeable potassium (Rhoades, 1982), 1.5% organic matter (Tiessen and Moir, 1993), and a bulk
density of 1.45 and 1.50 g cm-3 in the 0–0.50 and 0.50–1.00 m profile, respectively. The soil pH was 7.2. The
water holding capacity (WC) of the experimental site was observed as 90 mm in a 0.60 m soil profile. WC
was determined as the difference between the WC at field capacity (FC) and at permanent wilting point
(PWP). Water lodging was not observed in the area and the soil water table was deeper than 90 cm. The
experimental site has mild rainy winters and dry summers.

Field layout and experimental details
Four sunflower cultivars (Master, Lakumka, Berezanski and Favorite) were evaluated in well-watered

and water-stressed conditions during two consecutive years (2006 and 2007).The irrigation regimes
consisted of irrigation scheduling based on maximum allowable depletion (MAD) of the total available soil
water (ASW). Each irrigation regime was based on a predefined level of MAD, which was a fixed percent of
the total ASW. Irrigation water was applied whenever the threshold value of MAD for the particular irrigation
treatment was attained. The irrigation treatments were assigned as I1 and I2 for 45% (control) and 90% MAD
of ASW, respectively. Three sunflower cultivars are typified by low oleic content (Master, Lakumka and
Favorite) whileone has high oleic content (Berezanski), these four cultivarsbeing the most commonly
cultivatedover the past 15 years in Central Iran (Ataei, 2004).

The area of each plot was 3.6×5 m (18 m2) consisting of 6 rows, 5 m long and 0.60 m apart. The plots
were surrounded by dykes, and a 2-m wide strip was left bare between adjacent plots to prevent water
percolation. Plots were hand-sown in mid-July in both years and thinned to a target density of 6.6 plants m−2

(0.25 m × 0.60 m). Weeds were manually controlled during the experiment. In both experiments, triple super
phosphate fertilizer was castbroadly before sowing at a rate of 100 kg ha–1. N fertilizer (150 kg ha–1), in the
form of urea, was applied at planting (one-third of the application) and side-dressed at the vegetative stage
(two-thirds of the application). For all four cultivars, the amount of irrigation applied was identical for all
irrigation regimes from the day after sowing (DAS) until the complete establishment of sunflower plants (after
8 leaves hadformed;Chimenti and Hall, 1993). After this stage, the plots were irrigated according to the
aforementioned irrigation regimes.

Irrigation water was applied by furrow irrigation and total water was measured with a flow meter.
Irrigation scheduling was based on the depletion percentage of available soil water in the root zone. The

available soil water was taken as the difference between root zone water storage at field capacity and
permanent wilting point. To estimatesoil water storage, the effective root zone of a sunflower crop was
considered as 0–1.00 m (Ataei, 2004).

Plants were harvested at maturity, and then grain yield was recorded for 8 m2 in the center of each plot.
The drought tolerance indices were calculated for all four cultivars using the corresponding well-watered (I1)
and water-stressed (I2) plots.

Statistical analysis
The resulting data, obtained from a randomized complete block design, was analyzed. Drought tolerance

indices were calculated using the equations cited in Table 1. Also, correlations between grain yield under
45% MAD (I1) and 90% MAD (I2) and drought tolerance indices, principle component analysis (PCA), biplot
display, three-dimensional plots and cluster analysis were determined using SAS PROC CORR (SAS
Institute, 1999).When analysis of variance showed significant treatment effects, the LSD test was applied to
compare the means at P < 0.05.
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Results

There were significant differences in yield betweencultivars under severe stress (I2) and non-stressed
(I1) conditions (Table 2). Significant differences betweencultivars were observed for all drought tolerance
indices (Table 2). A high yield value in non-stressed and stressed environments was exhibited by Master and
Lakumka, respectively (Table 3). The maximum value of MP, STI and GMP was registered by Master while
the highest value for YI was observed inLakumka (Table 3). Master had desirable yield in both environments
and is thus recommended for arid and semiarid regions. To identify the best index of selection for drought-
resistant cultivars, the correlation coefficient between these indices and yield in the non-stress condition (I1),
as well as yield in the stress condition (I2), was determined (Table 4). A correlation coefficient matrix (Table
4) revealed that TOL, MP, GMP, STI and YI indices could effectively be used for screening drought-resistant
sunflower cultivars.

