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ABSTRACT. The aim of this study was to analyze the effects of high 

temperatures on ear fertility, yield components and protein content of 

wheat cultivars. Therefore, 96 genotypes were subjected to two 

environments in a greenhouse: control and heat stress. Each environment 

had two replicates, totalling 192 plots. The evaluations were: number of 

ear per plant, number of ear per pot, ear weight, number of grains per 

ear, number of sterile spikelet’s, number of viable grains, grain weight 

and protein content. Principal component analysis (PCA) and genetic 

and phenotypic correlations were performed. The results showed a 

significant drop in productivity of the genotypes subjected to heat stress 

as well as significant increase in the number of sterile spikelet’s. The 

PCA allowed the selection of nine promising genotypes for cultivation in 

environments with high temperatures with basis on these traits, 

especially the cultivars CD 104, CD 122 and TBIO Itaipu. 

Key words: Triticum aestivum; Thermal stress; Breeding; Tolerance; 
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INTRODUCTION 

 
Wheat (Triticum aestivum) is an annual monocot, from the Middle East, belonging to the botanical family 

Poaceae, which includes all grasses. It is considered a basic cereal to civilization, as it is one of the most 

cultivated crops in the world. Although it presents significant numbers, domestic production in Brazil does not 

meet domestic demand. In addition to consumption, Brazil has imported about seven million of tons of the grain 

annually (Conab, 2017). To reach self-sufficiency in production, it is important to find alternatives for 

producing areas to ensure production stability. In this context, part of Brazil's Cerrado is a great option for the 

expansion of wheat crop production, either under the rainfed or irrigated condition (Conde et al., 2013).  

 

According to Souza and Ramalho (2001), the existence of heat-tolerant cultivars is essential for the success of 

the wheat crop in this region. Since the species has a genetic base with available variability, cultivars adapted to 

high temperatures should be obtained for the expansion of cultivation in non-traditional areas (Souza and 

Pimentel, 2013), which is one of the main goals of wheat breeding programs in Brazil (Machado et al., 2010). 

Knowledge of the genetic parameters of the evaluated traits and understanding their interrelations are 

fundamental to the design of breeding programs and the selection process. Thus, the principal component 

analysis and the analysis of genetic and phenotypic correlations should help in the interpretation of the 

relationship among the variables and consequently aid in decision-making. This would allow the identification 

and selection of the most promising genotypes for cultivation and breeding, and to evaluate the relative 

importance of traits in the total variation among available genotypes (Moreira et al., 2009). Therefore, the 

objective of this study was to quantify and analyze the effects that high temperatures cause to ear fertility, grain 

yield and protein content of wheat genotypes and to identify genotypes that underwent less heat impact, to be 

used on breeding programs for cultivation in non-traditional areas.  

 

MATERIAL AND METHODS 
 

Were evaluated 96 wheat genotypes (Table 1), most of which have been developed for the wheat growing 

Regions 3 and 4 (hot and dry) in the states of Paraná (PR), Mato Grosso do Sul (MS), Mato Grosso (MT), Minas 

Gerais (MG) and Goiás (GO). These genotypes were cultivated in two environments under controlled conditions 

(greenhouse): the first, called "Heat" (stress condition), was carried out by temperature control (night/daytime) 

between 25°C/35°C. The second, called "Control", was conducted in temperatures at C 15ºC/25ºC throughout 

the cycle (night/daytime).  

