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ABSTRACT: The selection of wheat genotypes according to their drought tolerance is essential 
to off-season cultivation. The objective of this work was to characterize wheat genotypes 
through yield and components, morphological characteristics under water stress, and irrigated 
water use efficiency in the Cerrado region in Brazil. Genotypes were planted during the winters 
of 2016 and 2017 since there is no precipitation during this season and water levels can 
be measured. They were then submitted to four water regimes: WR1, WR2, WR3, and WR4, 
representing 100 %, 83 %, 50 %, and 30 % of evapotranspiration replacement. The following 
variables were evaluated: peduncle length (PL), number of ears m–2 (NE m–2), hectoliter 
weight (HW), thousand grain weight (TGW), drought resistance index (DRI), irrigated water use 
efficiency (IWUE) and yield. Most variables showed correlation with yield and can be a useful tool 
for breeding programs. PL and HW were best correlated with yield. BRS 264 (irrigated biotype) 
was productive in treatments receiving the greatest number of irrigation treatments. Given that 
WR1 registered the highest water level, it was not expected that the rainfed biotype (BR18) 
would show a higher yield than an irrigated biotype (BRS254). BRS404 (rainfed biotype) was 
the most productive under moderate stress treatment (WR3). Aliança (rainfed biotype) showed 
a higher yield under severe stress. Rainfed biotypes presented a higher DRI than the irrigated 
ones. These genotypes can be used as a reference in breeding programs under each water 
regime in which their performance was outstanding. None of the variables studied contributed to 
the selection of the most efficient wheat genotypes in the IWUE.
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Introduction

In Brazil, wheat is cultivated mainly in the 
southern region, and represents 91 % of national 
production (CONAB, 2017). This scenario has 
marked consequences for the stabilization of wheat 
production since climate instability has exposed the 
high vulnerability of the supply of wheat directed to 
domestic consumption in Brazil. Therefore, to increase 
production in Brazil and ensure the self-sufficiency of 
wheat, it is essential to seek out potentially appropriate 
agricultural regions (Ribeiro et al., 2012).

In the Brazilian Cerrado biome, wheat is 
cultivated in two seasons: (1) in winter under irrigation 
and (2) in summer under rainfed conditions. In winter, 
under conditions of irrigation plants should have 
water use efficiency (WUE). In contrast, cultivation 
during summer at the end of the rainy season results 
in wheat being sown during the off-season, and the 
main limitation is the dry spells, which require drought 
tolerant (DT) plants. 

Water stress alters plant physiology and 
morphology, according to intensity and time of 
exposure (Fahad et al., 2017). Furthermore, the pre-
flowering, flowering, and grain filling stages are the 
most sensitive, and yield can decrease by up to 50 % 
(Majid et al., 2007). Specifically, during the off-season 
when there are dry spells and a progressive decrease 
in precipitation it is essential to obtain genotypes with 
DT. Thus, it is necessary to identify genotypes which 

can adapt to water stress and maintain productivity 
(Munns et al., 2010).

Drought-tolerant wheat genotypes should 
preferably be selected under field conditions at the 
pre-breeding stage (Avramova et al., 2016). Reliable 
phenotyping protocols for drought tolerance under field 
conditions are described by Jayme-Oliveira et al. (2017) 
resulting in improved selection results. Furthermore, 
a correlation analysis linked to important parameters 
is a useful and conclusive analysis for identifying 
selection criteria and developing better cultivars. 
Phenotypic correlations within cultivars are valuable 
indicators of the degree to which various traits are 
associated with crop productivity (Waitt and Levin, 
1998). Morphological traits, with easy measurements 
correlated with yield, could also make genotype 
selection more efficient.

The objective of this study was to characterize 
wheat genotypes through their yield and components, 
and morphological characteristics at a series of 
water levels, as well as irrigated water use efficiency 
(IWUE) under field conditions in the Cerrado region.

Materials and Methods

The experiment was conducted from June to Sept 
2016 and 2017 under the no-tillage system in Planaltina, 
DF, Brazil (15º35’30” S, 47º42’30” W, altitude of 1000 
m). The prevailing climate in the region is the Aw-
type, according to the Köppen classification (Alvares et 
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al., 2013), typical of savannas with two well-defined 
seasons: dry and cold (autumn and winter), and hot 
and humid (spring and summer). The climatic data for 
the two years of wheat cultivation studied are shown 
in Figure 1.

The soil is classified as typical Oxisol, with a clay 
texture (Soil Survey Staff, 2010), and this experimental 
area was planted with wheat for 10 years with the 
same cultivars selected for this study. The soil chemical 
characterization in the 0-20 cm layer, sampled before 
the experiment installation, was as follows: pH (H2O) 
= 6.36; Organic matter = 21.6 g dm–3, P (Melich-1) = 
7.23 mg dm–3; K, Ca, Mg, H + Al and CTC: 0.35; 3.01; 
1.72; 3.47 and 8.55 cmolc dm–3, respectively.

