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Abstract
Chamaecrista rotundifolia is a legume of high yield and 
nutritional value for livestock; however, it presents high seed 
dormancy. The aim of this study was to evaluate dormancy-
breaking methods and the influence of soil texture on 
seedling emergence and initial development of C. rotundifolia. 
The experiment was performed in a greenhouse in a split-plot 
design with five replications. There were three treatments 
including dormancy-breaking techniques with immersion of 
the seeds in (1) hot water at 80°C for 30 s followed by 12 h 
in water at room temperature (25 °C; HW); (2) water at room 
temperature (25 °C) for 24 h (EW); and (3) hydrochloric acid 
(0.05 mol L-1) for 15 min (HA) (4) and a control group with no 
seed intervention, disposed in the main plots in randomized 
blocks. Seeds were cropped in two types of soil as subplots. 
Seedling emergence was evaluated daily to calculate the 
percentage emergence and emergence speed index. 
Plant performance was evaluated (21 days after sowing) 
through measurements of mass and length of components. 
Chamaecrista rotundifolia showed a high degree of dormancy in 
the seeds, and the treatment using HW had greater efficiency 
in seedling emergence (p < 0.01) and emergence speed index 
(p < 0.05). Total dry mass was superior in sandy soil (p < 0.05). 
Soil texture and dormancy treatments influenced the initial 
performance of plants, which performed better in sandy soil.
Key words: germination; legume; sandy; seed; soil texture.

Resumo
A Chamaecrista rotundifolia é uma leguminosa com alto 
valor nutritivo e boa produção para a pecuária, no entanto 
apresenta elevada dormência em suas sementes. O objetivo 
foi avaliar métodos de superação de dormência e a influência 
da textura do solo na emergência das plântulas e desempenho 
inicial. O experimento foi realizado em casa de vegetação em 
delineamento com parcelas subdivididas e cinco repetições. 
Os tratamentos consistiram em técnicas de superação de 
dormência com a imersão das sementes em (1) água quente a 
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80°C por 30 s seguida pela imersão em água a temperatura ambiente 
por 12 h; (2) imersão em água a temperatura ambiente (25 °C) por 24 h 
e (3) imersão em ácido clorídrico (0,05 mol L-1) por 15 min, e um grupo 
controle (sem intervenção nas sementes), dispostos nas parcelas em 
blocos casualizados. As sementes foram cultivadas em dois solos 
como subparcelas. Foi avaliada a emergência diária das mudas para 
calcular o percentual e o índice de velocidade de emergência. Aos 
21 dias após a semeadura, o desempenho da planta foi avaliado por 
meio de medidas e massa dos componentes. O tratamento com água 
quente apresenta maior eficiência em promover a emergência de 
plântulas (p < 0,01) e no índice de velocidade de emergência (p<0,05). 
O total de massa seca se destacou em solo arenoso (p < 0,05). A 
textura do solo influencia os tratamentos de superação de dormência 
nos parâmetros de desempenho inicial das plantas, sendo observado 
melhor desempenho em solo arenoso.
Palavras-chave: germinação; leguminosa; arenoso, semente; textura 
de solo.

Introduction

Legume forages are a low-cost form of nitrogen introduction to pastures, improving 
soil fertility and animal development(1). Chamaecrista (Chamaecrista rotundifolia (Pers.) 
Greene var. rotundifolia) is among many tropical legumes (Fabaceae) in Brazil. This 
species was improved in Australia, and currently, it is promising for intercropping 
in tropical pastures(2) as well as an exclusive crop with yield and suitable chemical 
composition for hay production(3).

Knowledge about C. rotundifolia in agriculturally productive environments is still being 
established through studies in the Amazon region. Moreover, there are some challenges 
for the establishment of this species as forage in tropical pastures in Brazil, as the seeds 
are commercially unavailable(4) and present dormancy(5).

Tegmental dormancy is common in Fabaceae(6). Tegument is recognized as a seed 
protector against temperature fluctuations, humidity, and microorganism infection(7). 
However, the low capacity of water absorption of these seeds blocks the imbibition 
process, hindering embryo growth and, consequently, delaying germination and plant 
emergence(8).   

Delay in seed germination and seedling emergence generates inequality in crops, 
which is detrimental to agricultural production. According to Gautam et al.(9), rapid, 
uniform, and complete emergence leads to vigorous seedlings with high yield potential 
by shortening the time from sowing to complete ground cover, thus allowing the 
establishment of an optimum canopy structure to minimize interplant competition and 
maximize crop yield.

