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ABSTRACT

RESUMO
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Characterization of heat tolerance in wheat cultivars and effects
on production components1

There is a need for heat tolerant wheat cultivars adapted to the expansion of cultivation areas in warmer
regions due to the high demand of this cereal for human consumption. The objective of this study was to evaluate
the effect of high temperatures on grain yield and yield components of wheat and characterize heat tolerant
wheat genotypes at different development stages. The genotypes were evaluated in the field with and without heat
stress. High temperatures reduced the number of spikelets per spike (21%), number of grains per spike (39%),
number of grains per spikelet (23%), 1000-grain weight (27%) and grain yield (79%). Cultivars MGS 1 Aliança,
Embrapa 42, IAC 24-Tucuruí and IAC 364-Tucuruí III are the most tolerant to heat stress between the stages
double ridge and terminal spikelet; MGS 1 Aliança, BRS 264, IAC 24-Tucuruí, IAC 364-Tucuruí III and VI 98053,
between meiosis and anthesis; and BRS 254, IAC-24-Tucuruí, IAC-364-Tucuruí III and VI 98053, between anthesis
and physiological maturity. High temperatures reduce grain yield and yield components. The number of grains
per spike is the most reduced component under heat stress. The genotypes differed in tolerance to heat stress in
different developmental stages.
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Caracterização de cultivares de trigo para tolerância ao calor e seus efeitos sobre alguns
componentes da produção

A necessidade de obtenção de cultivares de trigo tolerantes ao calor, para a consequente expansão da área de
cultivo para regiões mais quentes, é premente, diante da alta demanda desse cereal para alimentação humana. O
objetivo deste trabalho foi avaliar o efeito da temperatura elevada sobre a produtividade de grãos de trigo e os
componentes da produção, além de caracterizar genótipos de trigo quanto à tolerância ao calor em diferentes está-
dios de desenvolvimento. Os genótipos foram avaliados em campo, em presença e ausência de estresse de calor. A
temperatura elevada reduziu o número de espiguetas/espiga (21%), número de grãos por espiga (39%), número de
grãos por espigueta (23%), massa de mil grãos (27%) e produtividade de grãos (79%). Os cultivares MGS 1 Alian-
ça, Embrapa 42, IAC 24-Tucuruí e IAC 364-Tucuruí III são mais tolerantes ao estresse de calor entre o estádio de
duplo anel e espigueta terminal; MGS 1 Aliança, BRS 264, IAC 24-Tucuruí, IAC 364-Tucuruí III e VI 98053, entre
a meiose e a antese; e BRS 254, IAC 24-Tucuruí, IAC 364-Tucuruí III e VI 98053, entre a antese e a maturação
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INTRODUCTION

Given the growing demand of wheat for human
consumption, which is estimated to grow at 1.6% per
year by 2020 (Ortiz et al., 2008), the wheat crop has
been occupying areas considered marginal for the full
development of the species. These areas are often located
in regions of lower latitude where the heat stress is the
main factor limiting grain production (Lillemo et al.,
2005). This fact makes the heat tolerance one of the main
objectives of wheat breeding programs in the world
(Mohammadi et al., 2008).

Historically, Brazil is one of the largest wheat
importers. In the last five harvests, the average
production was 5.32 million tons, as against an
estimated consumption of 10.48 million tons (CONAB,
2014). The South Region accounts for about 95% of
the wheat produced in the country; the remaining is
obtained from areas of expanding wheat cultivation in
the Southeast and Center-West regions, especially in
the Brazilian Cerrado.

Wheat grown in the cerrado has a number of
advantages over other producing regions such as superi-
or grain quality and yield; possibility of rainfed and
irrigated cultivation and increased price competitiveness
in the domestic market. However, the cerrado production
is not relevant on the national scene, as the cultivated
area is limited by the occurrence of temperatures higher
than ideal for the crop development.

