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DROUGHT TOLERANCE OF FOUR VEGETABLE CROPS DURING
GERMINATION AND INITIAL SEEDLING GROWTH
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ABSTRACT: Seeds of arugula (Eruca sativa Miller, cv. Cultivada), carrot (Daucus carota L., cv.
Nantes), eggplant (Solanum melongena L., cv. Embi) and watermelon [Citrullus lanatus (Thunb.) Matsum. &
Nakai cv. Crimson Sweet] were submitted to different osmotic potentials induced by polyethylene glycol
(PEG) with the objective of evaluate the effects of drought stress on seed germination and initial seedling
growth. Seeds were distributed in plastic boxes containing blotter paper, soaked with PEG solutions prepared
with osmotic potentials 0.0 (control), —0.2, —0.4, and —0.8 MPa and kept into a seed germinator, at 25 °C for 14
days. A completely randomized design in a 4 x 4 factorial scheme with four replicates of 50 seeds each was
used. The results showed that by increasing of the osmotic potential level, germinated seeds number,
germination rate index, root and shoot length, shoot and root dry matter, and seedling vigor indices decreased,
while mean germination time and root: shoot ratio increased in all four vegetable crops. Additionally, the carrot
and watermelon are more susceptible than arugula and eggplant to drought stress, with germination response
declining more rapidly with the rise of osmotic potential level. Arugula and eggplant crops tolerate water stress
of up to —0.2 MPa, without reducing germination of the seeds; however, the growth of shoots and roots are
inhibited. The germination process of eggplant and watermelon seeds are completely inhibited at —0.8 MPa
osmotic potential, whereas germination of carrot seeds is completely inhibited at —0.4 MPa osmotic potential.
Severe drought stress limits the process of seed germination and initial seedling growth of vegetable crops.
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INTRODUCTION

Drought is one of the most significant
environmental stresses causing huge loss to the
agriculture around the world. Vegetables are more
sensitive to drought when compared to many other
crops. Rapid and uniform field emergence are
essential prerequisites to increase yield and products
quality (SIKHA et al., 2013). Frequently, adverse
environmental conditions led to a slow and non-
uniform emergence, resulting in an unevenness in
the stand establishment. Therefore, to ensure the
food supply for a growing world population, studies
that aim to mitigate the detrimental effects of
drought and identify crop species with higher
tolerance are extremely important for horticultural
crops research.

Seed germination and seedling
establishment are potentially the most critical stages
in the life cycle of plants for water stress (HU et al.,
2015). Water availability and movement into the
seeds are very important to promote germination,
initial root growing, shoot elongation and therefore
at the establishment of a uniform stand. The

germination process starts with seed imbibition as
result of water uptake (BEWLEY et al., 2013). This
process occurs due to difference in water potential
between the dry seed and water in the substrate of
germination. However, the base water potential
required for germination varies greatly among
species (GEORGE et al., 2013), especially because
of the chemical composition and tegument
permeability of the seeds (BEWLEY et al., 2013).
Highly negative osmotic potential may affect the
seeds water uptake, making germination not
possible (MENESES et al., 2011). The most
common responses of plants to reduction of osmotic
potential are a delay in initial germination and a
reduction in the rate and total germination (SIKHA
et al., 2013; JATOI et al., 2014; GORDIN et al.,
2015).

One of the most commonly methods used to
determine the tolerance of plants to water stresses is
the evaluation of the germination capacity of seeds
using aqueous solutions of polyethylene glycol
(PEG) under laboratory conditions (MENESES et
al., 2011; GHAROOBI et al., 2012; GEORGE et al.,
2013; JATOI et al.,, 2014; BASHA et al., 2015).
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Polyethylene glycol with molecular mass of 6,000
or more are non-penetrable and non-toxic osmotic
substance which can be used to lower the water
potential of the germination environmental and it
has been used to simulate controlled drought stress
in nutrient solution cultures. Many studies on plant
responses to drought stress induced by PEG
solutions with regard to seed germination and
seedling growth have been recently reported,
including studies of agricultural crops, barley
(GHAROOBI et al., 2012), common bean
(AGUILAR-BENfTEZ et al., 2014), sunflower
(LUAN et al., 2014), lentil (MUSCOLO et al., 2014),
sesame (MEDEIROS et al., 2015), maize
(GHAROOBI et al., 2012; AGUILAR-BENITEZ et
al., 2014), cotton (MENESES et al., 2011) and wheat
(JATOI et al., 2014). In contrast, few reports have
focused on horticultural plants, even though
vegetables are shown to be more sensitive to
drought than many other crops.

