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Biomass sorghum has emerged as a strategic crop in semi-arid regions and 
other areas with water limitations, providing a sustainable source of biomass for 
multiple uses, including bioenergy generation. This study evaluated the produc-
tive and energetic potential of biomass sorghum cultivars under sowing dates 
in brazilian semi-arid. Two experiments were conducted: the first assessed bio-
metric and productive parameters of the cultivars Agri 002E and BRS 716, sown 
in two planting seasons (June and December). The first harvest was carried out 
when ≥50% of the panicles reached physiological maturity, and the regrowth 
was harvested 40 days later. The second experiment evaluated energy potential 
at phenological stages. Both experiments followed a randomized complete block 
design with three replications. Results showed that planting date significantly 
influenced sorghum development and biomass production. December sowing 
resulted in 57.97 t ha−1 of dry biomass at the first harvest and 26.69 t ha−1 during 
regrowth. June sowing produced 21.42 t ha−1 at the first harvest and 42.89 t ha−1 
at regrowth. The optimal harvest time for energy production was 123 days after 
sowing, reaching 69.7 Gcal/ha. These findings demonstrate that biomass sor-
ghum is a viable and sustainable alternative for bioenergy generation in semi-
arid regions. The crop’s capacity for regrowth, high biomass accumulation, and 
adaptability to environmental stress make it a promising strategy for reducing 
dependence on native forest biomass and promoting energy sustainability. 
Biomass sorghum contributes as a resilient and sustainable strategy for food and 
energy security.
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1 Introduction

Sorghum (Sorghum bicolor (L.) Moench.) is an economically important cereal due to its 
versatility and efficiency, being suitable for grain production and high-quality biomass, with 
applications in forage, silage, and biofuel production (Choudhary et al., 2024; Ameen et al., 
2024). An additional advantageous characteristic of sorghum is its regrowth potential. After 
cutting or harvesting, the root system remains active, enabling the regeneration of the aerial 
part and the continuation of productive cycles (Bhat et al., 2020).
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This ability not only reduces replanting costs but also enhances 
the sustainability of the production system by maximizing soil and 
water resource use (Syuryawati and Aqil, 2021). Sorghum is also resil-
ient to adverse conditions such as drought and low-fertility soils, 
making it a viable crop for regions with climatic and edaphic con-
straints (Alzahrani et al., 2024). Therefore, sorghum is considered 
strategic for both food and energy security, particularly under climate 
change scenarios (Alzahrani et al., 2024; Watson-Lazowski et al., 2024; 
Nascimento et al., 2023; Ndlovu et al., 2021).

Among the sorghum types cultivated, biomass sorghum 
stands out as a raw material for both second-generation ethanol 
and direct bioenergy generation through burning freshly har-
vested or densified biomass (Morales et al., 2024; Bakari et al., 
2023). The use of biomass sorghum as an energy source is par-
ticularly notable when compared to eucalyptus wood. While 
eucalyptus requires a six-year cycle to reach optimal harvest and 
produces an average of ~22 t ha−1 of dry biomass per year 
(Binkley et al., 2017), biomass sorghum can produce over 
80 t ha−1 of fresh biomass and approximately 40 t ha−1 of dry bio-
mass within six months (Morales et al., 2024; Nascimento et al., 
2023). Additionally, the energetic potential of biomass sorghum 
varies according to the cultivar, with higher heating values 
(HHV) ranging from 4,220 to 4,590 kcal/kg (Batista et al., 2018), 
althoguh eucalyptus average is (4,700 kcal/kg) (Moreira et 
al., 2012).

In the Brazilian semi-arid region, biomass consumption is high 
due to intensive energy demands, particularly from the gypsum indus-
try, which produces 95% of Brazil’s gypsum (Angelotti et al., 2022). 
This sector largely relies on wood from native Caatinga vegetation 
(Arcoverde et al., 2024), posing a serious threat to biodiversity and 
ecosystem conservation. Many studies address the first cycle of sor-
ghum cultivation. However, there is a lack of information regarding 
whether regrowth after 40 days maintains significant energy potential. 
This information is important for predicting the cost of planting over 
two harvests. It also helps to indicate the best planting window for the 
Agri 002E and BRS 716 varieties, assisting in defining the zoning for 
each cultivar, and understanding the best harvest date to maximize 
energy generation. The experiment was conducted under irrigated 
conditions to ensure uniform crop development, enabling a consistent 
evaluation of the productive potential of the cultivars in semi-arid 
environments.