 

 

 

 
No.  Genotype No. Genotypes No. Genotypes 

1 Anahuac 75 33 CD 118 65 IPR 85 

2 BH 1146 34 CD 122 66 IPR Catuara TM 

3 BR 18 Terena 35 CD 123 67 MGS Ágata 

4 BR 23 36 CD 124 68 MGS Aliança 

5 BR 24 37 CD 1252 69 MGS Brilhante 

6 BR 42 - Nambiquara 38 CD 1440 70 Mirante 

7 BRS 120 39 CD 150 71 Nesser 

8 BRS 207 40 CD 151 72 Ônix 

9 BRS 208 41 CD 154 73 PF 020037 

10 BRS 210 42 CD 1550 74 PF 050667 

11 BRS 220 43 BRS 394 75 PF 080491 

12 BRS 229 44 CPAC 07340 76 PF 080492 

13 BRS 248 45 CPAC 07434 77 PF 090547 

14 BRS 254 46 CPAC 0770 78 PF 100332 

15 BRS 264 47 Embrapa 21 79 PF 100334 

16 BRS 296 48 Embrapa 22 80 PF 100368 

17 BRS 327 49 Embrapa 42 81 PF 100409 

18 BRS 49 50 Fundacep Bravo 82 BRS 404 

19 BRS Gaivota  51 Fundacep Cristalino 83 PF 100838 

20 BRS Gralha Azul 52 Fundacep Horizonte 84 PF 100857 

21 BRS Guabijú 53 IAC 24 Tucuruí 85 PF 100860 

22 BRS Guamirim 54 IAC 350 86 PF 100936 

23 BRS Pardela 55 IAC 370 Armagedon 87 Quartzo 

24 BRS Parrudo 56 IAC 375 Parintins 88 Supera 

25 BRS Tangará 57 IAC 380 Saira 89 TBIO Bandeirante 

26 CD 104 58 IAC 381 Kuara 90 TBIO Iguaçú 

27 CD 105 59 IAC 5 Maringá 91 TBIO Itaipú 

28 CD 108 60 IAPAR 78 92 TBIO Mestre 

29 CD 111 61 IPR 128 93 TBIO Pioneiro 

30 CD 114 62 IPR 130 94 TBIO Sinuelo 

31 CD 116 63 IPR 136 95 Topázio 

32 CD 117 64 IPR 144 96 UFVT1 Pioneiro 

Table 1. List of 96 wheat genotypes used in the greenhouse experiments. 
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The experimental design was a randomized block design (RBD) with two replications in each condition (heat 

and control). The two replicates of each treatment amounted to 192 pots per environment, where each pot made 

up an experimental plot. The data was obtained from the assessment of four individual plants in each pot, for the 

following traits:  

 

1. Number of ears per pot (NEPot): After harvesting, the ears present in each pot were counted; 

2. Number of ears per plant (NEPlnt): From the number of ears per pot, were estimated the average 

number of ears per plant, by dividing the value obtained by the number of plants per pot; 

3. Number of viable grains (VG): The total number of viable grains (not hollow or wrinkled) per plot was 

obtained; 

4. Grain weight (GW): Weight of all grain harvested in the plot in grams (g); 

5. Protein content in grain (PC): The analysis of grain protein content was performed by determination of 

total nitrogen adapted from the Kjeldahl method (Galvani and Gaertner 2006). The nitrogen content 

was multiplied by 5.83 to express the protein as suggested by Orr and Watt (1957). 

6. The following traits were analyzed by calculating the average of three ears. 

7. Average weight of ears (EW): Whole ears harvested in each pot were weighed on an analytical scale to 

four decimal places (0.0001); 

8. Number of spikelet’s per ear (SE): The ears taken from each plot were evaluated for the total number 

of spikelet’s; 

9. Number of sterile spikelet’s (SS): The empty spikelet’s, i.e., without grain presence, were considered as 

sterile; 

10. Number of grains per ear (NGE): Average grain produced by each sampled ear. 

11. Principal Component Analysis (PCA) was performed using the software Statistica (Stat soft, 2010). 

Genetic and phenotypic correlations were obtained through Selegen software (Resende, 2006). 

 

 

RESULTS  

 
In principal component analysis (PCA) for the heat environment, the first three eigenvalues generated were 

greater than 1, explaining 79.82% of the variance contained in the nine original variables. According to the 

criteria proposed by Kaiser (1958), only those eigenvalues above one is considered, because they generate 

components with a relevant amount of information from the original variables.  