The experimental design was randomized blocks 
in a split-plot scheme with four replications. The plots 
corresponded to ten wheat genotypes (Brillhante, 
Aliança, BR18, BRS404, PF020037, PF020062, PF080492 
(rainfed biotypes) and BRS254, BRS264, CPAC0544 
(irrigated biotypes). The subplots corresponded to 
four water regimes (WR). In 2016, 601 mm, 501 mm, 
301 mm, and 184 mm were applied, corresponding 
to WR1, WR2, WR3, and WR4, respectively. In 
2017, 575 mm, 475 mm, 290 mm, and 175 mm were 
applied corresponding to WR1, WR2, WR3, and WR4, 
respectively. In 2016 and 2017, the water regimes used 
were equivalent to 100 %, 83 %, 50 %, and 30 % of 
crop evapotranspiration replacement. 

The rainfed biotype cultivars were Brilhante, 
Aliança, and BR18 (all traditional materials), and 
BRS 404 (launched in 2015). Rainfed lines developed 
for the Cerrado region were PF020037 (presence 

of great waxing on leaves and culm, according to 
Ribeiro Junior et al. (2006), PF020062 (same cross as 
the previous genotype but without wax). The rainfed 
biotype PF080492 was developed for the south of Brazil 
and suitably adapted to the Cerrado region. Irrigated 
biotypes were BRS254, BRS264 and CPAC 0544. 

Wheat genotypes were sown in early June in 2016 
and 2017, with a Semeato traction by tractor sowing plot 
machine model with eight rows and 0.17 meter spacing 
and 90 plants per meter. Irrigation was homogeneous for 
all genotypes until 30 days after emergence in both years 
of cultivation. At 30 days after plant emergence, 0.5 L 
ha–1 of trinexapac-ethyl was applied to the experimental 
area to control lodging. After this initial period of crop 
establishment, the line source methodology was adapted 
(Hanks et al., 1976), modified by the introduction of an 
irrigation bar 18 m wide on each side. This bar was 
connected to a winding reel whose speed was adjustable 
and sprinklers to reduce water flow from the central 
area to the end of the bar.

The overlap between the different sprinklers 
promoted a decrease in water gradient from the central 
area of the bar (considered the ideal water level) to 
the end of the bar, which allowed a gradient of water 
to form along the bar. Four plots with different water 
regimes were selected for morphological measurements 
and were 3, 7, 11, and 15 meters from the center of the 
bar to the edge. Each experimental unit represented an 
area of 1.02 m2.

During the uniform irrigation phase, 134 mm of 
water was applied in 2016, including rainfall of 7.5 mm. 
In 2017, during this same period of uniform irrigation, 
150 mm of water was applied, and no precipitation 
was recorded. The applied water levels were calculated 
according to crop evapotranspiration in each year. The 
meteorological data from the station located next to the 
experimental area were used for calculating the applied 
water. 

In 2016 the crop cycle was 105 days and 
accumulated 601 mm in the first collector, at 3 meters 
from the beginning of the bar. The other water regimes 
were at 7, 11 and 15 meters and accumulated 501, 301 
and 184 mm, respectively. In 2017 the crop cycle was 
98 days and accumulated 575 mm in the first collector, 
situated 3 meters away from the beginning of the bar, 
and 475, 290, and 175 mm in the collectors at 7, 11 and 
15 meters, respectively.

Irrigation was applied every five days, and 
the highest water level was based on the irrigation 
monitoring program in the Cerrado (EMBRAPA, 2011) 
as a replacement for the wheat crop evapotranspiration. 
This program considers the agrometeorological data of 
the Cerrado region, soil type, and the date of the full 
emergence of plants. For each irrigation, the amount 
of water applied was calculated through two rows of 
collectors to measure the volume of water applied.

Both experiments were mechanically harvested 
in Sept, except in cases where the productivity 

Figure 1 – Rainfall (mm), maximum, minimum and average 
temperature (ºC) in the experimental area for the 2 years of 
cultivation, 2016 and 2017.
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components had previously been determined which 
were harvested manually. Evaluations were performed 
in the useful area of the subplots, each of which was 
defined as one meter of each water regime in the four 
central lines of the plot. 