Heat stress is defined as the increase in temperature
above a critical threshold for a period of time sufficient
to cause irreversible damage to plant growth and
development (Wahid et al., 2007). In the case of wheat,
both long hours of exposure to moderately high
temperatures (22 to 28 °C) and short exposures to very
high temperatures (> 30 °C) affect crop development
and reduce grain yield (Stone & Nicolas, 1995; Souza &
Pimentel, 2013). Much of this reduction is due to losses
in primary yield components (Yildirim & Bahar, 2010).
Industrial quality is also negatively influenced
(Labuschagne et al., 2009), given that heat stress
compromises the length of the protein accumulation
period and the deposition of starch.

Knowing the magnitude of heat damage in the
different stages of crop development, in which the yield

components are defined, is essential for high grain yields.
This information is relevant for the crop breeding, so
that greater gains can be achieved by increasing the
tolerance, primarily, in the stages in which the crop is
more sensitive.

At the same time, the identification of heat tolerant
genotypes, in different phases, enables breeding schemes
to combine favorable alleles present in different cultivars
and produce inbred lines with higher performance than
the parental lines.

Genetic variabil ity of grain yield and its
components, as a function of different genotype
responses to heat in different stages of wheat
development, was reported by Lillemo et al. (2005) &
Yildirim & Bahar (2010). According to Reynolds et al.
(1994), the grain mass is the most important character
to confer heat tolerance. On the other hand, Shpiler &
Blum (1986) found that, under heat stress, the variation
among genotypes for grain yield is due to a larger
variation in number of spikelets per spike and number
of grains per spikelet. These characters, along with ear
length, were appointed by Farooq et al. (2011a) as
essential for the breeder engaged in the selection of
heat tolerant genotypes.

The relative importance of traits can vary as a function
of genotype and intensity, duration and time of
occurrence of the stress. Cunha et al. (1996) found that
in adverse growing conditions, different genotypes use
different strategies to compose the final grain yield.

In this context, the aim of this study was to evaluate
the effect of high temperature on grain yield and yield
components, as well as to characterize wheat genotypes
for heat tolerance at different stages of development.

MATERIALS AND METHODS

Cultivars MGS 1 Aliança, Anahuac 75, BRS 254, BRS
264, Embrapa 42, IAC 24-Tucuruí, IAC 364-Tucuruí III,
UFT 1 Pioneiro and the line VI 98053 were evaluated in
the field, in the absence and in the presence of heat stress,
in 2012. The trials with stress and without stress were
conducted respectively in the experimental stations of
the Federal University of Viçosa located in Coimbra-
MG (20°51’25"S, 42°48’10"O, 720 m altitude) and Vi-
çosa (20º45’14"S, 42º52’55"O, 648 m altitude).

fisiológica. A temperatura elevada diminui a produtividade de grãos e os componentes da produção. O número de
grãos/espiga é o componente que mais se reduz sob condições de estresse de calor. Os genótipos de trigo diferem
quanto ao estádio fenológico em que são mais tolerantes ao estresse de calor.

Palavras-chave: Triticum aestivum, melhoramento genético, estresse abiótico, temperatura elevada.
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The stress condition was produced by cultivating
wheat during the summer-autumn season, during which
high temperatures prevail throughout the crop cycle.
Seeds were sown on February 17 and harvest was carried
out on May 18. The cultivation without stress was
conducted during the autumn-winter season, with sowing
on 25 May and harvest on September 18. This period is
recommended for irrigated wheat in the State of Minas
Gerais (Comissão, 2011) due to favorable temperatures
for the crop development.

Because the heat stress is the only effect to be
evaluated on genotype expression, the cultural practices
were the same in both conditions, in order to reduce to
the most the influence of other biotic and abiotic factors.
The sowing fertilization was 300 kg ha-1 of compost and
the 08-28-16 formula applied in the furrows. At the
beginning of tillering, 250 kg ha-1 of ammonium sulfate
as N source was applied by topdressing. Chemical weed
control was carried out at 15 days after planting with the
herbicide Metsulfuron, using 5 g ha-1 of the commercial
product. The experiment without stress was conducted
with full irrigation, whereas under the stress condition,
additional irrigation was provided when needed, since
the experiment was conducted in rainy season. Daily
records of maximum, medium and minimum
temperatures were obtained from the weather station at
the site.

