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To evaluate moisture-stress tolerance in reproductive growth stages in five
triticale (Alamos83, Lasko, Moreno, Prego, and Zorro), one bread wheat (Roshan)
and one durum wheat (Osta-Gata) cultivars, two field experiments were conducted in
2005-06 cropping season at Research Farm, Isfahan University of Technology,
Lavarak, Njafabad, Iran. The genotypes were sown in two normal and moisture
stress after mid-booting growth stage, conditions-using randomized complete block
design with three replications in each moisture regimes. Agro-morphological traits
including plant height, spike no. m?, grain spike™, grain weight spike™, 1000 grain
weight, grain yield, biological yield and harvest index were measured and recorded.
A significant and positive correlation was observed between grain yield and grain
weight spike” under both conditions. Triticale cultivars performed superior than
wheat cultivars under both moisture conditions. Considering the grain yield
potential, Alamos 83, Lasko, Moreno, and Zorro cultivars were ranked as the
superior group of drought tolerant genotypes. Nevertheless, Moreno was identified
as a triticale cultivar that could be grown under both normal and moisture stress
conditions with high grain yield.
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Introduction

Drought is a serious problem
for agriculture that reduces crop
productivity. Therefore, improvement
of drought tolerance in crop is a major
objective of most crop breeding
programs, particularly in arid and
semi-arid areas of the world (Moustafa

et al., 1996). Dencic et al. (2000)

reported that many morphological and
physiological  characteristics  were
affected by drought stress. Agronomic
traits such as grain yield and its
components are the major selection
criteria ~ for  evaluating  drought
tolerance under field conditions. The
number of grains per spike, grain
weight per spike, 1000 grain weight

and especially grain yield were more
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drought sensitive than plant height and
number of spikelets per spike in wheat
cultivars (Dencic et al., 2000). Guttieri
et al. (2001) observed that moisture-
deficit induced reduction in grain yield
due primarily to reduction in grain
weight, while the differential effect of
moisture deficit on specific cultivars
could be due to reduction in number of
grains per spike.

Genetically, triticale (X Triticosecale
Wittmack) is an amphiploid hybrid
between the female parent wheat
(Triticum ssp.) and the male parent rye
(Secale ssp.) (Ammar et al., 2004). The
objective in the synthesis of this new
cereal crop was to combine the
desirable characteristics of the two
species, i.e. the quality, adaptation,
plant type and grain characteristics of
wheat with the high sink capacity,
stress tolerance, disease resistance and
superior nutritional quality of rye.
Therefore, triticale 1s a widely
adapted and robust cereal and
is more productive than other cereals
under abiotic stress conditions (Oettler,
2005). Pfeiffer (1993) suggested that
under drought stress conditions and
problematic soil regions, complete
triticales show distinct yield superiority
and appear to have adaptive
advantages over wheat. Giunta et al.

(1993) evaluated durum wheat and

triticale genotypes under different
moisture regimes in a typical
Mediterranean climatic region and
observed that grain yield of durum
wheat reduced significantly under
drought stress, while triticale had a
slight and non-significant reduction in
grain yield as compared to the irrigated
control.

The objectives of this study were to
evaluate moisture-stress tolerance in
reproductive stage in triticale, bread
wheat and durum wheat cultivars, and
to determine the relationships among
grain yield and yield components
under normal and moisture stress field

conditions.

Materials and Methods

Field experiments were carried out
during 2005-06 cropping season at
Research Farm of Isfahan University
of Technology, Lavark, Najaf-Abad,
Iran (32° 32" N and 51° 23" E, 1630m
asl) with soil type of silty clay loam,
pH=7.3-7.8, mean annual precipitation
and temperature of 140 mm and
14.5°C,  respectively. The plant
materials consisted of five triticale
cultivars: Alamos83 with the origin of
CIMMYT; Lasko, Moreno, Prego and

Zorro  originated from  Poland;
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Roshan, a bread wheat cultivar,
from Iran; and Osta-Gata, a durum
wheat cultivar, from ICARDA.
Based on a preliminarily laboratory
experiment-using 80 CIMMYT and
Poland originated triticale cultivars
exposed to PEG at germination stage
four tolerant and one sensitive
(Alamos83) triticale cultivars were
selected and used in this study (data
not shown). Roshan is known as a
drought-tolerant bread wheat cultivar
in Iran. Osta-Gata was used as a
drought-tolerant durum wheat cultivar
based on a two-year field experiment
conducted at four sites in central and
western regions of Iran (Arzani, 2002).

