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Does seed size affect the germination rate and 
seedling growth of peanut under salinity and water stress?1
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Tiago de Oliveira Sousa4, Tiago Zoz2

INTRODUCTION

The use of high-quality seeds is essential 
for a successful crop production and food security. 
Crop yield and resource use efficiency depend on the 
successful plant establishment in the field, and seed 

ABSTRACT RESUMO

vigor is what defines the ability to germinate and 
establish seedlings rapidly, uniformly and robustly, 
across diverse environmental conditions (Finch-
Savage & Bassel 2016). Seed size is an important 
physical indicator of seed quality that affects the 
emergence, plant growth and performance of the 
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Seed size is an important indicator of physiological 
quality, since it may affect seed germination and seedling 
growth, especially under stress conditions. This study aimed 
to investigate the effects of seed size on germination and initial 
seedling growth, under salinity and water stress conditions. 
The treatments were arranged in a completely randomized 
design, in a 3 × 3 factorial scheme: three seed size classes 
(small, medium and large) and three stress treatments (control, 
saline or water stress), with four replicates. Water and salt 
stresses do not reduce the germination rate of medium and 
large seeds; however, the germination rate of small seeds is 
reduced under salt stress conditions. Drought stress drastically 
reduces the shoot growth of seedlings regardless of seed size, 
whereas root growth is higher in seedlings from medium and 
large seeds under water stress conditions. Under non-stressful 
environments, the use of large seeds is preferable, resulting in 
more vigorous seedlings with a greater dry matter accumulation. 
Medium-size seeds are more adapted to adverse environmental 
conditions and, therefore, should be used under conditions 
of water shortage and salt excess in the soil at sowing time. 
Seedlings are more tolerant to salinity than to water stress 
during the germination stage and initial growth under laboratory 
conditions.

KEYWORDS: Arachis hypogaea L., osmotic potential, seed 
reserve.

O tamanho da semente afeta a taxa de 
germinação e o crescimento de plântulas de amendoim 

sob salinidade e estresse hídrico?

O tamanho da semente constitui um importante indicador 
de qualidade fisiológica, por afetar sua germinação e o crescimento 
de plântulas, especialmente em condições adversas. Objetivou-se 
investigar os efeitos do tamanho da semente na germinação e no 
crescimento inicial de plântulas de amendoim, em condições de 
salinidade e restrição hídrica. Os tratamentos foram arranjados em 
delineamento inteiramente casualizado, em esquema fatorial 3 × 3: 
três classes de tamanho de sementes (pequena, média e grande) e 
três tratamentos de estresse (controle e estresse salino ou hídrico), 
com quatro repetições. Estresses salino e hídrico não reduzem a 
porcentagem de germinação das sementes de tamanho médio e grande; 
no entanto, a germinação das sementes pequenas é reduzida sob 
estresse salino. O estresse hídrico reduz drasticamente o crescimento da 
parte aérea das plântulas, independentemente do tamanho da semente, 
enquanto o crescimento das raízes é maior nas plântulas oriundas de 
sementes médias e grandes sob condições de estresse hídrico. Em 
condições controle, o uso de sementes grandes é preferível, resultando 
em plântulas mais vigorosas e com maior acúmulo de matéria seca. 
Sementes de tamanho médio são mais adaptadas às condições adversas 
do ambiente e, portanto, devem ser utilizadas em condições de escassez 
de água e de excesso de sal no solo na época de semeadura. As plântulas 
são mais tolerantes à salinidade do que ao estresse hídrico durante a fase 
de germinação e de crescimento inicial em condições de laboratório.

PALAVRAS-CHAVE: Arachis hypogaea L., potencial osmótico, 
reserva da semente.
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crop in the field (Adebisi et al. 2013). Indeed, the 
sowing of mixed seeds of a species may result in a 
non-uniform stand establishment, what may lead to 
heterogeneity in the plant vigor and size (Mishra et 
al. 2010).

Distinct seed sizes have different levels of 
starch and other energy reserves which may be 
an important factor to improve the expression of 
germination and initial growth of seedlings (Shahi 
et al. 2015). Germination depends on the ability of 
the seed to use reserves more efficiently (Bewley 
et al. 2013), by mobilization of seed reserves for 
the germination traits (Sikder et al. 2009). A wide 
array of different effects of seed size in non-stressful 
and stressful conditions has been reported for seed 
germination, seedling emergence and establishment 
in many crop species (Mut & Akay 2010, Shahi 
et al. 2015, Soares et al. 2015). However, these 
results vary widely between the crop species and 
the germination and growth environment. In general, 
large seeds have a higher seedling survival rate, 
higher growth and better field performance than 
small seeds, under non-stressful environments 
(Ambika et al. 2014).

