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ABSTRACT

In order to determine the best index and also identifying the best drought-resistant wheat genotypes, 19
bread wheat genotypes were planted and evaluated in a randomized complete blocks design with three
replications. The experiment was conducted in two separate trials testing of normal irrigation and drought
stress, which in the drought stress treatments, there was no double irrigation after anthesis. Results of variance
analysis of yield in two conditions showed that there was no meaningful difference between under study
genotypes for grain yield in non-stressed conditions, while it was observed that there is a meaningful difference
between under-study genotypes in drought stress conditions in probability level of 5%. Principal components
analysis decreases eight under-study indices into two components. Correlation analysis between yield in two
environments and indices and also graphical biplot based on components showed that the most appropriate
indices to identify genotypes were geometric mean productivity index (GMP), mean proficiency (MP) and
stress tolerance index (STI). Genotypes 19, 2 and 18 were placed on good area of biplot, so the above
mentioned genotypes has less yield fluctuation in different environmental conditions and were introduced as
stress tolerant genotypes. 
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Introduction

Drought stress is the most important factor to
limiting access to high yield which this occurred by
restricting growth in most stages of crop growth in
arid and semiarid areas. Wheat is one of agricultural
plants which are cultivated in the large scale semi-
arid areas; in these areas the rainfall is varying in
different years. Considering the low heritability of
drought tolerance and lack of efficient selection
strategies, production of drought tolerance cultivars
is difficult [1]. Based on the relative yield of
genotypes in both stressed and non-stressed
conditions, we can identify effective traits on drought
stress tolerance and applied from appropriate

genotypes to use in drought stress environments [2].
In order to identify drought tolerant genotypes,

some selection indices (GMP, MP, TOL, STI and
SSI) were used in different conditions [3]. Sio-
SeMardeh et al [4] in a study to evaluate drought
tolerance indices in wheat genotypes under different
environmental conditions concluded that in stressed
conditions the average indices MP, GMP and STI are
much more effective to recognize genotypes which
have similar yield in both environments (group A
cultivars). Under severe drought stress conditions,
none of the applied indices could identify group A
cultivars.

Farshadfar [5] in experiment which is conducted
to select the 20 wheat lines by drought tolerance
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indices, and considering the correlation analysis
between indices and yield mean in both stressed and
non-stressed conditions, concluded that the most
appropriate indices to screening the lines in two
environments are mean proficiency (MP) and
tolerance ( TOL) indices. Mitra [6] stated according
to yield in drought stress and normal conditions we
can calculate stress tolerance indices and applied
them to screening stress tolerant genotypes.

Gol Abadi et al [7] evaluated F3 and F4
generations obtained from the intersection of two
durum wheat genotypes at different moisture regimes
they calculated drought tolerance indices based on
yield in both stressed and non-stressed conditions and
concluded that there is meaningful correlation
between yield in non-stressed environment and
indices MP, GMP and STI and also between yield in
stressed environment and indices MP, GMP and STI,
so these indices can be appropriate predictors of Yp
and Ys as compared with SSI and TOL indices.
Components analysis of above indices and biplot
drawing in this experiment showed that genotypes
with one addition component and two smaller
components are suitable genotypes for moisture
stressed and non stressed conditions. Fernandez in his
review used from by-plot method to identify effective
indices on evaluation and selection of stress tolerant
plants, so he was studied vetch genotypes in different
moisture regimes and draw the relationship between
genotypes and stress tolerance indices in a graph in
average stress conditions, and with respect to the
angles between the indices in by-plot conclude that
there is positive and meaningful correlation between
Yp and MP and STI indices and also between Ys
and STI and MP indices. Therefore, the same indices
were introduced as appropriate indices to identify
stress tolerant genotypes.