The plant materials were grown in
two separate experiments under two
irrigation regimes including: irrigation
after 70 mm evaporation from class-A
Pan corresponded to soil water
potential of -0.5 MPa (non-stress) and
irrigation after 130 mm evaporation
from class-A Pan corresponded to soil
water potential of -1.2 MPa (moisture-
stress). No precipitation was recorded
during application of moisture-stress
treatment. Each experiment was sown
in a randomized complete block design
with three replications. The moisture
treatments were applied from mid-
booting stage till  physiological

maturity. Each plot consisted of six

rows of four meter length and
25 cm apart. Agro-morphological
Xns — Xds

C :_—XIOO
Xns

characteristics including:
plant height, s(;])éiﬂélplo. m™, grain no.
spike”!, grain weight spike”, 1000
grain weight, grain yield, biological
yield and harvest index were measured
and recorded. Plant height was
measured using 20 randomly selected
plants in each plot from ground to the
tip of main spike at maturity. A sample
of 20 plants was harvested from each
plot to measure the yield components.
Grain yield and biological yield (total
above ground dry weight) were
estimated by harvesting four middle
rows of each plot. Harvest index (HI)
was calculated as grain yield divided

by biological yield.
Statistical analysis

Simple and combined analysis
variances were performed for data
using SAS software (SAS Institute,
2003). Each experiment was analyzed
using randomized complete block
design model. Mean comparisons were
conducted using Fisher’s (protected)
least significant difference (LSD).
Percentage of reduction in traits due to
drought stress was calculated as

followings:



Crop Breeding Journal, 2011, 1(1)

where Xns is the mean of trait in

given cultivar under non-stress

conditions and Xds is the mean of
trait in given cultivar under drought
stress conditions.

Analysis of correlation coefficient
between grain yield and other
characteristics was used to determine
the principal components influencing
final grain yield.

Stress susceptibility index (SSI) was
calculated for each cultivar following
Fischer and Maurer (1978):
where Yds is the grain yield under

stress, Yns is the grain yield under

S = (1-Yds/Yns)/(1-Yds /Yns)
(Eq. 2)

non-stress conditions, Yds is the

average yield of all cultivars under

stress and Yns is the average yield of
all  cultivars  under  non-stress

conditions.
Results

Analysis of variance showed highly
significant effects of moisture regimes
on all the studied traits (Table 1).
Irrigation

regime X genotype

interactions effect was also highly

significant for all traits, suggesting
different response of genotypes to each
moisture  environment  conditions.
Means of agro-morphological traits
under normal and moisture stress
conditions as well as reduction (%) in
the concerned traits due to moisture
stress are shown in Table 2.

Plant height ranged from 110.4 cm
for Alamos83 to 138.5 cm for Roshan
under non-stress conditions; however,
plant heights were shorted under
moisture stress conditions and ranged
from 86.5 cm for Prego to 114.4 cm for
Roshan (Table 2). The highest
reduction (22%) in plant height due to
moisture stress was observed in Prego
cultivar (Table 2).

Roshan bread wheat cultivar
produced the highest spike no. m™
which was significantly higher than all
cultivars under both conditions. On
the other hand, Prego cultivar had the
least spike no. m” under moisture
stress conditions.

Grain no. spike” ranged from 28.4
for Roshan to 52.7 for Moreno under
non-stress conditions and ranged from

22.7 for Roshan to 35.6 for Lasko

under moisture stress conditions.
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Table 1. Combined analysis of variance for agro-morphological traits in triticale and
wheat genotypes grown under two moisture regimes conditions.

