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Abstract 
The implantation of sweet sorghum has been shown as viable alternative in 
crop rotation in sugar cane plantation reform areas. The seed environment in 
the field is complex and several factors, such as different genotypes and os-
motic stress, can negatively influence the seeds water uptake and, therefore, 
the sequence of germination events can be compromised. In this context, the 
objective of this study was to evaluate the different physiological responses of 
sweet sorghum seeds (Sorghum bicolor (L.) Moench) belonging to the hybrids 
CV 007 and CV 147 and cultivar BRS 506 when submitted to substrates with 
different water potentials (−0.1, −0.2, −0.3, −0.4, and −0.5 MPa) using solu-
tions of polyethylene glycol (PEG 6000). The seeds remained in Biochemical 
Oxygen Demand-type germination chambers, under constant white light and 
the temperature of 25˚C for 14 h in the high temperature and 10 h in the low 
temperature. The moisture of the substrates was regularly monitored. The 
physiological potential of the genotypes was evaluated using the following 
characteristics: first count, germination, germination speed index (GSI), root 
length, and fresh and dry weights of seedlings. In general, germination and 
early growth of seedlings were negatively affected by the reduction of water 
potentials below −0.1 MPa, which was also damaging to the GSI of the seeds. 
Germination and growth of seedlings of the hybrids CV 007 and CV 147 and 
of the cultivar BRS 506 were affected by reduced water potentials starting at 
−0.1 MPa. The seeds of hybrid CV 147 were more tolerant to simulated water 
stress with PEG 6000 than those of hybrid CV 007 and cultivar BRS 506. 
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1. Introduction 
Sweet sorghum (Sorghum bicolor (L.) Moench) is a plant native to the African 
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continent and is one of the three cultures with the greatest potential for renewa-
ble energy production, along with sugarcane and sugar beet. The introduction of 
sweet sorghum in the reform areas has resulted in an increase in the annual 
ethanol production by approximately 12% because the sorghum harvest could be 
extended by 30 days. Moreover, the use of sorghum has been proven beneficial 
during the off-season (December to late March), and therefore, its propagation 
was not intended to compete against sugarcane, but to serve as a viable alterna-
tive in the crop rotation in sugar plantation reform areas. Sorghum provides the 
adequate amount of bagasse sufficient to generate steam for industrial activities, 
besides being compatible to a fully mechanized culture. However, it markedly 
differs from sugarcane in terms of the growth cycle, the latter being much short-
er, between 120 to 130 days [1] [2], allowing the harvest of sugarcane during a 
more favorable period, preventing losses in the quality of the material, and al-
lowing ethanol production during periods of low inventories [3]. 

Similar to sugarcane, sweet sorghum stores sugars in its stems [2], produces 
grains with nutritional characteristics similar to those of corn, which can be used 
in animal feed, and supplies sufficient amounts of bagasse for co-generation of 
electricity and energy supply for industrial processes. The amount of total sugars 
(10% - 14%) and fiber (11% - 16%) is very similar to those from sugarcane [3] 
[4]. Its juice can be used for the production of excellent quality rum in regions 
with no sorghum cultivation, such as the Brazilian northeast, thus, becoming a 
means to broaden the sources of income. 

In Brazil, the areas with the highest suitability for the cultivation of sweet 
sorghum are concentrated in São Paulo, northwestern Paraná, eastern Mato 
Grosso do Sul, and southwestern Goiás, whereas most areas with intermediate 
suitability are in Minas Gerais and Goiás [5]. Sweet sorghum is efficient in the 
production of renewable energy, but this culture can be affected by biotic and 
abiotic stresses specific to each region [6]. Reference [7] has reported that sweet 
sorghum can be used as raw material in ethanol production under environmen-
tal conditions of warm and dry weathers because this culture is more resistant to 
drought than sugarcane and corn. It is easy to plant sorghum in dry soil, unlike 
sugarcane, which needs moisture and highly fertile soils [8]. 

According to [9], water is critical for the activation of metabolic processes in 
the seed, culminating in its germination. The environment of the seed in the 
field is complex and may fluctuate over time. Furthermore, the depth of sowing, 
climate, and soil conditions also determine the speed at which seed germination 
and emergence occur. However, the effects of these factors on water transport 
through the imbibition of seeds in unsaturated substrates have remained elusive 
[10]. Thus, the existence of critical levels of water potential, particularly at the 
start of imbibition, negatively influences water absorption in seeds, and there-
fore, the sequence of germination events may be compromised. 

Under osmotic stress simulated with polyethylene glycol (PEG), physiological 
responses can vary with species [11], as was also observed in different genotypes 
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(i.e., the genetic potential can influence the tolerance of seeds in relation to water 
stress conditions of the substrate). On the basis of the economic potential of the 
culture and lack of information on the effects of water stress on the germination 
and growth of seedlings, this study aimed to evaluate the physiological responses 
of sweet sorghum seeds when cultured in substrates with different degrees of 
water availability. 