 

The first principal component (PC1) retained 39.87% of the original variance. The main variables that explained 

that retention of variance was: number of grains per ear (NGE), number of viable grains (VG), number of ears 

per plant (NEPlnt), number of ears per pot (NEPot), grain weight (GW) and protein content (PC), having 

correlation values with the main components of -0.67, -0.70, -0.69, -0.72, -0.93 and -0.61, respectively (Table 

2). Were considered important variables that presented correlation values above 0.6, independent of the sign 

(Ferraudo, 2010). 

 

The second principal component (PC2) retained 21.83% of the variance and was explained by the variables 

number of sterile spikelet’s (SS) and number of spikelet’s (SE), with a correlation of -0.93 and -0.71, 

respectively (Table 2). The variables average ear weight (EW) (0.65) and number of spikelet’s per ear (SE) 

(0.61) explained the retention of 18.11% of the variance of PC3 (Table 2). 

 

The two-dimensional plane formed by the PC1 (39.87%) and PC2 (21.83%) components retained a total of 

61.70% of the original variance (Figure 1a) and was characterized by the variables: number of grains per ear 

(NGE) number of viable grains (VG), number of ears per plant (NEPlnt), number of ears per pot (NEPot), 

number of sterile spikelet’s (SS), number of spikelet’s (SE), grain weight (GW) and protein content (PC). It was 

possible to discriminate genotypes: BR Guabiju (21), CD 104 (26), CD 122 (34), Fundacep Bravo (50), PF 100 

334 (79), TBIO Itaipú (91) and TBIO Sinuelo (94) by such traits whose averages are shown in Table 2. 
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Figure 1. Biplot graph showing the dispersion of wheat genotypes in the heat environment for the principal components: PC1 × 

PC2 (a) and PC1 × PC3 (b), and projection of the vectors of the variables: EW: average weight of ears; NGE: number of grains per 

ear; SS: number of sterile spikelet’s; VG: number of viable grains; NEPlnt: Number of Ears Per Plant; SE: Number of Spikelet’s; 

NEPot: Number of Ears Per Pot; GW: Grain Weight; PC: Protein Content. 

 

 
Variables PC1 PC2 PC3  

EW -0.54 0.34 0.65 

NGE -0.67 0.43 0.49 

SS 0.05 -0.93 0.33 

VG -0.70 0.04 -0.12 

NEPlnt -0.69 -0.34 -0.49 

SE -0.33 -0.71 0.61 

NEPot -0.72 -0.36 -0.47 

GW -0.93 0.06 -0.02 

PC 0.61 -0.20 0.14 

 
EW: Average Weight of Ears; NGE: Number of Grains per Ear; SS: Number Of Sterile Spikelet’s; VG: Number of Viable Grains; 

NEPlnt: Number of Ears per Plant; SE: Number of Spikelet’s; NEPot: Number of Ears per Pot; GW: Grain Weight; PC: Protein 

Content.  

 

The two-dimensional plane formed by PC1 (39.87%) and PC3 (18.11%) components retained 57.98% of the 

remaining variance (Figure 1b) and discriminated the same genotypes as the PC1 and PC2 two-dimensional 

plane, differing only in the discrimination of genotypes 71 - Nesser and 83 - PF 100838. The variables that stood 

Table 2. Correlation between the variables and the principal components (PC) of PCA analysis for the Heat environment. 

 



Heat stress: Impacts on fertility, productivity, and protein content of wheat cultivars 

Genetics and Molecular Research 16 (4): gmr16039847 

out in PC3 were average ear weight (EW) and number of spikelet’s per ear (SE). The averages of the genotypes 

selected by principal component analysis are shown in Table 3. 

