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Abstract

To evaluate the drought tolerance of four rapeseed cultivars using drought indices, a greenhouse experiment was conducted.
Treatments consisted of four rapeseed cultivars (Hayola 401, Hayola 308, RGS and Option) and two water regimes: stress (50 %
field capacity (FC)) and non-stress (well watered). Seven drought indices including stress susceptibility index (SSI), stress tolerance
index (STI), tolerance (TOL), mean productivity (MP), harmonic mean (HARM), geometric mean productivity (GMP), and yield
loss ratio (S) were calculated based on rapeseed yield under drought-stress and non-stress conditions. Significant positive correlations
were found among rapeseed yield and several drought indices such as STI <GMP «<MP and HARM under both stress and non-stress
conditions, revealing these indices were fit to identify the drought tolerance of rapeseed cultivars. Biplot graph and correlation of the
above indices also showed that Hayola 408 and Hayola 308 were superior to other cultivars and might be used as promising cultivars
for drought conditions, and these two elite cultivars could be considered as candidates for further field evaluations under both stress
and non-stress conditions.

Keywords: Stress conditions, Oilseed, Yield.
Abbreviation: FC_field capacity; SSI_stress susceptibility index; STI_stress tolerance index; TOL_tolerance; MP_mean
productivity; HARM_harmonic mean; GMP_geometric mean productivity; S_yield loss ratio; PC_principal components.

Introduction

Rapeseed (Brassica napus L.), of the family Brassicaceae, is emphasized as well (Ceccarelli and Grando, 1991; Rathjen,
one of the most important oilseed crops in Iran, including 1994). Interestingly, many researchers have recommended
Fars Province (Naderi and Ghadiri, 2011). It can be also that screening of drought resistance cultivars must be carried
grown as an alternative crop for cereal-based cropping out based on high performance in both stress and non-stress
systems (as a broad leaf dicot plant) and thus can be used as a conditions so that high yield genotypes in both stress and
break crop for a continuous wheat cropping systems non-stress conditions would be considered as drought
(Khachatourians et al., 2004). Drought is one of the most resistant (Blum, 1988; Fischer and Maurer, 1978; Clarke et
important abiotic constraints which can cause major crop al. 1992; Nasir Ud-Din et al. 1992; Fernandez, 1992; Byrne
yield losses (Khan et al., 2007; Ricciardi et al., 1997; Nezami et al. 1995; Rajaram and Van Ginkle, 2001). Some screening
et al., 2008; Moradi et al., 2008). In southern areas of Iran indices for evaluating drought resistance genotypes have
with an arid climate, rapeseed is more often planted in late been stressed based on a mathematical relationship between
autumn and harvested in early summer. Accordingly, this non-stress and stress conditions (Clarke et al. 1984; Huang,
stress is also considered as an essential limiting factor for 2000). Most of these drought indices such as tolerance (TOL)
rapeseed growth and production due to poorly distributed (McCaig and Clarke 1982; Clarke et al. 1992), mean
rainfalls over the crop growing season and lack of rainfall productivity (MP) (McCaig and Clarke, 1982), stress
before plant growth completion. Therefore, rapeseed plants susceptibility index (SSI) (Fischer and Maurer, 1978),
are exposed to terminal drought stresses, in reproductive geometric mean productivity (GMP) and stress tolerance
growth phases. Since the portion of fresh water currently index (STI) (Fernandez, 1992) have been used in various
available for agriculture is decreasing, an efficiently crops. Fernandez (1992) suggested that STI is the best criteria
improved water use system in agriculture is necessary for screening drought resistance in bean (Phaseolus vulgaris).
(Abbasi and Sepaskhah, 2011; Bijanzadeh and Emam, 2010). However, Yadav and Bhatnagar (2001) reported that GM is
One of the strategies for increasing the crop production in the most useful criteria to select drought tolerant cultivars of
limited water resources conditions is genetic improvement, pearl millet (Pennisetum glaucum). Harmonic mean
i.e., drought resistance cultivars (Nemoto et al., 1998). (HARM), MP, GMP and STI have been all considered as the
However, there is a lack of required information to adopt new most suitable indices for screening drought resistance of
rapeseed cultivars with high yield potential under water various crop cultivars such as chickpea (Cicer arietinum)
limited conditions. Several researchers suggested that (Ganjeali et al., 2005; Ganjeali et al., 2011 ), wheat (Triticum
screening should be performed under favorable conditions aestivum) (Sio-Se Mardeh et al. 2006), durum wheat
(Rajaram and Van Ginkle, 2001; Betran et al., 2003). (Triticum durum) (Golabadi et al., 2006), Rice (Oryza sativa)
However, selection in the stressed conditions has been (Abbasi and Sepaskhah, 2011). Although there are many
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Table 1. Drought tolerance indices in different rapeseed cultivars.

