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ABSTRACT: Water availability influences plant metabolism during the various stages of 
development, especially in the period between germination and seedling emergence. The aim of this study was 
to evaluate the effect of water deficit during the germination process on seeds of A. oleracea. The experiment 
was carried out in a completely randomised design, with four replications of 50 seeds. The treatments were 
arranged in a 5 x 2 factorial scheme, with the first factor consisting of the osmotic potentials (-0.2, -0.4, -0.6, -
0.8 and distilled water for the potential 0.0 MPa) and the second factor consisting of two lots of seed. The 
germination test was carried out on substrates moistened with solutions of mannitol and polyethylene glycol 
(PEG 6000) at the various potentials, in a Biochemical Oxygen Demand (BOD) germinator at a temperature of 
30°C and under constant light. The test was evaluated daily for 14 days, considering the seeds that had a root 
length equal to or greater than two millimetres as having germinated. The variables under analysis were 
germination, germination speed index, seedling length and seedling dry weight. The germination process of A. 
oleracea is compromised at water potentials of -0.2 MPa and -0.4 MPa when submitted to PEG and mannitol 
respectively. Seeds from Lot 1 were more tolerant to the water deficit than were those from Lot 2. 
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INTRODUCTION 

 
Acmella oleracea LRK Jansen, known 

locally as jambu, is a small, unconventional 
herbaceous vegetable, native to and widely 
cultivated in the Amazon region, but of socio-
economic importance for the State of Pará, Brazil, 
one of the largest producers and consumers of this 
species (COSTA et al. al., 2013). In this region, A. 
oleracea is widely used in cooking and in folk 
medicine as an anti-inflammatory, antiseptic and 
anaesthetic, mainly due to the active principles 
saponins, alkaloids and flavonoids (ABEYSIRI et 
al., 2013). Important among these bioactive 
compounds is spilanthol, which can have a wide 
variety of biological and pharmacological effects, 
including analgesic, neuroprotective, anti-
inflammatory, antimicrobial and insecticidal action 
(RODRIGUES et al., 2014; BARBOSA et al., 
2016). 

Cultivation of A. oleracea is preferably 
carried out under hot and humid conditions, with 
temperatures over 25°C, an annual rainfall of 2,761 

mm and relative humidity of around 80% 
(Poltronieri et al., 2000), conditions which are 
typical of the Amazon region. Even so, dry periods 
can still occur in this region during the rainy season, 
and consequently the problems caused by water 
deficit, such as a reduction in germination and seed 
vigour. 

Water is one of the factors that most 
influences the germination process, since its 
absorption by seeds results in rehydration of the 
tissue, and intensifies respiration and all other 
metabolic activity, culminating in the supply of 
energy and nutrients necessary for the resumption of 
growth by the embryonic axis (CARVALHO; 
NAKAGAWA, 2012). Water absorption at the 
beginning of imbibition can be hampered by very 
negative potentials, making the sequence of 
processes related to germination impossible 
(BOTELHO, PEREZ, 2001), as when this occurs, it 
usually results in a reduction in the speed and 
percentage of seed germination (ÁVILA et al., 
2007). 
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One of the methods used in the laboratory to 
simulate a water deficit in the substrate has been the 
use of aqueous solutions of different osmotic 
potentials. These include polyethylene glycol (PEG) 
and mannitol, whose osmotic agents are chemically 
inert, non-toxic and non-electrolytic (MARCOS-
FILHO, 2015). Polyethylene glycol is characterised 
by not penetrating the cells due to its high molecular 
weight; however, it can cause a delay in the 
germination process or a reduction in germination 
(VILLELA et al., 1991). On the other hand, 
mannitol has a low molecular weight, which may 
allow its absorption and metabolisation, thereby 
reducing the water deficit caused by the solute 
(FANTI; PEREZ, 2004). As a result, seeds 
submitted to different concentrations of mannitol 
may present greater tolerance to stress when 
compared to PEG (PELEGRINI et al., 2013). 