The following yield components were determined: 
peduncle length (PL), number of ears m–2 (NE m–2), 
hectoliter weight (HW), thousand-grain weight (TGW), 
and yield. The PL was determined with a measuring 
tape graduated in centimeters, and ten plants were 
evaluated randomly in each experimental unit. The 
NE m–2 was determined by direct counting of the ears 
harvested from the useful area and then extrapolated 
to m–2. HW, TGW, and yield were performed based on 
the Rules for Seed Analysis (MAPA, 2009). Irrigated 
water use efficiency (IWUE) was calculated by the ratio 
between the yield and the amount of water applied 
during the whole crop cycle and is presented in kg ha–1 

mm–1. The drought resistance index was calculated 
by the formula: DRI = (Ys/Yn)/(Ms/Mn), where, Ys 
and Yn are the genotype yields under stress and non-
stress, respectively. Ms and Mn are the mean yields 
overall genotypes in the given test under stress and 
non-stress, respectively (Fischer and Maurer, 1978). 

Data were submitted to the Shapiro-Wilk test, 
which confirmed the normality of data for both years 
and were then subjected to joint analysis of variance in 
the years 2016 and 2017 at 5 % probability by the F test, 
and the comparison of means was made by Tukey´s 
test at 5 % probability. The statistical procedures 
were conducted using the PROC Mixed procedure 
in SAS (Statistical Analysis System, version 9.4), and 
the restricted maximum likelihood (REML) algorithm. 
Data were also submitted to Pearson’s correlation test 
between all variables, using the individual data of each 
variable. Principal component analysis was performed 
using the R software program.

Results and Discussion
 
All variables studied presented normal residuals 

according to the Shapiro-Wilk test. The effect of 
genotypes × years and water regime × years interactions 
were significant at 0.01 % probability using the F test, 
indicating different responses of the genotypes and 
water regimes to environmental conditions, which 
was expected for quantitative traits. The analysis was 
performed separately for each year, and all variables 
showed significant interaction between genotypes and 
water regimes at 5 % probability (except for NE m–2 in 
2016, Figures 2 to 4).

Effects of genotypes and water regimes on grain 
yield and drought resistance index (DRI)

Yield showed an interaction between WR and 
wheat genotypes, which means genetic variability. 
Moreover, decreasing yield in low water levels, indicates 
that water is a limiting factor in the experiment. Wheat 

genotypes presented different yields, depending on the 
year (Figure 2A). Thus, the response of wheat genotypes 
in each water regime was evaluated separately for each 
year of cultivation.

In the water regime WR1, in 2016, PF080492 
(5,302 kg ha–1) and BR18 (5,195 kg ha–1), showed higher 
yield than Brilhante (4,561 kg ha–1), Aliança (4,227 kg 
ha–1), BRS404 (4,188 kg ha–1), BRS254 (4579kg ha–1) and 
PF20037 (2,874kg ha–1) (Figure 2A). From 2008 to 2016 
(year of the experiment), the average yield of irrigated 
wheat was between 5,300 and 6,000 kg ha–1 (CONAB, 
2017), in the same region where the experiments were 
performed. 

Considering that WR1 was the highest water level, 
it was not expected that rainfed biotype (such as BR18) 
would show a higher yield than an irrigated biotype 
(such as BRS254) despite being selected for their specific 
region. In this same regime, in 2017, the tendency was 
different, since PF080492, which had one of the highest 
yields in the previous year, expressed lower yield (4,855 
kg ha–1), together with PF020062 (4,795 kg ha–1). BRS404 
obtained a higher yield compared with PF020062 
(Figure 2A). This strong performance for BRS404 at a 
higher water level was also not expected, considering 
that it is a rainfed biotype.

In the mild stress water regime (WR2), in 2016, 
PF080492 and BRS264 presented the highest averages 
(5,192 and 5,432 kg ha–1, respectively), and BR18 and 
PF20037 showed the lowest yield (2,924 and 2,975 kg 
ha–1, respectively). In 2017, analysing the outstanding 
genotypes, the response of genotypes in WR2 was not 
similar to the one found in WR1, where BRS404 had 
the highest average yield (5,926 kg ha–1), higher than 
PF080492 and PF020062 (5,052 and 4,659 kg ha–1). 
In addition to these two genotypes, BRS404 was also 
superior to Aliança, Brilhante, PF020037, and BR18 
(5,065, 5,030, 4,952, and 4,791 kg ha–1, respectively,) 
(Figure 2A).

In these two water regimes, WR1 and WR2, there 
was a tendency for BRS264 to be more productive in 
2016. It is worth mentioning that BRS264 is a material 
developed for irrigated cultivation. The other two water 
regimes (WR3 and WR4) also produced outstanding 
genotypes in the two years studied (Figure 2A). 