Indices
Cultivars TOL MP GMP SSI HARM STI S Yp Ys
Hayola408 2.03a" 1.43a 1.00a 2.36b 0.702a 0.359a 0.01c 2.44a 0.41a
Hayola308 1.60b 1.20b 0.89b 2.27c¢ 0.665b 0.286b 0.11b 2.00b 0.39a
Option 1.18¢ 0.74c 0.45¢ 2.52a 0.270d 0.072c 0.55a 1.33c 0.15c
RGS 0.72d 0.55d 0.42c 2.25¢ 0.314c 0.062c 0.58a 0.91d 0.19b

STI= stress tolerance index, TOL= stress tolerance, SSI= stress susceptibility index, MP= mean productivity, GMP= geometric mean productivity, S=yield loss ratio, Ys=
grain yield under drought conditions and Yp= grain yield under normal conditions. Means with the same letter are not significantly different (Duncan 0.05).
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Fig 1. Biplot based on eight drought indices of rapeseed cultivars (RGS, Option, Hayola408, Hayola308). STI= stress tolerance
index, TOL= stress tolerance, SSI= stress susceptibility index, MP= mean productivity, GMP= geometric mean productivity, S=yield
loss ratio, Ys= grain yield under drought conditions and Y p= grain yield under normal conditions.

reports dealing with the employing of the drought resistance
indices in cultivated crops, only a few are available on
rapeseed. The authors could not find any research report on
drought tolerant rapeseed cultivars in Iran. The objective of
the present study was to evaluate the relevance of various
drought indices in rapeseed and to select high-yielding
cultivars under drought and non-stress conditions for further
field studies.

Results
Drought tolerance Indices

Drought tolerance indices of the rapeseed cultivars are given
in Table 1. Highest values of the indices obtained for Hayola
408 and Hayola 308. There were positive and highly
significant correlations (Table 2) among drought tolerance
indices including STI, HM, MP and GMP and yield in stress
and non-stress conditions. TOL had only significant
correlation with yield in non-stress conditions. A positive
correlation between TOL and non-stress yield (r= 0.94,
p<0.01) and a negative correlation between TOL and stress
yield (r=-0.45, p<0.01). There were no significant correlation
between yield under stress and non-stress conditions, and SSI
and S (Table 2). The correlation coefficients among the
drought indices are given in Table 4.

Principal components analysis

Based on principal components analysis, the first two
components retained as they explained 99.919 % of the total
variation and the other components which had negligible
values of the total variation (<0.1 %) or no significant effect
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omitted (Table 3). Principal components analysis showed that
the first component only explained 84.157 % of the total
variation. The second component also explained 15.762 % of
the total variation. The first component had positive and
highly significant correlations with rapeseed yield in stress
conditions and tolerant indices including HARM, STI, GMP
and MP. Component 1 called drought tolerant component so
that the higher value of this component is the more
appropriate. Therefore, drought tolerant and susceptible
cultivars were classified by higher and lower values of this
component, respectively. The second component had positive
and significant correlation with yield potential, TOL and SSI.
Component 2 called drought susceptibility component so that
the lower value of this component is the more appropriate.
This component could classify cultivars which are well
adapted to availability of water or humid environments.
There were positive and highly significant correlation
between the first component, stress yield and drought
tolerance indices as well as positive and highly significant
correlation between the second component and vyield
potential. Therefore, rapeseed cultivars placed on upper space
of these components were identified as highly yielding and
tolerant cultivars (Figurel).