In the literature, several vegetable species 
have been studied in relation to the effects of water 
deficit on germination and vigour, such as the 
lettuce (Lactuca sativa) (BERTAGNOLLI et al., 
2003), carrot (Daucus carota) (SILVA et al., 2011), 
cucumber (Cucumis sativus) (MATIAS et al., 2015) 
and beetroot (Beta vulgaris) (MACIEL et al., 2015). 
However, for A. oleracea, information on the effects 
of water deficit on the germination process is non-
existent, which makes it necessary to understand the 
behaviour of this species when subjected to 
conditions of water deficit. 

Based on the above, the aim of this study 
was to evaluate the effects of water deficit on the 
germination process and vigour in seeds of A. 
oleracea. 
 
MATERIAL AND METHODS 

 
The experiment was carried out in the Seed 

Analysis Laboratory of the Centre for Agricultural 
Sciences of the Federal Rural University of the 
Semi-Arid Region (UFERSA), in Mossoró in the 
State of Rio Grande do Norte, Brazil, from October 
to December 2016. 

Inflorescences of A. oleracea were collected 
from spontaneous plants in the districts of Belém 
(01º27'2" S, 48º30'16" W, altitude 10 m), which 
comprised Lot 1, and Castanhal (01º17'38" S, 
47º55'35" W, altitude 41 m), comprising Lot 2. The 
inflorescences were left to dry in a shaded, 
ventilated environment for five days (HOMMA et 
al., 2011). The seeds were extracted manually and 
processed by generic air blower to remove the palea. 
They were then placed in polyethylene bags and 
stored under controlled conditions (18 °C and 50% 
ambient relative humidity) until the experiment. 

Two trials were carried out to simulate 
water deficit during the germination process. To do 
this, the seeds were submitted to different osmotic 
potentials induced by mannitol and polyethylene 
glycol (PEG 6000), solutions of which were 
prepared as per the Van't Hoff formula (SIMONI; 
CHAGAS, 2007) and the table proposed by Villela 
et al. (1991) respectively. 

The trials were conducted in a completely 
randomised design, with four replications of 50 
seeds. The treatments were arranged in a 5 x 2 
factorial scheme, where the first factor corresponded 
to the osmotic potentials (-0.2, -0.4, -0.6, -0.8 MPa, 
and distilled water - 0.0 MPa) and the second factor 
consisted of the seed lots (1 and 2). 

For monitoring purposes, the water content 
of the seeds was initially determined by the standard  
method at 105 ± 3 ºC for 24 hours, using two 5 g 
sub-samples of seeds (BRASIL, 2009). To evaluate 
the effect of the water deficit on germination and 
vigour, the following evaluations were carried out: 
a) Germination test - before setting up the test, 
asepsis of the A. oleracea seeds was carried out in 
1% sodium hypochlorite for 40 seconds; the seeds 
were then washed in running water (AIMI et al., 
2016). The germination tests were conducted in a 
Biochemical Oxygen Demand (BOD) germinator at 
a temperature of 30 °C and under constant light. 
Gerbox® transparent acrylic boxes (11 x 11 x 3.5 
cm) were used, the seeds being placed on two sheets 
of blotting paper, put inside the box and moistened 
with solutions of PEG 6000, mannitol, and distilled 
water in an amount equivalent to 2.5 times the 
weight of the dry paper. To avoid evaporation of the 
substrate, the boxes were closed and packed into 
transparent plastic bags, 0.05 mm thick. Seeds that 
had a primary root equal to or greater than two 
millimetres were considered to have germinated 
(REHMAN et al., 1996). Evaluation took place 
daily for 14 days with the results expressed as a 
percentage of germinated seeds. b) Germination 
speed index – carried out together with the 
germination test, and evaluated based on the sum of 
normal seedlings germinated daily divided by the 
number of days corresponding to the count. The 
index was calculated from the daily data following 
the recommendations of Maguire (1962). c) 
Seedling length - evaluated at the end of the 
germination test as per the procedure described by 
Nakagawa (1999). The length of normal seedlings 
was measured from the primary root to the leaf apex 
using a rule graduated in millimetres, and the results 
expressed in cm seedling-1. d) Seedling dry weight - 
normal seedlings were packed into identified Kraft 
paper bags and placed in a forced air circulation 
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oven at 65 ± 3 ºC for 72 hours. After drying, the 
seedlings were weighed on an analytical balance 
(0.0001 g) and the results expressed in mg seedling-

1. 
The data were submitted to analysis of 

variance by F-test (p ≤0.05). Where the results were 
significant, the mean values of the qualitative 
factors (lots) were compared by Tukey’s test at 5% 
probability and the quantitative factors (osmotic 
potentials) by regression analysis, using the 
SISVAR statistical software (FERREIRA, 2011). It 
was not possible to carry out regression analysis for 
germination speed index, seedling length or seedling 
weight, as there were no normal seedlings from a 
potential of -0.4 MPa onward. Therefore, to 
compare the mean values, Tukey’s test was applied 
at 5% probability. 