In the moderate water stress regime (WR3), 
in 2016, with a lower yield than WR1 and WR2, the 
differences between genotypes were lower. The lowest 
yield was observed in PF020037 (2,431 kg ha–1) and 
differed statistically only from BRS254 and BRS404, 
which had the highest yields (3,180 and 3,048 kg ha–1, 
respectively). Under this same water regime for the 
year 2017, it also presented a yield that was lower 
than WR1 and WR2 and curtailed differences between 
genotypes. In this treatment, BRS404 (4,003 kg ha–1) 
and BR18 (3,811 kg ha–1) both showed a yield higher 
than PF0800492 (2,903 kg ha–1) (Figure 2A). This had 
been expected because PF0800492 was selected for the 
south of Brazil and not for the Cerrado region.
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Thus, BRS404 (just released into the market) 
showed its adaptive ability to the conditions of moderate 
water stress compared to the other genotypes, as it 
maintained its yield performance over the years under 
the same condition of water stress. It is worth mentioning 
that this water regime is the closest to the condition of a 
second wheat crop cultivation in the Brazilian Cerrado 
region (off-season). Therefore, the BRS404 proved to be 
a good option for this region in this growing season.

In WR4, with more severe water stress than the 
real condition in the off-season period, in 2016, Aliança 
showed higher yield than BRS254 (1,070 kg ha–1), BRS264 
(754 kg ha–1), PF020492 (1,163 kg ha–1), PF020037 (1,156 
kg ha–1) and BR18 (1,261 kg ha–1). PF020037 showed 
less productive potential, despite having a visually high 
presence of wax in leaves, which could be an advantage 
under conditions of stress.

 In 2017, with this same water regime (WR4), 
Aliança presented a higher yield (2,351 kg ha–1), the 
same trend as found in 2016 (Figure 2A). Among these 
wheat genotypes, Aliança is an ancient and traditional 
material under rainfed cultivation in the Cerrado and is 
considered rustic.

These results demonstrate that drought tolerance 
as a quantitative trait with strong environmental 
influences is in need of more years of evaluation if more 
productive materials are to be selected. It was found that 
environmental conditions were determinant in the yield 
of wheat genotypes. Different relationships between 
yield components and grain yield can be attributed to 
the impact of the environment on plant development 
(Asseng et al., 2002). Kaya and Akcura (2014) found that 
quantitative traits, such as yield, were more affected by 
the environment than the qualitative characteristics of 
wheat genotypes. Grain yield is related to the decreasing 
and shortening of the duration of photosynthesis during 
water stress in plants (Liu et al., 2016). Reduced stomatal 
conductance promotes a reduction in photosynthesis 
in plants with the initial onset of water stress (Cornic, 
2000). Additionally, Ehdaie et al. (2006) found stem 
reserves to grain yield were 54 % lower in wheat under 
water stress. 

The evaluation of water regimes within each 
genotype demonstrated that Aliança, BRS254, BRS264, 
BRS404, PF080492, and PF020037 showed the same 
response in both years of assessment (Figure 2A). In this 
group of genotypes, WR1 and WR2 were similar and 
superior to WR3 and WR4, respectively. For BR18, in 
2016, WR2 (2,924 kg ha–1) was lower than WR1 (5,195 
kg ha–1). 

In 2017, BR18 yield was statistically different in all 
water regimes, with higher values for WR1. This same 
tendency was observed for Brilhante, CPAC0544 and 
PF020062 in 2016, which had the highest average yield 
for WR1, an decreased when water stress increased. 
These same genotypes in the year 2017 showed averages 
of WR1 and WR2 statistically similar and superior to 
WR3 and WR4, respectively (Figure 2A).

Overall, in assessing water regimes within 
each genotype, there was a decrease in yield in WR4 
(Figure 2A). This response was already expected, as 
several studies have shown the restriction in wheat 
yield under water stress. In general, the grain filling 
stage is considered the most sensitive to water stress 
(Farooq et al., 2014), and its effect depends on the 
duration and the severity of the stress (Fahad et al., 
2017). The impact of water stress on the different 
phenological phases of wheat was also studied by 
Majid et al. (2007). These authors found that the pre-
flowering, flowering, and grain filling stages were the 
most sensitive. 

Thus, WR3 and WR4, which had the most 
significant reduction in the amount of water applied, 
showed impairment in grain yield as a result of 
lower water availability in the most sensitive periods. 
Furthermore, under increased water stress (WR4), the 
reduction in yield was more significant (Figure 2A). 
This same tendency was observed by Ma et al. (2014), 
where extreme stress caused more significant yield 
reduction than moderate water stress. Considering 
that water was a limiting factor in the protocol of the 
irrigated system, yield could be regarded as a trait 
linked to drought tolerance. 

There are several drought tolerance indexes 
for comparing plant genotypes. Khalili et al. (2012) 
evaluated several drought resistance indexes (DRI), 
and found that DRI presented high correlation with 
other drought stress indexes. DRI can indicate both 
drought tolerance and high yield, according to Hu 
et al. (2007). There were differences between wheat 
genotypes and years of evaluation (Table 1). In a 
comparison between the two years of evaluation, the 
DRI was similar for all genotypes, except for BRS264, 
which presented greater DRI in 2017 (0.97) than in 
2016 (0.52), and PF020037, with DRI of 1.42 and 
0.56 in 2016 and 2017, respectively. Among wheat 

Table 1 – Drought resistance index (DRI) in ten wheat genotypes 
under irrigation and water stress, evaluated in 2016 and 2017.