 

 

Genotype EW (g) SS (No.) NGE (No.) VG (No.) NEPlnt (No.) SE (No.) NEPot (No.) GW (g) PC (%) 

21 0.70 68.36 3.67 3.04 3.91 80.43 14.50 4.47 12.77 

26 1.16 11.53 5.30 63.49 3.75 40.05 10.00 9.47 11.85 

34 1.50 12.45 5.95 255.52 3.49 47.81 10.50 7.94 10.91 

50 0.98 3.16 5.35 220.77 3.16 31.60 11.00 8.09 9.97 

71 1.16 14.09 5.81 16.05 1.57 47.81 6.50 5.60 13.24 

79 0.56 40.76 2.89 0.00 0.87 48.86 3.00 0.60 16.54 

83 1.41 5.84 5.55 8.05 1.32 36.59 5.50 5.18 13.11 

91 0.97 5.96 5.14 272.54 3.12 32.10 12.50 8.24 10.89 

94 0.88 63.94 5.24 192.4 2.32 92.29 9.50 5.79 12.05 

 

EW: Average Weight of Ears; NGE: Number of Grains per Ear; SS: Number of Sterile Spikelet’s; VG: Number of Viable Grains; 

NEPlnt: Number of Ears per Plant; SE: Number of Spikelet’s; NEPot: Number of Ears per Pot; GW: Grain Weight; PC: Protein 

Content.  

 

In the PCA control environment, three eigenvalues are greater than 1, explaining 76.88% of the variance 

contained in the original nine variables. The first principal component (PC1) retained 37.71% of the original 

variance and the main variables that explain this retention were: EW, NGE, VG, NEPlnt, SE, NEPot and GW, 

presenting correlation values with PC1 of -0.61, -0.63, -0.68, -0.71, -0.64, -0.75 and -0.75, respectively (Table 

4). The second principal component (PC2), retained 25.16% of the original variance, where the main variables 

that were retained in this component were EW and SE, presenting correlations values -0.66 and -0.70 with PC2, 

respectively (Table 4). Principal component 3 retained 14.01% of the original variance and was characterized 

only by the variable SS, with 0.83 correlation (Table 4). 

 

 
Variables PC1 PC2 PC3 

EW -0.61 -0.66 -0.21 

NGE -0.63 -0.47 -0.52 

SS -0.14 -0.44 0.83 

VG -0.68 0.48 -0.13 

NEPlnt -0.71 0.59 0.16 

SE -0.64 -0.70 0.16 

NEPot -0.75 0.56 0.17 

GW -0.75 0.00 0.24 

PC 0.31 -0.12 0.32 

 

EW: Average Weight of Ears; NGE: Number of Grains per Ear; SS: Number of Sterile Spikelet’s; VG: Number of Viable Grains; 

NEPlnt: Number of Ears per Plant; SE: Number of Spikelet’s; NEPot: Number of Ears per Pot; GW: Grain Weight; PC: Protein 

Content.   

 

 

The two-dimensional plane formed by PC1 (37.71%) and PC2 (25.16%) components retained a total of 62.87% 

of the original variance and was characterized by the variables, EW, NGE, VG, NEPlnt, SE, NEPot, EW and 

GW, discriminating the genotypes CD 117 (32), CD 118 (33), Fundacep Cristalino (51), IPR 144 (64), IPR 

Catuara TM (66) and Mirante (70) (Figure 2a). The two-dimensional plane formed by PC1 and PC3 components 

retained 51.7% of the remaining variance and allowed discrimination of genotypes 51 - Fundacep Cristalino and 

64 - IPR 144. (Figure 2b). The averages of the genotypes selected by principal component analysis are shown in 

Table 5. 

 

 

Table 3. Averages of the wheat genotypes selected by principal component analysis in the heat 

environment. 

Table 4. Correlation between the variables and the principal components (PC) of PCA analysis for the Control 

environment. 
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Figure 2. Biplot graph showing the dispersion of wheat genotypes in the control environment for the principal components: PC1 x 

PC2 (a) and PC1 × PC3 (b), and projection of the vectors of the variables: EW: average weight of ears; NGE: number of grains per 

ear; SS: number of sterile spikelet’s; VG: number of viable grains; NEPlnt: number of ears per plant; SE: number of spikelet’s; 

NEPot: number of ears per pot; GW: grain weight; PC: protein content. 

