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Abstract- Plant establishment depends on the ability of seeds and seedlings to adapt to adverse 
environmental conditions. Thus, the objective of this study was to evaluate the influence of the 
increase in air temperature (with variations throughout the day) the emergence and initial growth 
of sorghum cultivars (Sorghum bicolor L. Moench). The experiment was conducted in growth 
chambers in a 7x3 factorial scheme with a completely randomized design using seven sorghum 
cultivars (AGRI 002E, BRS 506, BRS 716, SF15, IAC Santa Elisa, BRS Ponta Negra and, 
Volumax) and three temperatures: T1 (20.0-26.0-33.0°C); T2 (24.8-30.8-37.8°C); T3 (27.8-33.8-
40.8°C), with four replications of ten seeds. The following aspects were evaluated: emergence 
percentage, emergence speed index, average emergence speed, average emergence time, 
length, and fresh and dry mass of seedlings.  

Keywords: seedlings; sorghum bicolor L. moench; heat stress. 

GJSFR-D Classification:  FOR Code:   

TheIncreaseinAirTemperatureanditsInterferenceintheEmergenceandInitialGrowthofSorghumCultivars  
                                                                                                                                               
 
 
                                                                            Strictly as per the compliance and regulations of: 

 
 

By Glaucia Suêrda Gomes do Nascimento, Gilmara Moreira Oliveira, 
Elioenai Gomes Freire Silva, Juliane Rafaele Alves Barros, Miguel Julio Machado 

Guimarães, Anderson Ramos de Oliveira & Francislene Angelotti



 

The Increase in Air Temperature and its 
Interference in the Emergence and Initial Growth 

of Sorghum Cultivars 
Glaucia Suêrda Gomes do Nascimento α, Gilmara Moreira Oliveira σ, Elioenai Gomes Freire Silva ρ,  
Juliane Rafaele Alves Barros Ѡ, Miguel Julio Machado Guimarães ¥, Anderson Ramos de Oliveira §                    

& Francislene Angelotti χ 

Abstract- Plant establishment depends on the ability of seeds 
and seedlings to adapt to adverse environmental conditions. 
Thus, the objective of this study was to evaluate the influence 
of the increase in air temperature (with variations throughout 
the day) the emergence and initial growth of sorghum cultivars 
(Sorghum bicolor L. Moench). The experiment was conducted 
in growth chambers in a 7x3 factorial scheme with a 
completely randomized design using seven sorghum cultivars 
(AGRI 002E, BRS 506, BRS 716, SF15, IAC Santa Elisa, BRS 
Ponta Negra and, Volumax) and three temperatures: T1 (20.0-
26.0-33.0°C); T2 (24.8-30.8-37.8°C); T3 (27.8-33.8-40.8°C), 
with four replications of ten seeds. The following aspects were 
evaluated: emergence percentage, emergence speed index, 
average emergence speed, average emergence time, length, 
and fresh and dry mass of seedlings. The temperature x 
cultivar interaction was not significant for emergence, dry 
mass or length of sorghum seedlings. The speed index and 
the mean emergence velocity increased in the regime of 27.9-
34.3-40.8°C, with means of 2.85 and 0.34 seeds days-1, 
respectively. The responses regarding the cultivars were 
different for the growth and emergence variables. The 24.8-
30.8-37.8°C provided more significant seedling development 
with higher seedling length, and fresh and dry mass values. 
From the results, it appears that the increase of 4.8°C in air 
temperature favors the emergence and initial growth of 
sorghum seedlings. 
Keywords: seedlings; sorghum bicolor L. moench; heat 
stress. 

I. Introduction 

emperature is one of the climatic elements that 
most restrict agriculture (IPCC, 2018), and it can 
affect the emergence and initial growth of 

seedlings (Reis et al., 2017), thereby determining plant 
establishment in the field. According to climate 
projections by the Intergovernmental Panel on Climate 
Change (IPCC), an increase of up to 4.3°C in average air  
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temperature could occur, with extreme weather events 
such as heat waves and prolonged droughts becoming 
frequent (IPCC, 2021). It is noteworthy that semi-arid 
regions are identified as being more vulnerable to 
changes in climate and extreme temperature events 
(Marengo et al., 2020). Thus, selecting plant specimens 
that present satisfactory performance in the initial 
development through vigorous seed germination and 
uniform establishment of seedlings can be considered a 
strategic step for maintaining agricultural production, 
especially in these regions (Parmoon et al., 2015; Barros 
et al., 2020). 

