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Abstract 
The objective of this study was to evaluate the agronomic characteristics of two sweet sorghum varieties for row 
spacing in the semiarid region of the State of Ceará, Brazil. Hence, an experiment was carried out on the 
Experimental Farm of the Federal University of Ceará, in two agricultural cycles (2015 and 2016), in sandy loam 
Planosol during the rainy season. Two sweet sorghum varieties (BRS 506 and SF 15), cultivated at 50, 60, 70, 
and 80 cm row spacing, were evaluated at different times after sowing (30, 45, 60, 75, and 90 days), in a 
randomized block design repeated four times in the arrangement of subdivided plots (2 × 4 × 5). The BRS 506 
variety had higher mean number of leaves and leaf angle +3 in the two cycles evaluated. The highest mean plant 
height was observed at 90 DAS (328.11 cm). The stalk diameter at 15.59 mm was greatest with 70 cm spacing 
between rows. The chlorophyll content of the leaves may be influenced by stress factors, such as water and 
mineral deficiency, primarily nitrogen. The best results for chlorophyll occurred in the first cycle, in which the 
greatest mean was observed at 75 days, while in the second cycle, a year that presented low precipitation (water 
stress), the greatest means were observed at 30 days. Taking into consideration our results, BRS 506 variety is 
recommended for cultivation in semiarid northeastern Brazil, presenting good agronomic characteristics, when 
sown with 70 cm spacing between the rows.  
Keywords: Sorghum bicolor (L.) Moench, semiarid, agronomic evaluations, vegetable pigments, ethanol 

1. Introduction 
The semiarid region of Brazil has climatic characteristics that often limit agricultural production under natural 
conditions, due to its intense insolation, high temperatures, and irregular rainfall generally concentrated in a 
short period of time. This scenario has been intensifying by climate change (Moura et al., 2007; Oliveira et al., 
2012; Nunes et al., 2014). Sweet sorghum (Sorghum bicolor (L.) Moench) is a promising crop for these regions, 
due to its hardiness and resistance to abiotic stresses (Oliveira et al., 2011, 2017a).  

Sweet sorghum can be harvested between the period of sugarcane harvests, thus benefiting the sugarcane 
industry, by reducing the idle time and generating raw material to produce ethanol during this period. It produces 
substantial biomass, has an early harvest, and uses the same industrialization process as sugarcane. These factors 
make it the first option for the renewal of the cultivation area, aiming to anticipate the milling period by about 45 
days (Santos et al., 2015; Silva et al., 2018). 

Crop production might be increased without increasing the cultivated area mainly due to the use of cultivars with 
greater productive potential as well as the appropriate cultivation management. The arrangement of plants can be 
accomplished by altering the number of plants in the row and the spacing between the planting rows, to increase 
the yield and to improve the distribution of the plants in the area. This can increase the efficient use of water, 
solar radiation, and the nutrients available, as well as control weeds. These studies provide information on how 
to reduce intraspecific competition and maximize the use of environmental resources (Bellaloui et al., 2015; 
Souza et al., 2016; Costa et al., 2017; Silva et al., 2017a).  
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2.2 Plant Materials and Preparation of the Experimental Area 

The varieties used were BRS 506, acquired from the Brazilian Agricultural Research Corporation (EMBRAPA), 
Corn and Sorghum located in Sete Lagoas, MG, and SF-15, provided by the Instituto Agronômico de 
Pernambuco (IPA) located in Recife, PE. 

Soil preparation was performed with plowing followed by harrowing. According to the soil analysis (Appendix 
A: Tables A1 and A2) of the experiment area and recommendations of Silva et al. (2017b), the crop was 
fertilized with 30, 50, and 45 kg ha-1 of N, P2O5, and K2O, respectively, at the time of sowing for both years, 
taking as sources for each nutrient the mineral fertilizers urea, simple superphosphate, and potassium chloride. 
Twenty days after sowing, a topdressing was applied of fertilizer with 140 and 45 kg ha-1 of N and K2O, 
respectively. 