Genotype
DRI

2016 2017
Brilhante 1.08 abcA 1.03 abA
Aliança 1.59 aA 1.32 aA
BRS404 1.31 abcA 1.07 abA
BRS254 0.84 cdA 0.97 abA
BRS264 0.52 dB 0.97 abA
PF080492 0.79 cdA 0.88 abA
PF020037 1.42 abA 0.56 bB
PF020062 1.10 abcA 1.32 aA
CPAC0544 0.92 bcdA 0.86 abA
BR18 0.87 cdA 1.02 abA
DRI was calculated by the ratio between WR1 and WR4 (equivalent to 100 and 
30 % of crop evapotranspiration replacement). Means followed by the same 
uppercase letters in the rows and lowercase letters in the columns for each 
variable do not differ from each other by Tukey’s test (p < 0.05).
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genotypes within each year, in general, Aliança and 
BRS404 showed the highest DRI values, which had 
been expected because both are rainfed biotypes. 
BR18, a traditional rainfed biotype, considered 
rustic, presented low DRI. Irrigated biotypes, in 
general, showed low DRI, which had been expected 
considering that the breeding process had adopted the 
irrigation system.

Irrigated water use efficiency (IWUE)
Water use efficiency (WUE) is understood as a 

measure of the amount of biomass produced per unit of 
water used by a plant (Hatfield and Dold, 2019), defined 
here as the grain yield divided by the amount of water 
applied. This variable is an essential physiological trait 
that reflects the responsiveness of crops to water stress 
in relation to potential yield (Richard, 2006; Zhang et 
al., 2010).

In this work, irrigated water use efficiency (IWUE) 
was adopted, because this variable is more important, 
from a practical point of view, than WUE, also due to 
the limitations to crop evapotranspiration (ETc) to take 
into consideration. According to Farré and Faci (2009), 
not all the water is used in the evapotranspiration 
process, and part of the water applied can be lost 
through runoff and deep percolation. Additionally, 
a fraction of ETc can come from other sources of 
irrigation, such as water stored in the soil and adequate 
precipitation. Moreover, according to Farré and Faci 
(2009), this variable helps in assessing the productivity 
of agricultural systems. 

In 2016, the evaluation of wheat genotypes 
within each water regime for IWUE showed significant 
changes among genotypes. In WR1, all genotypes 
presented values higher than PF020037 (Figure 2B). 
This same tendency of PF020037 was also observed in 
WR2 and WR3. In WR4, Aliança showed the highest 
IWUE compared to the other genotypes (10.2 kg ha–1 
mm–1). The lowest IWUE was observed in genotypes 
BRS254 (5.8 kg ha–1 mm–1) and BRS264 (4.1 kg ha–1 mm–

1), which are irrigated biotypes (Figure 2B). In 2017, all 
genotypes showed similar IWUE in WR1 and WR2. In 
WR3, BRS404 had higher IWUE than PF080492, and 
in WR4, Aliança had higher IWUE than PF080492, 
PF020037, and CPAC0544 (Figure 2B).

These results clearly show that the wheat 
genotypes responded differently to the WRs applied in 
both years, suggesting that each genotype has a different 
response to water stress. The results obtained in this 
work are in agreement with Hu et al. (2006), Siahpoosh 
et al. (2011), and Siahpoosh and Dehghanian (2012), 
who also found different responses between water use 
efficiency in several wheat genotypes, according to the 
water regimes applied.

As regards the water regimes within each 
genotype, we found significant differences between 
genotypes. Overall, WR3 had the highest yield per mm 
of applied water compared to WR1 and WR4. These 

results are in agreement with several authors (Katerji 
et al., 2010, Souza et al., 2019), who found low values 
of IWUE under conditions of both low (WR4) and high 
(WR1) water availability. Plants are not able to absorb 
all the water provided and also the stress of excess 
water.

The IWUE of the wheat genotypes studied did not 
show a significant correlation index with the variables 
considered in both years of cultivation, except for the 
hectoliter weight and yield in 2016, but with weak 
correlation intensity (0.30, p < 0.01 and 0.42, p < 0.01, 
respectively) (Table 2).

Thousand Grain Weight (TGW) 
The thousand-grain weight (TGW) showed 

significant differences between the genotypes studied, 
and it was found that, overall, BR18 stood out positively 
in all water regimes in both years studied. Furthermore, 
in most WRs, BR18 was the only genotype that was 
significantly higher (Figure 3A). Water regimes within 
each genotype showed that water availability played an 
essential role in the TGW. All genotypes in both years 
reduced their TGW in the WR4, and most genotypes 
had reduced TGW in WR3 (Figure 3A). 