Discussion
Drought tolerance Indices

Drought tolerance indices showed that Hayola 408 at first
place and Hayola 308 cultivars at second place might be
considered as drought tolerant cultivars which can be used in
further field surveys under either fully irrigated or deficit
irrigated conditions in Fars province. Correlation analysis



Table 2. Correlation coefficients between Yp, Ys and drought tolerance indices.

Indices S GMP HARM STI MP TOL ssl
Yield
- nST ok ek Fk Fk o
Yp 0.01 0.96 0.02 0.96 0.97 0.94 -0.002"™
Ys -0.001"™ 0.98" 0.90" 0.90" 0.93" -0.45" -0.42"™

STI= stress tolerance index, TOL= stress tolerance, SSI= stress susceptibility index, MP= mean productivity, GMP= geometric mean productivity, S=yield loss ratio, Ys=
grain yield under drought, conditions and Yp= grain yield under normal conditions. f: ns: not significant, * P < 0.05, **P <0.01, *** P < 0.001.

Table 3. Principal component analysis of 7 drought tolerance indices.

Component Eigenvalue Percent of Cumulative
variation percentage
1 589 84.157 84.157
2 1.103 15.762 99.919
3 0.005 0.081 100.000
Table 4. Correlation coefficients among drought tolerance indices.
TOL MP GMP SSI HARM STI S
TOL 1
MP 0.98"" 1
GMP 0.94 0.98" 1
ssl 0.12"™ -0.05"™ -0.22" 1
HARM 0.88" 0.95" 0.99” -0.36 1
STI 0.94" 0.99” 0.99” -0.22" 0.99” 1
S 0.12"™ -0.05"™ -0.22" -0.22" -0.36" -0.22" 1

STI= stress tolerance index, TOL= stress tolerance, SSI= stress susceptibility index, MP= mean productivity, GMP= geometric mean productivity, S=yield loss ratio, Ys=
grain yield under drought conditions and Yp= grain yield under normal conditions. 1: ns: not significant, * P < 0.05, **P <0.01, *** P < 0.001.

among drought tolerance indices indicated that STI, HM, MP
and GMP are appropriate criteria to identify drought tolerant
cultivars. Our results are consistent with the findings of
Ganjeali et al. (2011), who reported that MP, GMP, STI and
HARM are useful criteria for identifying drought tolerant
genotypes of Iranian chickpea. Results of other studies also
documented that the aforementioned indices are superior in
some crops such as wheat (Sio-Se Mardeh et al. 2006), rice
(Abbasi and Sepaskhah, 2011) and sugar beet (Beta vulgaris)
(Bazrafshan et al. 2008). Correlation analysis between TOL,
non stress and stress yield showed that screening based on
TOL will lead to reduced yield under well-watered
conditions. These results are in accordance with those of
Bazrafshan et al. (2008), Ramirez-Vallejo and Kelly (1998),
Clarke et al. (1992) and Rosielle and Hamblin (1981).
Similarly, Rizza et al. (2004) showed that a selection based
on TOL failed to identify the best genotypes. Correlation
analysis among SSI, S, non-stress and stress yield showed
that SSI and S cannot discriminate drought sensitive cultivars
under such conditions. This is in contrast to the results
obtained by Bansal and Sinah (1991), who examined the
drought resistance in 20 accessions of T. aestivum and related
species. They used SSI and grain yield as stability parameters
and identified resistant genotypes. However, this is consistent
with the results of a number of studies that have found that
these indices are not very suitable for identifying drought
tolerant genotypes (Schneider et al., 1997; Clarke et al.,
1992; Sio-Se Mardeh et al., 2006; Bazrafshan et al., 2008).