Both experiments were arranged in a randomized
complete block design, with two replications for the
condition without stress and three for the condition
with stress. The plots consisted of five 5 m-long
rows, seeding rate of 350 seeds per m2, and the tree
central lines as harvest area. Data were collected
from the harvest area on the following characters: i)
number of spikelets per spike, from the average
number of spikelets in ten ears taken at random from
the harvest area in   the plots; ii) number of grains
per spike, from the average grain number in ten ears
harvested at random from the harvest area in   the
plots; iii) number of grains per spikelet, by dividing
the number of grains per spike by the number of
spikelets per spike; iv) 1000-grain weight, from the
average mass of four 100-grain samples multiplied
by 10; v) grain yield, after processing and drying of
grain to approximately 13% moisture; vi) cycle, the
number of days between seedling emergence and
physiological grain maturity recorded from 50 plants
in the plot, according to the phenological scale
proposed by Zadoks et al. (1974).

Data were examined by the individual and combined
variance analysis and means were compared by the Tukey
test using the Statistical Analysis System (SAS), version
9.1 (SAS Institute, 2003).

Quantification of heat stress effects in the
unfavorable condition in relation to the favorable
condition was obtained by the reduction percentage (%

R) using the equation  where p
c
 and

p
s
 are the means for each genotype in the conditions with

and without stress, respectively, for each trait. Based on
this methodology, genotypes with lower reduction
percentage are considered more tolerant because of their
ability to maintain their performance in the presence of
stress.

To classify the cultivars according the degree of heat
tolerance, we used the index proposed by Fischer &

Mauer (1978):  where Y and pY  are the

means of each genotype with and without stress,

respectively.  is equivalent to stress intensity,

with X being the mean of all genotypes in the environment
with stress and  the mean of all genotypes in the
environment without stress. Genotypes with IFM < 0.5
have high heat tolerance; those with IFM between 0.5
and 1.0 have moderate tolerance and IFM > 1.0 are
sensitive to heat.

RESULTS AND DISCUSSION

Temperatures recorded during the summer-autumn
crop (Table 1) characterized the expected condition of
heat stress, with higher values   than those observed for
the condition without stress, regardless of plant
development stage. Thus, differences in genotype
performances between the two seasons are mainly due
to heat stress.

The individual variance analysis for the stress-free
condition showed significant effect of genotype for the
traits number of spikelets per spike, number of grains
per spike, number of grains per spikelet and cycle. In the
stress condition, there was significant effect for number
of grains per spikelet, grain yield and cycle (Table 2).
Once the homogeneity of residual variances between
growing conditions was verified by the Fmax test, which
considers the residual variances as homogeneous when
the ratio between the residual mean squares does not
exceed the value 7 (Pimentel-Gomes, 2000), the
combined analysis of variance was carried out.

The combined analysis of variance (Table 3) showed
significant effect for the source of variation environment
for all traits, indicating that the heat stress influenced
the expression of the traits. Grain yield decreased from
2841 kg ha-1, in favorable conditions, to 588 kg ha-1 in
the stress condition, hence, an average reduction of 79%.
As it was confirmed in this study, a reduction in grain
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yield, from 60 to 95%, is reported in the literature
(Albrecht et al., 2007; Yildirim & Bahar, 2010).

One of the main reasons for the deleterious effect
of high temperatures is the photosynthesis inhibition
(Taiz & Zeiger, 2004). Consequently, carbohydrate re-
serves drop and organs lose sugars, causing decrease in
production.