This research was carried out to evaluate the
effects of drought stress induced by polyethylene
glycol (PEG) on seed germination, growth and vigor
of arugula (Eruca sativa Miller), carrot (Daucus
carota L.), eggplant (Solanum melongena L.) and
watermelon [Citrullus lanatus (Thunb.) Matsum. &
Nakai] seedlings.

MATERIAL AND METHODS

Plant material and stress treatments

Seeds of arugula (Eruca sativa Miller, cv.
Cultivada), carrot (Daucus carota L., cv. Nantes),
eggplant (Solanum melongena L., cv. Embi) and
watermelon [Citrullus lanatus (Thunb.) Matsum. &
Nakai cv. Crimson Sweet] were purchased from
Horticeres Seeds Company, Indaiatuba, SP, Brazil
and stored in the dark at 15 °C and 45% RH until
used for this experiment.

Seeds of each species were previously
disinfected by immersion in a sodium hypochlorite
solution, containing 2% (v/v) of active chlorine, for
5 minutes (SAUER & BURROUGHS, 1986). Seeds
were then washed three times with distilled water,
and subjected to four osmotic potential levels [0.0
(control); —0.2; —0.4; and —0.8 MPa] induced by
different concentrations of polyethylene glycol 6000
(PEG-6000) solutions. The concentrations of PEG-
6000 required to obtain these values were
determined by using the equation of Michel &
Kaufmann (1973): ¥s = [- (1.18 x 107) C — (1.18 x
10" x C* + (267 x10™) CT + (839 x 107)
C’T]/10, where ¥s = osmotic potential (MPa); C =
concentration (g L' PEG-6000 in water); T =
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temperature (°C). As control, a solution with
osmotic potential ¥'s = 0.0 MPa was used.

The treatments were arranged in a
completely randomized design, in a 4 x 4 factorial
arrangement, with four plant species (arugula,
carrot, eggplant and watermelon) and four osmotic
potentials (0.0; —0.2; —0.4; and —0.8 MPa), with four
replicates.

Germination conditions

Four replicates of 50 seeds from each
species were evenly distributed in plastic boxes
(11.0 x 11.0 x 3.5 cm, type Gerbox) with blotter
paper, properly moistened with different PEG
solutions, in the proportion of 2.5 times the mass of
dry paper. The boxes were then closed with lids to
prevent evaporation and maintain the relative
humidity close to 100%. Germination was carried
out in a germination chamber under 12/12 h
photoperiod (light/darkness), light fluence of 60
umol m™ s™' photosynthetic photon flux density
(PPFD) and temperature of 25 °C for 14 days. Seeds
were considered germinated when radicle were
longer than 5.0 mm. Germinated seeds were
recorded every 24 h for 14 days.

Measurements of germination and seedling
growth

The number of germinated seeds was
recorded daily, and the final germination percentage
was determined after 14 days. The germination rate
index (GRI) was calculated using Maguire’s
equation (Maguire, 1962): GRI = X (n; / t;), where #;
is the number of germinated seeds on a given day,
and ¢ is the time in days from the starting/sowing
day (0). The mean germination time (MGT) was
calculated using the equation of Labouriau (1983):
MGT = (Zm;t;)) / Zn;, where n; is the number of
germinated seeds on a given day, and # is the time in
days from the starting/sowing day (0).

The shoot and radicle length were measured
in 20 normal seedlings randomly obtained after
count of the total germination (14" day) using meter
scale. The results were expressed in millimeter
(mm). For the determination of dry matter production
of shoot and roots, all seedlings obtained at the end
of the germination test (14 days) were separated into
shoots and roots, dried in a forced air circulation
oven for three days at 65 °C, and then weighed. The
results were expressed in mg seedling”. To
determine root: shoot ratio (RSR), root dry matter
obtained was divided by the shoot dry matter.

The data of germination percentage,
seedling length and dry matter production were used
to calculate the seedling vigor and drought tolerance
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indices. Seedling weight and length vigor indices in
each treatment was calculated using following
equations, as suggested by Abdul-Baki and
Anderson (1973): SLVI = [seedling length (cm) X
seed germination (%)] and SWVI = [seedling dry
weight (mg) x seed germination (%)].