PCA revealed that the first PC (PCA1) explained 72.1% of the total data variation and
waspositivelycorrelatedwith performance under both stressed and non-stressed environments (Table
5).Thus, the first dimension represents yield potential and drought tolerance. In other words, this component
was able to separate the cultivars with higher yield under both stressed (I2) and non-stressed (I1) conditions.
The second PC (PCA2), which explained 26.35% of total data variation, had a positive and high correlation
with SSI but a negative correlation with yield under stressed conditions (Table5). Therefore, the stress
susceptibility dimension was able to separate the drought-susceptible cultivars. Hence, selection of cultivars
that have high PCA1 and low PCA2 are suitable for both stressed and non-stressed conditions.

In the bi-plot analysis, angles between the vectors show a correlation between them. A distribution
graph of cultivars shows that cultivars Master and Lakumka have high yield in both stressed and non-
stressed conditions. The biplot presentation depicted cultivars Master, Favorite and Lakumkato be located
adjacent to important drought resistance indices, confirming that these cultivars are drought resistant (Figure
1). Cultivar Brezanski belongs to the low yield and high drought sensitivity region of the biplot space (Figure
1). On the other hand, there was genetic variability among cultivars based on their drought resistance. Using
important resistance indices comprising MP, GMP, TOL, YI and STI, cultivars were clustered using the
unweighted pair group method with arithmetic meanclassification and three clusters were established that
paralleled the results of the biplot analysis (Figure 2).

It might not be possible to introduce a cultivar which has high grain yield into a stress-free plot while
maintaining high tolerance to drought stress. However, it is possible to introduce relatively ideal cultivars
using these criteria. Following this line of thought, cluster analysis grouped the sunflower cultivars into
groups based on their important resistance indices comprising MP, GMP, TOL, YI and STI (Figure 2).
Cluster presentation depicted Master and Lakumkato be located close to each other. These cultivars had
high yield under both environments than Favorite and Brezanskiand were drought resistant (Figure 2).

Favorite had relatively high SSI and Yp (seed yield in I1) values (Table 3). Therefore, this cultivar had
specific adaptability to non-stressed environments. Berezanski was grouped as a cultivar with low yield and
high drought sensitivity.

To identify the relationship among yield in I1, yield in I2 and suitable resistance indices, three-
dimensional graphs for each were plotted (Figure 3). These graphs showed the ability of these indices to
detect Fernández (1992) groups, namely(1) genotypes producing high yield under both water stressed and
non-stressed environments (group A),(2) genotypes with high yield under either non-stressed (group B) or
(3) stressed (group C) environments, and (4) genotypes with poor performance under both stressed and
non-stressed environments (group D). By using these indices and yield in non-stressed conditions and yield
in stressed conditions, three-dimensional diagrams could partition the cultivars into four groups: A suitable
index must be able to distinguish group A genotypes from the other groups. Three-dimensional plots
corresponding to TOL, MP, GMP, STI, and YI indices illustrated that Master, Favorite and Lakumka are
drought resistant because they express uniform superiority in both stressed and non-stressed conditions
(Group A). Among these indices, the resistant cultivar (Master) was differentiated by STI, MP and GMP
indices unlike resistant cultivars that could be distinguished by TOL (Berezanski) and by YI (Lakumka).