MS
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MOiSture % *% % *% *% *% *% %
regime (M) | 2619 347259 1302.4 6.58 1104.9 370.9 151.62™  996.5
%;Otype 6 598.7" 65829  248.16"  0.19" 170.4™ 574" 3.93" 76.8"
M x G 6 943" 21162™ 43.73™ 0.10™ 10.017 8.22™ 2.55™ 221"
Residual 24 1.99 412.1 0.61 0.01 1.49 0.45 0.13 3.59

" and™": Significant at the 0.05 and 0.01 probability level, respectively.

The decline (9.8%) in grain no.
spike’ in Alamos83 due to the
moisture stress was significantly less
than all other cultivars (Table 2).

Grain weight spike” ranged from
1.4 g for Roshan to 2.1 g for Moreno
under non-stress conditions, and
ranged from 0.9 g for Prego to 1.4 g
for Alamos83 under moisture stress
conditions. Alamos83 cultivar had
greater grain weight spike’ under
moisture stress conditions and showed
the least reduction in this trait. 1000
grain weight varied from 28.9 g to 45.6
g for Prego and Alamos83 cultivars
non-stress

under conditions,

respectively. Under moisture  stress
conditions 1000 grain weight ranged
from 22.3 g for Prego to 35.4 g for

Alamos83 (Table 2).

Moreno, Zorro, Lasko and Prego
triticale cultivars ranked as superior
group for biological yield under non-
moisture-stress conditions; however,
Lasko and Alamos83 triticale cultivars

included in the superior group under

moisture  stress  conditions. The

reduction (6.4%) in biological yield
due to moisture-stress in reproductive
stage in Alamos83 was significantly
less than all other cultivars (Table 2).

Relative yield performance of

genotypes in moisture stressed and

more favorable environments seems to

be a common starting point in

identification of traits related to

moisture tolerance and selection of

parents for breeding for

dry
environments (Clarke et al., 1992).
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Table 2. Mean of agro-morphological characteristics in triticale and wheat cultivars under non-
moisture stress (NON) and moisture stress (MS) conditions and % reduction (R%).

Plant . Grain Gr_ain 100.0 Biological Grain  Harvest
Cultivars height ~SPikeno.  “,,7  weight  grain yield yield  index
(cm) m spike Sp('é‘)e We('g%ht thal)  (thal) (%)
NON 110.35d 506.67d 36.57f 1.8¢ 45.56a 19.7¢ 7.51c 38.13a
Alamos83 MS 106.72¢ 378dc 32.97cb 1.36a 35.37a 18.45ab 5.71a 30.98a
%R 3.29 25.4 9.84 24.44 22.37 6.35 23.97 18.75
NON 122.13¢ 618.33¢ 50.9b 2.06ab 34.81c 24.71abc 8.62b 34.88¢c
Lasko MS  110.08b  464b 3557a  1.09bc  26.75¢  18.8% 5.28a 28ab
%R 9.87 24.96 30.12 47.09 23.15 23.55 38.75 19.72
NON 111.82d 627.33¢ 52.7a 2.14a 35.44c 25.61a 9.53a 37.18ab
Moreno MS 101.87d 467.33b 35.47a 1.10b 25.65¢ 17.9bc 5.27a 29.44ab
%R 8.90 25.5 32.69 48.60 27.62 30.11 447 20.82
NON 110.83d 688.67b 45.03d 1.76¢ 28.93d 23.83bcd 8.44b 35.42¢
Prego MS 86.47¢ 274¢ 34.33ab 0.89d 22.33d 16.28¢ 2.92d 18.06¢
%R 21.98 60.21 23.76 49.43 22.81 31.68 65.4 49
NON 110.78d 624.00c 49.07c 2.08ab 39.39b 24.83ab 9.38a 37.72a
Zorro MS 88.82¢ 410.00c 32.57¢ 1.02bcd 25.28¢ 16.78de 4.25bc 25.54b
%R 19.82 34.29 33.63 50.96 35.82 32.42 54.69 32.29
NON 124.22b 516.67d 39.57¢ 1.89bc 43.98a 23.34cd 8.3b 35.55bc
Osta-Gata MS  109.7bc  338.00d 30.70d  1.15b 3377a  17.42cd 4.54b 26.09b
%R 11.71 34.58 22.42 39.15 23.22 25.36 453 26.61
NON 138.45a 752.67a 28.40g 1.35d 43.64a 22.74d 6.41d 28.19d
Roshan MS  1144a  730a 2267  09lcd  30.79b  17.47cd 3.63¢ 20.78c¢
%R 17.37 3.01 20.18 32.59 29.45 23.18 4337 26.29