In many situations, crop sowing is performed 
under inappropriate soil moisture conditions to 
support seed germination or in areas with an excess 
of salts in the soil or in the irrigation water (Munns & 
Tester 2008). Water shortage and salt excess in the 
soil at the sowing time cause delayed and reduced 
seed germination, unequal seedling emergence and 
unsatisfactory stand establishment (Steiner et al. 
2017), what results in crop yield reductions (Lawles 
et al. 2012). Drought and salinity affect germination 
by creating highly negative water potentials, thus 
preventing the seed water uptake. Salinity may also 
cause direct phytotoxic effects of Na+ and Cl- ions 
(Acosta-Motos et al. 2017). However, the negative 
effects of drought and salinity on seed germination 
and plant establishment can be alleviated or 
potentiated with the use of different seed sizes.

Research results have reported that the 
effects of seed size on germination and seedling 
growth under water and saline stress conditions 
are still controversial and inconclusive. The use of 
increased seed size resulted in higher germination 
and seedling growth rates in naked oat (Mut & 
Akay 2010) and triticale (Kaydan & Yagmur 2008). 
On the contrary, Pereira et al. (2013) obtained more 
vigorous seedlings from small soybean seeds under 

water stress conditions, whereas large seeds produced 
seedlings with a higher growth rate than small seeds 
under optimal soil moisture conditions. On the other 
hand, Soares et al. (2015) reported that the size of 
soybean seeds does not affect the germination and 
initial seedling growth under water and saline stress 
conditions. Limede et al. (2018) also verified that the 
seed size does not affect the emergence of soybean 
seedlings, although large seeds produce plants with 
the highest shoot dry matter. However, the effects of 
seed size on the germination and growth of peanut 
seedlings under stressful environments are still 
unknown. Thus, this study aimed to investigate the 
effects of seed size on the seed germination and initial 
growth of peanut (Arachis hypogaea L.) seedlings 
under salinity and water stress conditions. 

MATERIAL AND METHODS

Peanut (Arachis hypogaea L.) plants (IAC-
Tatu ST cultivar) were grown under field conditions 
in Cassilândia, Mato Grosso do Sul state, Brazil 
(19º05’20’’S, 51º48’24’’W and altitude of 470 m), 
during the 2015/2016 crop season, when the minimum 
and maximum temperatures were 19.5 ºC and 37.1 ºC, 
respectively, and the mean air relative humidity was 
64 % (± 8 %). The harvest was manually performed at 
105 days after sowing, and the plants were air-dried at 
room temperature for 96 h. The seeds were extracted 
by hand, weighed and then separated into three size 
classes: i) small seeds, with mass of 0.16-0.24 g; 
ii) medium seeds, with mass of 0.32-0.40 g; iii) large 
seeds, with mass of 0.48-0.56 g. After the separation 
in size classes, the seeds were stored in sealed plastic 
bags for 18 days, at 15 ºC and 45 % of relative 
humidity, until their use. 

To compare the effects of salt or water stress 
on germination and seedling growth, the seeds of 
each size class were exposed to -0.20 MPa iso-
osmotic solutions with polyethylene glycol (PEG-
6000) or NaCl. The concentration of PEG-6000 
required to obtain the solution was determined 
by the equation of Michel & Kaufmann (1973): 
Ψs = [- (1.18 × 10-2) C - (1.18 × 10-4) C2 + 
(2.67 ×10-4) CT + (8.39 × 10-7) C2T]/10, where Ψs 
is the osmotic potential (MPa), C the concentration 
(g L-1 of PEG-6000 in water) and T the temperature 
(ºC). The concentration of NaCl to obtain the osmotic 
potential of -0.20 MPa was calculated by the Van’t 
Hoff equation (Hillel 1971): Ψs = -RTCi, where R 
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is the ideal gas constant (0.008314 MPa mol-1 K-1), 
T the absolute temperature (273.15 + ºC), C the 
concentration in molarity of the solute (mol L-1) and 
i the Van’t Hoff factor, i.e., the ratio between the 
actual concentration of particles produced when the 
substance is dissolved, whose value, for NaCl, is 2.0 
(Na+ and Cl-). As a control, a solution with osmotic 
potential of 0.00 MPa was used.