Figure 2 – A - Yield (kg ha–1) and B – Irrigated water use efficiency 
(IWUE, kg ha–1 mm–1) of ten wheat genotypes under four water 
regimes (WR1, WR2, WR3 and WR4, equivalent to 100 %, 83 %, 
50 % and 30 % of crop evapotranspiration replacement). Means 
followed by the same letters do not differ by Tukey’s test (p < 
0.05). Uppercase (water regimes within each genotype) and 
lowercase (genotypes in each water regime).
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Thousand-grain weight correlations with yield 
were significant at p < 0.01, with values of 0.65 
and 0.50 for 2016 and 2017, respectively (Table 2). 
According to Slafer et al. (2014), TGW can respond to 
modest changes in genetic or environmental factors, 
thereby fine-tuning grain yield. Positive correlations 
between TGW with yield were also obtained by Ayer 
et al. (2017) and Gonzalez-Navarro et al. (2016). The 
latter studied 27 elite wheat genotypes. 

BR18, which is a traditional wheat material, 
stood out as regards TGW in both years and all water 
regimes, indicating a larger grain size, which is related 
to a higher flour extraction.

Hectoliter weight (HW)
Hectoliter weight is an intrinsic capacity of 

wheat genotype, regardless of water level, which 
depends on the environment, the heat and the 
humidity. This trait is as essential as yield because 
it indicates grain quality. The hectoliter weight 
(HW) showed significant differences between the 
genotypes studied in both years of cultivation. Our 
results suggest that, in general, BRS404 obtained a 
higher HW average in all water regimes and both 
years (from 79.1 to 83.4 kg h L–1, Figure 3B). Higher 
values of HW for BRS404 indicated high grain 
quality, which increases the capacity to increase 
market share. 

Water regimes within each genotype showed 
that water availability played an essential role in 
HW. No genotype stood out on its own; all genotypes 
suffered from the reduction in water availability, 
most genotypes showed a decrease in HW with a 
reduction from WR1 to WR3, and even from WR1 
to WR2 (Figure 3B). It is noteworthy that despite 
the statistically significant differences, all genotypes 
and water regimes in WR1, WR2, and WR3 had 
an acceptable HW value and would not be ignored 
in the market. However, under severe water stress 
(WR4), BRS264 could have problems with marketing, 
although HW had an acceptable level (above 70 %).

Hectoliter weight showed strong correlation 
with yield (0.73, p < 0.01) in both years of cultivation 
(Table 2), and can be an essential trait worthy of 
consideration by breeding programs. Similar results 
were found by Dogan (2009), who found a 0.76 

correlation between HW and yield with Triticum 
durum. According to Troccoli and Di Fonzo (1999), 
wheat HW values usually range from 70 to 85 kg h L–1 
but may be higher or lower due to environmental 
conditions. The higher the value of HW, the better 
the quality of wheat, which is reflected in higher flour 
yield. In the present study, even with water limitation, 
all genotypes presented HW values in excess of 70 
kg h L–1. However, in general, all genotypes showed 
better grain quality in WR1 and WR2, and, with the 
reduction in the amount of water applied, the HW 
was also reduced.

Figure 3 – A - Thousand grain weight (g) and B - Hectoliter weight 
(kg h L–1) of ten wheat genotypes under four water regimes (WR1, 
WR2, WR3 and WR4, equivalent to 100 %, 83 %, 50 % and 30 % 
of crop evapotranspiration replacement). Means followed by the 
same letters do not differ by Tukey’s test (p < 0.05). Uppercase 
(water regimes within each genotype) and lowercase (genotypes 
in each water regime).

Table 2 – Pearson correlation between peduncle length (PL), number of ear m–2 (NE m–2), hectoliter weight (HW), thousand grain weight (TGW), 
irrigated water use efficiency (IWUE) and yield of ten wheat genotypes, under four water regimes. Bottom left (2016) and top right (2017).

20
16

PL NE m–2 TGW HW IWUE YIELD

2017

PL 1 0.43** 0.42** 0.57** 0.01ns 0.77**
NE m–2 0.67** 1 0.17* 0.61** 0.01ns 0.56**
TGW 0.52** 0.31** 1 0.53** – 0.07ns 0.50**
HW 0.58** 0.54** 0.60** 1 – 0.12ns 0.73**
IWUE 0.22ns 0.18ns 0.13ns 0.30** 1 0.10ns

YIELD 0.84** 0.68** 0.65** 0.73** 0.42** 1
**significant at 1 % de probability (p < 0.01). *significant at 5 % of probability (0.01 = < p < 0.05). ns not significant (p > = 0.05).
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Morphological characterization of genotypes
In addition to yield, supplementary morphological 

measurements with high heritability can be useful as a 
tool in breeding programs if they are easy to measure 
and are correlated with yield under water stress.