2. Material and Methods 

The study was conducted at the Seed Laboratory of the Faculty of Agricultural 
Sciences, Federal University of Grande Dourados, using two seed lots of sweet 
sorghum hybrids CV 007 and CV 147 and a seed lot of the cultivar BRS 506. In-
itially, the moisture content of the seeds was determined using the oven method 
at 103˚C ± 2˚C for 24 h, using four replicates, following the Rules for Seed Test-
ing [12]. The results were calculated based on the weight of the wet seeds and 
were expressed in percentages. 

To assess the effect of the different potentials of the substrate in seed germina-
tion, water solutions of polyethylene glycol (PEG 6000) were used, with poten-
tials of −0.1, −0.2, −0.3, −0.4, and −0.5 MPa. The corresponding amount of PEG 
6000 was calculated based on the equation proposed by [13], as follows: ψos = 
−(1.18 × 10−2) C − (1.18 × 10−4) C2 + (2.67 × 10−4) CT + (8.39 × 10−7) C2T, where 
ψos = osmotic potential (bar); C = concentration (grams of PEG 6000/kg of dis-
tilled water); and T = temperature (˚C), which was set at 25˚C. Thus, to obtain 
water potentials of −0.1, −0.2, −0.3, −0.4, and −0.5 MPa, the aqueous solutions 
were composed respectively of 80, 120, 150, 165, and 190 g of PEG 6000 per kg 
of distilled water. 

The seeds were placed in gerbox-type plastic boxes lined with two sheets of 
germitest paper, moistened with 10 mL of aqueous solutions of PEG. The seeds 
of each genotype that were sown on paper moistened with distilled water at a ra-
tio of 2.5 times the weight of the dry paper constituted the control (0.0 MPa). 
The gerboxes with seeds remained inside biochemical oxygen demand 
(BOD)-type germination chambers, with constant white light at 25˚C, according 
to [12]. The moisture of the substrates was monitored regularly. 

The effect of PEG-induced water stress on germination of sweet sorghum 
seeds was evaluated using the following characteristics: Course of cumulative 
germination (CCG), for which the cumulative germination was accounted for. 
It was evaluated through the seeds showed approximately 2 mm radicle length 
and/or until the germination was stabilized. For each time, the maximum final 
germination percentage was calculated. First count, which was performed with 
the germination test according to the recommendations of [12], consisted of the 
percentages of normal seedlings on the fourth day after sowing. Germination, 
which was evaluated on the tenth day after sowing, was the time at which the 
seeds produced normal seedlings and were considered to have germinated [12]. 
Germination speed index (GSI) was obtained by recording the number of 
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germinated seeds daily, and calculations were performed according to [14]. Root 
length was measured to evaluate the effect of water stress on the growth of 
seedlings; 15 seeds were placed in the upper third of the roll of the germitest pa-
per and maintained under the same conditions previously mentioned. Ten days 
after sowing, the average length of the primary root of seedlings was measured 
using a ruler graduated in millimeters and the results were expressed in centi-
meters. Root fresh weight was obtained by gravimetry from the roots of the 
same seedlings that were previously measured for their lengths, and the results 
were expressed in grams. Root dry weight, which was measured after obtaining 
the root fresh weight, was obtained by keeping the plant material in a forced 
ventilation oven at a temperature of 65˚C ± 2˚C for 48 h, and the dry weight was 
determined by weighing the samples on an analytical scale and the results were 
expressed in grams. 

The tests were conducted in a completely randomized design using four rep-
licates of 50 seeds for each treatment, in a factorial arrangement of 3 × 5 (geno-
types and water potentials). The CCG with water potentials, separated for geno-
types, was described by a non-linear regression [15]. The statistical analyzes of 
the other tests were performed using the means obtained, which were submitted 
to ANOVA and when significant values were obtained, they were subjected to 
regression analysis at 5% probability by using the SISVAR statistical program 
[16]. 

3. Results and Discussion 

The moisture content of the hybrid seed lots CV 007 and CV 147 was 10.4% and 
10.1%, respectively, and 10.3% for the cultivar BRS 506. About the maximum 
percentage of germination, the hybrid CV 147 obtained the highest result with 
95.6% of germination, followed by the cultivar BRS 506, with 92.9%. The hybrid 
CV 007 showed the lowest result (83.6%). The time courses of cumulative ger-
mination at different water potentials for each cultivar are illustrated in Figure 
1. 