Temperature directly interferes with seed 
germination, being able to hinder or boost the 
germination process (Barros et al., 2020). In addition, it 
affects the germination speed, which is an important 
parameter because the higher the seed germination 
speed, the faster the seedlings will grow, and the shorter 
the exposure time of the seeds to adverse 
environmental conditions, which can harm the 
germination process (Baskin e Baskin, 2014; Gazola et 
al., 2013). 

Sorghum stands out among the most relevant 
crops in the Brazilian semi-arid region; which is grass 
used for multiple purposes, from fodder for animal feed 
to human consumption (Tabosa et al., 2020). It has 
recently become an alternative for generating energy by 
directly burning its biomass, in addition to being an 
alternative source in manufacturing second-generation 
ethanol (Pimentel et al., 2017; Silva et al., 2018). 
Sorghum shows better germination between 21 and 
35°C (Peacock, 1982). Thus, it is of fundamental 
importance to evaluate how the increase in air 
temperature can influence seed germination and the 
growth of sorghum seedlings, since this step can 
significantly contribute to high crop yield in the field. 

Thus, studies evaluating the initial development 
of sorghum under increased air temperature conditions 
are scarce in the literature. In addition, studies with 
sorghum evaluating this climatic element were carried 
out using only constant temperatures (Silva et al., 2016; 
Chopra et al., 2017; Chiluwal et al., 2018). Simulating 
temperature increases with variations throughout the 
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day can represent a methodological advance in 
scientific research, allowing us to more accurately 
present results that represent environmental conditions 
(Barros et al., 2020; 2021). Thus, the objective of this 
study was to evaluate the influence of an increase in air 
temperature with variations throughout the day the 
emergence and initial growth of sorghum cultivars. 

II. Material and Methods 

The study was conducted at Embrapa Semi-
arid located in the municipality of Petrolina, PE, Brazil. 
Fitotron growth chambers with temperature, humidity, 
and photoperiod control were used. The design was in a 

7x3 factorial scheme (cultivars x temperature), with four 
replications. Seven sorghum cultivars were evaluated, of 
which five were of the dual purpose type (AGRI 002E, 
BRS 506, SF 15, BRS Ponta Negra, and Volumax) and 
two biomass sorghum cultivars (BRS 716 and IAC Santa 
Elisa) which were conserved in a cold chamber to 
reduce possible alterations in seed quality. The 
temperature regimes used were: 20.0-26.0-33.0°C; 24.8-
30.8-37.8°C; 27.8-33.8-40.8°C (Table 1), simulating 
temperature variations throughout the day, with a 
photoperiod of 12 hours and relative humidity ranging 
from 50 to 70%. 

Table 1: Temperature Regimes, with Minimum, Average, and Maximum Temperature Variation Throughout the Day 

Temperature Regimes 
Hour/Temperature (o C) 

6h às 10h 10h às 15h 15h às 20h 20h às 6h 
T1 (20,0 - 26,0 - 33,0°C) 26,0 33,0 26,0 20,0 

T2 (24,8 - 30,8 - 37,8°C) 30,8 37,8 30,8 24,8 
T3 (27,8 - 33,8 - 40,8°C) 33,8 40,8 33,8 27,8 

The temperature regimes were determined from 
the average daily temperature of the Sub-medium 
region of the São Francisco Valley in the last 30 years, 
including the minimum, average, and maximum 
temperature of the day, ranging from 18-22, 25-27 and, 
32-34°C, respectively. Temperature simulations 
increasing from the average temperature by 4.8°C and 
7.8°C were performed. 

First, ten seeds were sown in pots with a 
volumetric capacity of eight liters at a depth of two 
centimeters. The pots were filled with gravel at the base 
and completed the volume with Eutrophic Yellow 
Argisol. Seedling emergence was then evaluated daily 
for 12 days. The following parameters were assessed: 
emergence percentage (E%) (Brazil, 2009); mean 
emergence time (MET) and mean emergence speed 
(MES) (Labouriau, 1983); and emergence speed index 
(ESI) (Maguire, 1962). 

The fresh and dry mass was evaluated 12 days 
after sowing, as well as the length of the seedlings. The 
seedling length was determined with a ruler, and then 
the weight of the fresh mass was obtained on an 

analytical scale (in grams). Then, the plant material was 
stored in paper bags in a forced air circulation oven at 
65°C for drying. After reaching constant mass after ± 72 
hours, the samples were weighed on an analytical scale 
to obtain the dry mass (expressed in grams).The 
obtained data were submitted to analysis of variance 
(ANOVA), and the means were compared using the 
Scott Knott test at 5% significance. 