Kaya et al [8] in their study concluded that
genotypes with large PC1 and small PC2 have higher
yield in both stressed and non stressed conditions
(stable) and genotypes with large PC1 and small PC2
have lower yield (unstable). Yan and Rajcan [9] in
their study on soybean plants concluded that the
correlation coefficient between the two indices is
almost cosine between their vectors, so due to
existence of large angle between the indices SSI,
TOL, and Ys, this represents a negative correlation
between them. There was positive correlation
between yield in two environments and GMP, MP
and STI indices, the acute angle between them was
also representative of this subject. Thus, in their
study indices which have positive and meaningful
correlation with yield in two environments were
app rop ria te  on es  to  sc reen ing  gen otyp es .
Mollasadeghi [10] in their study on wheat genotypes
concluded that indices MP, GMP and STI are very
appropriate to identify high yield genotypes in both
stressed and non-stressed conditions (group A
cultivars).

Materials and methods

The experiment was conducted in agricultural
research station farm and natural resources of Ardabil
located on 12 km south of Ardabil (Khalkhal Road).
To do this, 19 wheat genotypes (Table 1) has been
prepared and evaluated from Research Center of
Agriculture and Natural Resources of Ardabil
province. The genotypes were planted in two separate
experiments in a randomized complete blocks design
with three replications and then were evaluated. The
place of experiment was the semi-arid and cold
climate and temperature is often below zero in winter
and the height from sea level is 1350 meter,
longitude and latitude are 48.20 and 38.15,
respectively. Each genotype cultivated in one court
with the dimensions of 0.6×1.2 sq/m with 30 cm
removal was considered from each side of court. The
experimental seeds were disinfected by carboxin
tiram fungicide for 2/1000 ratio before planting to
prevent hidden smut. Consumption-seed rate had
identified on the basis of 450 seed per square meter,
as well as by considering 1000 seed weight for each
variety. The irrigation conducted by the irrigation
flooding method. Five stages of irrigation were
considered for normal condition and three stages
irrigation were considered for stressed conditions. In
treatments under drought stress, there was no double-
irrigation after anthesis. To combat broad-leaved
weeds and narrow leaf weeds, mixture of Grown Star
and Pumasuper herbicides were used for 20gr and 1
l/ha tillering to stem elongation stages, respectively.
For statistical calculations, softwares such as SPSS-
16, Minitab-15 and MSTAT-C were used. In order to
identify drought tolerant  genotypes, indices including
mean proficiency (MP), geometric mean (GMP),
stress tolerance index (STI), tolerance index (TOL),
stress sensitivity index (SSI) and transformed stress
tolerance index (MSTI) were calculated using the
following relations:

Pi Si Ypi siMP = (Y  + Y ) / 2          GMP = % ×Y

Pi Si pSTI = (Y ×Y )/Y 2

Pi Si Ypi siMP = (Y  + Y ) / 2      GMP = % ×Y

Pi Si pSTI = (Y ×Y )/Y 2

1 1 p i pMSTI = K ( STI ) ;              K =Y /Y2
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Table 1: Names of under-study genotypes in this experiment