In general, it was observed the water stress caused the inhibition and delay the 
seeds germination progress for all of the three genotypes. The seeds from hybrid 
CV 007 were negatively affected by the water potentials, which probably implied 
the lowest percentage of germination. However, it showed the higher speed to 
reach 50% of the total germination than the cultivar BRS 506, which may indi-
cate a higher rate of recovery. There were no differences between the total per-
centages of germination at each level of water potential for cultivar BRS 506, in-
dicating a lower deleterious effect of the water potentials for this genotype. The 
CV 147 hybrid did not differ in relation to the total germinated seeds of the cul-
tivar and did not differ about the speed to reach the half of the final germination. 
The hybrid CV 147 on control treatment reached 50% of total germination in 
120 hours, the faster in comparison to the others, which indicates a higher water 
uptake intrinsic to the genotype. It was observed that the seeds submitted at −0.4  
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Figure 1. Cumulative germination time courses at different water potentials (Ψ) for seeds 
of sweet sorghum hybrid CV 007, hybrid CV 147 and cultivar (cv.) BRS 506. 
 
MPa and −0.5 MPa, both after 240 hours showed decrease in the total germina-
tion of 7.5% and 13% in comparison to the control treatment, respectively. The 
hybrid CV 007 at −0.2 MPa reduced more 10% the total germination reaching 
half percentage only after 240 hours. The seeds submitted at −0.5 MPa showed 
38.5% of decline in the final germination in contrast to that one submitted at 0.0 
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MPa. The cultivar BRS 506, maintained its total germination average, but at 0.0 
MPa and −0.1 MPa spent 168 hours to reach the half of the germination, since 
the time at the other treatments was 240 hours. 

To highlight the differences that have occurred between different genotypes 
submitted to the water potentials, the reference [17] studying seeds of sweet 
sorghum (cv. Roce), did not verify differences in the total germination percen-
tage at −0.86 MPa, for seeds submitted at the temperature of 25˚C. However, 
there was 50% decrease in seeds germination at the same potential, but at 15˚C. 
In the more recent work [18], when comparing unprimed and osmoprimed 
seeds of cultivars Keller and the local Makueni, they found that the local Maku-
eni exhibited a greater sensitivity to PEG-induced water stress, since the seeds 
germination were affected at higher levels of water stress at the same conditions 
as the other cultivar. In addition, both cultivars showed the decrease 30% in the 
seeds germination at −0.1 MPa and at 15˚C, after 288 hours of imbibition. 

The first count results are shown in Figure 2(a), in which a significant in-
teraction was observed between the water potentials and the genotypes as-
sessed, except for cultivar BRS 506, which was not affected by reduced water 
potential during germination. Reference [19] reported that sorghum BRS 
506 is recognized for its highest average yield, predictability of behavior, and 
adaptation to favorable environments. However, for the two lots of hybrid 
seeds, a linear decrease in the first count at germination was observed as the 
water availability decreased. 

Similar results were observed for seed germination (Figure 2(b)), and no 
significant influence of water stress was observed for the cultivar BRS 506; 
however, a negative effect on the germination of hybrid seeds CV 007 and 
CV 147 was observed when low water potential was introduced (Figure 
2(b)). For hybrid CV 147, regardless of the water availability, the germina-
tion percentage remained above 86%. On the other hand, hybrid CV 007 
presented a 57% germination percentage at a water potential of −0.5 MPa, 
indicating a more sensitive behavior than that by the other evaluated lots. 
The influence of genetic potential on germination and growth of sorghum 
seedlings under conditions of reduced water availability was also observed by 
[20], who reported that the germination of feed sorghum CSF 18 seeds (wa-
ter deficit sensitive) and CSF 20 (water deficit tolerant) varied according to 
the osmotic potential of the substrate solution (−0.2, −0.4, and −0.8 MPa). 
Reference [21] who studied water stress simulated with PEG in sorghum 
seeds of the cultivar EA-166, observed an increase in the germination per-
centage as the osmotic concentration of the solution decreased, reaching 
values of 93%, 94%, and 96% at −1.2, −0.6, and 0.0 MPa potentials, respec-
tively, implying that imbibition in pure water was more favorable for ob-
taining higher germination percentages. 

Although bioenergetic crops are being grown in fallow areas and/or dur-
ing autumn/winter, especially in the center-south of the Brazil, when there is  
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Figure 2. (a) Germination first count (%), (b) Germination (%), (c) Germination speed index (GSI), (d) Root length 
(cm·seedling−1), (e) Root fresh weight (g·seedling−1) and (f) root dry weight (g·seedling−1) from three seed lots of sweet sorghum 
submitted to substrates at different water potentials (MPa). 

 
low water availability during the stages of crop growth, reducing the water 
potential of the substrate under controlled conditions during the early stages 
of germination has been reported to be harmful for seed germination of 
bioenergetic crops. Reference [22] who studied Jatropha seeds found that 
substrate moisture below 3.0 times the weight of the paper substrate caused a 
reduction in the percentage of germination and seed vigor. Reference [23], 
while evaluating the use of water restriction in sunflower seeds, found that 
below the potential of −0.6 MPa, germination markedly decreased, especially 
in lots with less vigor. Reference [24] reported that for Crambe abyssica, re-
gardless of the moisture content of the seeds, a significantly lower percentage 
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of formation of normal seedlings was observed as the water availability of the 
substrate was reduced to a potential of −0.4 MPa. 