Means, in each column for each moisture environment, followed by at least one letter in common are not
significantly different at the 5% probability level- using Fisher’s (protected) least significant difference (LSD).

Table 3. Correlation coefficients between grain yield and its components under non-
stress (above diameter) and moisture stress conditions (below diameter).

. Grain Biological Grain
Grain no. - . . Harvest
spike™ vyelglht yleldl y'EIdl index (%)
spike™ () (tha™) (tha™)
Grain no. spike™' 1 092" 0.73™ 0.95" 0.65™
Grain weight spike™ (g) 0.34™ 1 0.54"™ 0.94™ 0.81°
Biological yield (t ha™) 0.18™ 0.65™ 1 0.70™ 0.04™
Grain yield (t ha™) 0.40™ 0.87" 0.86" 1 0.73™
Harvest index (%) 0.43™ 0.88" 0.77° 0.98" 1
“and ™" Significant at the 0.05 and 0.01 probability levels, respectively.
ns = Non-significant.
Grain yield ranged from 6.4 t ha from 2.9 t ha” to 5.7 t ha™' for Prego
for Roshan to 9.5 t ha for Moreno and Alamos&83 cultivars under moisture
under non-stress conditions and varied stress conditions. The lowest and
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highest reduction in grain yield due to
moisture stress were also observed in
Alamos83 (24%) and Prego (65.4%)
cultivars, respectively (Table 2).

HI varied from 28.2% for Roshan to
38.1% for Alamos83 in normal
conditions. However, HI varied from
18% for Prego to 31% for AlamosS§3,
under moisture stress conditions (Table
2). Moisture stress had the least effect
on HI in Alamos83 and Lasko.

Calculated correlation coefficients
among the traits for both non-stress
and moisture stress conditions are
presented in Table 3. Significant and
positive correlation coefficient
(r = 0.95) was found between grain
no. spike” and grain yield under non-
stress conditions (Table 3). Grain yield
also had significant and positive
correlation (r = 0.94") with grain
weight spike”’ under both moisture
environment conditions. HI had the
highest significant positive correlation
coefficient (r = 0.98") with grain
yield under moisture stress conditions
(Table 3). The biological yield under
moisture stress conditions had a
significant positive correlation with
harvest index (r = 0.77) and grain
yield (r = 0.86"). Grain no. spike” had
a high, positive and significant
correlation (r = 0.92”) with grain

weight spike’ under non-stress

conditions. Grain weight spike™
had also positive and significant
correlation with HI under both
conditions (Table 3).

Results showed that Alamos83 was
the most tolerant and Prego was the
most sensitive cultivars to moisture
stress considering the studied agro-
morphological traits (Table 2). Stress
susceptibility index (SSI) was used as a
selection  criterion of  moisture
tolerance in terms of minimization of
yield reduction caused by moisture
stress as compared with non-stress
conditions. Calculated SSI varied
in from 0.5 to 1.4 for Alamos83
and Prego, respectively (Table 4).
Alamos83 and Prego triticale cultivars
that had the lowest and highest SSI
values were found to be the most
tolerant and the most susceptible
cultivars, respectively. This was
in agreement with  conclusions
made based on agro-morphological

characteristics.
Discussion

Moisture stress had the profound
negative effects on agro-morphological
traits. Reduction in plant height in
wheat under drought stress was
reported by Guttieri et al. (2001) and
Dencic et al. (2000). The decrease in
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plant height under drought stress could
be due to decrease in relative turgidity

and dehydration of protoplasm which

is associated with loss of turgor and
reduced cell division and cell

expansion (Bayoumi et al., 2008).