In this context, seed dormancy is an undesirable characteristic for productive 
environments. For seed with integumentary dormancy, tegument rupture is necessary, 
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allowing water absorption and metabolic activities to restart germination(6). Nevertheless, 
germination delays caused by seed tegument may be overcome using techniques that 
vary from species to species. Nevertheless, techniques to break seed dormancy should 
be accessible to farmers.

Seedling emergence and plant initial development can also be influenced by sowing 
depth and available moisture as well as soil characteristics such as texture or fertility. 
Cruz et al.(2) reported C. rotundifolia preference for sandy soils; however, high yield on 
clayey soil was obtained by Abreu et al.(3).

Research on techniques to dormancy-breaking in C. rotundifolia aim to improve 
the plant’s establishment stimulating the species diffusion, and use it as forage in 
tropical environments. The aims of this study were to evaluate the methods to break 
C. rotundifolia dormancy and the influence of soil texture on the emergence and initial 
development of this species seedlings.

Materials and Methods

The research was performed in a greenhouse at the Universidade Federal Rural da 
Amazônia (UFRA) Campus Paragominas, Pará, Brazil (2°59’S and 47°21ꞌW). 

Chamaecrista rotundifolia seeds were obtained from pods harvested on a pasture area 
when these presented a dark (brown to black) color. Afterwards, pods were exposed 
to sunlight covered by cotton tissue to avoid seed losses during disruption of pods. 
Seeds were collected and maintained in brown paper bags until use; then, seeds were 
manually selected according to color and size, excluding damaged seeds. 

Experimental soils were classified as frank sandy, according to contents of 11.9%, 10.6%, 
and 77.5% clay, silt, and clay and, very clayey texture, according to contents of 77.4%, 
12.6%, and 10.0% clay, silt, and clay, whereas, chemical parameters of soil fertility are 
shown in Table 1.

The experiment was performed on a split-plot design with five replications. The 
treatments comprised three dormancy-breaking techniques and a control group (with 
no seed intervention), disposed in the main plots in randomized blocks and two soil 
types in subplots. 

Seeds were immersed in different solutions, comprising the dormancy-breaking 
treatments: seeds were immersed in (1) hot water (80 °C) for 30 s and in room-
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temperature water (25 °C) for 12 h (HW); (2) room-temperature water (25 °C) for 24 h 
(EW); (3) hydrochloric acid (0.05 mol L-1) for 15 min (HA) and was included a (4) control 
group (with no seed intervention). All seeds were cultivated in two soil types, sandy and 
clayey. 

The experimental unit representing a plot consisted of a circular plastic container (Ø 
25 cm) containing a plate of Styrofoam in the middle, dividing the container in two 
subplots, each filled with 2 kg of sandy or clayey air-dried, sieved soil. In each subplot, 
25 seeds were planted 0.5 cm-deep. Plots were organized in blocks, according to their 
positions in the greenhouse. The soil was moistened with 60% water-holding capacity 
during the experimental period. Seedling emergence was evaluated daily between 8 
and 9 AM until the removal of plants (21 d after sowing). Plant roots were cleaned using 
running water and dried with paper towels for fresh weight and length measurements. 
Subsequently, plants were placed in a forced air oven at 65 °C for 72 h to determine the 
dry mass content.

Data of percentage emergence were calculated using the formula proposed by 
Labouriau et al.(10); the emergency speed index was determined using observations of 
daily emerged seedlings adjusted by the formula from Maguire(11).

Experimental data were analyzed using the statistical program SAS 9.4 (Statistical 
Analysis System Institute, Cary NC, USA). Analysis of variance (ANOVA) was performed; 
if difference among treatments was determined, means were compared using Tukey’s 
test at 5% of probability. Dormancy-breaking and control treatments as well as the soil 
types, were considered fixed effects according to the following mathematical model:

    yijk = µ + τi + γk + eik + βj + (τβ)ij + Єijk 

yijk is value observed; µ, the experimental mean; τi, main plot treatment effect 
(dormancy-breaking treatments); γk, block effect; eik, plot residue; βj, effect of subplots 
(soil types); (τβ)ij, the main plot and subplot treatment interaction effect; and Єijk is the 
subplot residue.