2 Materials and methods

2.1 Experimental site

The study was conducted at the Caatinga Experimental Field, 
belonging to Embrapa Semi-arid, located in Petrolina, Pernambuco, 
Brazil (latitude 9° 8′8.9″ S, longitude 40° 18′33.6″ W, altitude 
373 m). The soil in the experimental area is classified as Red-Yellow 
Argisol, with medium texture and flat relief. The climate is semi-
arid (BSwh’), according to Köppen’s classification, with a well-
defined rainy period from November to April and an average 
annual precipitation of approximately 500 mm (Dubreuil et 
al., 2019).

2.2 Experimental design

The experimental design used was a randomized complete 
block design with three replications. In the first trial, to deter-
mine productive potential, the experimental treatments consisted 
of two biomass sorghum cultivars, BRS 716 and Agri 002E. BRS 
716, developed by the Brazilian Agricultural Research 
Corporation (Embrapa), is a biomass-type sorghum widely used 
for bioenergy production due to its tall plant stature, high vegeta-
tive growth, and high dry matter yield, particularly under tropical 
and semi-arid conditions (May et al., 2016). The cultivar AGRI-
002E is a forage sorghum genotype with Bolivian genetic back-
ground developed and commercialized by Tropigene/Latina 
Seeds, registered in Brazil in 2011. It was bred to maximize veg-
etative growth and biomass production, presenting vigorous 
growth, deep root system, high regrowth capacity, and high fresh 
and dry matter yields, characteristics that make it suitable for 
silage production and forage supply in tropical environments 
(Pucetti et al., 2024). Due to its high biomass accumulation and 
adaptability to warm climates, these cultivars have been widely 
used in studies evaluating biomass productivity and forage sys-
tems. These cultivars were tested under two sowing dates: June 
and December Sowing in June corresponds to the onset of winter 
in the southern hemisphere, while sowing in December corre-
sponds to the onset of summer. During the experimental period, 
climatic data were monitored via an automatic meteorological 
monitoring station (Figure 1).

FIGURE 1

(A) Winter—June to September 2021. (B) Summer—December to May 2022. Maximum temperature [Ta (max) (°C)], minimum temperature [Ta (min) 
(°C)], precipitation [Prec (mm)], and sorghum biomass cycle (sowing to harvest) of two sowing seasons, from June to September 2021 and December 
to May 2022.
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2.3 Treatments and agronomic 
management

Soil preparation was performed via harrowing. The area was then 
divided into plots composed of eight rows, each measuring 3.0 m in 
length and spaced 0.70 m apart, totaling a plot area of 16.80 m2 
(3.0 m × 5.6 m). Seeds with 90% germination rate were manually 
sown on June 30, 2021 (season 1) and December 21, 2021 (season 2). 
Fourteen seeds were deposited per linear meter at a depth of 3–5 cm, 
spaced 15 cm between furrows. Seedlings were thinned 20 days after 
sowing, maintaining seven plants per linear meter.

Fertilization was based on soil chemical analysis (Table 1) and 
followed recommendations from Santos et al. (2015). At sowing, 
28 kg/ha of N, 98 kg/ha of P2O2, and 56 kg/ha of K2O were applied. 
Topdressing fertilization consisted of 110 and 50 kg/ha of N applied 
at 20 and 30 days after sowing, respectively. For regrowth, 150 kg/ha 
of N was applied in two split applications 15 days after the first harvest. 
Irrigation was carried out via drip irrigation according to crop water 
demand (Santos et al., 2015).

2.4 Data collection and measurements

At the time of the first harvest (first cut), 10 plants were sectioned 
and cut 10 cm above ground level for assessment. For analysis, data 
from the four meters of the central planting rows were considered to 
ensure sample representativeness. Harvesting was performed when 
50% or more of the panicles exhibited grains at physiological maturity, 
with a moisture content of approximately 15%. To assess regrowth 
capacity, the plants were cut again 40 days after the first cut.

