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Abstract: The objective of this study was to evaluate the ability of several selection indices to identify drought
resistance cultivars under a variety of environmental conditions. Fifteen corn genotypes were evaluated under
both  moisture stress (E1) and non-stress (E2) field environments using a randomized complete block design
for each environment. Seven drought tolerance indices including stress susceptibility index, stress tolerance
index, tolerance, yield index, yield stability index, mean productivity and geometric mean productivity were
used.  The indices were adjusted based on grain yield under drought and normal conditions. The significant
and positive correlation of Yp and MP, GMP and STI showed that these indices were more effective in
identifying high yielding cultivars under different moisture conditions. The results of calculated gain from
indirect  selection  from  moisture  stress environment would improve yield in moisture stress environment
better than selection from non moisture stress environment. Wheat breeders should, therefore, take into
account the stress severity of the environment in choosing an index.
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INTRODUCTION conditions but no yield loss, is taken into consideration.

Maize  crop  plays an important role in the world crop plants resistance against drought, has always been
economy  and is valuable ingredient in manufactured of great importance and has taken into account as one of
items  that  affect  a  large proportion of the world the breeding factors [3]. To evaluate response of plant
population [1]. These points out the necessity of more genotypes to drought stress, some selection indices
research about this crop concerning dry climate of this based on a mathematical relation between stress- and
region and its irregular rainfall patterns. However, low optimum conditions has been proposed [4-8] found Stress
heritability for drought tolerance and lack of effective Tolerant Index (STI) was more useful in order to select
selection approaches limit development of resistant crop favorable corn cultivars under stressful and stress-free
cultivars to environmental stress [2]. Drought is one the conditions. Khalili et al. [9] showed that based on
most important limiting factors of crop plants such as Geometric  Mean Productivity (GMP) and STI indices,
wheat in the world and Iran. This is of great importance corn hybrids with high yield in both stress and non-stress
especially in the arid and semi arid regions [2]. Over the environments can be selected. Thus, our purpose was
one fourth of the earth includes dry areas and it has been evaluation of efficiency and profitability of different
cleared     that     nearly   one   third   of  the cultivated selection indices in identification of cultivars which are
lands suffer  from water deficit [2]. Drought tolerance compatible with stressful and optimal conditions, to
consists of ability of crop to growth and production under achieve cultivars that can tolerate long irrigation intervals
water deficit conditions. A long term drought stress or likely no irrigation at sensitive growth stages.
effects on plant metabolic reactions associates with, plant
growth stage, water storage capacity of soil and MATERIALS AND METHODS
physiological aspects of plant. Drought tolerance in crop
plants is different from wild plants. In case crop plant Ten corns Genotype were chosen for the study based
encounters severe water deficit, it dies or seriously loses on their reputed differences in yield performance under
yield while in  wild plants their surviving under this irrigated and non-irrigated conditions (Table 1).

However, because of water deficit in most arid regions,



100
FCI D BD−

= × ×

Am-Euras. J. Agric. & Environ. Sci., 9 (4): 359-363, 2010

360

Table 1: Genotypes studied

NO. Genotype NO. Genotype

1 Single cross 704 6 Single cross 647
2 ZP677 7 Golden west
3 BC582 8 BC678
4 BC666 9 ZP434
5 OS499 10 BC404

Each  hybrid  was  hand-seeded  in  hills,  separated
20 cm from each other. There were three rows ineach plot,
with 7 m in length and 0.6 m row distance. The final plant
population was 8.3pl.m-2. Irrigation depth was calculated
based on average of soil moisture gravimetric percent in
rooting zone (maximum to 60 cm) using Eq. 1 Poor Midani
and Ahmad Pour [10]:

(Eq. 1)

Drought resistance  indices  were calculated using
the following relationships:

1. Stress Susceptibility Index (SSI):
SSI=(1-(Ysi/Ypi))/SI

(Fischer and Maurer, 1978);

2. Stress Tolerance Index (STI):
STI= (Ypi*Ysi)/Yp2

(Fernandez, 1992);

3. Tolerance Index (TOL):
TOL=Ypi-Ysi

(Hossain et al., 1990);

4. Geometric Mean Productivity (GMP):
GMP= vYpi*Ysi

(Fernandez, 1992);