The overall mean of yield components (Table 2) also
decreased as a function of the heat stress. The number
of grains per spike was the most affected (39%), above
the percentages of reduction observed for the number
of spikelets per spike (21%), number of grains per
spikelet (23%) and 1000-grain weight (27%). Eight of
the nine genotypes had the largest decrease for the

Table 1. Averages of medium, maximum and minimum temperatures (°C) recorded at different development stages of wheat grown
with and without heat stress. Viçosa (MG), 2012

Medium Maximum  Minimum

 Cultivation without stress

Emergence/Tillering 16.0 23.2 11.7
Tillering/Heading 15.4 23.4 10.4
Heading /Maturation 17.5 26.3 12.2
Full cycle 16.3 24.6 11.3

 Cultivation with stress

Emergence/Tillering 22.6 30.6 17.5
Tillering/Heading 21.8 28.0 18.4
Heading /Maturation 20.4 27.3 16.6
Full cycle 21.4 28.1 17.5

Development stage

Table 2. Summary of individual variance analysis for the traits number of spikelets per spike (NSS), number of grains per spike (NGS),
number of grains per spikelet (NGSL), 1000-grain weight (TGW), grain yield (YIE) and cycle (CYC) evaluated in wheat cultivars
grown in environment with and without heat stress. Viçosa (MG), 2012

Trait Environment Source of Variation DF Mean Squares Mean CV (%)

Without stress Genotype 8 2.37* 19.17 3.74
Residue 8 0.51   

With stress Genotype 8 4.23ns 15.07 10.15
Residue 16 2.34   

Without stress Genotype 8 104.00** 54.17 5.81
Residue 8 9.89   

With stress Genotype 8 35.17ns 32.89 12.42
Residue 16 16.69   

Without stress Genotype 8 0.35** 2.85 4.53
Residue 8 0.02   

With stress Genotype 8 0.42** 2.21 9.30
Residue 16 0.04   

Without stress Genotype 8 5.75ns 39.33 4.32
Residue 8 2.89   

With stress Genotype 8 8.58ns 28.78 6.90
Residue 16 3.94   

Without stress Genotype 8 380,583.00ns 2841.00 15.47
Residue 8 193,239.39   

With stress Genotype 8 167,026.42** 588.22 16.34
Residue 16 9238.78   

Without stress Genotype 8 25.81** 98.05 0.91
Residue 8 0.81   

With stress Genotype 8 39.92** 72.15 3.60
Residue 16 6.76   

**, *: Significant at 1 and 5% probability, respectively, by the F test.ns: non significant.

NSS

NGS

NGSL

TGW (g)

YIE (kg ha-1)

CYC (days)
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component number of grains per ear (Table 4). It is clear,
therefore, that this is the most affected trait by the heat
stress.

The reduction in the number of grains per spike can
be attributed to the heat effect on the differentiation of
floral organs, male and female sporogenesis, pollination
and fertilization (Farooq et al., 2011b). High
temperatures affect pollen viability, reducing the number
of fertilized flowers (Rahman et al., 2009). Similar
results were observed by Yildirim & Bahar (2010); the
number of grains per spike decreased from 33 in the ideal
condition of cultivation to 13 in heat stress condition.
Under the same conditions, the grain mass reduced from
43 g to 14 g.

Reduction between 21 and 35% in grain mass was
reported by Assad & Paulsen (2002). Later, Shah &
Paulsen (2003) found that the reduction under stress
results from the decrease in the photosynthetic rate of
the flag leaf and early leaf senescence. In addition to the
damage caused to photosynthesis, starch deposition in
grain is reduced because the enzymes involved in the
biosynthesis of starch are sensitive to high temperatures
(Denyer et al., 1994).

Table 3 shows that there is significant interaction
between genotypes and environments for the traits
number of grains per spike, number of grains per spikelet
and grain yield. This indicates that the genotypes have
different performance when subjected to different
environments, i.e., they express different degrees of heat
tolerance (Table 4).