The characteristics evaluated in the first cut were: plant height (PH), 
measured from the base, at soil level, to the last fully expanded leaf, using 
a graduated measuring tape (m); number of leaves (NL), determined 
through simple counting, considering all leaves with visible and fully 
developed ligules; stem diameter (SD), measured with a digital caliper by 
taking two readings between the second and third internodes and calcu-
lating the average value (mm); and leaf area (LA), which was calculated 
based on the dimensions of the third leaf with an open ligule by measur-
ing its length (L) and width (W) with a graduated measuring tape.

To determine fresh matter yield (kg), plant components (leaf, 
stem, and total) were separated and weighed using an analytical scale. 
Dry biomass was determined after drying the samples in a forced-air 
circulation oven maintained at 60 °C until constant weight was 
reached (approximately 72 h). The same variables were evaluated 
during the regrowth harvest, following the same methodological pro-
cedures used in the first cut.

Fresh matter production (FMP) per hectare was obtained as the 
product of production per linear meter cultivated and the total linear 
meters cultivated per hectare. Dry matter production (DMP) was esti-
mated as the product of FMP and DMP content, and subsequently 
converted to DMP per hectare.

2.5 Energy potential assessment (second 
experiment)

In the second experiment, conducted under the same conditions, 
the cultivar BRS 716 was sown in July to determine energy potential 
at five harvest times: 62, 73, 101, 108, and 113 days after sowing. July 
was selected to evaluate energy potential under intermediate photo-
period and temperature conditions.

The following variables were evaluated: biomass yield (t ha−1), higher 
heating value (HHV)—estimated using a bomb calorimeter adapted 
from ASTM D5865 (ASTM  – American Society for Testing and 
Materials, 2013), ash content (%)—analyzed using NBR 8112 (ABNT – 
Brazilian Association of Technical Standards, 1986).

	
= × 1Energy productivity Gcal/ha HHV Kcal/kg Productivity t ha 1,000

where:
HHV (kcal/kg) = Higher Heating Value of the biomass
Biomass Yield (t ha−1) = Total dry biomass production per hectare
1,000 = conversion factor from kcal to Gcal.
The optimal harvest time of 123 days was determined a mathemati-

cal approach based on the growth trend observed in our data. We fitted 
a second-order polynomial regression model (y = −0.0077x2 + 1.8929
x –46.631; R2 = 0.8314) to the Energy Productivity dataset. To identify 
the theoretical maximum of the energy accumulation curve, we calcu-
lated the first derivative of the regression function (dy/dx = 2ax + b) 
and set it to zero (dy/dx = 0). Solving for x gave us the stationary point, 
which corresponds to the maximum energy productivity.

2.6 Statistical analysis

Statistical analyses were performed using analysis of variance 
(ANOVA). When significant effects were detected, treatment means 
were compared using Tukey’s test at a 95% confidence level (p < 0.05), 
with analyses carried out in Sisvar software version 5.6 (Ferreira, 2011).

For the second experiment, data were analyzed using a General 
Linear Model (GLM). Mean comparisons were also performed using 
Tukey’s test (p < 0.05), in Jamovi software version 2.6 (Jamovi 
Project, 2025).

3 Results and discussion

3.1 Productive potential

The duration of the biomass sorghum cycle, from planting to grain 
physiological maturity, varied significantly with the planting season. 
In the June planting, the first cut occurred at 90 days, during which 

TABLE 1  Soil chemical analysis (0–20 cm deep) during two sowing seasons (June to September 2021 and December 2021 to May 2022).

Season M.O pH H2O P S-SO−4 Ca2+ Mg2+ K+ H + Al V

g kg−1 mg dm−3 cmolc dm−3 %

Season 1 21.8 5.7 1.3 2.4 1.87 1.05 0.31 0.97 76.84

Season 2 4.3 6.8 11.6 6.7 1.72 0.45 0.32 1.11 69.57
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temperatures ranged from 15 to 38 °C and total rainfall was 21 mm. 
Regrowth occurred between 29 September and 8 November, with 
temperatures from 19 to 37 °C and total rainfall of 71 mm. The second 
cut, following December planting, occurred 135 days after planting, 
with temperatures ranging from 17 to 35 °C and total rainfall of 
340 mm. Regrowth occurred from 5 May, with harvesting on 14 June, 
with temperatures between 15 and 35 °C and total rainfall of 50 mm 
(Figure 1).