Principal components analysis
Since Option cultivar was placed on lower space of the

components as well as near to the S, the cultivar considered
as the most susceptible to water shortage. Similarly, Golabadi
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et al. (2006) also found that some families of durum wheat
collected from different parts of Iran could be distinguished
based on biplot display. Cultivar selection by using the
combination of indices might provide the more useful
criterion to improve drought resistance of crops, and thus
employing both biplot and correlation coefficient together is
a better approach for identifying the superior genotypes for
both stress and non-stress conditions (Yan and Rajcan, 2002;
Golabadi et al., 2006). Accordingly, in the biplot, a vector is
drawn from the biplot origin to indices’ sign for facilitating
visualization of the relationships between and among the
indices. Given that the biplot describes an adequate amount
of the total variation, the correlation coefficient between the
indices is approximated by the cosine of the angle between
their vectors so that r=cos180= -1, cos0=1, and cos90=0 (Yan
and Rajcan 2002). The most important relationships indicated
by the biplot are (i) a highly negative correlation between S
and STI, and between S and GMP showing by the large
obtuse angles between their vectors. (ii) a near zero
association between SSI and MP and between SSI and GMP,
showing by the near perpendicular vectors. (iii) a positive
correlation among GMP, STI, MP and HARM, showing by
the acute angles. Results of correlation coefficient among
drought indices also showed that biplot correctly displays
relationships among the drought indices which had
proportionately large loadings on either the first principal
component or the second.

Materials and Methods
Plant material

Four rapeseed cultivars (Hayola 401, Hayola 308, RGS and
Option) were compared under different moisture regimes



(field capacity (FC) and 50% FC on pot weight basis) in a
greenhouse experiment at the College of Agricultue, Shiraz
University, Iran during 2006. Six uniform seeds were sown in
pots containing 5 kg soil and thinned to three uniform plants
at 3 leaf stage. The soil type was Daneshkadeh soil series
(Fine mixed, Mesic Calcixerpets, Xerochrepts) which was
collected from the top 20 cm layer. The soil was air-dried and
sieved at 2 mm. The greenhouse conditions were maintained
at 24°C /16°C day/night, controlled light 16H/8H (day/night).
Plants were irrigated up to FC for three weeks after sowing,
and then were subjected to two water regimes. The
experimental design was randomized complete block with
four replications. All pots kept free from diseases during the
experimental period. A pesticide, metasistox, was applied on
every other week basis to control aphids.

Measurements

Plants from each pot were sampled at maturity to determine
rapeseed aboveground dry matter, oven-dried at 75 °C for 72
h, and weighed. Drought tolerance indices were calculated
using the following relationships:

(1) SSI=[1-(Ys/Yp))/SI (Fischer and Maurer, 1978)

(2) SI=1-( Y4 /Y ) (Sio-Se Mardeh et al., 2006; Ganeali et

al., 2011)

(3) HARM=2(Yp.Ys)/(Yp + Ys) (Ganeali etal., 2011)

(4) MP=(Yp+Ys)/2 (McCaig and Clarke, 1982)

(5) TOL=Yp-Ys (McCaig and Clarke 1982; Clarke et al.
1992)

(6) STI=(Yp.Ys)/( Yp )* (Fernandez, 1992)

(7) S=1-(Ys/Yp) (Sio-Se Mardeh et al., 2006; Ganeali et al.,
2011)

(8) GMP=(Yp.Ys)¥? (Fernandez, 1992)

Where, Ys is the stress yield for each cultivar, Yp is the non-
stress yield for each cultivar, y_ and Yy, are the mean yields

of all cultivars under stress and non-stress conditions,
respectively.