 

 
Genotypes EW (g) SS (No.) NGE (No.) VG (No.) NEPlnt (No.) SE (No.) NEPot (No.) GW (g) PC (%) 

32 1.30 6.29 28.41 406.82 6.50 35.22 18.00 16.28 11.73 

33 2.31 13.39 41.15 216.44 2.75 57.16 11.00 12.74 10.90 

51 1.66 5.42 37.33 346.77 4.50 43.47 18.00 19.10 10.83 

64 1.78 14.57 30.41 386.90 4.25 45.43 17.00 19.94 10.39 

66 2.28 18.05 39.00 188.62 3.13 57.97 12.50 14.44 10.08 

70 1.04 9.27 19.18 322.11 4.25 29.21 17.00 15.72 11.19 

 
EW: Average Weight of Ears; NGE: Number of Grains per Ear; SS: Number of Sterile Spikelet’s; VG: Number of Viable Grains; 

NEPlnt: Number of Ears per Plant; SE: Number of Spikelet’s; NEPot: Number of Ears per Pot; GW: Grain Weight; PC: Protein 

Content.  

 

The dispersion of 96 wheat genotypes (Figures 1 and 2) allows identification of genotypes with specific 

properties. The variables that have identified these genotypes were NEPlnt, EW, SE, NGE, NEPot and VG, and 

the direct selection for these traits is an effective strategy to increase wheat grain production. In the correlation 

analyses, were established that significant correlations are those above 0.6 independently of the sign. Were 

considered medium correlations those between 0.6 and 0.75 and high correlations above 0.75.  

 

Table 5. Averages of the wheat genotypes selected by principal component analysis in the control environment. 
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Both for the heat (Table 6) and for control (Table 7) environments, genetic and phenotypic correlations between 

NEPlnt and NEPot traits were high and in the same direction.  The phenotypic and genotypic correlation 

between SE and SS for the heat environment was high and the same direction (Table 6), however, it was 

nonexistent in the control environment (Table 7). Genetic correlations of the trait viable grain (VG) with NEPot 

and NEPlnt were of high and the same direction, but the phenotypic correlations were of medium magnitude and 

the same direction, indicating that the environment acts in a negative way on the traits (Tables 6 and 7).  

 
Variables  NEPot NEPlnt EW SE SS NGE VG GW PC 

NEPot 1 0.82 -0.06 0.16 0.08 0.09 0.46 0.69 0.12 

NEPlnt 0.80 1 -0.06 0.15 0.09 0.07 0.41 0.58 -0.05 

EW -0.05 -0.06 1 0.21 -0.17 0.75 0.10 0.48 0.01 

SE 0.10 0.12 0.31 1 0.84 0.11 0.05 0.14 0.04 

SS 0.04 0.08 -0.17 0.80 1 -0.41 -0.15 -0.18 0.02 

NGE 0.09 0.04 0.78 0.23 -0.39 1 0.38 0.59 0.02 

VG 0.34 0.26 0.05 0.04 -0.10 0.23 1 0.61 0.02 

GW 0.70 0.55 0.45 0.15 -0.18 0.54 0.49 1 0.09 

PC -0.19 -0.21 -0.22 0.02 0.20 -0.31 -0.33 -0.35 1 

 
 

NEPot: Number of Ears Per Pot. NEPlnt: Number of Ears per Plant. EW: Average Weight of Ears. SE: Number of Spikelet’s. SS: 

Number of Sterile Spikelet’s. NGE: Number of Grains per Ear. VG: Number of Viable Grains. GW: Grain Weight. PC: Grain 

Protein Content.  
 