Results

Dormancy-breaking treatments influenced the emergence and initial development of 
C. rotundifolia. There was no effect of the interaction between soil types and dormancy-
breaking treatments (p > 0.05) on parameters of seedling emergence and emergence 
speed index. Control group and dormancy-breaking treatments were statistically 
similar, except hot water treatment for seedling emergence (p < 0.01) and emergence 
speed index (p < 0.05) (Table 2). 

Seedling percentage emergence in the HW treatment was 171.9% (p < 0.01) higher than 
that in control, and 356.8% for emergence speed index (p < 0.05).

Soil types showed no effect on the emergence parameters (p > 0.05). There was 19.5% 
and 17.7% of seedling emergence in the sandy and clayey soils, respectively. For the 
emergence speed index, the soil types showed values of 7.8% and 6.2% for sandy and 
clayey soils, respectively.
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Dormancy-breaking treatments showed no effect on most plant production parameters 
(p > 0.05), except for seeds treated with HW or HA, which showed higher aerial dry mass 
content than those of other treatments in sandy soil (Table 3).
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Both soil types showed high fertility standards (Table 1), but C. rotundifolia showed a 
preference for sandy soil for its initial development, based on the superior results of 
fresh aerial mass (p < 0.05), total fresh mass (p < 0.01), and total dry mass (p < 0.01). 
However, the mass of roots, fresh or dry, were similar (p > 0.05) (Table 4).

Interaction of dormancy-breaking and soil treatments showed effects on the length 
parameters of C. rotundifolia plants (p < 0.05). HW had a positive influence on plant 
total and aerial length on sandy soil, which was not verified for plants in the clayey soil 
(Table 5). 
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In addition, the lower effect of HA on seedling emergence than that of other treatments 
(Table 2) reflected on plant length parameters, mostly on clayey soil (Table 5).

Discussion

Chamaecrista rotundifolia seed dormancy could be verified in this study through the 
low emergence of seedling in the control group and the increased emergence in other 
treatments (Table 2), corroborating the findings of Lima et al.(5) through the germination 
data. The low seedling emergence, especially in the control group, was possibly due to 
the low germination index associated with dormancy. 

In this context, our results for percentage emergence are similar to those observed 
by Lima et al.(5), in which there was 14% germination of C. rotundifolia seeds in a 
lab-controlled environment. These similarities could point to low soil influence on 
germination, confirmed by the absence of effects of soil, or its interaction, on treatments 
of dormancy-breaking.

According to Ribeiro et al.(12), substrate characteristics can influence seedling emergence; 
however, soil effects on seedling emergence and emergence speed index could be 
explained by the humidity control and superficial sowing of C. rotundifolia. 

Another factor could also affect the germination, as seedling emergence was low and 
highly variable (high values of coefficient of variation) even in dormancy-breaking 
treatments (Table 2), which is the variable maturity stage of the seeds on the same pod, 
as is common in legumes. 

A concern about this species is that seeds are usually collected before their natural 
dispersal. In addition, maturity can be a hardly visible characteristic, mainly in small-
sized seeds, as described by Queiroz and Loiola(13) to be 1–2 × 1–1.5 mm in trapezoid 
and honeycomb form. Nakagawa et al.(14) reinforced the need for caution regarding 
the definition of physiological maturity of seeds with dormancy because of the risk of 
interpretation mistakes.

However, thermal shock proportionated by HW increased seedling emergence (Table 
2), corroborating with Lima et al.(5), although these authors evaluated germination in a 
controlled environment.

The data presented in this study and by Lima et al.(5) highlight the necessity of dormancy-
breaking techniques for C. rotundifolia. The superiority of HW over HA and control 
(Table 2) as well as 6.7 percentage units above that of water immersion treatment could 
indicate this technique as appropriate for C. rotundifolia. Lima et al.(5) also verified this 
same response of C. rotundifolia using 80 °C water for 5 and 10 s; Araújo et al.(15) found 
similar results for Chamaecrista debilis seeds treated with water at 100 °C for 5, 10, and 
15 s. 

Using sulfuric acid to break seed dormancy, Lima et al.(5) also obtained no statistical 
difference; however, these authors observed up to 30% on germination with acid 
treatment. Some possible factors could justify the low results on emergence with 
HA, such as insufficient exposure time of the tegument to the chemical attack or 
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high chemical attack causing seed damage or providing a favorable environment for 
microorganism proliferation on seeds or both. The two last possibilities were observed 
by Dousseau et al.(16) by studying the seeds of Zeyheria montana Mart. 