The drought tolerance index was calculated
using the equation of Bouslama and Schapaugh
(1984): YSI = Y5 / Yc, where YSI is the yield
stability index, Y5 and Y are the total dry matter
yield (mg/seedling) under drought stress and non-
stress conditions (control), respectively.

Statistical analyses

The normality of data was previously tested
by the Kolmogorov-Smirnov test at the 5% level
and then data were submitted to analysis of variance
(ANOVA), and means of plant species and osmotic
potentials were compared by the Tukey test at the
0.05 level of confidence. For statistical analysis, the
data expressed in percentage were previously
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transformed into arcsin,/x/100. The analyses were

performed using Sisvar version 5.3 software for
Windows (Statistical Analysis Software, UFLA,
Lavras, MG, BRA).

RESULTS AND DISCUSSION

The results of the analysis of variance
showed significant effects (P < 0.01) for the main
effects of plant species and osmotic potential levels,
as well as for interaction between these factors, for
all traits measured (Table 1). The significant
interaction between the main effects of crops and
osmotic potentials indicates that plant species have
different response with regard to the level of
drought stress. Such inference may be due to seed
size, chemical composition of reserves, tegument
permeability, hydration duration and activation of
enzymatic reactions (BEWLEY et al., 2013).

Table 1. Summary of the analysis of variance for the measurements of germination, seedling growth inhibition
and vigor indices of vegetable species as affected by drought stress.

Causes of Probability > F

variation GC GRI MGT SL RL SDM RDM TDM RSR SLVI SWVI
Species (S) <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
PEG (P) <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
SxP <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
CV (%) 482 381 412 10.08 1093 436 423 531 975 878 583

GC: germination capacity. GRI: germination rate index. MGT: mean germination time. SL: shoot length. RL: radicle length. SDM:
shoot dry matter. RDM: root dry matter. TDM: total dry matter. RSR: root: shoot ratio. SLVI: seedling length vigor index. SWVI:

seedling weight vigor index.

Effect of drought stress on seed germination

The germination response of vegetable
seeds was significantly affected by drought stress
induced by PEG solutions (Figure 1A). When the
seeds were exposed to highly negative osmotic
potentials, germination capacity was drastically
reduced. However, there were distinct responses
among the vegetable crops with regard to the
germination capacity under drought conditions.
While the arugula seeds still showed germination
capacity of up to 38% at —-0.8 MPa osmotic
potential, the seeds of eggplant and watermelon
failed to germinate in this same stress condition. In
turn, the germination of carrot seeds was completely
inhibited at —0.4 MPa osmotic potential (Figure 1A).
Additionally, arugula showed higher germination
rate index (Figure 1B) and lower mean germination
time (Figure 1C) in all osmotic potential levels
compared to other three vegetable crops. These
results suggest that arugula crop is more tolerant

than carrot, eggplant and watermelon crops to
drought stress during the seed germination phase.
Under drought stress, highly negative
osmotic potential may affect the seeds water uptake,
making germination not possible (MENESES et al.,
2011). The most common responses of plants to
reduction of osmotic potential are a delay in initial
germination and a reduction in the rate and total
germination (PEREIRA et al., 2009; SIKHA et al.,
2013; GORDIN et al.,, 2015). Germination is a
critical stage of the plant life and resistance against
drought during the germination makes a uniform
plant stand. Seeds of distinct species have different
levels of starch and other food storage, which may
be one factor with great influence on the expression
of germination and seedling growth. Germination
may be dependent on the ability of seed to utilize
reserves more efficiently, by mobilization of seed
reserves for germination traits (KESHAVARZ et al.,
2013). Therefore, the use of species or genotypes
with higher seed metabolic efficiency (SME) is a
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desirable character under water stress environment
when emergence is delayed due to insufficient soil
moisture.
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Figure 1. Effects of drought stress induced by polyethylene glycol on germination capacity (GC, in A),
germination rate index (GRI, in B), and mean germination time (MGT, in C) of vegetable seeds.
Bars followed by the same lower-case letters, between the vegetable species or same upper-case
letters, for the osmotic potential levels within each species are not significantly different by Tukey
test at the 0.05 level of confidence. Data refer to mean values (n = 4) * standard error.