Discussion

As shown in Table 3, selection based on SSI identified cultivars with relatively high YP but low YS. For
SSI, greater values corresponded to a greater susceptibility of genotypes to stress. The main disadvantage
of this index is that separated genotypes are not co-located in group A. Thus, it is better to use the SSI
index to omit susceptible cultivars and not toselect stress-tolerant cultivars. Shirinzadeh et al. (2010)
obtained similar results in which it was illustrated that TOL couldnot successfullyselect high-yielding
genotypes under both conditions (stress and non-stress and has ended to low-yielding and tolerant
hybrids.This index could not successfully discriminate class A from other classes. Jafari et al.
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(2009) also reported that TOL had succeeded in selecting genotypes with high yield under stress,
but had failed to select genotypes with sufficientyield under both environments. Taking into
consideration the above-mentioned results and also the positive significant correlations between SSI
and TOL indices, it can be concluded that these two indices haveequal potential in discriminating
sunflowercultivar classes. YI,which was proposed by Gavuzzi et al. (1997), was significantly correlated with
stress and non-stress yield and therefore is a suitable criterion for drought resistance selection. However,
Sio-Se Marde et al. (2006) reported that this index groups genotypes based exclusively on their yield under
stress conditions 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), 63% of field capacity is considered as a mild stress and
33% is considered as a severe stress in sunflower. In this study, YSI was not a desirable index because it
had no significant relationship with the yield under both growing conditions (i.e. I1 and I2). Stability is more
important than high yield in non-stressed conditions. This index shows that the relative stability of yield
changes as conditions change and that the higher the YSI, the more resistant the crop is. MP, which is mean
yield for a genotype in both stressed and non-stressed conditions, can identify genotypes with high YP but
with relatively low YS (group B) and thus fails to distinguish group A from group B. By decreasing TOL and
increasing MP, relative tolerance increases (Rosielle and Hamblin, 1981; Fernández, 1992). GMP is more
powerful than MP in separating group A genotypes and has a lower susceptibility to different amounts of YS
and YP. Therefore MP, which is based on the arithmetic mean, will be biased when the difference between
YS and YP is high. The geometric mean is often used by breeders interested in relative performance since
drought stress can vary in severity in field environments and over years (Fernández, 1992). A high STI
demonstrates a high tolerance to drought stress and the best advantage of STI is its ability to separate group
A from others. STI index is calculated based on GMP index and therefore there is a high positive correlation
between these indices (0.963). Our results are supported by a similar trend for barley (Kohkarand Teixeira
da Silva, 2012). A high STI value indicates higher stress tolerance and high yield potential. The observed
relationships between YP, YS and a few desirable criteria (GMP, MP and STI) demonstratesthat these
indices could be effectively used for screening drought-resistant genotypes in sunflower breeding programs
and are consistent with the reports by Darvishzadeh et al. (2011) in sunflower and Sio-Se Marde et al.
(2006) in wheat (Triticumaestivum L.).

Khodarahmpour et al. (2011) revealed that genotypes with larger PCA1 and lower PCA2 scores gave high
yields (stable cultivars), and genotypes with lower PCA1 and larger PCA2 scores had low yields (unstable
cultivars). The use of a biplot display in selecting drought-tolerant genotypes has already been used by
Khodarahmpour et al. (2011) in maize and Mohammadi et al. (2011) in wheat. The correlation coefficient among
any two indices is given approximately by the cosineof the angle between their vectors. Hence, r= cos 180°=  1,
cos 0°= 1, and cos90°= 0 (Yan and Rajcan, 2002). Thus, a strong positive association between GMP, MP and
STI with Yp and Yswas revealed by the acute angles between the corresponding vectors. A negative association
between SSI and Yswas reflected by the larger obtuse angles between their vectors in a biplot display (Figure
1). The results obtained from the biplot graph, confirmed the correlation analysis. Results of this study are in
good agreement with those of Nouri et al. (2011), who reported PCA to be a better approach than correlation
analysis to identify higher yielding genotypes under normal and stressed conditions in cereal crops. Results
based on PCA and biplot analysis revealed that cultivars Master and Lakumka, classified as group A,are
drought-resistant genotypes that have reasonable yield in both stressed and non-stressed conditions. PCA
and biplot applications have also been shown to be suitable for screening resistant genotypes (Nouri et al.
2011; Golabadi et al. 2006). The result of UPGMA clustering, based on desirable resistance indices, was in
agreement with the output of biplot analysis. Therefore, by using genotypes that are located in separate
groups and have maximum genetic distance, it is possible to analyze genetic parameters of these drought
resistance indices.

Drought is one of the most visible factors affecting grain yield and some of the constituents of
sunflowerseed oil. According to the results of this study, the following conclusionswere reached: 1. In order
to select a genotype with stable and high yield in non-irrigated and irrigated conditions, STI, MP and GMP
are proposed as the most suitable indices. Selection using these indices can be useful to identify a cultivar
with desirable yield in both stressed and non-stressed conditions (group A), although it is recommended that
selection be based on PCA results (namely by using information from several indices instead of only one
index). 2. In order to identify parents with large differences to confirm the mapping population for QTL
analysis, we suggest making a first selection according to MP and GMP indices to obtain a maximum
number of segregating loci.
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Table 1. Drought tolerance indices used for evaluation of the reaction of sunflower cultivars to irrigation
regimes.

YS and YPare stress and optimal (potential) yield of a given cultivar, respectively. and are average yield
of all cultivars under stress and optimal conditions, respectively.