 
Variables   NEPot NEPlnt EW SE SS NGE VG GW PC 

NEPot 1 0.93 0.05 0.11 -0.02 0.15 0.70 0.45 -0.16 

NEPlnt 0.91 1 0.02 0.05 -0.08 0.12 0.69 0.41 -0.16 

EW 0.09 0.02 1 0.74 0.15 0.76 0.08 0.38 -0.12 

SE 0.11 0.04 0.71 1 0.54 0.70 0.08 0.36 0.02 

SS -0.02 -0.03 0.03 0.49 1 -0.14 -0.11 0.25 0.10 

NGE 0.11 0.03 0.78 0.69 -0.24 1 0.25 0.23 -0.10 

VG 0.67 0.63 0.10 0.08 -0.15 0.24 1 0.33 -0.30 

GW 0.47 0.40 0.35 0.33 0.18 0.20 0.29 1 -0.22 

PC -0.08 -0.06 0 0.08 0.08 0.03 -0.20 -0.13 1 

 

NEPot: Number of Ears per Pot. NEPlnt: Number of Ears per Plant. EW: Average Weight of Ears. SE: Number of Spikelet’s. SS: 

Number of Sterile Spikelet’s. NGE: Number of Grains per Ear. VG: Number of Viable Grains. GW: Grain Weight. PC: Grain 

Protein Content. 

 

The joint analysis of correlations (Table 8) indicated that the phenotypic correlation for EW and NGE was 

superior to the genotypic. The traits VG and NEPlnt presented as genetically and phenotypically correlated in 

the same direction, this correlation being of medium magnitude. 

 
 Variables  NEPot NEPlnt EW SE SS NGE VG GW PC 

NEPot - 0.91 0.08 0.23 0.03 0.27 0.67 0.53 -0.22 

NEPlnt 0.89 - 0.04 0.19 0.00 0.23 0.66 0.48 -0.23 

EW 0.32 0.22 - 0.52 0.05 0.71 0.03 0.48 -0.19 

SE 0.18 0.14 0.51 - 0.72 0.42 0.12 0.36 0.03 

SS -0.08 -0.05 -0.16 0.64 - -0.28 -0.11 0.06 0.28 

NGE 0.29 0.21 0.82 0.47 -0.35 - 0.35 0.45 -0.31 

VG 0.66 0.59 0.35 0.14 -0.17 0.38 - 0.38 -0.42 

GW 0.60 0.51 0.55 0.29 -0.06 0.41 0.46 - -0.29 

PC -0.34 -0.31 -0.40 -0.07 0.23 -0.35 -0.42 -0.40 - 

 

 

Table 6. Genetic correlation matrix (above the diagonal) and phenotypic correlation matrix (below the diagonal) of the 

traits indicated as principal components in the heat environment. 

Table 8. Genetic correlation matrix (above the diagonal) and phenotypic correlation matrix (below the diagonal) of the 

traits identified as principal components in both environments. 

 

Table 7. Genetic correlation matrix (above the diagonal) and phenotypic correlation matrix (below the diagonal) of the 

traits identified as principal components in the control environment 
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NEPot: Number of Ears per Pot. NEPlnt: Number of Ears per Plant. EW: Average Weight of Ears. SE: Number of Spikelet’s. SS: 

Number of Sterile Spikelet’s. NGE: Number of Grains per Ear. VG: Number of Viable Grains. GW: Grain Weight. PC: Grain 

Protein Content. 

 

DISCUSSION 
 

In the principal components analysis (PCA), we can observe that the GW trait presents a high negative 

correlation with the principal component 1 (PC1) in both environments, showing to be the trait with greater 

variance, being even greater in the heat environment. We can also observe that the SS trait was retained in the 

CP2 in the Heat environment, while in the Control environment it was only retained in the CP3, evidencing that 

the Heat provokes greater variability in the spikelet sterility. 

 

Analyzing the average of genotypes discriminated by PCA in both environments (Tables 3 and 5), the stressful 

environment negatively influenced almost all traits, except for the number of spikelet’s per ear (SE) and protein 

content (PC). However, despite the SE characteristic not being influenced by temperature, it is clear that the 

spikelet’s suffered from stress when we analyze the traits number of sterile spikelet’s (SS) and number of grains 

per ear (NGE), indicating that SE should not be considered separately as grain production parameter. 