Statistical analysis

All statistical analyses performed using SAS software (2000).
Principal Components Analysis (PCA) based on the
covariance matrix to construct a biplot of genotypes (PC
scores) and drought tolerance indices including SSI, SI, TOL,
MP, HARM, STI and yield in stress and non-stress
conditions (PC factor loading) was also performed by using
STATGRAPHIC Plus (version 5.1, 2001).

Conclusion

Biplot graph and correlation analysis of the drought indices
showed that Hayola 408 and Hayola 308 were superior to
other cultivars and could be considered as promising cultivars
for drought tolerance. Therefore, these two elite cultivars
might be used as candidates for further field studies under
both stress and non-stress conditions in Fars province.
Furthermore, STI, HM, MP and GMP were found as suitable
indices for selection of drought tolerant cultivars of rapeseed.

1322

Acknowledgements

This project was funded by Research Council of Shiraz
University in Iran. The authors also thank Mr. A. Tahmasebi
for commenting on the manuscript.

References

Abbasi MR, Sepaskhah AR (2010) Response of different rice
cultivars (Oryza sativa L.) to water-saving irrigation in
greenhouse conditions. Int J Plant Product. 5: 37-47.

Abbasi MR, Sepaskhah AR (2011) Response of different rice
cultivars (Oryza sativa L.) to water-saving irrigation in
greenhouse conditions. Int J Plant Product. 5: 1735-8043.

Bansal KC, Sinha SK (1991) Assessment of drought
resistance in 20 accessions of Triticum aestivum and related
species. I. Total dry matter and grain yield stability
Euphytica. 56: 7-14.

Bazrafshan M, Matlubi F, Mesbah M, Joukar L (2008)
Evaluation of drought tolerance of sugar beet genotypes
using drought tolerance indices. J Sugerbeet. 24: 15-35.

Betran FJ, Beck D, Banziger M, Edmeades GO (2003)
Genetic analysis of inbred and hybrid grain yield under
stress and non-stress environments in tropical maize. Crop
Sci. 43: 807-817.

Bijanzadeh E, Emam Y (2011) Evaluation of assimilate
remobilization and yield of wheat cultivars under different
irrigation regimes in an arid climate. Arch Agron Soil Sci.
4:1-17.

Blum A (1988) Plant Breeding for Stress Environment. CRC
Press, Roca Raton, FL, pp. 38-78.

Byrne PF, Bolanos J, Edmeades GO, Eaton DL (1995) Gains
from selection under drought versus multi-location testing
in related tropical maize populations. Crop Sci. 35: 63-69.

Ceccarelli S, Grando S (1991) Selection environment and
environmental sensitivity in barley. Euphytica 57: 157-167

Clarke JM, DePauw RM, Townely-Smith TF (1992)
Evaluation of methods for quantification of drought
tolerance in wheat. Crop Sci. 32: 723-728.

Clarke JM, Towenley-Smith TM, McCaig TN, Green DG
(1984) Growth analysis of spring wheat cultivars of
varying drought resistance. Crop Sci. 24: 537-541.

Fernandez GCJ (1992) Effective selection criteria for
assessing stress tolerance. In: Kuo, C.G. (Ed.), Proceedings
of the International Symposium on Adaptation of
Vegetables and Other Food Crops in Temperature and
Water Stress, Publication. Tainan, Taiwan.

Fischer RA, Maurer R (1978) Drought resistance in spring
wheat cultivars. I: grain yield responses. Aus J Agric Res.
29:897-912.

Ganjeali A, Porsa H, Bagheri A (2011) Assessment of Iranian
chickpea (Cicer arietinum L.) germplasms for drought
tolerance. Agr Water Manage. 98: 1477-1484.

Ganjeali A, Kafi M, Bagheriv F, and Shahriyari F (2005)
Screening for drought tolerance on Chickpea genotypes.
Iran J Field Crops Res. 3: 122-127.

Golabadi M, Arzani A, Mirmohammadi Maibodi SAM
(2006) Assessment of drought tolerance in segregating
populations in durum wheat. Afr J Agric Res. 1: 162-171.