The germination rate index (GRI) of arugula
seeds ranged from 3.6 to 19.3 seed day ™', whereas for
the other vegetable species of vegetables, the GRI
ranged from 0.2 to 8.2 seed day ', and in all the
vegetables it was drastically reduced with the rise of
osmotic potential levels (Figure 1B). The decrease
in index of germination rate was due to lower
capacity of water uptake by the seeds with highly
negative osmotic potential. Gharoobi et al. (2012)
also reported that germination rate index and
germination percentage of maize seeds, as well as
the amount of water absorbed by seeds were

considerably lowered with the rise of osmotic
potential level. Drought stress affects the starch
synthesis reactions and energy production process
(adenosine triphosphate — ATP) through respiration
(BEWLEY et al., 2013), resulting in reduced of
germination percentage (Figure 1A), germination
rate index (Figure 1B) and thus increasing the time
for germination (Figure 1C).

The mean germination time (MGT) of
arugula seeds was delayed by the lower osmotic
potential (-0.8 MPa) in more than 3 days (i.e., 2.6 to
5.7 days) compared with control treatment (Figure
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1C). For the seeds of eggplant and watermelon there
was a delay of 1.2 and 4.2 days in the MGT for the
—0.6 MPa osmotic potential, respectively, compared
with control (Figure 1C). In turn, the —0.4 MPa
osmotic potential delayed the MGT of carrot seeds
in more than 2 days (i.e., 7.0 to 9.5 day) compared
with control (Figure 1C). The MGT is a measure of
the rate and time-spread of germination (BEWLEY
et al, 2013). A delay in the mean time to
germination may be disadvantageous for successful
establishment, since the delayed germination
leaving the seeds more vulnerable to attack from
predators (pests and pathogens) and unfavorable
environmental conditions (temperature, substrate
moisture, among others) and, therefore, compromise
the establishment of a uniform stand.

The delay in germination was due to lower
water uptake of the seeds, which is the first step to
occur germination process (i.e., imbibition).
According to Bewley et al. (2013), it is necessary
that the seeds reach an adequate level of hydration
during the imbibition phase, to occur reactivation of
seed metabolic processes and growth of embryonic
axis. Seeds subjected to severe drought stress
require more time to adjust the internal osmotic
potential in accordance with the external
environment (LUAN et al., 2014; GORDIN et al.,
2015). Additionally, the osmotic potential of the
external medium can affect the enzymatic reactions
in the seed, therefore, the delay in germination is
due to delay of enzymatic reactions (BEWLEY et
al.,, 2013). The result of these changes is an
unevenness in the germination process and stand
establishment.

Effect of drought stress on seedling growth

The initial seedling growth of four vegetable
crops was significantly affected by drought stress
induced by PEG solutions (Figure 2). There was
decrease in shoot and root related traits with the rise
of osmotic potential levels. Under the osmotic stress
of —0.2, —-0.4 and —0.8 MPa, shoot length of arugula
decreased 23%, 56% and 92%, respectively, while
the shoot length of eggplant and watermelon
seedlings decreased 38% and 88% at —0.2 MPa
osmotic stress, and 77% and 99% at —0.4 MPa
osmotic stress, respectively, compared to control
(Figure 2A). For the carrot seedlings, the osmotic
potential —0.2 MPa reduced the shoot length in 88%.
Primary root length of arugula, eggplant and
watermelon under the osmotic stress of —0.4 MPa
decreased 55%, 49% and 94%, respectively, while
the radicle length of carrot at —0.2 MPa osmotic
potential decreased 57%, respectively, compared to
control (Figure 2B). This decrease in the growth rate
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of the seedlings could be due to a reduction in one
or both of the primary cellular growth parameters:
wall extensibility and cell turgor. Under drought
stress conditions, seedling growth is affected due to
the reduction of water uptake by the plants and
lower cell turgor pressure (KERBAUY, 2012).
Indeed, Li et al. (2011) reported a root growth rate
from 27.8 mm day'l under well-watered conditions,
whereas under drought stress conditions this root
growth rate was only 16.1 mm day'. According to
Naeem et al. (2015), one of the first processes
affected in response to low water availability is cell
expansion, highly dependent process turgidity of the
plants. As a result of these effects, there is a
reduction in dry matter production of seedlings
(Figure 2E). Morales et al. (2015) found that the
reduction of water availability resulted in the lower
number of leaves, plant height and dry matter
production of tomato plants. Drought stress has been
found to limit growth in several horticultural crops.