RESULTS AND DISCUSSION 
 
The seeds of A. oleracea submitted to PEG 

showed an interaction between lot and the osmotic 
potential for germination and seedling length, 
whereas for the germination speed index, an isolated 
effect was noted from the factors of osmotic 
potential and lot; there was no significant effect in 
relation to seedling dry weight (Table 1). When 
submitted to mannitol, an interaction between lot 
and osmotic potential was found for germination 
speed index, seedling length and seedling dry 
weight; there was an isolated effect from the factors 
of lot and potential for germination only. The seeds 
of Lots 1 and 2 had a water content of 7 and 7.4% 
respectively. 

 
Table 1. Summary of the variance analysis for germination (G), germination speed index (GSI), seedling length 

(SL) and seedling dry weight (SDW) in seeds of the jambu (Acmella oleracea LRK Jansen) from 
two lots from the State of Pará, Brazil, grown under water deficit induced by PEG 6000 and 
mannitol. 

Source of variation 
Mean Square 

G GSI SL SDW 
Lot (L) 893,02** 1225,00** 0,003600ns 0,015625ns 
Potentials PEG (PP) 10094,40** 2256,25** 0,354025* 0,390625ns 
L x PP 217,52** 36,00ns 0,384400* 0,015625ns 
PEG error 34,50 104,04 0,044196 4,203125 
CV PEG (%) 13,57 43,17 9,56 35,08 
Lot (L) 592,90** 25,60** 2,111402** 14,400000** 
Potentials mannitol (PM) 195,90** 183,33** 6,565829** 66,287500** 
L x PM 57,90ns 4,66** 1,148759** 2,962500** 
Mannitol error 33,63 0,53 0,024674 0,350000 
CV mannitol (%) 7,55 15,88 11,50 17,15 
CV = coefficient of variation; ns = not significant; **, *= significant at 1 and 5% by F test, respectively. 
 

 
The seeds of both lots showed a reduction in 

germination as the osmotic potential decreased. 
When submitted to PEG (Figure 1A), the seeds of 
Lot 1 displayed minimum germination at a potential 
of -0.6 MPa (18%), while for those of Lot 2, 
minimum germination occurred at -0.4 MPa (50%), 
with zero germination for both lots at a potential of -
0.8 MPa. For the mannitol (Figure 1B), the seeds 
germinated at all osmotic potentials, with the lowest 
values at a potential of -0.8 MPa (68%), and greater 
germination at higher potentials. The seeds of Lot 1 
displayed higher germination (96%) compared to 
those of Lot 2 (90%) (Figure 1C). 

The difference in germination between the 
two lots may be due to where they were cultivated, 

harvesting times and environmental conditions, 
since pre and post-harvest management may have 
influenced the physiological quality of the seeds 
(PAIVA et al., 2016). 

In general, very negative osmotic potentials 
increase prolongation of the stationary phase of 
imbibition (Phase II), characterised by a decrease in 
the difference in matric force. As the water is 
absorbed by the seed, the value of the matrix 
component becomes more negative and the water 
absorption gradient decreases, causing water to 
enter the seed more slowly (BEWLEY et al., 2013). 
Because of this, there is less development of the 
meristem, root emergence and germination 
(BRACCINI et al., 1998). 
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Figure 1. Germination in seeds of the jambu (Acmella oleracea L. R. K. Jansen) from two lots from the State 

of Pará, Brazil, grown under water deficit induced by PEG 6000 (A) and mannitol (B and C). Mean 
values followed by the same letter do not differ by Tukey’s test at 5% probability. 