III. Results and Discussion 

The temperature x cultivar interaction was 
insignificant for the emergence percentage, emergence 
speed index, mean emergence time or mean 
emergence speed (Table 2). However, the emergence 
percentage varied according to the sorghum cultivars 
(Tables 2 and 3). In addition, there was an isolated 
effect of temperature and cultivars on the emergence 
speed index (ESI), on the mean emergence time (MET), 
and the mean emergence speed (MES) of seeds 
(Tables 2 and 3). 
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Table 2: Summary of Analysis of Variance, by the Mean Square, of Seedling Emergence Parameters Evaluated in 
Different Sorghum Cultivars Submitted to Different Temperature Regimes

Source of Variation
Medium Square

GL %E ESI MET MES
Temperature (T) 2 122,619ns 4,499 ** 9,183 ** 0,056 **

cultivars(Ct) 6 1650,000 ** 2,389 ** 1,297 ** 0,012 **
T x Ct 12 147,619ns 0,289ns 0,266ns 0,001ns

Residue 63 178,571 0,275 0,253 0,002
CV% 16,36 20,21 15,05 13,35

DoF = degree of freedom; Emergence percentage (E%), emergence speed index (ESI), mean emergence time (MET), and mean 
emergence speed (MES); CV = coefficient of variation; ns = not significant, ** significant at the level of 1% probability by the F test



 

The emergence percentage of sorghum 
seedlings did not differ with increasing temperature, and 
only presented variation between cultivars. According to 
the Rules for Seed Analysis (RAS), the minimum 
commercial value established for seed germination is 
80% (Brasil, 2009); thus, the AGRI 002E, BRS 506, and 
BRS Ponta Negra cultivars showed an emergence 
percentage below the minimum established value (Table 
3). This result may be related to the physiological quality 

of the seeds, as according to Pádua et al. (2010), 
changes in physiological potential affect seed 
germination and vigor.  

Genetic variability among cultivars can directly 
interfere with a seed’s response to abiotic stresses 
(Maia et al., 2011). This was evidenced in this work, 
where the IAC Santa Elisa cultivar presented emergence 
percentage (E%) and emergence speed index (ESI) with 
values above 97% and 3.29, respectively (Table 3).  

   

     
     

     

     

     

     

     

     

     

Means followed by the same lowercase letter in 
the column do not differ from each other by the Scott 
Knott test at 5% probability. Emergence Percentage 
(E%), Emergence Speed Index (ESI), Mean Emergence 
Time (MET), and Mean Emergence Speed (MES). 

High emergence percentage is an important 
parameter to be evaluated for the choice of a cultivar, as 
it favors its productivity by enabling fast fixation of the 
species in the environment, ensuring plant development 
even under adverse conditions (Melo et al., 2018). The 
highest emergence speed was observed in the BRS 716 
cultivar seeds. As mentioned above, the germination 
speed is an important parameter in the choice of 
cultivar, since a delay in emergence can directly 

interfere with the uniformity of the final stand (Pádua et 
al., 2010). 

The increase in temperature also accelerated 
the emergence speed index, with values ranging from 
0.33 to 0.34 (Figures 1A and B). The lowest ESI values  
were observed in the temperature regime of 20.0-26.0-
33.0°C, with an average of 0.26 (Figure 1A). The 
beginning of sorghum seedling emergence took two 
days in the temperature regimes of 24.8-30.8-37.8°C 
and 27.8-33.8-40.8°C, whileit was three days for the 
regime of 20.0-26.0-33.0°C (Figure 1C). It is observed 
that the increase in temperature promoted a reduction in 
the mean emergence time (Figure 1C) in 1 day. 
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Table 3: The Emergence of Sorghum Cultivars

Cultivars %E ESI MET MES
AGRI 002E 75,83 c 2,46 c 3,27 b 0,31 b

BRS 506 70,00 c 2,11 d 3,63 a 0,29 c

BRS 716 84,17 b 2,94 b 2,83 b 0,37 a

SF 15 93,33 a 2,59 c 3,85 a 0,27 c

BRS Ponta Negra 65,83 c 2,04 d 3,42 a 0,30 c

IAC Santa Elisa 97,50 a 3,29 a 3,18 b 0,33 b

Volumax 85,00 b 2,75 b 3,23 b 0,32 b

CV% 16,36 20,21 15,05 13,35



 

 

Figure 1: Emergence speed index (A), mean emergence speed (seeds. days-1) (B), and Mean Emergence Time 
(Days) (C) of Sorghum Cultivars Sown in Three Temperature Regimes: T1: 20.0-26.0-33.0°C; T2: 24.8-30.8-37.8°C; 
T3: 27.8-33.8-40.8°C 

The higher seed emergence speed in the 
regimes of 24.8-30.8-37.8°C and 27.8-33.8-40.8°C can 
be explained by the influence of the increase in 
temperature, since high temperatures favor an increase 
in the speed of water absorption and chemical reactions 
(Carvalho & Nakagawa, 2012). The germination process 
becomes more efficient in this scenario since the seeds 
that have a higher emergence speed will be more 
effective at initially establishing seedlings and therefore, 
capable of developing more vigorous plants and 
guaranteeing the harvest (NIMIR et al., 2015). 