 

The number of viable grains (VG) was also significantly lower in the stressful environment genotypes. 

According to Souza et al., (2011) and Majoul et al., (2003), the high temperature implies grain yield losses, with 

the development of shriveled grain, reduced weight, and reduced wheat commercial quality, mainly due to 

damage caused during the grain filling phase (Dias et al., 2008).  

 

The BRS Guabiju genotype (21), despite producing a large number of ears, was the most affected by infertility. 

The occurrence of heat during anthesis increases the sterility of flowers, affecting the number of grains per ear 

(Farooq et al., 2011), even causing complete sterility (Neilson et al., 2010). According to Hedhly et al., (2009), 

wheat plants exposed to 30°C over a period of three days during anthesis had abnormal anthers and structural 

and functional disability in 80% of the spikelet’s. The most critical cases of heat stress occur in the pollination, 

anthesis and grain filling stages. During pollination, the high temperature affects the viability of the pollen 

leading to the formation of non-viable seeds via floral abortion (Young et al., 2004). The Fundacep Bravo 

genotype (50), showed a lower number of sterile spikelet’s and although also having the lowest average for SE 

and PC, it produced good amount of grain considered viable. 

 

Despite low fertility, the heat did not damage the grains protein content. According to Randall and Moss, 

(1990), protein accumulation has a reduced sensitivity to high temperatures than starch, however, according to 

Peterson et al., 1998, even without reduction in the grain protein content, in some cases, thermal stress can lead 

to a decrease in the derived bread volume and the sedimentation volume. The genotype PF100332 (79), 

although having the lowest grain weight (GW) average, contributed to an increase on protein content (PC) 

average among genotypes discriminated in the heat environment, by presenting a PC of 16.54%, indicating to be 

a potential genotype for introducing the high protein content trait in crosses with other genotypes which have 

lower infertility rates caused by heat. 

 

The genotypes CD 104 (26), CD 122 (34) and TBIO Itaipú (91) presented as promising for crops in warmer 

environments, as they provided good averages for traits GW (26), EW and NGE (34) and VG (91). In the 

correlation analyses for both environments, the fact that genetic correlations between NEPlnt and NEPot traits 

were high and in the same direction indicates that, in a production environment where there is competition, the 

characteristic, NEPlnt may represent the number of ears to be produced in a specific production area. The 

phenotypic correlation was also high and same direction, indicating that the environment acts very little and 

similarly on the traits in question. 

 

The results of phenotypic and genotypic correlation between SE and SS indicates a direct relationship between 

ear infertility and heat stress. According to Dolferus et al., (2011), the occurrence of high temperatures at 

anthesis and five days prior to it, can cause drastic reductions in wheat production, because there is a formation 

of pollen grains during this period, leading to their sterility. Under heat, was observed sucrose and starch 

depletion in tomato and bell pepper pollen (Aloni et al., 2001; Pressman et al., 2002), as well as a reduction in 

the activity of invertase, responsible for starch accumulation in cell wall sorghum pollen (Jain et al., 2007, 

2010). 

 

The joint analysis of correlations indicated that the phenotypic correlation for EW and NGE was superior to the 

genotypic, indicating that, on average, the environment tends to favor the traits. 
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Overall, the results indicated that the traits are good parameters for analysis and selection of genotypes, as they 

indicated they contain considerable total available variation among the genotypes studied. However, it is 

important that these traits be interpreted together so there is no productivity overestimation, since, as noted, the 

temperature did not affect the number of formed ears, but did affect the fertility of spikelet’s.    

 

CONCLUSION 
 

Heat stress causes significant losses in wheat production and leads to the formation of sterile spikelet’s. In this 

work, had no influence on the protein content of wheat grains. The production components (GW, NGE and VG) 

are those that best discriminate genotypes in the environment subjected to heat stress. Among the wheat 

genotypes analyzed, CD 104, CD 122 and TBIO Itaipu have the best performance when subjected to heat stress. 
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