Table 4. Grain yield and stress susceptibility index (SSI) of triticale and wheat
cultivars under normal (GY ;) and moisture stress (GY ) conditions.

Cultivars GYron (t hah) GYoms (t ha) SslI
Alamos83 7.51c 5.71a 0.52
Lasko 8.62b 5.28a 0.85
Moreno 9.53a 5.27a 0.98
Prego 8.44b 2.92d 1.43
Zorro 9.38a 4.25bc 1.20
Osta-Gata 8.30b 4.54b 0.99
Roshan 6.41d 3.63¢ 0.95

Means, in each column, followed by at least one letter in common are not significantly different at the 5%

probability level- using Fisher’s (protected) least significant difference (LSD).

Drought susceptibility of a genotype
is often measured as a function of the
reduction in grain yield under drought
stress (Blum, 1988); however, it could
be confounded with differential yield
potential of genotypes (Ramirez and
Kelly, 1998).

Roshan bread wheat cultivar had
the highest spike no. m” under both
moisture conditions. On the other
hand, Prego cultivar had the lowest
spike  no. m? under drought
stress conditions. This finding is in
agreement with report by Sweeny et
al. (1992) who showed that triticale
was superior to wheat for vyield
components except for spike no. m™.

Grain no. spike” decreased under

moisture stress conditions. Probably

water deficit caused male sterility
which may in turn reflected in
abortion of terminal and basal florets;
hence, reduction in grain no. spike
(Saini and Aspinall, 1981). In durum
wheat Garcia del Moral et al. (2005)
observed 18.5% of reduction in grain
no. spike”’ due to the negative effect
of moisture stress. In spring wheat, Du
et al. (2006) observed that reduction in
grain yield due to water deficit was
mainly attributed to reduction in grain
no. spike”. Grain no. spike” has been
proposed as an important selection
criterion for drought tolerance (Shpiler
and Blum, 1991). Average grain
no. spike’ in triticale cultivars
was significantly superior to Roshan

wheat cultivar under both
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moisture environmental conditions.
Furthermore, triticale cultivars also
had significantly higher grain no.
spike” than Osta-Gata durum wheat
cultivar under moisture  stress
conditions.

Grain weight spike! decreased
under moisture stress conditions.
Ercoli et al. (2008) reported that the
reduction of grain yield by severe post-
anthesis moisture stress in durum
wheat was associated with decrease in
grain weight. Guttieri et al. (2001)
reported that although grain weight
spike’ was not reduced in moderate
moisture deficit, but it was reduced by
18% in severe moisture deficit
conditions. Riaz and Choudhry (2003)
also reported that genotypes with high
1000 grain weight under irrigated
conditions may not be superior for this
trait under moisture stress conditions.
This is possible due to the limitation of
moisture which forces plant to
complete its grain filling in relatively
shorter duration.

Triticale cultivars, Moreno, Zoro,
Lasko and Prego, had higher grain
yield under normal conditions.
Alamos83, Lasko and Moreno triticale
cultivars also ranked as the superior
group for grain yield under water-
deficit conditions. Therefore, it could

be concluded that overall triticale

cultivars performed superior than
wheat cultivars under both conditions.
This finding was consistent with the
report by Sweeney et al. (1992) who
observed greater (19%) grain yield of
triticale than bread wheat. The most
single important grain yield
component, contributed to superior
performance of triticale cultivars, was
grain no. spike”’. Reduction in grain
yield in barley under moisture stress
was reported by Krcek et al. (2008).
They reported that when moisture
stress was applied during shooting or
heading stages, grain yield declined by
greater than 50% in comparison with
optimal moisture conditions.
Significant and positive correlation
coefficient was found between grain
no. spike™ and grain yield (r = 0.95**)
under non-stress conditions. Similar
finding were reported by other
researchers (Okuyama et al., 2004;
Arzani, 2002). HI also had the highest
significant positive correlation
coefficient (r = 0.98"") with grain yield.
This finding is in agreement with
report of Abdalla and Trethowan
(1990) who found a strong correlation
between grain yield and HI under
severe moisture stress conditions in
triticale. This is expected since the
improvement of HI leads to more

