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Abstract
Heat and drought are the most important wheat production constraints
worldwide. The objectives of this research were to evaluate the indepen-
dent and combined effects of drought and heat in SeriM82/Babax popu-
lation. Genotypes showed 11, 38 and 52% losses in grain yield (YLD) in
2010–11 and 18, 25 and 48% in 2011–12 under heat, drought and com-
bined stress, respectively. Seri M82 had higher YLD than Babax under
heat and combined stress. Grain per spike and canopy temperature at
vegetative stage (CTv) in irrigated, day to heading and CT at grain-fill-
ing stage (CTg) in drought, CTg and thousand-grain weight (TGW) in
heat and in combined trials were the best predictors of YLD. Results
indicated that due to genotype by environment interactions not all stress-
adaptive traits could be accumulated in a single genotype. In general,
day to heading, CTg and grain weight are suggested as indirect selection
criteria for increasing YLD under heat and drought stresses. In particular,
CTg could be used as a rapid and effective criterion for screening a high
number of genotypes.
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Most of the wheat growing areas of the world are faced with
environmental stresses including water deficit and high tempera-
tures (heat stress) that adversely affect grain yield (Semenov and
Shewry 2011). The reproductive stages of cereals are highly sen-
sitive to drought and heat stresses (Pradhan et al. 2012). Drought
may occur early season or lately at grain filling. Drought at the
grain-filling stage reduces grain weight due to reduced grain-fill-
ing duration and rate (Wardlaw and Willenbrink 1994, Saini and
Westgate 1999). In addition to drought, heat stress is also a
major factor limiting wheat productivity in dry lands (Fischer
1986). At grain-filling period, high temperatures lead to slow
and short grain-filling period with an ultimate decrease in grain
yield (Pradhan et al. 2012).
The majority of researches on abiotic stresses are focussed on

individual stresses, but plants may regularly subject to a combi-
nation of stresses (Voesenik and Pierik 2008). Simultaneous
drought and high temperature stresses at the anthesis and grain-
filling stages lead to severe yield losses in most of the wheat
growing areas (Altenbach et al. 2003). For example, in southern
areas of Iran, the most important constraints to wheat production
are low rainfall and low water resources combined with heat
stress during anthesis and the grain-filling period (Jalal Kamali
and Duveiller 2008). The combined effects of heat and drought
stresses are quite different from the effects of each one individu-
ally (Rizhsky et al. 2004, Mittler 2006). If drought and heat-
adaptive traits are brought together in a genotype, grain yield

can be further increased particularly in low-yielding environ-
ments (Lopes et al. 2012).
Yield stability across stressed environments has always been

an important criterion to select candidate genotypes for cultiva-
tion in dry lands and to identify the parents of crosses in hybrid-
ization programmes (Trethowan and Reynolds 2007). At
CIMMYT, Mexico, a physiological trait-based approach has
been used for abiotic stress breeding which has merit over breed-
ing for yield per se (Ortiz et al. 2008). Advances have already
been made in the drought-breeding programmes of wheat for
high temperature conditions (Reynolds and Borlaug 2006, Ortiz
et al. 2007, 2008).
Canopy temperature, earliness, chlorophyll content and stay-

green have been recognized as useful physiological traits in
breeding for dry and hot environments (Blum and Neguyen
1997, Reynolds et al. 2001, Lopes et al. 2012, 2013). However,
using these traits as indirect selection criteria depends on their
relative importance in grain yield variation, ease and the cost of
measurement, the extent of genetic variation, heritability magni-
tude and the genotype 9 environment interaction (GEI) effects
(Richards et al. 2002). GEI limits genetic gain for grain yield
particularly under stress conditions. Therefore, studying heat and
drought stress conditions independently or in combination can
be useful for better understanding of the inter-relationship
between grain yield and stress-adaptive traits.
The major purposes of this study were to evaluate (i) the inde-

pendent and combined effects of drought and high temperature
stresses on some agronomic, physiological and phenological
traits in a recombinant inbred lines (RIL) population; (ii) the
inter-relationship between traits under terminal drought, heat and
combined stresses; (iii) the efficiency of interested traits as selec-
tion criteria to identify high-yielding wheat genotypes; and (iv)
the extent of genetic variation, heritability and GEI for physio-
logical and agronomic traits.

Materials and Methods
Plant materials and field trials: A RIL population consisting of 167
lines developed from the cross SeriM82 9 Babax was evaluated in eight
experiments in Darab Agricultural Research Station (28°470N, 57°170E,
and 1110 m altitude) located at southern warm and dry area of Iran.
SeriM82 is a semi-dwarf spring wheat developed from the ‘Veery’ cross
(KVZ/BUHO//KAL/BB) while Babax derived from the ‘Babax’ cross
(BOW/NAC//VEE/3/BJY/COC) (Olivares-Villegas et al. 2007, Pinto
et al. 2010). Seri M82, harbouring the T1BL.1RS (rye) translocation, is
characterized by high-grain yield potential. Babax is recognized for its
drought tolerance and high yield potential (McIntyre et al. 2010, Pinto
et al. 2010).
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