3.2 Influence of temperature and 
photoperiod

The productivity of fresh mass (FMY) and total dry mass (DMY) 
of biomass sorghum was influenced by planting season (p > 0.05) 
(Tables 2, 3). In the first harvest, plants produced more biomasswhen 
sown in December (Table 2).

In contrast, during the regrowth stage, fresh and dry matter pro-
duction was higher in plants sown in June (Table 3).

Planting time is a determining factor in the productivity of bio-
mass sorghum, as it directly affects vegetative development. 
Photoperiod-sensitive sorghum cultivars, such as those used in this 
study (Agri 002E and BRS 716), exhibit characteristic phenological 
behavior: under long-day conditions, flowering is delayed, extending 
the vegetative phase and promoting biomass accumulation (Wolabu 
and Tadege, 2016). Casto et al. (2019) reported that this photoperiod 
sensitivity is associated with the Maturity2 (Ma2) locus, which pro-
motes selective upregulation of the SbPRR37 and SbCO genes. These 
genes act as co-repressors of the florigen SbCN12, thereby delaying 
flowering. This molecular mechanism can be advantageous for culti-
vars adapted to specific photoperiods, as it enables greater biomass 
accumulation before the onset of the reproductive stage.

In addition to photoperiod, temperature is a crucial element that 
directly affects plant growth and development. The optimal tempera-
ture range for sorghum development varies between 21 and 38 °C 
(Chadalavada et al., 2021; Silva et al., 2024; Nascimento et al., 2023, 
2025). In the present study, biomass sorghum sown in June experi-
enced minimum temperatures of 15.04 °C and maximum tempera-
tures of 38.33 °C, with values below 20 °C recorded for 56 days 
(Figure 1). These conditions may have contributed to the reduction in 
biomass production of Agri 002E and BRS 716 cultivars. Previous 
studies indicate that the biometric and productive performance of 
sorghum cultivars is significantly reduced at temperatures between 20 
and 33 °C, compared to higher thermal ranges between 24.8 and 
39.3 °C (Simpson et al., 2020). This response is associated with sor-
ghum’s C4 photosynthetic metabolism, which is highly efficient under 
high-temperature and high-light conditions. The C4 pathway signifi-
cantly reduces photorespiration and optimizes carbon fixation, confer-
ring greater thermotolerance compared to C3 species (Opoku et al., 
2024). As a result, accelerated growth and higher biomass production 
are favored (Monteiro et al., 2012; Simpson et al., 2020).

Furthermore, temperatures below the ideal range for sorghum 
development may significantly compromise physiological and produc-
tive performance. Under such conditions, enzymatic activity and 
carbon assimilation become limited, reducing photosynthetic effi-
ciency and, consequently, yield potential (Meki et al., 2017). Thermal 
stress directly affects plant growth and development, causing delays in 
panicle initiation, reductions in inflorescence size, and lower grain 
yield—especially in early and intermediate planting dates when the 
crop is exposed to suboptimal temperatures (Emendack et al., 2021). 

Therefore, the interaction between photoperiod and temperature is 
crucial for maximizing sorghum productivity, particularly in cultivars 
sensitive to environmental variability. The choice of planting season 
must consider not only day length but also thermal fluctuations 
throughout the crop cycle to ensure optimal development conditions.

3.3 Biometric variables

For the productive variables, in addition to the significant interac-
tion with planting season, significant differences were observed between 
cultivars, both in the first cut and in regrowth. The cultivar Agri 002E 
produced higher fresh mass yield (FMY), dry mass yield (DMY), dry 
leaf mass (DLM), and fresh (FSM) and dry stem mass (DSM) (Figure 2), 
regardless of planting season. For fresh leaf mass (FLM), cultivar Agri 
002E differed significantly from BRS 716 only in the December planting 
during the first cut, and in regrowth from the June planting (Figure 3).