efficient redistribution of dry matter
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into grain and in turn increases grain
yield (Madic et al., 2005). Therefore,
HI can be used as an indirect selection
criterion for improving grain yield in
cereals under  moisture  stress
conditions. The biological yield under
moisture stress conditions had a
significant positive correlation with
harvest index and grain yield. Similar
results were reported by Okuyama et
al. (2004). Significant and positive
correlations of grain weight spike”,
biological yield and harvest index with
grain yield under moisture stress
conditions indicated that these traits
are adaptive traits for moisture stress
tolerance.

Alamos83 and Prego triticale
cultivars that had the lowest and
highest SSI values were found to be
the most tolerant and susceptible
cultivars, respectively. Cultivars with
low SSI values are moisture resistant
because they have lesser reduction in
grain yield under stress compared with
non-stress conditions. Nevertheless,
this index per se appears to
have serious limitations for the
quantification of genotype reaction to

moisture conditions, because it is based

References

on minimizing yield reduction in stress
compared with non-stress conditions.
Therefore, selection for low SSI would
tend to reduce yield in non-stress
conditions (Dencic et al., 2000). Ozkan
et al. (1999) characterized triticale
genotypes with the least SSI using
twenty genotypes and emphasized that
the tolerant genotypes had not
necessarily high grain yield. However,
triticale genotypes identified as the
stress tolerant by SSI may have
tolerance mechanisms, and can be used
as sources of drought stress resistance
in triticale breeding programs for
development of secondary triticale
germplasm with high grain yield
potential.

It is concluded that triticale
cultivars performed superior than
wheat cultivars under both moisture
environment conditions. Considering
the grain yield potential, Alamos83,
Lasko, Moreno, and Zoro cultivars
were ranked as the superior group of
drought tolerant triticale genotypes.
Nevertheless, Moreno was identified as
a triticale cultivar that could be grown
under both normal and moisture stress

conditions with high grain yield.

Abdalla, O., and R. M., Trethowan. 1990. Expression of agronomic traits in triticale

and other small grain under different moisture regimes. In: Proceedings of the 2™



Moisture stress tolerance in...

International Triticale Symposium, 1-5 Oct. 1990. Passo Fundo, Rio Grande do
Sul, Brazil.

Ammar, K., M., Mergoum, and S. Rajaram. 2004. The history and evolution of
triticale. Pp. 1-9. In: M., Mergoum, and H. Gomez-Macpherson (eds.) Triticale
improvement and production. FAO plant production and protection paper 179.
Food and Agriculture Organization of the United Nations. Rome, Italy.

Arzani, A. 2002. Grain yield performance of durum wheat germplasm under dryland
and irrigated field conditions. SABRAO J. Breed. Genet. 34: 9-18.

Bayoumi, T. Y., M. H. Eid, and E. M. Metwali. 2008. Application of physiological
and biochemical indices as a screening technique for drought tolerance in wheat
genotypes. Aftr. J. Biotech. 7: 2341-2352.

Blum, A. 1988. Plant Breeding for Stress environments. CRC Press, Boca Raton,
Florida, USA. 223 pp.

Clarke, J. M., R. M. Depauw, and T. M. Townley-Smith. 1992. Evaluation of methods
for quantification of drought tolerance in wheat. Crop Sci. 32: 728-732.

Dencic, S., R. Kastori, B. Kobiljski, and B. Duggan. 2000. Evaluation of grain yield
and its components in wheat cultivars and landraces under near optimal and
drought conditions. Euphytica 113: 43-52.