5. Mean Productivity (MP):
MP=(Ypi+Ysi)/2

(Hossain et al., 1990);

6. Yield Index (YI)
YI=Ysi/Ys

(Gavuzzi et al., 1997; Lin et al., 1986);

7. Yield Stability Index (YSI)
YSI=Ysi/Ypi

8. 4. Geometric Mean Productivity (GMP):
GMP= vYpi*Ysi

Where:

Ysi = Yield of cultivar in stress condition,
Ypi = Yield of cultivar in normal condition

And SI that is stress intensity, where:

SI = 1- (Ys/Yp)
Ys = Total yield mean in stress condition,
Yp = Total yield mean in normal condition

Data were analyzed using SPSS16 for analysis of
variance and Duncan’s multiple range tests was employed
for the mean comparisons.

RESULTS

Result of analysis of variance (Table 2) indicated that
there  were significant differences among the genotypes
in the majority of traits. This illustrates the high potential
of these genotypes to use them as the genetically source
for breeding purposes. Since the traits were slightly and
environment also was significant impact convention, there
this difference was not unexpected (Manifesto et al.,
2001).

For  drought  tolerance  genotypes and select the
best value performance indicators based on tolerance for
the genotypes studied and calculated in Table 3 is.
Accordingly, high levels indicators sti, mp and GMP
values and low index of tol and SSI indicator of resistance
to stress conditions have figures.

Fernandez [6] in study the yield of genotypes in two
environments and without drought stress than plants in
two environments appears to be divided into four groups:

The genotypes that have high yield in stress and non
stress environments (group A).
The genotypes that have high yield only in non
stress environments (group B).
The genotypes that have high yield in stress
environments (group C).
The genotypes that have weak yield in stress and
non stress environments (group D).

Fernandez  opinion  appropriate  selection criterion
for stress group A criterion that can recognize from other
groups. How much higher STI value represents higher
drought tolerance of specific genotypes that cause this
rise in yield potential is higher than its genotype. These
index genotypes of group A group B and C are separated.
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Table 2: Results of Analysis of variance for studied traits
MS
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S.O.V df Row per ear Kernel per row Kernel per ear Ear length Cob diameter 500 kernel weight Plant height Yield
Replication 3 0.183* 0.22 34.44 11.14* 0.092 5.65 28.133* 0.13*
Condition 1 0.001 24.75** 3867.67** 351.54** 20.60** 2599.2** 1532.12** 28.8**
Genotypes 9 1.27** 12.74** 1991.86** 49.39** 0.214** 1580.78** 553.6** 8.84**
C×G 9 0.001 0.37 57.95 5.68 0.439** 0.001 0.69 0.001
Error 57 0.006 0.203 31.76 3.48 0.066 3.18 10.10 0.002
** And * significant at the 0.01 and 0.05 levels

Table 3: Resistance indexes of 15 corn genotypes under stress and non-stress environment
YSI YI GMP MP TOL STI SSI Yp Ys Genotype no
0.89 0.9 4.07 4.08 0.49 0.51 0.45 4.32 3.83 1
0.75 0.86 4.2 4.25 1.19 0.55 0.98 4.84 3.65 2
0.74 0.84 4.17 4.22 1.27 0.54 1.04 4.85 3.58 3
0.78 0.97 4.67 4.71 1.15 0.68 0.87 5.28 4.13 4
0.78 1.04 4.99 5.03 1.24 0.77 0.87 5.65 4.41 5
0.80 1.09 5.18 5.22 1.13 0.83 0.78 5.78 4.65 6
0.72 1.11 5.57 5.65 1.87 0.96 1.13 6.58 4.71 7
0.74 1.29 6.39 6.47 1.97 1.27 1.05 7.45 5.48 8
0.58 0.64 3.59 3.72 1.99 0.4 1.67 4.72 2.73 9
0.73 1.27 6.29 6.37 1.96 1.23 1.06 7.35 5.39 10

Table 4: Correlation coefficients between Yp, Ys and drought tolerance indices
Y Y SSI STI TOL MP GMP YSI YIPi S