Treatments were arranged in a completely 
randomized design, in a 3 × 3 factorial scheme: three 
seed sizes (small, medium and large) and three stress 
treatments (control, saline and water stress), with 
four replications.

Four replicates of 25 seeds from each size class 
were evenly distributed between two sheets of paper 
towel moistened with distilled water (control), PEG 
or NaCl solutions of -0.20 MPa, in the proportion 
of three times the mass of the dry substrate. The 
sheets were then turned into rolls, which were 
packaged into plastic bags to prevent evaporation 
and maintain the relative humidity close to 100 %. 
Germination was carried out in a growth chamber 
under a 12/12 h photoperiod (light/darkness), light 
intensity of 180 μmol m-2 s-1 and temperature of 
25 ºC, for 12 days. Thiram was added to the solutions 
at a concentration of 0.2 % (v/v) to control the 
fungi infection (Demir & Mavi 2008). Seeds were 
considered germinated when the primary root was 
longer than 5.0 mm. Germinated seeds were recorded 
at 5 days (first germination count test) and 12 days 
(total germination percentage) after starting the test 
(Brasil 2009). 

The shoot and primary root length were 
measured in 10 normal seedlings randomly obtained 
after the total germination count (12th day) using 
a meter scale, with results expressed in cm. To 
determine the dry matter partitioning into root 
and shoot, all seedlings obtained at the end of the 
germination test (12 days) were separated into shoots 

and roots, dried in a forced air circulation oven for 
three days, at 65 ºC, and then weighed. The results 
were expressed in mg seedling-1. To determine the 
root:shoot ratio, the obtained root dry matter 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 salt or drought 
tolerance indices. Seedling weight (SWVI) and 
length (SLVI) vigor indices in each treatment 
were calculated using the following equations 
(Abdul-Baki & Anderson 1973): SLVI = [seedling 
length (cm) × seed germination (%)] and SWVI = 
[seedling dry weight (mg) × seed germination (%)].

The data normality was previously tested by 
the Kolmogorov-Smirnov test at 5 % of significance, 
and then the data were submitted to analysis of 
variance (Anova) and means of seed size class and 
stress treatments were compared by the t-test at the 
confidence level of 0.05. For statistical analysis, 
the data expressed in percentage were previously 
transformed into arcsin√(x/100). The analyses were 
performed using the Sisvar software, version 5.6 
(Ferreira 2011). 

 
RESULTS AND DISCUSSION

The analysis of variance reported that the main 
effects of seed size and abiotic stress were significant 
(p < 0.05) on all the traits of seed germination and 
seedling growth (Table 1). The interaction between 
seed size and stresses showed a significant effect 
(p < 0.05) on all the germination and growth traits, 
except for the total seedling length and seedling 
length vigor index (Table 1). The significant 
interaction between the main effects of seed size and 
abiotic stress for most of the measured traits indicates 
that the different seed size classes have distinct 
responses when exposed to stressful environmental 

G: germination; FGC: first germination count test; SL: shoot length; RL: radicle length; TSL: total seedling length; SDM: shoot dry matter; RDM: root dry matter; TDM: 
total dry matter; SLVI: seedling length vigor index; SWVI: seedling weight vigor index.

Causes of variation Probability > F
G FGC SL RL TSL SDM RDM TDM SLVI SWVI

Seed size 0.001 < 0.000    0.001 < 0.000 < 0.000 < 0.000 < 0.000 < 0.000 < 0.000 < 0.000
Stress 0.169 < 0.000 < 0.000 < 0.000 < 0.000 < 0.000    0.015 < 0.000 < 0.000 < 0.000
Size × Stress 0.037    0.036 < 0.000    0.016    0.109 < 0.000 < 0.000 < 0.000    0.742 < 0.000
CV (%) 5.920    4.980    5.380    7.910    9.550    7.840    7.960    8.390    6.580    5.550

Table 1. Summary of the analysis of variance for the measurements of germination, growth and vigor indexes of peanut (Arachis 
hypogaea L.; IAC-Tatu ST cultivar) seedlings for the effects of seed size and abiotic stresses.
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conditions, thus justifying the classification of peanut 
seeds by size.

The first germination count test was significantly 
reduced with the exposure of peanut seeds to the 
drought and saline stresses (Figure 1A). These results 
suggest that the start of the seed germination process 
was delayed under water and saline stress conditions, 
when compared to the seeds under non-stressful 
control conditions. The delay of the germination 
process in stressful environments has been commonly 
reported for other crops, such as soybean (Pereira et 
al. 2013, Soares et al. 2015), common bean (Coelho 
et al. 2010), naked oat (Mut & Akay 2010) and wheat 
(Shahi et al. 2015, Steiner et al. 2017).