Number Pedigree

1 Shahryar

2 Local Check

3 Local Check

4 Gascogene// Rsh*2/ 10120/3/ Alvd// Aldan/Las58

5 Alvd// Alaan/ las58/3/ M v17/4/ Evwyt2/ Azd// Rsh*2/10120

6 (Alvd// Aldan/ Las)* 2/3/ Gaspard

7 M hdv/ Soissons/4 / Bb/7C* 2/ Y50 E/ Kal*3

8 F4141- W -1- / PASTOR// PYN/ BAU

9 AU// YT542/ N10B/3/118260/4/JI/ HYS/5/YUNNATODESSKIY/6/ KS82 W 409/SPN

10 ID800994. W / VEE/3/ URES/JUN// KAUZ/ 4BUL 5052.1

11 Basswood/ M v17

12 Basswood/ M v17

13 Bhr* 5/Aga//Sni/3 /Trk13/4/Gaspard

14 Gds/4/ Anza/3 Pi/ Nar// Hys/5/ Vee/ Nac/6/ Gascogne

15 Gds/4/ Anza/3 Pi/ Nar// Hys/ 5/ Vee/ Nac/6/ Gascogne

16 Omid// H7/ 4P839/3/ Omid/ Tdo/ 41CWHA81-1473/5/90 Zhong/6/OwI

17 Soissons/M - 73-4//OW I852524-*3H-*O-*HOH

18 BILINM EYEN-6

19 SN64//SKE/2*ANE/3/SX/4BEZ/5/SERI/6/CHERVONA/7/ KLEIBER/2* FL80// DONSK POLUK

Results and discussion

Results of variance analysis of yield in both

environments showed that (Table 2) there was no

meaningful difference between under-study genotypes

for grain yield in non-stressed conditions, while it

was observed that there was meaningful difference

between under-study genotypes in drought stress

condition in probability level of 5 percent. This is

due to existence of genetic diversity between them.

Comparison of means showed that (Table 3) under

non-stressed conditions genotypes 11 and 19 with

averages 6800.33 and 6733.33 kg/ha, respectively and

genotype 8 with average 4800 kg/ ha have the

maximum and the minimum grain yield amount

among genotypes. Also, under drought stress

conditions genotype 11 with average 5389 kg/ ha

have the maximum grain yield and genotypes 5 and

16 with averages 3370.33 and 3471.33 kg/ ha,

respectively have the minimum among the genotypes.

Evaluation of yield correlation in the two

environments and drought tolerance indices showed

that (Table 4) there is positive and meaningful

correlation between yield in two environments and

indices MP, GMP and STI and also there is

meaningful and negative correlation between yield

under drought stress conditions and indices TOL And

SSI, and finally there is meaningful and positive

correlation between yield in normal irrigation

conditions and indices TOL and SSI.

Khalil Zadeh and Karbala'i Khiyavy [11]

believed that the most appropriate index to select

stress tolerant cultivars is an index which has a

relatively high correlation with grain yield in both

stressed and non-stressed conditions. So evaluating

the correlation between stress tolerance indices and

yield in both stressed and non stressed conditions,

the identification of the most appropriate indices

would be possible. Since indices including mean

proficiency, geometric mean of proficiency,

transformed stress tolerance index and Fernandez's

index showed high correlation in normal irrigation

and drought stress conditions, are introduced as the

best indicators. 

Farshadfar et al [12] in a study on Pea reported

that there is positive and meaningful correlation

between all the indices with yield under non-stressed

conditions and also stated that there is negative and

un-meaningful correlation between TOL index with

yield under stressed conditions. Fernandez [3] in a

three-year study under low-stress and normal

conditions found that there is meaningful correlation

between stress sensitivity index (SSI) and grain yield.

Also, the results of this study are compatible with

Noormand et al [13]. 

They reported that the correlation of GMP and

STI indices with wheat is positive and meaningful.

Shafa Zadeh et al [14] in evaluation of wheat

genotypes reported that there is positive and  highly

meaningful correlation between yield in stressed

environment and indices MP, GMP and STI and also

stated that there is positive and meaningful

correlation between yield in non-stressed environment

and all drought tolerance and drought sensitive

indices.

In order to classifying genotypes, cluster analysis

by WARD method was conducted based on

standardized mean of  estimated drought tolerant

indices during two normal and stressed conditions

and 19 under-study genotypes were placed in four

categories.

In order to further evaluation of relations

between genotypes and drought tolerance indices,

principal components analysis was performed. Table

5 shows latent roots and special vector of under-

study genotypes for two first components, the most

variations between data expressed by two components

(99.52%). The first vector shows 65.66 percent of

variations and given that indices GMP, MP, and STI

in the formation of this component has the highest 
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Table 2: Variance analysis of yield in two environments (normal irrigation and drought stress)

Source df M ean of Squares 

--------------------------------------------------------------------------------------

normal irrigation drought stress

Replication 2 6434715.386* 7660780.3**

Genotypes 18 1156023.82 859181.59*

Error 36 1467983.18 478929.5

C. V %

* and ** Significantly at p < 0.05 and  < 0.01, respectively.