It was verified that the temperature of the 
installation affected the corn seed germination, 
presenting an increase in the germination percentage 
from 94.33% at (28-30 °C) to 98.33% at (31-33°C) 
(Wawo et al., 2020). However, temperatures above 35°C 
reduce in the germination percentage of six lots of corn 
seeds (Sbrussi e Zucarelli, 2015). It is worth noting that 
these studies were carried out using constant 
temperatures, while in natural conditions, there is 

variation in air temperature throughout the day. Thus, 
experiments using different temperature regimes can 
more accurately simulate temperature variations in the 
environment, allowing better evaluation of the 
interference of this element in the germination rate (Liu 
et al., 2013).  

From the ESI, MES, and MET results for the 
temperature regimes of 24.8-30.8-37.8°C and 27.8-33.8-
40.8°C, which represent an increase of 4.8 and 7.8°C in 
the average temperature of the semi-arid region, it was 
found that this increase did not negatively affect the 
seedling emergence process and may be related to the 
ecological adaptation of the species to air temperature 
fluctuations throughout the day. 

The interaction between temperature and 
cultivar was significant for the fresh mass of sorghum 
seedlings. However, the isolated effect of temperature 
and cultivar was observed for dry mass and seedling 
length (Table4). 

Table 4: Summary of Analysis of Variance by Mean Square to Evaluate Initial Growth in Different Sorghum Cultivars 
Submitted to Different Temperature Regimes 

Source of Variation 
Medium Square 

GL Freshmass(g) Drymass(g) Seedling length (cm) 

Temperature (T) 2 0,2559 ** 0,0021 ** 260,6278 ** 

Cultivars (Ct) 6 0,1285 ** 0,0032 ** 124,5324 ** 

T x Ct 12 0,0145 ** 0,0002ns 17,0246ns 

Residue 63 0,0068 0,0001 23,0147 

CV%  21,14 21,44 18,54 

DoF = degrees of freedom; CV = coefficient of variation; ns = not significant; ** significant at the 1% probability level by the F test 

The BRS 716 cultivar presented higher seedling 
fresh mass in the temperature regime of 20.0-26.0-
33.0°C (Table 5). The AGRI 002E, BRS 716, and 
Volumax cultivars showed a higher fresh mass with an 
increase of 4.8°C in air temperature, corresponding to 
the regime of 24.8-30.8-37.8°C. The increase in the 
average air temperature above 4.8°C may reduce the 
fresh seedling mass of the BRS 716 cultivar (Table 5). 

Moreover, there was a reduction in the seedling fresh 
mass of the AGRI 002E, BRS Ponta Negra, IAC Santa 
Elisa and Volumax cultivars in the 27.8-33.8-40.8°C 
regime compared to the 24.8-30.8-37.8°C. However, 
compared to the 20.0-26.0-33.0°C regime, there was no 
significant difference in any of these cultivars, meaning 
that the fresh matter production was statistically similar 

© 2023   Global Journals

1

Y
ea

r
20

23

4

     

     

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
III  
  
Is
s u

e 
  
  
er

sio
n 

I 
 

V
II

  
 

( D
)

The Increase in Air Temperature and its Interference in the Emergence and Initial Growth of Sorghum 
Cultivars



 

in both the 20.0-26.0-33.0°C and 27.8-33.8-40.8°C 
regimes. 

 
 

Table 5: Fresh Mass of Sorghum Cultivars Subjected to Different Temperature Regimes 

Freshmass(g) 
Temperature 

regimes AGRI 002E BRS 506 BRS 716 SF 15 BRS Ponta 
Negra 

IAC Santa 
Elisa Volumax 

20,0-26,0-33,0 °C 0,34 Cb 0,27 Ca 0,55 Aa 0,25 Ca 0,33 Cb 0,31 Cb 0,43 Bb 

24,8-30,8-37,8 °C 0,59 Aa 0,33 Ca 0,67 Aa 0,29 Ca 0,51 Ba 0,41 Ca 0,65 Aa 

27,8-33,8-40,8 °C 0,32 Ab 0,29 Aa 0,38 Ab 0,20 Ba 0,36 Ab 0,24 Bb 0,37 Ab 

CV % 21,14 

Means followed by the same lowercase letter in the column and uppercase in the row do not differ from each other by the Scott-
Knott test at 5% probability.  