Huang B (2000) Role of root morphological and
physiological characteristics in drought resistance of plants.
In: Wilkinson, R.E. (Ed.), Plant— Environment Interactions.
Marcel Dekker Inc., New York, pp. 39-64.

Khachatourians GG, Summer AK, Philips PWB (2001) An
introduction to the history of canola and the scientific basis
for innovation. CABI, London.



Khan H, Link W, Hocking TJ, Stoddard FL (2007)
Evaluation of physiological traits for improving drought
tolerance in faba bean (Vicia faba L.). Plant Soil. 292:
205-217

McCaig TN, Clarke JM (1982) Seasonal changes in
nonstructural carbohydrate levels of wheat and oats grown
in semiarid environment. Crop Sci. 22: 963-970.

Moradi A, Ahmadi A, Hossain Zadeha A (2008) The effects
of different timings and severity of drought stress on gas
exchange parameters of mungbean. Desert. 13: 59-66.

Naderi R, Ghadiri, H (2011). Competition of wild mustard
(Sinapis arvense L.) densities with rapeseed (Brassica
napus L.) under different levels of nitrogen fertilizer. J Agr
Sci Tech. 13: 45-51.

Nasir Ud-Din BF, Carver Clutte AC (1992) Genetic analysis
and selection for wheat yield in drought-stressed and
irrigated environments. Euphytica. 62: 89-96.

Nemoto H, Suga R, Ishihara M, Okutsu Y (1998) Deep
rooted rice varieties detected through the observation of
root characteristics using the trench method. Breed Sci. 48:
321-324.

Nezami A, Khazaei HR, Boroumand Rezazadehb Z, Hosseini
A (2008) Effects of drought stress and defoliation on
sunflower (Helianthus annuus) in controlled conditions.
Desert. 12: 99-104.

Rajaram S, Van Ginkle M (2001) Mexico, 50 years of
international wheat breeding. In: Bonjean, A.P., Angus,
W.J. (Eds.), The World Wheat Book: A History of Wheat
Breeding. Lavoisier Publishing, Paris, France, pp. 579-604.

Ramirez-Vallejo P, and Kelly JD (1998) Traits related to
drought resistance in common bean. Euphytica. 99:127-
136.

Rathjen AJ (1994) The biological basis of genotype -
environment interaction: its definition and management. In:
Proceedings of the Seventh Assembly of the Wheat
Breeding Society of Australia, Adelaide, Australia.

Ricciardi SO, Wilson LT, McClung AM (1998) Path analysis
of yield and yield- related traits of fifteen diverse rice
genotype. Crop Sci. 38: 1130-1136.

1323

Rizza F, Badeckb FW, Cattivellia L, Lidestric O, Di Fonzoc
N, Stancaa AM (2004) Use of a water stress index to
identify barley genotypes adapted to rainfed and irrigated
conditions. Crop Sci. 44: 2127-2137.

Rosielle AA, Hambling J (1981) Theoretical aspects of
selection for yield in stress and non stress environments.
Crop Sci. 21: 943-946.

Schneider KA, Rosales-Serna R, lberra-Perez F, Cazares-
Enriquez B, Acosta-Gallegos JA, Ramirez-Vallejo P,
Wassimi N, Kelly JD (1997) Improving common bean
performance under drought stress. Crop Sci. 37: 43-50.

Sio-Se Mardeh A, Ahmadi A, Poustini K, Mohammadi V
(2006) Evaluation of drought resistance indices under
various environmental conditions. Field Crops Res. 98:
222-229.

Yadav OP, SK Bhatnagar (2001) Evaluation of indices for
identification of Pearl millet cultivars adapted to stress and
non- stress conditions. Field Crops Res. 70: 201-208.

Yan W, Rajcan | (2002) Biplot analysis of test sites and trait
relations of soybean in Ontario. Crop Sci. 42: 11-20.