2.3 Experimental Design and Conduction 

For the two varieties studied (BRS 506 and SF-15), the rows spacing of 50, 60, 70, and 80 cm (with the spacing 
between plants standardized at 12 cm) were analyzed at 30, 45, 60, 75, and 90 days after sowing. The 
randomized block design repeated four times in the arrangement of split-plots (2 × 4 × 5), for a total area of 
1,248 m², with four blocks of 312 m² and plots ranging from 10 to 16 m² according to the treatment. Each plot 
consisted of four rows of five meters, the two central rows being the useful area of the plot. 

2.4 Data Collection and Analyzed Variables 

Six plants were evaluated for each experimental unit, with measurements taken every 15 days. The 
morphological parameters analyzed were plant height (PH); stalk diameter (SD); number of leaves (NL); leaf 
angle +3 (LA); chlorophyll a, b, total; and chlorophyll a/b ratio.  

To determine the height of the plant, the measurement was taken from the soil surface to the base of the flag leaf 
(vegetative stage) or panicle apex (reproductive stage). For the stalk diameter, a digital caliper was used to 
determine the diameter from the average of three readings taken at the base, middle, and apex of each plant. The 
leaf angle +3 (LA), the angle of the third leaf-blade junction relative to the main stalk from the apex down, was 
determined by measuring its curvature using a protractor to determine the angle formed by the leaf. The number 
of leaves (NL) was determined by counting the fully expanded leaves. The relative chlorophyll index was 
performed through the ClorofiLOG meter-CFL1030, and readings were done on three parts of the leaf+3, base, 
middle, and apex, with subsequent averaging. 

2.5 Statistical Analyzes 

The data were submitted to tests of normality and homogeneity of the variances, and when such assumptions 
were met, analysis of variance (ANAVA) with Tukey test (5%) were made for the varieties and polynomial 
regression for the spacing between the rows and for the different times after the sowing. The data that did not 
meet at least one of the assumptions were submitted to Kruskal-Wallis non-parametric test, with multiple 
comparisons in pairs with p-value ≤ 0.05 and level of significance at 5%. 

The chlorophyll a² and total chlorophyll² variables were submitted to data transformation through the Boxcox 
system, which made it possible to adjust the data for the ANOVA. 

Statistical analyzes were performed with the software Action 2.7 (ESTATCAMP, 2016) for Boxcox 
transformation, Bartlett test (test of variance), and Kruskal-Wallis test; Assistat 7.7 beta (Silva & Azevedo, 2009) 
for the tests of normality; and Sisvar 5.3 Build 77 (Ferreira, 2011) for ANOVA with Tukey or regression.  

3. Results 
The average values for plant height in the two years of cultivation were not significantly difference (p > 0.05) for 
the varieties and the spacing between the rows studied. Nevertheless, from the first to the second crop cycle, 
plants height decreased 59 cm, in the 50 cm spacing, and decrease 53.5 cm in the 80 cm spacing. During the 
evaluation period, the plant height increased 247.66 cm in the first cycle and 153.43 cm in the second crop cycle, 
from 30 to 90 days after sowing (DAS) (Table 1). 

The BRS 506 variety presented a significant difference (p > 0.05) in the highest mean number of leaves and leaf 
angle +3, observed in the two crop cycles, with an increase of 10.76° in the leaf angle +3 from the first to the 
second cycle. While the spacing between the rows did not show any significant difference. The highest mean 
number of leaves was observed at 60 DAS, while the greatest angle occurred at 90 DAS for both crop cycles 
(Table 1). 
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Table 1. Plant height (PH¹&²), number of leaves (NL¹&²), and leaf angle (ANG¹&²) of two sweet sorghum varieties 
submitted to different spacing between the rows 

Treatments PH¹ PH² NL¹ NL² ANG¹ ANG² 

------------------------------------ cm ------------------------------------ --------------- ° -----------------
Varieties       
BRS 506 225.01 a 179.32 a 7.54 a 6.43 a 41.39 a 52.15 a 
SF-15 230.48 a 176.90 a 7.08 b 5.90 b 33.72 b 36.01 b 