In terms of GSI, a significant interaction between genotypes and water 
potentials was established, and a linear model was observed with high re-
gression adjustment, showing the deleterious effects of reduced water poten-
tial on the germination speed of seeds of all genotypes assessed, which was 
significantly slower (Figure 2(c)). The time of germination of sorghum 
seeds sensitive (CSF 18) and tolerant (CSF 20) to water deficit was directly 
proportional to the availability of water in the substrate [20]. These results 
can be explained by the higher water restriction that causes the extension of 
the stationary phase of the imbibition process due to a reduced enzymatic 
activity, which in turn leads to a slower rate development of the meristem, 
and hence, a delay in germination [19]. Reference [25], while studying the 
effect of water stress in 11 varieties of feed sorghum in a greenhouse, ob-
served that the varieties with the fastest growth did not necessarily exhibit 
drought resistance behavior. This can be explained by competition, because 
plants with faster growth consequently have higher population density (i.e., 
the growth speed did not differentiate the behavior of varieties in relation to 
drought resistance). 

For root growth, the effect of the water potential of a substrate was ob-
served for hybrids CV 007 and CV 147 (Figure 2(d)), with a linear decrease 
in length as the water potential of the substrate also decreased. For cultivar 
BRS 506, no significant effects of the treatments on root length were ob-
served, as shown by the common rustic characteristic of the material. How-
ever, the fresh and dry weights of the roots of the seedlings of cultivar BRS 
506 were affected by the reduction in water potential, as shown by the linear 
decrease in fresh weight and increase in dry weight as the water potentials 
decreased (Figure 2(e) and Figure 2(f), respectively). A similar behavior 
was observed for the fresh weight of the two hybrids under study (Figure 
2(e)) and in root dry weight of hybrid CV 147 (Figure 2(f)). Compared to 
hybrid CV 147, hybrid CV 007 was more sensitive to decreases in the water 
potential of the substrate. Reference [26] reported that the decrease in 
growth caused by reduced cell expansion is the first measurable effect of wa-
ter stress. For root dry weight of hybrid CV 007, a quadratic equation fit was 
observed with maximum results (0.2 g) at −0.22 MPa water potential, with 
further decrease in potential from this concentration negatively affecting the 
transfer of reserves to the formation of seedlings. 

The increase in root dry weight may be explained by an increased translo-
cation of seed reserves to the root as the water stress increased with the con-
centrations of the aqueous solutions. Although the water restriction of the 
substrate was marked, the observed increase may be attributable to the stif-
fening of the walls of developing cells as the primary adjustment mechanism 
to reduced water availability for imbibition [24]. In this sense, the results in-
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dicate the rustic behavior of sorghum genotypes under PEG-simulated water 
stress. 

Reference [27] studied the effect of water stress on the sweet sorghum cul-
tivar Keller under field conditions with the aim of improving irrigation and 
found that under osmotic potential values close to −0.4 MPa, the wilting 
point was achieved. The effect of water stress was higher in the early stage of 
the culture, when it reduced the biomass production by 30%. The genotypes 
of sweet sorghum examined in this study were sensitive to reductions in wa-
ter potentials during the early stages of germination and the results are rele-
vant in assessing the conditions necessary for optimal growth of this crop. 

Accordingly, the evaluation of the physiological potential of the seeds was 
efficient in detecting the deleterious effects of reduced water availability at a 
−0.1 MPa potential during the subsequent stages of germination and is in 
accordance with the results by [28], we suggested that the germination test 
under water stress at −0.6 MPa can be used to estimate the performance of 
sorghum seeds under unfavorable conditions of soil water availability. 

4. Conclusions 

Seeds germination and growth of seedlings of sorghum hybrids CV 007 and 
CV 147 and of the cultivar BRS 506 were affected by reductions in the water 
potential starting at −0.1 MPa. 

The seeds of hybrid CV 147 were more tolerant to water stress simulated 
using PEG 6000 than that by the seeds of the hybrid CV 007 and the cultivar 
BRS 506. 

Through this study, it was possible to ratify the different responses that 
occur in the genotypes of sweet sorghum submitted to the osmotic stress that 
directly affected the seeds germination and the initial seedlings growth. 
These results serve as a basis for breeding programs that should seek to de-
velop technologies that are resistant to the problems caused by the global 
climate change, thus meeting the demand for renewable energy production 
in different environments that are not always favorable to the cultivation of 
single sorghum sweet or applied to crop rotation systems. 
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