Individually, planting season affected the development of biomass 
sorghum plants, resulting in differences in biometric traits. Plant 
height (PH) and number of leaves (NL) were lower for plants sown in 
June (Figures 4A,C). In regrowth, the effect of planting time was 
reversed, with higher height, number of leaves, stem diameter, and leaf 
area index in plants sown in June (Figures 4B,D,E,F).

Biometric traits play a fundamental role in biomass sorghum pro-
duction, as they are directly linked to growth, development, and pro-
ductivity. Taller plants tend to produce more dry mass, as the longer 
vegetative period enables greater biomass accumulation (Bera et al., 
2026). This occurs because photoperiod-sensitive hybrids have an 
extended vegetative cycle, which favors green mass production. 
Alongside plant height, the number of leaves directly influences sor-
ghum productivity, as leaves are essential for photosynthetic efficiency 
(Chavez et al., 2022). Thus, a higher number of healthy and well-devel-
oped leaves is associated with greater photosynthetic capacity and, 
consequently, increased biomass production. Similarly, stem diameter 
is another variable that directly influences biomass yield, as it relates to 
structural support capacity and storage of photoassimilates. As high-
lighted by Souza et al. (2024), stem diameter is proportional to plant 
weight and, therefore, forage mass production. Additionally, Andrade 
Júnior et al. (2020) noted that the stem is an important storage organ 
for carbohydrates and other reserve substances, and that greater stem 
diameter is associated with higher storage capacity of photoassimilates, 
contributing to greater fresh and dry mass production.

In the Brazilian Semi-arid region, biomass sorghum demonstrated 
remarkable productive potential, with 173.05 t ha−1 of fresh mass yield 
(FMY) and 57.97 t ha−1 of dry mass yield (DMY) in the first cut from 
the December planting (Table 4).

Additionally, in regrowth harvested 40 days after the first cut in 
the June planting, the crop reached 233.6 t ha−1 (FMY) and 42.89 t ha−1 
(DMY) (Table 5). These results illustrate the high potential of sorghum 
for biomass production under semi-arid conditions.

These irrigated yields exceed rainfed systems (e.g., Girotto et al., 
2021 reported 69.49 t ha−1 of FMY in the first cut and 28.46 t ha−1 and 
28.46 t/ha in regrowth), underscoring water’s influence. However, stud-
ies by Girotto et al., 2021 demonstrate the viability of biomass sorghum 
in rainfall-dependent production systems, reinforcing its adaptability to 
different environmental conditions. Furthermore, these data reinforce 
the importance of biomass sorghum as a strategic crop for semi-arid 
regions, where water scarcity and adverse climatic conditions limit the 
cultivation of other species. Biomass sorghum not only adapts well to 
these conditions but also offers a viable source of biomass for multiple 
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TABLE 2  Summary of the analysis of variance (mean square values) for plant height (PH), number of leaves (NL), stem diameter (SD), leaf area (LA), fresh leaf mass (FLM), dry leaf mass (DLM), fresh stem mass (FSM), dry stem mass (DSM), fresh matter yield (FMY), and dry matter yield 

(DMY) of biomass sorghum cultivars Agri-002E and BRS 716 evaluated at the first cut under two planting times: Season 1 (sowing in June 2021) and Season 2 (sowing in December 2021).

Source of 
variation

DF PH (cm) NL 
(unit)

SD 
(mm)

LA 
(cm2)

FLM DLM FSM DSM FMY DMY

t ha−1

Block 2 56,327.25ns 0.11ns 0.99ns 7.06ns 56,483.84ns 38,086,684.90ns 13,983,849.96ns 1.98ns 56,483.84ns 38,086,684.90ns

Planting time 1 16,019,852.08** 272.65** 391.93** 204.68* 911,047,835.43** 28,967,551,140.00** 2,040,105,540.00** 391.93** 911,047,835.43** 28,967,551,140.00**

Cultivar 1 30,300.75ns 0.21ns 16.85* 539.48* 182,289,426.87** 1,235,010,909.00* 271,021,007.78** 16.85* 182,289,426.87** 1,235,010,909.00*

PT × C 1 1,800.75ns 1.92ns 7.58ns 75.20ns 31,885,831.87ns 36,195,328.87ns 1,313,090.75ns 7.58ns 31,885,831.87ns 36,195,328.87ns

Error 4 10,770.67 0.24 0.56 24.91 7,096,236.53 73,496,695.27 8,250,924.57 0.56 7,096,236.53 73,496,695.27

CV (%) – 3.80 4.00 3.27 6.11 16.44 11.28 10.94 10.74 10.94 11.28

ns, not significant; *p ≤ 0.05; **p ≤ 0.01 (F test).