 
The negative effects on seed germination of 

water stress caused by water deficit and induced by 
osmotic agents have also been reported by other 
researchers, such as Ávila et al. (2007), testing 
mannitol in rapeseed (Brassica napus L.), and 
Dantas et al. (2011), evaluating PEG in the 
safflower (Carthamus tinctorius L.). In these 
studies, the authors found respectively, a reduction 
in germination when the seeds were submitted to 
potentials of -1.0 and -0.8 MPa. Similar data were 
found when simulating osmotic potentials induced 
by mannitol and PEG on germination in seeds of the 
beetroot, from a potential of -0.4 MPa (MACIEL et 
al., 2015). In another study, Silva et al. (2011) found 
that carrot seeds had little tolerance to water stress 
simulated by PEG, with a maximum limit for 
germination at a potential of -0.3 MPa. 

No normal seedlings were identified in 
either lot at PEG potentials of less than -0.2 MPa 
due to germination inhibition. However, when using 
mannitol, there were normal seedlings from both 

seed lots up to a potential of -0.6 MPa, but with 
smaller lengths and less percentage germination 
than at the other potentials, reaching zero 
germination at -0.8 MPa. Maciel et al. (2015) found 
that water deficit induced by solutions of PEG and 
mannitol at potentials of from -0.8 MPa, did not 
allow shoot development in beetroot, and noted only 
protrusion of the primary root. 

Higher values for the germination speed 
index were found in seeds from Lot 1 submitted to 
PEG (Figure 2A). The control treatment (potential 
of 0.0 MPa) gave a higher rate of germination with 
both PEG and mannitol (Figures 2B, 2C). For the 
seeds of Lot 1 in mannitol, the lowest germination 
speed index was found at a potential of -0.6 MPa, 
whereas for those of Lot 2, it was found at a 
potential of -0.4 MPa (Figure 2C). Similar results 
were found when PEG was used to simulate osmotic 
potentials below -0.2 MPa in seeds of the cucumber 
(MATIAS et al., 2015), safflower (DANTAS et al., 
2011), lettuce (BERTAGNOLLI et al., 2003) and 

 

 
 
 

 

(C) 

(B) (A) 
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beetroot (MACIEL et al., 2015). In these studies, the 
authors found a reduction in germination speed and 
less seedling development. 

 
 

 
 
 

 
 

 
Figure 2. Germination speed index in seeds of the jambu (Acmella oleracea L. R.K. Jansen) from two lots from 

the State of Pará, Brazil, grown under water deficit induced by PEG 6000 (A, B) and mannitol (C). 
Mean values followed by the same letter do not differ by Tukey’s test at 5% probability. 

 
The reduction in germination rate as the 

potential becomes more negative is a result of the 
interruption of seed tissue rehydration, which 
consequently promotes less intensification of the 
respiration and other metabolic activities that 
culminate in the supply of energy and nutrients 
necessary for the resumption of growth of the 
embryonic axis (CARVALHO; NAKAGAWA, 
2012). 

Water deficit generally decreases the 
percentage and speed of germination in such a way 
that the larger the deficit, the longer the germination 
time (BEWLEY et al., 2013). Negative water 
potentials reduce imbibition by seeds, thereby 
preventing the sequence of events related to the 
germination process (STEFANELLO et al., 2008). 
As a result, water deficit is one of the main factors 
that affect seed germination, because in addition to 

impairing seedling development in the field, it can 
expose the seeds to unfavourable environmental 
conditions, as well as to attacks by pests and 
diseases, causing severe damage (RABBANI et al., 
2012). 

Seedling length in the PEG treatments 
(Figure 3A) showed that at a potential -0.2 MPa, Lot 
1 showed no changes in relation to the control 
treatment, on the other hand, Lot 2 had an increase 
of 24% in relation to the control treatment. The 
seedlings from Lot 2 had greater values for length 
compared to Lot 1. When the seeds were submitted 
to mannitol at a potential -0,2 MPa, the seedlings 
from Lots 1 and 2 displayed respective increases of 
4.5 and 3% relative to the control treatment (Figure 
3B). The values decreased in both lots as the 
potential was reduced from a potential of -0.2 MPa. 

 

(A) (B) 

(C) 
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Figure 3. Seedling length in seeds of the jambu (Acmella oleracea L. R.K. Jansen) from two lots from the State 

of Pará, Brazil, grown under water deficit induced by PEG 6000 (A) and mannitol (B). Mean values 
followed by the same lowercase letter between lots and uppercase letter between potentials do not 
differ by Tukey’s test at 5% probability. 