A practical approach to identifying heat-tolerant
genotypes is to use tolerance indices, which measure
the ability of genotypes to maintain their productive
potential in stress conditions. The indices % R (Wardlaw
et al., 1989) and IFM (Fischer & Mauer, 1978) are used
in wheat breeding programs for heat tolerance (Khanna-
Chopra & Viswanathan, 1999; Rahman et al., 2009; Oli-
veira et al., 2011).

The percentage reduction (Table 4) and IFM (Table
5)  indicate that the cultivars MGS 1 Aliança, Embrapa

42, IAC 24-Tucuruí and IAC 364-Tucuruí III were
moderately tolerant to heat for the trait number of
spikelets per spike; MGS 1 Aliança, BRS 264, IAC 24-
Tucuruí, IAC 364-Tucuruí III and VI 98053, for number
of grains per spike; BRS 254, IAC 24-Tucuruí, IAC 364-
Tucuruí III and VI 98053, for 1000-grain weight; Anahuac
75, BRS 254 and VI 98053, for grain yield; and MGS 1
Aliança, Anahuac 75, IAC 24-Tucuruí, UFT 1 Pioneiro
and VI 98053, for cycle. MGS 1 Aliança was tolerant
and BRS 264, IAC-364 Tucuruí III and VI 98053
moderately tolerant for number of grains per spikelet.

In this study, the yield components are defined at
different stages of the crop cycle. The number of
spikelets per spike is defined between the stages double
ridge and terminal spikelet, generally between day 30
and day 45 after germination. The number of grains per
spike results from the number of spikelets formed and
the number of fertilized flowers, the latter being defined
between meiosis and anthesis. The 1000-grain weight is
defined between anthesis and physiological maturity of
the grains. Thus, we infer that the genotypes that stand
out for a given component have increased heat tolerance
at the stage in which this component is defined.

It was found that the cultivars MGS 1 Aliança,
Embrapa 42, IAC-24-Tucuruí and IAC 364-Tucuruí-III
are more tolerant to heat between the stages double ridge
and terminal spikelet; MGS 1 Aliança, BRS 264, IAC-
24-Tucuruí, IAC-364-Tucuruí III and the line VI 98053,
between meiosis and anthesis; BRS 254, IAC-24-Tucuruí,
IAC-364-Tucuruí III and VI 98053, between anthesis and
physiological maturity. Since for the overall mean the
most affected trait was the number of grains per spike, it
can be affirmed that the crop is more sensitive to heat
between the stages double ridge and anthesis, in the
environmental conditions and with the genotypes used
in this study.

Cycle duration is a function of the thermal time sum
necessary for the development of each genotype. In the
stress condition, the cycle of the cultivars was reduced
due to the higher temperatures. The shortening of the

Table 3. Joint analysis of variance for the traits number of spikelets per spike (NSS), number of grains per spike (NGS), number of
grains per spikelet (NGSL), 1000-grain weight (TGW), grain yield (YIE) and cycle to maturity (CYC)  of wheat cultivars. Viçosa (MG),
2012

Source of variation  Mean Squares

DF NSS NGS NGSL TGW YIE CYC

Genotype (G) 8 5.63* 98.51** 0.63** 5.78ns 319,884.82** 52.83**
Environment (A) 1 180.89** 4,889.63** 4.44** 1,203.33** 54,810,083.33** 7,248.89**
G x A 8 0.60ns 54.41** 0.12** 7.98ns 270,435.92** 10.07ns

Residue 24 1.73 14.42 0.03 3.59 70,572.31 4.77

CV (%) 7.88 9.17 7.45 5.74 17.84 2.65
Mean  16.71 41.40 2.47 33.00 1489.33 82.51

**, *: Significant at 1 and 5% probability, respectively, by the F test. ns:  non significant.
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phenological cycle is considered by some authors as
the main effect of high temperatures on the development
of wheat. Acevedo et al. (1991) reported 50%
reductions in the duration of the vegetative stage, when
the temperature increased from 12.2 °C to 27.5 °C.
According to McMaster (1997), the reduction in the
time between emergence and double ridge and between
double ridge and anthesis causes a reduction in the
number of spikelets per spike and number of grains per
spikelet.