The fresh mass of BRS 506 and SF 15 cultivars 
did not show a statistical difference between the 
temperature regimes tested. This result may be related 
to the water adjustment of these cultivars to adapt to the 
conditions imposed by the thermal increase. According 
to Li et al. (2017), plants that present partial closure of 
the stomata have a greater ability to use water, and 
therefore have reduced water loss through transpiration. 
The transpiration through the stomata may play a crucial 

role in tolerance to warmer environments (Zhou et al., 
2015; Feller, 2016). 

The highest dry mass value found in the 
temperature regime of 24.8-30.8-37.8°C was 0.07 g 
(Figure 2A),with a 14% reduction in the dry mass of 
seedlings submitted to the regimes of 27.8-33.8-40.8°C 
and 20.0-26.0-33.0°C, with no statistical difference 
between them (Figure 2A). A similar result was observed 
for seedling length, with a reduction of 18% (Figure 2B). 
 

 
*Equal Letters Do Not Differ by the Scott Knott Test at 5% Probability 

Figure 2: Dry Mass (A) and Seedling Length (B) of Sorghum Subjected to Different Temperature Regimes.  

In evaluating the effect of air temperature on the 
initial phase of sugarcane growth, Guerra et al. (2014) 
observed that plants subjected to higher temperatures 
(33°C daytime and 27°C night) had the highest plant 
height compared to the treatment with a lower 
temperature regime (29ºC during the day and 23ºC at 
night). However, exposing seedlings to higher tempera-
tures (30-40°C) can cause severe cell damage that limits 
the growth of sorghum seedlings (Yamasaki et al., 
2002). The 20.0-26.0-33.0 and 27.8-33.8-40.8°C regimes 
provided a reduction in dry mass and seedling growth 
compared to the 24.8-30.8-37.8°C regime. Tempera-
tures above the upper basal of the species in C4 plants 
cause a reduction in enzymatic activity and changes in 

the fluidity of thylakoid membranes (Bergamaschi e 
Bergonci, 2017). On the other hand, lower than optimal 
temperatures during planting can decrease the 
concentration of reserves and reduce the growth rate 
(Cruz et al., 2007). The nutrient reserves of seeds are 
stored in the cotyledons and the cell walls of the 
endosperm. After germination, these reserves are 
decomposed and carried to the growing seedling until it 
becomes autotrophic (Taiz et al., 2017). 

It should be noted that the initial growth of 
sorghum varied with the cultivar analyzed (Table 6). The 
BRS 716 cultivar presented higher dry mass, while the 
lowest performance for seedling length occurred for the 
BRS 506 and SF 15 cultivars (Table 6).  
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Table 6: Initial Growth Parameters of Sorghum Cultivars Subjected to Different Temperature Regimes

Cultivars Drymass(g) Seedling length(cm)

AGRI 002E 0,064 c 25,817 a

BRS 506 0,053 c 21,293 b

BRS 716 0,089 a 28,945 a

SF 15 0,040 d 21,908 b

BRS Ponta Negra 0,057 c 25,845 a

IAC Santa Elisa 0,053 c 29,130 a

Volumax 0,077 b 28,222 a
CV (%) 21,44 18,54

CV = coefficient of variation; *means followed by the same lowercase letter in the column do not differ from each other by the Scott 
Knott test at 5% probability

The emergence of seeds and the initial growth 
of seedlings are essential stages for the establishment 
of plants in the field, as they are periods dependent on 
environmental conditions, such as high temperatures. 
The 4.8°C increase in air temperature had a positive 
response in the emergence and initial growth of 
sorghum seedlings, while the 7.8°C increase in air 
temperature did not affect these parameters. Therefore, 
studies on the impacts of increased air temperature on 
the initial development of sorghum plants are essential.

IV. Conclusions

Temperature can interfere with the emergence 
and initial development of sorghum seedlings, with 
different responses among cultivars. The 4.8°C increase 
in air temperature results in a higher emergence speed 
index and mean emergence speed, favoring the dry 
mass and the length of the seedlings. The rise in air 
temperature by 7.8°C did not affect the dry mass 
response and the size of sorghum seedlings.
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