Row Spacing (cm)      
50 232.41 a 173.41 a 7.20 a 5.99 a 36.67 a 42.60 a 
60 223.55 a 182.10 a 7.01 a 6.25 a 35.60 a 43.14 a 
70 226.35 a 181.80 a 7.44 a 6.52 a 38.20 a 46.15 a 
80 228.65 a 175.14 a 7.60 a 6.14 a 39.76 a 44.43 a 

Time (DAS)       
30 80.45 c 81.18 d 6.28 c 5.92 b 27.50 c 31.87 d 
45 170.11 bc 149.53 c 8.17 a 4.67 c 24.56 c 39.56 c 
60 256.09 b 204.40 b 8.73 a 8.08 a 34.67 b 45.57 b 
75 313.94 a 220.83 a 7.19 b 5.86 b 40.41 b 51.12 a 
90 328.11 a 234.61 a 6.19 c 6.28 b 60.64 a 52.28 a 

Note. ¹: first cycle; ²: second cycle; RS: spacing between row; DAS: days after sowing. 

Means followed by equal letters in the columns do not differ from each other by the non-parametric 
Kruskal-Wallis test (K-W), with multiple comparisons in pairs with p-value ≤ 0.05; level of significance at 5%. 

 

The relative indexes of chlorophyll for the first cycle, in Table 2, for the BRS 506 variety showed significant 
difference (p > 0.05) for chlorophyll a, b, and total, with means of 33.98, 9.24, and 43.21, respectively. The SF15 
variety only presented a higher mean for the chlorophyll a/b ratio at 4.22. No significant differences were 
observed for the spacing between rows evaluated. 

At 60 and 75 days after sowing, the highest mean of chlorophyll a was observed, while the chlorophyll b and 
total were higher from 60 to 90 DAS. The chlorophyll a/b ratio was higher at 30 and 45 DAS, with means of 
4.36 and 4.59, respectively. 

 

Table 2. Relative index of chlorophyll, chlorophyll a (Chlor a¹), chlorophyll b (Chlor b¹), total chlorophyll (Chlor 
total¹), and chlorophyll a/b ratio (a/b¹ ratio) of two sweet sorghum varieties submitted to different spacing 
between the rows 

Treatments Chlor a¹ Chlor b¹ Chlor total¹ a/b¹ Ratio 

Varieties 

BRS 506 33.98 a 9.24 a 43.21 a 3.79 b 

SF-15 32.11 b 7.77 b 39.88 b 4.22 a 

RS (cm)     

50 33.15 a 8.72 a 41.86 a 3.91 a 

60 32.85 a 8.10 a 40.95 a 4.12 a 

70 32.76 a 7.99 a 40.75 a 4 19 a 

80 33.41 a 9.21 a 42.61 a 3.80 a 

Time (DAS)     

30 32.18 b 7.40 b 39.59 b 4.36 a 

45 32.84 ab 7.21 b 40.05 ab 4.59 a 

60 33.96 a 8.88 a 42.84 a 3.88 b 

75 34.46 a 9.58 a 44.04 a 3.69 b 

90 31.76 b 9.45 a 41.20 a 3.50 b 

Note. ¹: first cycle; ²: second cycle; RS: spacing between row; DAS: days after sowing. 

Means followed by equal letters in the columns do not differ from each other by the non-parametric 
Kruskal-Wallis test (K-W), with multiple comparisons in pairs with p-value ≤ 0.05; level of significance at 5%. 
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There was a significant difference for the factors of variety (p > 0.01), row spacing (p > 0.05), and time (p > 0.01) 
for stalk diameter in the second cycle. Total chlorophyll in the second cycle was significantly difference (p > 
0.01) only for the time variation factor (Table 3). 

A significant difference (p > 0.01) was observed for the interaction between variety and time (DAS) for the 
variables stalk diameter (first cycle) and chlorophyll b and chlorophyll a/b ratio (second cycle), but the low 
values of the coefficient of variation are worth noting (Table 3).  