Root: shoot ratio (RSR) is one of several
ratios, which give estimates of the distribution of
dry matter between the different plant organs. It is a
measure of the partitioning of dry matter between
the shoots and the root systems, and is a good
indicator for effects on root and shoot dry matter
(KESHAVARZ et al., 2013). The results showed
that RSR was increased with the rise of osmotic
potential levels (Figure 2F). This suggests that shoot
growth was affected more than the root system
under drought stress. Such increase in RSR indicates
that the proportion of dry matter allocated to shoots
was decreased compared to the roots. Studies have
shown that shoot is more likely to be affected by
water stress than other traits, as reported by
Zahedifar and Zohrabi (2016) for wheat seedlings.
Assimilate partitioning is a complicated process that
can be controlled simultaneously by sources and
sinks. In general, plants exposed to high osmotic
potential levels often partition photosynthate occurs
preferentially to the roots, thereby maintaining a
balance between processes required in roots (e.g.;
water and nutrient uptake) and those required in
shoots (e.g., photosynthesis).

Under severe stress conditions (0.4 and —
0.8 MPa), arugula seedlings showed higher RSR
compared to other vegetable species, whereas under
mild stress (—0.2 MPa), carrot showed higher RSR
(Figure 2F). These results indicate that the dry
matter allocated to the roots was increased
compared to that of the shoot of arugula and carrot
seedlings under severe and mild stress conditions,
respectively. During the plant establishment phase,
the allocation of dry matter to the roots seems to be
a protection mechanism for the crop tolerate a
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drought condition. Therefore, results presented here
suggest that arugula is a more adapted species to a
high-water restriction condition compared to other
vegetable species. These results are also confirmed
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by the greater germination capacity of the arugula
seeds under conditions of highly negative osmotic
potential (Figure 1A).
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Figure 2. Effects of drought stress induced by polyethylene glycol on shoot length (SL, in A), radicle length
(RL, in B), shoot dry matter (SDM, in C), root dry matter (RDM, in D), total dry matter (TDM, in
E) and root: shoot ratio (RSR, in F) of vegetable seedlings. Bars followed by the same lower-case
letters, between the vegetable species or same upper-case letters, for the osmotic potential levels
within each species are not significantly different by Tukey test at the 0.05 level of confidence. Data

refer to mean values (n = 4) * standard error.

The seedling length vigor index (SLVI)
under conditions of adequate water availability was
significantly higher for eggplant, followed by
arugula and watermelon, and lower for carrot
(Figure 3A). On the other hand, the seedling weight

vigor index (SWVI) was significantly higher for
arugula and watermelon, and lower for carrot
(Figure 3B). Under drought stress conditions,
arugula crop, in general, showed the highest values
of seedling vigor indices compared to other
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vegetables at all osmotic potential levels, suggesting
that this species is more tolerant than eggplant,
watermelon and carrot to the negative effects of
drought during the seedling establishment stage.
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However, for the four vegetable crops both seedling
vigor indexes were drastically reduced with the rise
of osmotic potential levels (Figure 3).
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Figure 3. Effects of drought stress induced by polyethylene glycol on seedling length vigor index (SLVI, in A)
and weight vigor index (SWVI, in B) of four vegetable species. Bars followed by the same lower-case
letters, between the vegetable species or same upper-case letters, for the osmotic potential levels
within each species are not significantly different by Tukey test at the 0.05 level of confidence. Data

refer to mean values (n = 4) * standard error.

The seedling vigor index has been used as a
tolerance index to evaluate the effect of drought
stress on seedling growth (ZAHEDIFAR;
ZOHRABI, 2016). Seedling vigor is a measure of
the extent of damage that accumulates as viability
declines, and the damage accumulates in seeds until
the seeds are unable to germinate and eventually die
(BEWLEY et al., 2013). The lower seedling vigor
index obtained with increased osmotic potential
level was due to the drought stress reduce
germination rate of seeds and inhibit the growth of
plants, especially of the shoots. The reduction in
vigor index of seedlings under water restriction
conditions is usually reported by other research
(GHAROOBI et al., 2012; AGUILAR-BENITEZ et
al., 2014; ZAHEDIFAR; ZOHRABI, 2016).