Peduncle Length (PL)
Peduncle length (PL) has been extensively studied 

as an important feature correlated with grain yield. 
Our results showed small differences for PL on the 
studied genotypes. In 2016, Brilhante showed a higher 
PL than BRS404 in WR1 and WR3 (Figure 4A). In WR4, 
PL was similar in all wheat genotypes. Brilhante had 
significantly longer penducules in WR1, WR2, and 
WR3 in 2017, compared to Aliança and BRS404. In 
WR4, PL in Brilhante was higher than BRS264 and 
PF020037 (Figure 4A). Furthermore, the availability of 
water had a strong effect on the PL within each wheat 
genotype. Overall, in the two years of cultivation, all 
genotypes expressed a progressive decrease in PL as 
WR decreased (Figure 4A). 

The peduncle length is a crucial feature correlated 
with grain yield as there is a contribution of peduncle 
and penultimate inter-node reserves for plant grain 
yield of 10.2 and 8.4 %, respectively (Borrell et al., 
1993). 

There is a remobilization of stem reserves 
during wheat grain filling, which is an essential source 
of carbohydrates (Ehdaie et al., 2008), especially 
under water stress, with increased carbohydrate 
remobilization (Mohammadi-Bazargani et al., 2012).

Our results corroborate this idea, as we observed 
positive correlation between peduncle length and grain 
yield, with significant correlation indexes of 0.84 and 
0.77 (p < 0.01), in 2016 and 2017, respectively (Table 2). 
It is noteworthy that out of all the variables studied, the 
length of the peduncle showed the highest correlation 
with yield (i.e., correlation index of 0.85, Modarresi et 
al., 2010). Therefore, under water stress conditions, PL 
should be a variable to be studied.

Number of Ears (NE m–2)
The number of ears m–2 (NE m–2) in 2016 did 

not show significant interaction, so the simple effects 
were analyzed. PF080492 showed the highest mean, 
and CPAC0544 the lowest values (517 ears m–2 and 
359 ears m–2, respectively, Figure 4B). For the water 
regime factor, WR1 and WR2 were statistically similar 
and higher than WR3 and WR4, respectively (Figure 
4B), indicating that in 2016 drought affected tillering 
development.

In 2017, the rainfed genotypes PF080492 and 
PF020037 obtained higher averages for NE m–2 in WR1, 
compared to BRS254, BRS264, and CPAC0544 (598.5 
and 595.5 NE m–2, respectively, Figure 4B). For WR2, 
only PF080492 presented higher values than all other 
wheat genotypes, except for Brilhante, BRS404, and 
PF020037. In WR3 and WR4, all genotypes showed 

statistically similar values (Figure 4B). In 2017, the 
genotypes that did not differ in NE m–2 under different 
applied water regimes were Aliança, BRS254, BRS264, 
and CPAC0544 (Figure 4B). Brilhante and BRS404 
showed lower NE m–2 only in WR4 (337.2 NE m–2). 
BR18, PF080492, and PF020062 showed lower NE m–2 
in WR4 compared to WR1 (Figure 4B). 

The NE m–2 presented satisfactory correlation 
indexes with yield, 0.68, and 0.56 (p < 0.01), in 2016 
and 2017, respectively (Table 2). Ojha et al. (2018) 
obtained similar results with a correlation of 0.66 
between NE m–2 and grain yield. These results indicate 
that NE m–2 is an essential variable in the selection of 
more productive wheat genotypes. NE m–2 can be used 
as useful selection criteria for increasing wheat grain 
yield under different irrigation levels (Khan and Naqvi, 
2012). Also, the main component responsible for the 
regulation of grain yield driven by environmental 
factors is NE m–2 (Slafer et al., 2014).

Principal Component Analysis (PCA) 
The percentage of total variance explained by the 

different principal components and their correlations 
are shown in the matrix of the components analyzed 

Figure 4 – A - Peduncle length (m) and Number of Ears (NE m–2) of 
ten wheat genotypes under four water regimes (WR1, WR2, WR3 
and WR4, equivalent to 100 %, 83 %, 50 % and 30 % of crop 
evapotranspiration replacement). Means followed by the same 
letters do not differ by Tukey’s test (p < 0.05). Uppercase (water 
regimes within each genotype) and lowercase (genotypes in each 
water regime).
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for the two years of cultivation (Table 3). Three main 
components were important for 2016; they contributed 
to 89.47 % of the total variance observed, and, for 
2017, this figure was also high. 