 

Table 3. ANOVA summary of the variables: mean stalk diameter (Diam¹&²), chlorophyll a (Chlor a²), chlorophyll 
b (Chlor b²), total chlorophyll (Chlor total²), and chlorophyll a/b ratio (a/b¹ ratio) of two sweet sorghum varieties 
due to different row spacing 

VF DF Diam¹ Diam² Chlor ta² Chlor tb² Total Chlor ² Ratio a/b² 

-------------------------------------------------- QM ---------------------------------------------------

Block 3 1.43 ns 10.1 * 174474.83 ns 5.3050 ns 948108.35 ns 0.0574 ns 

Variety (V) 1 87.21 * 210.8 ** 875081.41 ns 12.611 ns 3230848.12 ns 0.1128 ns 

Error 1 3 4.275 0.9739 1.037.661.25 5.9065 2.599.010.83 0.0327 

Row Space (RS) 3 3.645 ns 20.466 * 127960.53 ns 1.7153 ns 430626.86 ns 0.0138 ns 

V × RS 3 5.151 ns 14.009 ns 218034.31 ns 1.4314 ns 537086.17 ns 0.0132 ns 

Error 2 18 3.524 4.5746 361.727.86 4.0801 1.201.750.44 0.0300 

Time (DAS) 4 25.14 ** 23.38 ** 4231499.3 * 22.46 ** 10189786.1 ** 0.1624 ** 

V × DAS 4 8.27 ** 0.6002 ns 157809.93 ns 2.657 ** 603115.58 ns 0.0274 ** 

RS × DAS 12 0.7849 ns 1.0099 ns 175137.79 ns 0.7894 ns 421518.61 ns 0.0040 

V × RS × DAS 12 1.3467 ns 0.6259 ns 186006.05 ns 1.2366 ns 452826.51 ns 0.0117 ns 

Error 3 96 0.9463 0.7666 133.887.43 0.6872 298.547.77 0.0064 

Total 159 - - - - - - 

CV1 - 13.38 6.57 41.00 32.61 45.67 12.12 

CV2 - 12.15 14.25 24.21 27.10 32.05 11.60 

CV3 - 6.30 5.83 14.73 11.12 15.48 5.38 

Note. ¹: first cycle; ²: second cycle; FV: variation factors; DF: degree of freedom; QM: mean square; t: 
normalized by the boxcox system; CV: coefficient of variation; v: variety; RS: spacing between rows; PS: 
spacing between plants. ns, *, ** not significant, significant at 5%, and 1% probability of error by the F test of 
ANOVA, respectively. 

 

Figure 2A shows that the mean stalk diameter for the SF-15 variety in the first cycle was greater at 45 DAS. The 
observed reduction in stalk diameter over the evaluated time for the SF-15 variety was only 0.69 mm, while the 
BRS 506 reduced 2.72 mm. In the second crop cycle, the mean stalk diameter of the SF-15 variety was greater, 
presenting a mean of 16.15 mm, and the BRS 506 had a mean of 13.86 mm (Figure 2B). The spacing between 
the rows that produced the largest average stalk diameter was 70 cm, with a mean of 15.59 mm in the second 
cycle (Figure 2C). 
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Figure 2. The stalk diameter of two sweet sorghum varieties produced in the semiarid region of Brazil in 2015 
and 2016 due to different spacing between rows 

Note. ¹: first cycle; ²: second cycle; *, **: respectively, significance by the F test when significant at the 5% level 
and significant at the 1% level. ns: not significant. 

 

The relative index values of chlorophyll are represented in Figure 3. Chlorophyll a, in the first cycle, had a 
greater mean at 30 DAS (36.37), with a decrease in this variable to 4.28 at 60 DAS, and an increase (35.19) to at 
90 DAS (Figure 3A). Similar behavior was observed in chlorophyll b (Figure 3B) for the SF-15 variety, in the 
second cycle, which presented the greatest value at 30 DAS (8.12) and least at 75 DAS (5.91). For BRS 506, 
there was no mathematical adjustment, with an average chlorophyll b of 7.73.  