Under heat stress, the line VI 98053 and cultivars
IAC24-Tucuruí and IAC364-Tucuruí III stood out for
being moderately tolerant to heat for most traits. Culti-
var BRS 254 showed higher grain yield than the others,

including the cultivars with better adaptation to heat, MGS
1 Aliança and Anahuac 75 (Table 4). In a study evaluating
a group of cultivars in 16 environments in Minas Gerais,
Goiás and the Federal District, Albrecht et al. (2007)
found that BRS 254 had superior performance under
adverse conditions, recommending its cultivation in
unfavorable environments.

In addition to be more productive, BRS 254 showed
low mass reduction for 1000-grain weight and the largest
percentage reduction for cycle (Table 4). In trials
conducted during the summer, this cultivar also stood
out for the trait 1000-grain weight, with values similar
to those of the cultivar adapted to the condition of high
temperature (Moraes et al., 2008).

Table 4. Means of number of spikelets per spike (NSS), number of grains per spike (NGS), number of grains per spikelet (NGSL),
1000-grain weight (TGW), grain yield (YIE) and cycle (CYC) and their respective reduction percentages (% R) of wheat cultivars
evaluated in the conditions with and without heat stress. Viçosa (MG), 2012(1)

NSS NGS NGSL TGW (g) YIE (kg ha -1) CYC (days)

Cultivation without stress

MGS 1 Aliança 19.5 ab 42.5 d 2.2 d 41.0 a 3320.0 a 94.0 c
Anahuac 75 21.0 a 60.5 ab 3.0 abc 39.0 a 1935.5 a 104.5 a
BRS 254 19.0 ab 61.0 a 3.2 ab 38.0 a 2948.0 a 97.0 bc
BRS 264 18.0 b 59.0 abc 3.2 a 41.0 a 3115.5 a 95.0 c
Embrapa 42 18.0 b 49.5 abcd 2.7 bcd 40.5 a 2530.0 a 94.5 c
IAC 24-Tucuruí 20.5 ab 48.0 bcd 2.4 d 36.5 a 2554.0 a 100.5b
IAC 364-Tucuruí III 19.5 ab 47.5 cd 2.5 cd 41.0 a 3190.0 a 100.5 b
UFVT 1 Pioneiro 19.0 ab 61.0 a 3.2 ab 39.5 a 3133.5 a 96.0 c
VI 98053 18.0 b 58.5 abc 3.4 a 37.5 a 2842.0 a 100.5 b

Mean 19.2 54.2 2.9 39.3 2840.9 98.1

Cultivation with stress

MGS 1 Aliança 15.7 a 32.7 a 2.1 bcd 28.0 a 503.3 bcd 72.0 ab
Anahuac 75 16.0 a 28.3 a 1.7 d 27.0 a 633.0 bc 76.7 a
BRS 254 14.7 a 36.3 a 2.4 abc 31.3 a 1122.0 a 67.3 b
BRS 264 13.3 a 37.3 a 2.8 a 28.0 a 520.0 bcd 69.0 b
Embrapa 42 15.0 a 27.7 a 1.9 cd 28.3 a 374.0 cd 68.0 b
IAC 24-Tucuruí 17.0 a 30.7 a 1.8 d 27.0 a 326.0 d 77.7 a
IAC 364-Tucuruí III 16.0 a 33.3 a 2.1 bcd 30.0 a 643.0 bc 71.3 ab
UFVT 1 Pioneiro 14.0 a 34.0 a 2.4 abc 28.0 a 466.0 bcd 73.7 ab
VI 98053 14.0 a 35.7 a 2.6 ab 31.3 a 706.7 b 73.7 ab

Mean 15.1 32.9 2.2 28.8 588.2 72.2

Percentage reduction (%R) (2)