Table 2. The mean squares of grain yield of sunflower genotypes under optimal (45% MAD) and severe
stress (90% MAD) conditions, and calculated different drought tolerance indices (combined over 2 years).

S.O.V d.f YP YS SSI TOL MP GMP STI YI YSI
Year (Y) 1 ns ns ns ns ns ns ns ns ns
Cultivar(C) 3 ** ** * * ** ** ** ** *

Y×C 3 ns ns ns ns ns ns ns ns ns
C.V (%) 10.96 8.5 9.3 11.04 10.2 11.1 10.9 9.4 11.02
S.O.V: source of variation; df: degree of freedom; YP: yield of a given cultivar in 45% MAD; YS: yield of a

given cultivar in 90% MAD.
ns, * and **: non significant, significant at (P< 0.05) and (P< 0.01), respectively.

Table 3.Average yield of sunflower cultivars under optimal (45%MAD) and severe stress (90%MAD)
conditions, and different calculated drought tolerance indices.

: YP: yield of a given cultivar in 45% MAD; YS: yield of a given cultivar in 90% MAD.
* Mean values in the same column with the same letters are not significantly different (P< 0.05) according to

the LSD test.

Drought tolerance indices Equation Reference

Stress susceptibility index Fischer and Maurer (1978)

Geometric mean productivity Fernández (1992)

Mean productivity Rosielle and Hambling (1981)

Tolerance index Rosielle and Hambling (1981)

Stress tolerance index Fernández (1992)

Yield index Gavuzzi et al. (1997)

Yield stability index Bouslama and Schapaugh (1984)

Cultivar YP


(Kg ha-1)
Ys
(kg ha-1) SSI TOL MP GMP STI YI YSI

Master 5400 a 3458 a 1.189 a 1900 a 4350 a 4244 a 0.830 a 1.03 a 0.640 b
Lakumka 5190 ab 3400 a 1.125 ab 1752 b 4344 a 4236 a 0.829 a 1.05 a 0.666 b
Favorite 4720 b 3326 a 0.976 b 1484 c 4103 b 4010 b 0.793 a 1.01 a 0.708 ab
Berezanski 3421 c 2921 b 0.513 c 500 d 3171 c 3161 c 0.461 b 0.89 b 0.853 a
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Table 4. Correlation between different drought tolerance indices and mean yield of sunflower cultivars under
optimal (I1) and stress (I2) conditions.

YP: yield of a given cultivar in 45% MAD; YS: yield of a given cultivar in 90% MAD.
* and**: significant at (P< 0.05 and P< 0.01) respectively.

Table 5. Eigen value and vectors of principal componentanalysis for potential yield (YP), stress yield (YS)
and droughttolerance indices1.

1 Indices: see Table 1.

Figure 1. The cultivar × trait biplots of sunflower breeding for resistance to drought stress trial. The traits are
spelled out in lowercase letters, and each cultivar is represented by numbers. YP: yield of a given cultivar in

optimal (potential) conditions. YS: yield of a given cultivar in drought condition. SSI: stress susceptibility
index. TOL: tolerance index. MP: mean productivity. GMP: geometric mean productivity. STI: stress

tolerance index. YI: yield index. YSI: yield stability index. 1: Master. 2: Lakumka. 3: Favorite. 4: Brezanski.

Indices YP Ys SSI TOL MP GMP STI YI
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 0.921** 0.905** 0.12 0.772** 0.978**
STI 0.886** 0.867** 0.124 0.774** 0.939** 0.963**
YI 0.674** 1** -0.253 0.434* 0.802** 0.906** 0.867**
YSI -0.423* 0.249 -1** -0.612 -0.278 -0.123 -0.127 0.249

Principle 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
Yp 0.35 0.18 0.3
Ys 0.34 -0.22 -0.37
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
YI 0.34 -0.22 -0.37
YSI 0.01 -0.61 0.36
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Figure 2.Dendrogram from cluster analysis of cultivars based on drought tolerance indices and seed yield of
sunflower, in both normal (I1) and severe stress (I2) environments.
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Figure 3. Three dimension scheme of potential yield (YP, i.e. yield in I1 (kg ha-1)), stress yield (YS, i.e. yield
in I2 (kg ha-1)), geometric mean productivity (GMP), mean productivity (MP), stress tolerance index (STI),

stress susceptibility index (SSI), yield stability index (YSI), yield index (YI) and tolerance index (TOL) for four
sunflower cultivars.
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