Total chlorophyll (Figure 3C), in the second cycle, presented the greatest mean at 30 DAS (44.63) and least at 75 
DAS (38.72). While the chlorophyll a/b ratio for the SF-15 variety reached the greatest mean at 75 DAS (1.65) 
and the least at 90 DAS (1.44). Again, the BRS 506 variety showed no mathematical adjustment (Figure 3D).  
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Figure 3. Relative chlorophyll index of two sweet sorghum varieties produced in the semiarid region of Brazil in 
2015 due to different spacing between the rows 

Note. ²: second cycle, *, **: respectively, significance by the F test when significant at the 5% level and 
significant at the 1% level. ns: not significant. t: Data transformation by the Boxcox system (λ = 2.5 (Chlorophyll 
a²) and λ = 2.44949 (Total chlorophyll²).  

 

4. Discussion 
Morphogenic characteristics are essential criterion to select appropriated genotypes for each region since 
adaptability and stability responses are affected by both meteorological variables and yield. The morphogenesis 
is conceptualized as the dynamics of generation and expansion of the plant form in a space, with this dynamic 
related to the constant environmental oscillations. Therefore, it must be carefully analyzed to understand the 
ways in which plants respond to environmental variations, as it includes the rate of appearance of new organisms, 
as well as their rates of expansion, senescence, and decomposition. These variables help to determine crop yield 
(Costa et al., 2013, Oliveira et al., 2017b). 

The biomass production for sweet sorghum is directly related to plant height and stalk diameter. The sugars, 
mainly sucrose, which are converted to ethanol, are stored in the stalk. These characteristics are influenced by 
the environmental conditions and crop management (May et al., 2012). 

Water scarcity is a severe environmental constraint that directly affects plant productivity. Thus, the 
drought-induced loss in crop yield probably exceeds losses due to other natural stresses because both severity 
and duration of this stress are critical (Farooq et al., 2009; Oliveira et al., 2012; Taiz et al., 2015). To escape or 
adapt to these situations, the plants use a variety of mechanisms to withstand/tolerate water stress. The main 
mechanisms include reducing water loss through opening and closing of stomata, increasing water absorption 
with deep and branching root systems, and decreasing plant size with smaller leaves to reduce loss through 
perspiration (Oliveira et al., 2017a). 

The plants cultivated in the second cycle were negatively affected by the low precipitation (284.8 mm). 
Regardless of the variety and the spacing between rows, the experiment conducted in the first year of cultivation 
obtained greater plant height averages (Table 1), due to the better distribution and volume of water over the 
period of crop development, with 129.1% more precipitation than in 2016 (Figure 1). 

Silva et al. (2017a), who studied the sweet sorghum (BRS 511) in the semiarid conditions of Ceará, observed a 
negative influence on the height of different plant populations, i.e. the greatest plant population per hectare was 
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associated with the shortest height. However, greater height does not always indicate the greater dry matter 
production, this variable must be correlated to the diameter of the stalk. In this experiment, the SF-15 variety 
showed the greatest shoot mean diameter in the second year of cultivation (Figure 2B). However, its stalk 
characteristics, which was quite spongy, are undesirable for ethanol production, and gave the variety low values 
of fresh stalk mass and broth yield. 

The BRS 506 variety presented the highest mean leaf number and leaf angle +3 in the two years of cultivation 
(Table 1). Werner et al. (2001) emphasize the importance of the position of the leaf. Leaves that are more 
horizontal to the soil can capture light more efficiently; however, excess light is not converted into photoproducts, 
which results in a lower rate of carbon gain. In contrast, leaves more perpendicular to the soil reduce the 
interception of the excessive radiation resulting in a reinforced the carbon gain, with a direct influence on crop 
productivity. 

Photosynthetic pigments are good indicators of the level stress in the plants (Gomes et al., 2014). Therefore, their 
content is frequently monitored during the stress period, by measuring leaf color and estimating chlorophyll 
concentration (Pestana et al., 2001). The content of foliar chlorophyll is related to stress factors such as water 
and mineral deficiency, primarily nitrogen. 