The yield stability index (YSI) of four
vegetable crops was significantly affected by
drought stress induced by PEG solutions (Figure 4).
Under —0.2 MPa osmotic potential, the YSI for the
arugula, carrot, eggplant and watermelon were 0.66,
0.26, 0.65 and 0.38 (Figure 4). These results indicate
that in mild stress conditions the arugula and
eggplant crops have similar drought tolerance
indices. However, under conditions of severe stress
(0.4 and —0.8 MPa), the drought tolerance index of
the arugula was significantly higher compared to
other vegetables. The YSI had been used to evaluate
the stability of genotypes in the both stress and non-
stress conditions and is considered a good drought
tolerance index (BOUSLAMA; SCHAPAUGH,
1984).
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Figure 4. Effects of drought stress induced by polyethylene glycol on the yield stability index (YSI) of four
vegetable species. Bars followed by the same lower-case letters, between the vegetable species or
same upper-case letters, for the osmotic potential levels within each species are not significantly
different by Tukey test at the 0.05 level of confidence. Data refer to mean values (n = 4) + standard
error.

CONCLUSIONS

Carrot and watermelon are more susceptible
than arugula and eggplant to drought stress, with
germination response declining more rapidly with
increasing osmotic potential level.

Arugula and eggplant crops tolerate water
stress of up to -0.2 MPa, without reducing
germination of the seeds; however, the growth of

shoots and roots are inhibited by the highly negative
osmotic potential.

The germination process of eggplant and
watermelon seeds are completely inhibited at —0.8
MPa osmotic potential, whereas germination of
carrot seeds is completely inhibited at —0.4 MPa
osmotic potential. Severe drought stress limits the
process of seed germination and initial seedling
growth of vegetable crops.

RESUMO: Sementes de rdcula (Eruca sativa Miller, cv. Cultivada), cenoura (Daucus carota L., cv.
Nantes), berinjela (Solanum melongena L., cv. Embui) e melancia [Citrullus lanatus (Thunb.) Matsum. & Nakai
cv. Crimson Sweet] foram submetidas a diferentes potenciais osméticos simulados com polietileno glicol (PEG
6000) com o objetivo de avaliar os efeitos do estresse hidrico na germinacio e no crescimento inicial das
plantulas. As sementes foram distribuidas em caixas plasticas tipo Gerbox® contendo papel mata-borrio, o qual
foi umedecido com diferentes solu¢cdes de PEG preparadas com quatro niveis de potenciais osmotico [0
(controle); —0,2; —-0,4; e —0,8 MPa]. As caixas pldsticas foram entdo mantidas em camara de germinagdo a 25
°C por 14 dias. O delineamento utilizado foi o inteiramente casualizado, em esquema fatorial 4 x 4, com
quatro repeti¢des de 50 sementes cada. Os resultados mostraram que o aumento do nivel de potencial osmético
da solucdo reduziu a porcentagem de germinagdo das sementes, o indice de velocidade de germinacgdo, o
comprimentos da parte aérea e da raiz principal, a producdo de matéria seca da parte aérea e das raizes e os
indices de vigor das plantulas, enquanto que o tempo médio de germinagdo e a relacdo entre a matéria seca da
raiz/parte aérea aumentou em todas as quatro espécies de hortalicas. As culturas de cenoura e melancia sdo
mais susceptivel que a ricula e a berinjela ao estresse hidrico, com resposta de germinagdo declinando mais
rapidamente com o aumento do nivel de potencial osmético. A riicula e a berinjela toleram estresse hidrico de
até —0,2 MPa, sem reduzir o processo de germinacdo das sementes; no entanto, o crescimento da parte aérea e
das raizes sdo inibidos. O processo de germinacdo das sementes de berinjela e melancia sdo completamente
inibidos em potencial osmético de —0.8 MPa, ao passo que a germinagdo das sementes de cenoura é
completamente inibida em potencial osmético de —0.4 MPa. O estresse hidrico severo limita o processo de
germinacdo das sementes e crescimento inicial de plantulas das quatro espécies de hortaligas.
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PALAVRAS-CHAVE: Eruca sativa. Daucus carota. Solanum melongena. Citrullus lanatus. Potencial
osmoético. PEG 6000.
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