Table 3: M ean comparison of under-study wheat genotypes by Duncan  method

Genotypes Grain yield (kg/ha)

--------------------------------------------------------------------------------------

normal irrigation drought stress

1 5494.33 ab 4240.67 abcd

2 6422.33 ab 4537.33 abcd

3 6016.67 ab 4037 abcd

4 6205.67 ab 3722.33 cd

5 5261  ab 3370.33 d

6 5861.33 ab 4592.67 abcd

7 6233 ab 4301 abcd

8 4100 b 4240.33 abcd

9 5300 ab 4680.67 abcd

10 5911.33 ab 5176 ab

11 6800.33 a 5389 a

12 6100 ab 4333.33 abcd

13 6016.67 ab 3824 bcd

14 6455.67 ab 5000.33 abc

15 6005.67 ab 3898.33 bcd

16 6116.67 ab 3472.33 d

17 5572.33 ab 4296.33 abcd

18 6433.33 ab 4439.67 abcd

19 6733.33 a 4555.67 abcd

Differences between averages of each column which have common characters are not significant at probability level of 5% .

Table 4: Correlation between drought tolerance indices with grain yield under normal irrigation and drought stress conditions

YS YP SSI M P GM P TOL STI

YP 0.298 1

SSI -0.590** 0.585** 1

M P 0.772** 0.837** 0.05 1

GM P 0.832** 0.776** -0.048 0.994** 1

TOL -0.509* 0.670** 0.986** 0.154 0.053 1

STI 0.840** 0.764** -0.067 0.991** 0.998** 0.036 1

M STI 0.656** 0.896** 0.186 0.973** 0.951** 0.298 0.995**

* and ** Significantly at p < 0.05 and  < 0.01, respectively

Fig. 1: Dendrogram derived from cluster analysis by minimum variance of WARD based on drought tolerance

indices of 19 wheat genotypes under normal irrigation and drought stress conditions

positive coefficient, since high amounts of these

indices is optimal, and considering the positive

relation of the first component with these indices, if

we select the top level, genotypes are selected which

have high and stable yield in different environments

(stress after pollination, non-stressed). Therefore, we

can call this component as yield component. The

second component had 33.86 percent of these
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variations. This component has high and positive

correlation with the SSI and TOL, so it calls as

stress sensitive component. A fter  principal

components analysis was drawn to reviewing

relationships between variables based on by-plot first

and second components (Figure 2), so that the

horizontal axis is related to first component and the

vertical axis is related to the second component.

Based on component values, the location of

genotypes and their grouping was determined in top

of biplot.

If the angle between vectors or lines which in

yield in two environments and indices are located on

the end, are closer to each other, in other words the

angle between them is less than 90 degree, this

represents a positive correlation, and if the angle

between the lines is more than 90 degree, this

indicated the correlation is negative. The correlation

coefficient between two indices is almost angle

cosine of their vectors [9].

According to the biplot there is positive

correlation between indices MP, GMP and STI and

yield in two environments, this confirming simple

correlation. Accordingly, in this study three above

indices are the most appropriate indices to screening

genotypes. Two indices GMP and STI have similar

value, since they are close to each other. The results

of this study are compatible with Fernandez [3], Gol-

Abadi et al [7], Kaya et al [8] and Mollasadeghi

[10]. According to Biplot, genotypes 19, 2 and 18

have stable and higher yield, genotype 19 has large

PC1 and its PC2 is almost small, so it is superior as

compared to other genotypes. The result is

compatible with Kaya et al [8] and Gol-Abadi et al

[7].

In addition to using biplot method, 3D diagram

was drawn based on STI index and yield in two

environments. Fernandez [3] showed that STI Index

is able to separate group A genotypes from other

groups. (Group A: genotypes which have yield in

both stressed and non-stressed conditions). Genotypes

19, 2 and 18 are placed on in area A in 3D diagram,

so they have greater grain yield in two environments

and also they are stress tolerant (graph not given).

This is confirming biplot method. The above result

is compatible with Fernandez [3], Ahmadi et al [15],

Faeshadfar [5] and Mollasadeghi [10].Ultimately it

was such concluded that the indices GMP, MP and

STI are the most appropriate indices and genotypes

19, 2 and 18 are the most stress tolerant genotypes

and they recommended to planting in low water areas

in Ardabil province.