Du, Y. J., Z. Z. Li, and W. L. Li. 2006. Effect of different water supply regimes on
growth and size hierarchy in spring wheat populations under mulched with clear
plastic film. Agric. Water Manage.79: 265-279.

Ercoli, L., L. Lulli, M. Mariotti, A. Masoni, and I. Arduini. 2008. Post-anthesis dry
matter and nitrogen dynamics in durum wheat as affected by nitrogen supply and
soil water availability. Eur. J. Agron. 28: 138-147.

Fisher, R. A., R. Maurer. 1978. Drought resistance in spring wheat cultivars. 1. Grain
yield responses. Aust. J. Agric. Res. 29: §97-912.

Garcia del Moral, L. F., Y. Rharrabti, S. Elhani, V. Martos, and C. Royo. 2005. Yield
formation in Mediterranean durum wheat under two contrasting water regimes
based on Path-Coefficient analysis. Euphytica 146: 203-212.

Giunta, F., R. Motzo, and M. Deidda. 1993. Effect of drought on yield and yield
components of durum-wheat and triticale in a Mediterranean environment. Field

Crops Res. 33: 399-409.

11


http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235023%232008%23999719997%23675139%23FLA%23&_cdi=5023&_pubType=J&_auth=y&_acct=C000055255&_version=1&_urlVersion=0&_userid=1900600&md5=d759099399f6386dff9ac9a84f1415c8

Crop Breeding Journal, 2011, 1(1)

Guttieri, M. J., J. C. Stark, K. O. Brien, and E. Souza. 2001. Relative sensitivity of
spring wheat grain yield and quality parameters to moisture deficit. Crop Sci.
41:327-335.

Kréek, M., P. Slamka, K. Olsovska, M. Bresti¢, and M. Ben¢ikova. 2008. Reduction
of drought stress effect in spring barley (Hordeum vulgare L.) by nitrogen
fertilization. Plant Soil Environ. 54: 7-13.

Madic, M., A. Paunoric, D. Djurovic, and D. Knezevic. 2005. Correlation and path
coefficient analysis for yield and yield components in winter Barley. Acta Agric.
Serbica 20: 3-9.

Moustafa, M. A., L. Boersma, and W. E. Kronstad. 1996. Response of four spring
wheat cultivars to drought stress. Crop Sci. 36: 982-986.

Oettler, G. 2005. Centenary review. The fortune of a botanical curiosity-triticale: Past,
Present and future. J. Agric. Sci. 143: 329-346.

Okuyama, L. A., L. C. Federizzi, and J. F. Barbosa Neto. 2004. Correlation and path
analysis of yield and its components and plant traits in wheat. Ciéncia Rural 34:
1701-1708.

Ozkan, H., I. Gence, T. Yagbasanlar, and F. Toklu. 1999. Stress tolerance in
hexaploid spring triticale under Mediterranean environment. Plant Breed. 118:
365-367.

Pfeiffer, W. H. 1993. Triticale improvement strategies at CIMMYT: Exploiting
adaptive patterns and end-use orientation. Triticale Topics 11: 18-27.

Ramirez, P., and J. D. Kelly. 1998. Traits related to drought resistance in common
bean. Euphytica 99: 127-136.

Riaz, R., and M. A. Choudhry. 2003. Genetic Analysis of some economic traits of
wheat under drought condition. Asian J. Plant Sci. 2: 790-796.

Saini, H. S., and D. Aspinall. 1981. Effect of water deficit on sporogenesis in wheat
(Triticum aestivum L.). Ann. Bot. 43: 623-633.

SAS Institute. 2003. SAS Version 9.1, SAS Institute, Inc., Cary, NC, USA.

Shpiler, L., and A. Blum. 1991. Heat tolerance to yield and its components in
different wheat cultivars. Euphytica 51: 257-263.

Sweeney, G., R. S. Jessop, and H. Harris. 1992. Yield and yield structure of triticale
compared with wheat in northern New South Wales. Aust. J. Exp. Agric. 32: 447-
453.

12