TABLE 3  Summary of the analysis of variance (mean square values) for plant height (PH), number of leaves (NL), stem diameter (SD), leaf area (LA), fresh leaf mass (FLM), dry leaf mass (DLM), fresh stem mass (FSM), dry stem mass (DSM), fresh matter yield (FMY), and dry matter yield 

(DMY) of biomass sorghum cultivars Agri-002E and BRS 716 evaluated during regrowth under two planting times: Season 1 (sowing in June 2021) and Season 2 (sowing in December 2021).

Source of 
variation

DF PH (cm) NL 
(unit)

SD 
(mm)

LA (cm2) FLM DLM FSM DSM FMY DMY

t ha−1

Block 2 136,958.84ns 1.79ns 0.32ns 10.49ns 171.85ns 343.70ns 19,043,342.45ns 7,900,000.00ns 19,043,342.45ns 1,427,285,855.00ns

Planting time 1 19,801,081.34** 5.88* 33.20** 18.55* 819.23* 3,080.00** 28,967,551,140.00** 1,120,000,000.00** 28,967,551,140.00** 2,350,755,285.0*

Cultivar 1 17,862.54ns 0.16ns 2.31ns 5.71ns 20.67ns 554.00* 1,235,010,909.00* 465,000,000.00* 1,235,010,909.00* 1,180,000,000.0*

PT × C 1 17,865.63ns 0.00ns 0.11ns 0.16ns 494.73ns 75.20ns 36,195,328.87ns 2,350,755,285.00ns 36,195,328.87ns 2,350,755,285.0ns

Error 4 75,797.96 0.64 0.52 0.22 102.81 679.00 73,496,695.27 285,000,000.00 73,496,695.27 356,821,463.74

CV (%) — 21.40 10.25 4.62 4.87 10.74 11.28 10.94 11.28 10.94 11.28

CV = coefficients of variation; ns, not significant; *p ≤ 0.05; **p ≤ 0.01 (F test).
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uses such as forage, silage, and bioenergy production, contributing to 
food security and agricultural sustainability in these regions (Figure 5).

In summary, the choice of planting season must be strategic and 
aligned with the objectives of the production system. For systems 

prioritizing initial biomass production, sowing biomass sorghum in 
December is more suitable. On the other hand, for systems relying 
on regrowth, June planting is more efficient. Additionally, it is 
essential to consider local climatic conditions, cultivar cycle, and 

FIGURE 2

Mean values of productive variables of biomass sorghum cultivars Agri-002E and BRS 716 evaluated at two sowing seasons: Season 1 (June 2021) and 
Season 2 (December 2021). (A) First cut. (B) Regrowth. Error bars represent the standard error of the mean. Different lowercase letters indicate 
significant differences between cultivars within each variable according to the F test (p < 0.05). FLM, fresh leaf mass; DLM, dry leaf mass; FSM, fresh 
stem mass; DSM, dry stem mass; TFMY, total fresh matter yield; TDMY, total dry matter yield.

FIGURE 3

Mean fresh leaf mass (FLM) of biomass sorghum cultivars Agri 002E and BRS 716 in the first cut and regrowth at two planting times: Season 1—sown in 
June 2021 and Season 2—sown in December 2021. (A) First cut. (B) Regrowth. Lowercase letters indicate significant differences (p < 0.05) between 
planting times, and uppercase letters indicate significant differences (p < 0.05) between cultivars within each planting time.

FIGURE 4

Mean biometric variables of biomass sorghum in the first cut and regrowth at two planting times: Season 1—sown in June 2021 and Season 2—sown in 
December 2021. (A, B) Plant height (PH); (C, D) number of leaves (NL); (E, F) stem diameter (SD). Lowercase letters between columns indicate significant 
differences (p < 0.05) between planting times.
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resource availability to maximize productivity and ensure system 
sustainability.