Table 5: Vectors and special amounts, relative and cumulative variance for three main components from principal components over

drought tolerance indices of 19 wheat genotypes under normal irrigation and drought stress conditions

Special vectors of component

Tolerant  indices 1 2

YS 0.747 -0.663

YP 0.856 0.516

SSI 0.086 0.992

M P 0.998 -0.037

GM P 0.989 -0.138

TOL 0.191 0.981

STI 0.987 -0.155

M STI 0.984 0.110

Special amount 5.253 2.709

Relative variance 65.658 33.861

Cumulative variance 65.658 99.519

Fig. 2: Biplot of wheat genotypes and 8 drought tolerant indices based on first and second components in

two drought stress and normal irrigation conditions



1045Adv. Environ. Biol., 5(6): 1040-1045, 2011

References

1. Kirigiwi, F.M., M. Van Ginkel, R. Trethowan,

R.G. Sears, S. Rajaram and G.M. Paulsen, 2004.

Evaluation of selection strategies for wheat

adaption across water regimes. Euphytica, 13:

361-371.

2. Clarke, J.M., R.M. Depauw and T.F. Townley

Smith, 1992. Evaluation of methods for

Quantification of drought tolerance in wheat.

Crop Sci., 32: 423-428.

3. Fernandez, G.C.J., 1992. Effective selection

criteria for assessing plant 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.

4. Sio-Se Mardeh, A., A. Ahmadi, K. Poustini and

V. Mohammadi, 2006. Evaluation of drought

resistance indices under various environmental

conditioning. Field Crop Res., 98: 222-229.

5. Farshadfar, E., 2000. Selection of drought

resistance in bread wheat lines. Science and

Agriculture Industry, 14(2).

6. Mitra, J., 2001. Genetics and genetic

improvement of drought resistance in crop plant.

Curr. Sci., 80: 758-762.

7. Golabadi, M., A. Arzani and S.A.M.

Mirmohammadi Mibody, 2006. Assessment of

drought tolerance in segregating  population in

durum wheat. African Journal of Agricultural

Research, 1(5): 162-171.

8. Kaya, Y., C. Plta and S. Taner, 2002. Additive

main effects and multiplicative interaction

analysis of yield performance in bread wheat

genotypes across environments. Turk. J. Agric.,

26: 257-259.

9. Yan, W. and I. Rajcan, 2002. Biplot analysis of

test sites and trait relations of soybean in

Ontario. Crop Sci., 42: 11-20.

10. Mollasadeghi, V., 2010. Effect of potassium

humate on yield and yield components of wheat

genotypes under end seasonal drought stress

condition. Thesis of M.Sc in plant breeding.

Islamic Azad University, Ardabil branch.

11. Khalilzade, Gh. and R.V.H. Karbalaei Khiavi,

2002. Study of drought stress and heat effects on

advanced lines of Durum wheat. Summary of

essays in 7th Iranian congress of plant breeding

and agriculture sciences. Research institute of

reformation and seed and plant production in

Karaj, pp: 563-564.

12. Farshadfar, A., M. Zamani, M. Matlabi and A.

Imam Jome, 2001. Selection for drought

tolerance in pea lines. Iranian agriculture

sciences Journal, 32(1): 65-77.

13. Nourmand Mo'eid, F., M.A. Rostami and M.R.

Ghannadha, 2001. Evaluation of drought

tolerance indices in bread wheat. Iranian

agriculture sciences Journal, 32(4): 795-805.

14. Shafazade, M., A. Yazdan Sepas, A. Amiini and

M.R. Ghannadha, 2004. Study of end-season

drought tolerance in preferential genotypes of

winter wheat by sensitive and tolerance indices.

Seed and plant journal, 20(1): 57-71.

15. Ahmadi, A., V. Mohamadi, A. Sio-Semadeh and

K. Pustini, 2008. Evaluation of wheat yield and

drought resistance indices across water regimes.

The 11  In ternational W heat G eneticst h

Symposium. Sydney University Press.