MGS 1 Aliança 19 (4) 23 (1) 5 (1) 32 (9) 85 (6) 23 (3)
Anahuac 75 24 (7) 53 (9) 43 (9) 31 (7) 67 (2) 27 (4)
BRS 254 23 (6) 40 (6) 25 (5) 18 (2) 62 (1) 31 (9)
BRS 264 26 (8) 37 (4) 13 (2) 32 (8) 83 (5) 27 (6)
Embrapa 42 17 (2) 44 (7) 30 (8) 30 (6) 85 (7) 28 (7)
IAC 24-Tucuruí 17 (1) 36 (3) 25 (7) 26 (3) 87 (9) 23 (1)
IAC 364-Tucuruí III 18 (3) 30 (2) 16 (3) 27 (4) 80 (4) 29 (8)
UFVT 1 Pioneiro 26 (8) 44 (8) 25 (6) 29 (5) 85 (8) 23 (2)
VI 98053 22 (5) 39 (5) 24 (4) 17 (1) 75 (3) 27 (5)

Mean 21 39 23 27 79 26
(1)Means followed by the same letter in the column are not significantly different by the Tukey test at 5% probability. (2) Numbers   in parentheses refer
to the classification of the reduction percentages.

Cultivar
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According to Dias & Lindon (2009), the capacity to
increase the rate of photosynthate translocation to grains
is one of the mechanisms that confer heat tolerance to
wheat, which is more advantageous than the duration of
the grain filling period. Therefore, it is likely that the
productive superiority of BRS 254 is due to the high
rate of translocation, which compensates for the cycle
shortening and sustains grain filling. In addition to account
for the final grain yield, stability of the grain mass in
heat stress environments is important in determining
grain quality (Khanna-Chopra & Viswanathan, 1999).

The cultivar MGS 1 Aliança is a benchmark for heat
tolerance, but did not show the expected production
performance in the stress condition. Grain yield was low
because of its susceptibility to heat during the grain
filling stage, a fact so far unknown and demonstrated by
the reduction percentage in 1000-grain weight (Table 4).
Despite being a rainfed cultivar, with sowing in the
summer in Minas Gerais, the crop is limited to areas
with altitude above 800 m, with prevailing temperatures
during grain filling lower than those recorded in this
experiment. The sensitivity of this cultivar during grain
filling is confirmed by the positive response obtained in
stress-free environments (Table 4).

The variation in genotype performance due to heat
stress intensity is one of the main difficulties in breeding
for heat tolerance (Souza et al., 2012). Differences in
environments with high temperature, in association with
different crop stages in which the stress occurs, is one
of the factors considered in wheat breeding for heat
tolerance in programs developed by CIMMYT
(International Maize and Wheat Improvement Center -
High Temperature Wheat Yield Trial) (Reynolds et al.,
2001).

Cultivar Anahuac 75 showed the largest percentage
reduction for yield components. However, it sustained
stable grain yield, with reduction greater only than BRS
254 (Table 4). IFM (Table 5) indicated this cultivar is

sensitive to heat for yield components and moderately
tolerant for grain yield. This yield stability may be due
to a greater tillering capacity under stress, an inherent
characteristic of this cultivar. Despite the yield stability,
the average grain yield was low. The low yield is explained
by the fact that this cultivar was recommended in 1981,
hence the lower yield potential compared to the other
cultivars. However, its potential as a source of genes for
heat tolerance is recognized (Souza & Ramalho, 2001;
Cargnin et al., 2006). One example is the performance
of BRS 254, which was obtained from the crossing
between Embrapa 22 and Anahuac 75.

These findings show that these cultivars are
potentially useful as a source of genes to improve heat
tolerance in wheat breeding programs and allow breeders
to combine favorable alleles present in the different
cultivars in one offspring.

CONCLUSIONS

Heat stress reduces wheat grain yield.
Among the traits evaluated, the number of grains per

spike is the yield component that is mostly reduced under
heat stress conditions.

The genotypes differ in the developmental stage at
which they are more tolerant to heat stress.
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