3.4 Energy productivity of biomass

The energy productivity of biomass sorghum is directly corre-
lated with dry biomass yield (r = 0.998, p < 0.01). The energy produc-
tivity peaked at an estimated 123 days after planting (DAP), resulting 
in 69.7 Gcal ha−1 (Figure 6). Although our field measurements con-
cluded at 113 DAP, the data showed a consistent upward trend in 
energy accumulation. Extrapolated using quadratic regression (equa-
tion provided in Figure 6), this estimate identifies the theoretical 
biological peak. This mathematical projection suggests that the 
energy productivity reaches its maximum (123 DAP) before initiating 
a potential decline, offering a precise target for optimizing the har-
vest window.

In comparison, in the Northeastern region of Brazil, several 
industrial sectors—such as the ceramic, gypsum, and steel indus-
tries—use biomass as a thermal energy source, historically depending 
on firewood. Firewood production derived from Caatinga vegetation 
extraction in the Northeast is ~8.4 million tons, considering an aver-
age wood density of 709.6 kg m−3 (Brazilian Institute of Geography 
and Statistics (IBGE), 2024; Santos et al., 2020), equivalent to 
~39.6 million Gcal per year, using an average higher heating value of 
4,730.8 kcal kg−1 (Santos et al., 2020). Therefore, to supply one year of 
firewood demand extracted from vegetation, 569,000 ha of sorghum 
would be required—produced in only 123 days. It is worth noting that 

the average yield obtained in this trial was 15.7 t ha−1, with planting 
carried out in July, and the limiting factor being cultivar sensitivity to 
photoperiod (Wolabu and Tadege, 2016). However, as previously dis-
cussed, selecting the optimal planting season and utilizing regrowth 
could enable higher yields.

It is important to highlight that, compared with Caatinga fire-
wood, which contains ~1.6% ash (Santos et al., 2020), biomass sor-
ghum has 3.5 times more ash (5.72%; CV = 12.4). Therefore, during 
biomass combustion, ash management must be considered in the 
furnace system to prevent abrasion and incrustation. This issue may 
be mitigated by the addition of anti-scaling agents during combustion.

TABLE 4  Mean biomass sorghum yield in the first cut at two planting times (June and December 2021).

Planting time FMY (t ha−1) DMY (t ha−1)

June 46.4 b 21.42 b

December 173.05 a 57.97 a

CV% 12.54 14.02

Lowercase letters indicate significant differences between planting times according to Tukey’s test (p < 0.05). FMY = total fresh mass yield; DMY = total dry mass yield; CV = coefficients of 
variation.

TABLE 5  Mean biomass sorghum yield from regrowth at two planting times (June and December 2021).

Planting time FMY (t ha−1) DMY (t ha−1)

June 233.6 a 42.89 a

December 125.1 b 26.69 b

CV% 15.16 11.49

Lowercase letters indicate significant differences between planting times according to Tukey’s test (p < 0.05). FMY = total fresh mass yield; DMY = total dry mass yield; CV = coefficients of 
variation.

FIGURE 5

Mean stem diameter and leaf area index of biomass sorghum cultivars Agri 002E and BRS 716 in the first cut at two planting times: Season 1—sown in 
June 2021 and Season 2—sown in December 2021. (A) Stem diameter (SD); (B) leaf area (LA). Lowercase letters between columns indicate significant 
differences (p < 0.05) between cultivars.

FIGURE 6

Relationship between biomass sorghum energy productivity and 
harvest time.
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4 Conclusion

Planting season is a determining factor in the productive perfor-
mance of biomass sorghum in the Brazilian Semi-arid region, influenc-
ing both the first cut and regrowth. Sowing in December results in 
higher productivity during the first harvest, whereas June planting is 
more advantageous for regrowth. The interaction between specific 
environmental conditions of each season and the characteristics of the 
cultivars evaluated plays a key role in biomass sorghum performance.

Biomass sorghum has the potential to fully replace the annual 
demand for firewood extracted from the Caatinga vegetation in 
Northeastern Brazil—requiring only 569,000 ha in 123 days—repre-
senting a real gain in the mitigation of native forest suppression. This 
requires the implementation of favorable policies, economic viability, 
and widespread adoption.
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