According to Poletto et al.(17), embryo contact with the moisture and microorganisms 
on the substrate, before starting the germinative process, can harm the germination of 
the seeds that were previously submitted to scarification. Microorganism development 
on tissue fissures of the seed may cause rotting and germination infeasibility. However, 
according to Footitt and Cohn(18), there are commonly less germination problems under 
HA.

In contrast to the similarity obtained between control and EW on seedling emergence 
(Table 2), Adegas and Voll(19) observed high germination of Bidens pilosa treated with 
water immersion for 12 h. Water absorption by seeds is directly correlated with time 
of exposure to water; however, the increase in absorption slows over time(20). However, 
in this study, even 24 h was not enough to obtain significant effects on C. rotundifolia 
emergence. 

Ineffective germination with water immersion treatment (Table 2) was also observed 
by Ferraz et al.(21) on Enterolobium contortisiliquum. However, these authors observed 
improvements in seed germination by the combination of scarification and water 
immersion. A similar mechanism can explain HW results. Thermal shock can have 
physical action on the seed tegument, followed by rehydration after 12 h of immersion 
in room-temperature water, accelerating the germination process. 

According to Pacheco and Matos(22), thermal stress may be responsible for the weakening 
of the integumentary tissue, providing cracks that allow the absorption of moisture 
to trigger the germination process. Contradicting this study, this treatment had no 
effect on Schizolobium amazonicum, in which dormancy was broken with mechanical 
scarification(23).

Effects of dormancy-breaking techniques can vary with species. Although mechanical 
scarification was not evaluated in this study, it could increase seed susceptibility to 
damage, mostly in the smallest seeds, as described by Araújo et al.(15), who observed 
low efficiency of mechanical scarification on C. debilis.

The high value obtained for the emergence speed index in HW (Table 2) was probably 
a consequence of its positive effects on seedling emergence. The high dependency 
on endogenous stimulus and seed reserves from the other treatments, consequently, 
extending the time for germination and emergence, may have increased plant 
susceptibility. Low effect of dormancy-breaking techniques on mass production (Table 
3) may be associated with the plant independence from seed reserves that may have 
been able to overcome the longer time required for germination in some treatments. 
However, higher aerial dry mass production in plants in the HW and HA treatments on 
sandy soil may be a consequence of the lightness and draining capacity of this type of 
soil. 

Figueiró et al.(24) also verified positive effects of dormancy-breaking techniques on 
initial development of Schizolobium parahyba plants, and Martins et al.(25) observed 
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better initial corn development in sandy soil. Moreover, Cruz et al.(2) already reported 
C. rotundifolia preference for sandy soils. Soil texture can influence processes such as 
compaction, water draining, and biological nitrogen fixation; thus, these results may be 
related to the soil physical characteristics (Table 4).

HA treatment associated with clayey soil can probably increase seed and plant 
susceptibility to damage or offer a propitious environment for microorganisms. According 
to Santos et al.(26), damage to seeds can affect germination, seedling emergence, and 
growth; however, damage intensity depends on the infecting pathogen.

High variability was also observed for the productive parameters of plants (high values 
of coefficient of variation). This variability among plants may be reduced in advanced 
growth stages; however, it is a performance resulting from a low degree of domestication 
or occurrence of crosses between domestic and wild species. According to Cavalho 
et al.(27), crosses between domestic and wild species may result in incompatibility and 
undesirable characteristics in the progeny. This increase in genetic diversity may lead 
to decreased yield, among other undesirable characteristics. 

Treatments to break C. rotundifolia seed dormancy are required, aiming for better results 
in seedling emergence and initial development of plants. The search for maximum seed 
efficiency is important mostly because of the absence of commercial seeds(4) and the 
laborious seed collection in the field. 

In this context, HW could be a viable and accessible technique to break the dormancy 
of C. rotundifolia seeds, mostly for cultivation in soils with sandy texture. These results 
reinforce the importance of this species for Brazilian cattle breeding sited on sandy and 
low-fertility soils, highlighting the necessity of improved mechanisms to establish this 
species as a commercial crop.

Conclusions

Seedling emergence and some parameters of initial plant development of C. rotundifolia 
can be improved by dormancy-breaking techniques. 

The association of dormancy-breaking techniques and soil types affected C. rotundifolia 
initial development. Positive effects were observed using HW and sandy soil, whereas 
negative effects were observed on the arrangement of HA and clayey soil.

Thermal shock using HW is recommended to break the dormancy of C. rotundifolia 
seeds to improve seedling emergence parameters.
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