In 2016, the first component contributed 
64.01 % of the total variation, where PL, NE, TGW, 
HW, and YIELD had a high positive charge. In the 
second component, the accumulated contribution was 
78.96 %, and IWUE expressed a high positive charge. 
In the third component, only the HW presented a 
positive charge, and contributed 89.47 % of the total 
variation (Table 3). 

For the year 2017, the first component contributed 
52.62 % of the total variance, and the variables that had 
a high positive charge were the same as those for the 
first component of the year 2016 (PL, NE, TGW, HW, 
and YIELD). In the second component, the accumulated 
contribution was 71.47 %, and the high positive charge 
was verified only in the variable IWUE. The third 
component presented the high positive charge for the 
HW variable only, and contributed 84.64 % of the total 
variation (Table 3).

These results show that the characterization of 
wheat genotypes is relevant in the selection of more 
productive materials. As observed in both years of 
cultivation, five of the seven components evaluated 
expressed a direct influence on grain yield, which are 
PH, PL, NE, TGW, and HW. According to Mwadzingeni 
et al. (2016), the evaluation of certain yield components 
in the selection can result in the simultaneous selection 
of complementary genes that increase grain yield.

The biplots of the main components comprising 
the relationship between the variables studied and the 
genotypes in the different water regimes are illustrated 
in Figures 5A and B. Based on these biplots, we observed 
that in order to obtain genotypes with a higher yield, 
the component that most contributes in the selection 
is the PL, because it has the same direction and the 
smallest angle of the yield vector. 

NE, TGW, and HW are also important 
components in the process of selecting more 
productive materials. When assessing the distribution 

of points, we observed that there was a tendency for 
WR1 and WR2 to be positioned on the side of the 
highest values   of the first principal component, in 
the same orientation as yield. WR3 concentrated 
the points on the highest values   of the first and 
second main components. WR4 presented its points 
concentrated on the positive and negative values   of 
the second principal component, with an orientation 
opposite to the yield. Peduncle length and HW 
showed high correlation with yield. Furthermore, 
HW is linked to grain quality, and both variables (PL 
and HW) can be important tools in the selection of 
wheat genotypes during breeding programs. 

Conclusions

BRS264, an irrigated biotype, was among the 
most productive wheat genotypes in the highest 
water regimes (WR1 and WR2), for the two years of 
cultivation.

Considering that WR1 was the highest water level, 
it was not expected that rainfed biotype (BR18) would 
show a higher yield than an irrigated biotype (BRS254).

BRS404, a rainfed genotype, was one of the most 
productive in WR3 in 2016 and 2017, being more 
tolerant under moderate stress.

Aliança, a rainfed wheat genotype, showed 
higher yield in WR4 in 2016 and 2017 and is the most 
drought tolerant under severe water stress.

Aliança and BRS404 also presented one of the 
highest DRI for both evaluation years. These genotypes 
can be used as a reference in the water regimes under 
which they were outstanding.

The peduncle length and the hectoliter weight 
were the variables that best correlated with wheat yield.

The irrigated water use efficiency (IWUE) did 
not correlate with yield and other traits studied. Also, 
IWUE showed low values under conditions of both low 
(WR4) and high water availability (WR1).

The PCA showed that the variables PL, NE, TGW, 
and HW are important traits for the selection of more 
productive genotypes.

Table 3 – Matrix of the components of six variables from ten wheat genotypes evaluated in four water regimes and two years of cultivation.

Variables
2016 2017

PC1 PC2 PC3 PC1 PC2 PC3
PL 0.887 – 0.195 – 0.156 0.828 0.074 0.039
NE 0.802 – 0.215 – 0.481 0.720 0.040 0.573
TGW 0.833  – 0.007 0.145 0.853 0.283 0.087
HW 0.748 – 0.176 0.593 0.614 0.342 0.635
IWUE 0.464 0.881 – 0.030 0.156 0.933 0.220
YIELD 0.971 0.077 – 0.027 0.908 0.238 0.033
Variance 3.84 0.89 0.63 3.15 1.13 0.79
% of variance 64.01 14.94 10.51 52.62 18.85 13.16
Cumulative % of variance 64.01 78.96 89.47 52.62 71.47 84.64
PL = peduncle length; NE = number of ears; TGW = thousand grain weight; HW = hectoliter weight; IWUE = irrigated water use efficiency.
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Figure 5 – Ordination diagram derived from principal component biplot in 2016 (A) and 2017 (B) in ten wheat genotypes and four water regimes 
(WR1, WR2, WR3 and WR4, equivalent to 100 %, 83 %, 50 % and 30 % of crop evapotranspiration replacement). IWUE = irrigated water use 
efficiency; PL= peduncle length; NE= number ears m–2; HW = hectoliter weight; TGW = thousand grain weight.
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