Leonardo et al. (2013) found a correlation between nitrogen and chlorophyll content. N is one element that forms 
the chlorophyll molecule; thus, some authors evaluate the chlorophyll content to determine nutritional status of 
plants, in terms of nitrogen. This finding agrees with the behavior observed in the present experiment. In the first 
cycle, the highest means for chlorophyll levels were observed at 75 DAS (Table 2), while in the second crop 
cycle, a year with low precipitation (Figure 1), the highest means were observed at 30 DAS (Figures 3A, 3B, and 
3C). 

The importance of sweet sorghum as an energy crop is due to some advantages such as drought tolerance, its 
great potential to produce biomass even under less favorable growing conditions, and the easy cultivation 
(Mekdad & Rady, 2016; Silva et al., 2018). This experiment helps prove that sweet sorghum could be an 
important crop to cultivate in more arid regions and can operate in sugar cane renewal areas as a biofuel 
feedstock. 

5. Conclusions 
The highest mean stalk stalker was observed in the SF15 variety, but because it is too spongy it does not make it 
suitable for ethanol production. Although the BRS 506 variety showed lower height and stem height values than 
SF15 variety, the first one would be the most suitable aiming ethanol production due to its better growth and 
development. Thus, BRS 506 variety is recommended for cultivation in semiarid northeastern Brazil, which 
presents reasonable agronomic traits when cultivated with 70 cm spacing between the rows. 
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Appendix A 
Table A1. Physic and chemical conditions of the soil at depths of 0-20 and 20-40 cm in the experimental area of 
Curu Valley Farm, in Pentecoste, Ceará, Brazil, in 2015 

Depth (cm) Ca2+ Mg2+ Na+ K+ H++Al3+ Al3+ S T 

------------------------------------------------------ cmolc kg-1 ---------------------------------------------------

0-20 5.80 1.20 0.33 0.49 1.49 0.15 7.8 9.3 

20-40 5.40 1.60 0.37 0.35 1.16 0.10 7.7 8.9 

Depth (cm) V M C N MO P absorbed C/N PST 

---------- % ---------- --------------------------- g kg-1 --------------------------

0-20 84 2 6.66 0.73 11.48 0.086 9 4 

20-40 87 1 3.72 0.34 6.41 0.053 11 4 

Depth (cm) D.G. pH CE Sand G Sand F Silt Avg. Nat. Avg. 

g cm-3 H2O dS m-1 --------------------------------- g kg-1 -------------------------------------

0-20 1.46 6.7 0.85 68 593 249 90 61 

20-40 1.55 7.0 0.66 50 571 271 108 92 

Source: Soil/Water Laboratory; Department of Soil Science, Federal University of Ceara (UFC); Foundation of 
Meteorology and Water Resources of Ceara State, FUNCEME, Brazil.  

 

Table A2. Physic and chemical conditions of the soil at depths of 0-20 and 20-40 cm in the experimental area of 
Curu Valley Farm, in Pentecoste, Ceará, Brazil, 2016 

Depth (cm) Ca2+ Mg2+ Na+ K+ H++Al3+ Al3+ S T 

----------------------------------------------------- cmolc kg-1 ----------------------------------------------------

0-20 5.40 2.10 0.22 0.96 0.83 0.05 8.7 9.5 

20-40 4.70 3.30 0.63 0.74 0.66 0.05 9.4 10.0 

Depth (cm) V M C N MO P absorbed C/N PST 

----------- % ----------- ------------------------- g kg-1 ---------------------------- 

0-20 91 1 9.48 0.98 16.34 0.084 10 4 

20-40 93 1 5.16 0.53 8.90 0.061 10 4 

Depth (cm) D.G. pH CE Sand G Sand F Silt Avg. Nat. Avg. 

g cm-3 H2O dS m-1 --------------------------------- g kg-1 -----------------------------------

0-20 1.37 6.6 0.58 60 556 261 123 80 

20-40 1.6 6.8 0.70 69 578 258 95 77 

Source: Soil/Water Laboratory; Department of Soil Science, Federal University of Ceara (UFC); Foundation of 
Meteorology and Water Resources of Ceara State, FUNCEME, Brazil.  
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