Y 1 0.903** 0.138 0.982** 0.681* 0.982** 0.974** -0.138 0.903**pi

Y 1 -0.300 0.964** -0.300 0.968** 0.977** 0.300 1**S

SSI 1 -0.045 0.815** -0.054 -0.090 -1** -0.300
STI 1 0.537 0.998** 0.997** 0.045 0.964**
TOL 1 0.528 0.497 -0.815** 0.300
MP 1 0.999** 0.054 0.968**
GMP 1 0.090 0.977**
YSI 1 0.300
YI 1

Fig. 1: Relationship between grain yield of irrigated and non-irrigated Corn genotypes

Selected based on selection index SSI caused some susceptible  to  drought  and whatever values of this
genotypes with low yield but high yield under normal index is lower, will be more favorable. Selection index
environmental conditions are stressful. The major based  on  these selected causes some genotypes with
drawback  of  this  index  is able to identify group A, low yield potential  under  stress  and high yield under
group C is not. Any differences between the YP and YS is stress is. The index also able to isolate the group A of C
more TOL value increases and this represents the most is not. GMP less sensitive to the values of YS and YP is
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very different, whereas the MP index is based on an philosophy. Producers, therefore, prefer cultivars that
arithmetic average, when the relative difference between
YS and YP is great with unbiasedness will be upwards.
Therefore,  GMP  index compared with the MP index
higher separation power than other groups, Group A and
on  this basis that Fernandez STI index to put on the
GMP. Sio-Se Mardeh et al. [7] Relationship between grain
yield of irrigated and non irrigated durum wheat cultivars
in Figure 1 has been shown. Thus, grouping genotypes
based on Index Fernandez took.

The positive correlation between TOL and irrigated
yield (Yp) and yield under stress (Ys) (Table 4) suggest
that selection based on TOL will result in reduced yield
under well-watered conditions. Similar results were
reported by Clark et al. [5] and Sio-Se Mardeh et al. [7].
SSI showed a negative correlation with yield under stress
(Table 4). SSI has been widely used by researchers to
identify sensitive and tolerant genotypes [5, 7]. There was
a significant correlation between STI and GMP and yield
under stress (Table 4). In this study, a general linear
model regression of grain yield under drought stress on
STI revealed a positive correlation between this criteria
with a similar coefficient of determination (R = 0.79). The2

connection between STI and y  was positive ands

significant.

DISCUSSION

Yield and yield-related traits under stress were
independent  of  yield  and  yield-related  traits  under
non-stress conditions, but this was not the case in less
severe stress conditions. As STI, GMP and MP were able
to identify cultivars producing high yield in both
conditions. When the stress was severe, TOL, YSI and
SSI were found to be more useful indices discriminating
resistant  cultivars,  although  none of the indicators
could clearly  identify cultivars with high yield under
both stress and non-stress conditions (group A
cultivars). It is concluded that the effectiveness of
selection indices depends on the stress severity
supporting the idea that only under moderate stress
conditions,  potential  yield  greatly  influences yield
under stress [11 and 12] Two primary schools of thought
have influenced plant breeders who target their germless
to drought-prone areas. The first of these philosophies
states  that high input responsiveness and inherently
high yielding potential, combined with stress-adaptive
traits will improve performance in drought-affected
environments [11-16]. The breeders who advocate
selection    in     favorable     environments     follow    this

produce high yields when water is not so limiting, but
suffer  a  minimum  loss  during  drought seasons [17].
The second is the belief that progress in yield and
adaptation in drought-affected environments can be
achieved only by selection under the prevailing
conditions found in target environments [18]. The
theoretical  framework  to  this  issue has been provided
by Falconer [19] who wrote, ‘‘yield in low and high
yielding environments can be considered as separate
traits which are not necessarily maximized by identical
sets of alleles’’. Over all, drought stress reduced
significantly the yield of some genotypes and some of
them revealed tolerance to drought, which suggested  the
genetic variability for drought tolerance in this material.
Therefore, based on this limited sample and environments,
testing and selection under non-stress and stress
conditions alone may not be the most effective for
increasing yield under drought stress. The significant and
positive correlation of Yp and MP, GMP and STI showed
that these criteria indices were more effective in
identifying high yielding cultivars under different
moisture conditions. The results of calculated gain from
indirect selection in moisture stress environment would
improve  yield  in  moisture  stress environment better
than selection from non-moisture stress environment. In
this study genotypes 8, 9 and 10 was the tolerant
genotypes. Corn breeders should, therefore, take into
account the stress severity of the environment when
choosing an index.
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