 
Severe water deficit reduces enzyme 

activity and various physiological and biochemical 
processes, resulting in reduced meristem 
development and less-developed seedlings 
(RABBANI et al., 2012). In addition, Fanti and 
Perez (2004) emphasise that the first and most-
sensitive response to a reduction in the osmotic 
potential of the imbibition medium is a reduction in 
cell turgor, and consequently in growth, since cell 

division, stretching and differentiation are affected 
during the various physiological stages. 

In relation to dry weight (Figure 4), it was 
found that the seedlings from Lot 1 showed greater 
accumulation at all potentials compared to those of 
Lot 2. For both lots, there was reduction in seedling 
dry weight as the potential decreased, with the 
lowest values being found in potentials -0.6 and -0.4 
MPa for Lot 1 and 2, respectively. 

 

 
Figure 4. Seedling dry weight in seeds of the jambu (Acmella oleracea L. R.K. Jansen) from two lots from the 

State of Pará, Brazil, grown under water deficit induced by mannitol. 
 

The reduction in dry weight accumulation 
may be related to the effect of the water deficit in 
Phase II of water absorption during seed imbibition 
(BEWLEY et al., 2013). Further, according to the 
same authors, in this phase the osmotic potential of 
the solution is close to that of the embryo, becoming 
more extensive, and allowing the seeds to activate 
innumerable events in the germination process with 
no protrusion of the primary root, thereby delaying 
the start of Phase III (FERREIRA; BORGHETTI, 
2004), reducing seedling development and 
consequently, the dry-weight content. 

Similar results were seen by Ávila et al. 
(2007), evaluating the effect on rapeseed of water 
deficit induced by a solution of mannitol. The 
authors found that a decrease in osmotic potential 
reduced seedling dry weight from a potential of -0.5 
MPa. A reduction also found in Maciel et al. (2015), 
in seeds of the beetroot submitted to solutions of 
mannitol and PEG at a potential of -1.4 MPa, when 
the germination process was inhibited and normal 
seedlings were not found. 
 
 

(A) (B) 
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CONCLUSIONS 
 
The germination process in seeds of A. 

oleracea is compromised at water potentials below -
0.2 MPa and -0.4 MPa when submitted to PEG and 
mannitol respectively.  

The seeds from Lot 1 proved to be more 
tolerant to water deficit than those from Lot 2. 
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RESUMO: A disponibilidade de água influencia o metabolismo vegetal nas diversas etapas do 
desenvolvimento, especialmente no período entre a germinação e a emergência das plântulas. Diante disso, 
objetivou-se avaliar o efeito do déficit hídrico durante o processo de germinação de sementes de A. oleracea. O 
experimento foi conduzido em delineamento experimental inteiramente casualizado, com quatro repetições de 
50 sementes. Os tratamentos foram arranjados em esquema fatorial 5 x 2, com o primeiro fator constituído 
pelos potenciais osmóticos (-0,2; -0,4; -0,6; -0,8 e água destilada para o potencial 0,0 MPa) e o segundo dois 
lotes de sementes. Para isso, o teste de germinação foi realizado em substratos umedecidos com soluções de 
manitol e polietilenoglicol (PEG 6000) nos diversos potenciais, em germinador do tipo Biochemical Oxigen 
Demand (B.O.D.) sob a temperatura de 30 °C e luz constante. O teste foi avaliado diariamente durante 14 dias, 
sendo considerado como germinadas, as sementes que apresentavam extensão radicular igual ou superior a dois 
milímetros. As variáveis analisadas foram germinação, índice de velocidade de germinação, comprimento de 
plântulas e massa seca de plântulas. O processo germinativo de sementes de A. oleracea é comprometido a 
partir de potenciais hídricos de -0,2 MPa e -0,4 MPa, quando submetidas ao PEG e manitol respectivamente. 
As sementes provenientes do lote 1 mostraram-se mais tolerantes ao déficit hídrico que as do lote 2. 

 
PALAVRAS-CHAVE: Acmella oleracea. Hortaliça não convencional. Asteraceae. Potencial 

osmótico. PEG 6000. Manitol. 
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