The delay in germination under water and saline 
stress was due to an increase of the external osmotic 
pressure, what adversely affects the water absorption 
by seeds. According to Bewley et al. (2013), it is 
necessary that the seeds reach an adequate level of 
hydration during the imbibition phase, in order to 
occur the reactivation of seed metabolic processes 
and growth of the embryonic axis. Seeds exposed to 
drought or saline stress require more time to adjust 
the internal osmotic potential in accordance with 
the external environment (Munns & Tester 2008). 
A highly negative osmotic pressure may affect the 
seed water uptake, making germination not possible 
(Soares et al. 2015). Additionally, the osmotic stress 
affects the starch synthesis reactions and energy 
production process (adenosine triphosphate - ATP) 
through seed respiration (Bewley et al. 2013), 
resulting in a reduced germination speed index and 
thus in the delay of the germination time. The most 
common responses of plants to the reduction of 
osmotic potential are a delay in the initial germination 
and a reduction in the germination rate (Mut & Akay 
2010, Soares et al. 2015, Steiner et al. 2017). 

The first germination count test of the large 
seeds was lower than for other seed sizes in both non-
stressful and water stressful conditions (Figure 1A), 
suggesting that the germination process of large 
seeds was delayed, when compared to small and 
medium seeds. This delay occurred because large 
seeds need more water absorption than small seeds 
and, consequently, they take more time to germinate. 
A similar result was reported by Shahi et al. (2015), 
who showed that the germination speed index of 
wheat large size seeds is lower than those of the small 
and medium size seeds. According to Bewley et al. 
(2013), the minimum water content required in the 
seed for starting the peanut germination process is 
50-55 % of dry weight. 

The total germination percentage was 
significantly influenced by the germination medium 
conditions only when small seeds were used, and the 
saline stress resulted in a lower seed germination rate, 
when compared to non-stressful control conditions 
(Figure 1B). This suggests that the germination of 
small-size peanut seeds is more affected by salinity 
than water stress conditions. Similar results were 
reported by Soares et al. (2015), who showed that 
the soybean seed germination is more affected by 
the saline stress induced by NaCl than by mannitol-
induced water stress. These results may be because 

Figure 1. Effects of seed size on the first germination count test 
(A) and germination percentage (B) of peanut (Arachis 
hypogaea L.; IAC-Tatu ST cultivar) seeds under 
salinity and water stress conditions. Bars followed by 
the same lower-case letter between the seed sizes or 
the same upper-case letter for the stress treatments are 
not significantly different by the t-test at the confidence 
level of 0.05. Data refer to mean values (n = 4) ± mean 
standard error.
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salinity, in addition to inhibiting the seed germination 
by reducing the water potential, may also cause specific 
phytotoxic effects due to the absorption of Na+ and 
Cl- (Acosta-Motos et al. 2017). However, these effects 
were not observed in medium and large peanut seeds.

The initial growth of peanut seedlings was 
significantly influenced (p < 0.05) by the seed size 
and stress conditions (Figure 2). Shoot growth was 
drastically inhibited under saline and water stress 
conditions, when compared to the control seedlings 
in all seed sizes, with the least inhibition in small 
seeds (Figure 2A). Under salt stress conditions, the 
decrease in the shoot length from small, medium 
and large seeds were, respectively, 5 %, 28 % and 
37 %, when compared to the control seedlings. Under 
drought stress, the decrease in the shoot length from 
small, medium and large seeds were, respectively, 
47 %, 72 % and 75 %, when compared to the control 
seedlings (Figure 2A). These results indicate that the 
shoot growth of the seedlings was more affected by 
water stress than salt stress. 

However, contrary results were observed 
for root growth, where the radicular length was 
more affected by salinity than by drought stress 
(Figure 2B). The saline stress resulted in the reduction 
of radicle length of peanut seedlings of 58 %, 35 % 
and 45 %, respectively for small, medium and large 
seeds, if compared to the control seedlings. On the 
other hand, the drought stress increased the root 
growth of the seedlings produced from medium 
seeds by 22 %, while there was no difference for 
large seeds; but a 35 % reduction in root growth with 
the use of small seeds was reported under drought 
conditions (Figure 2B).

Several studies have shown that the shoot is 
more likely to be affected by abiotic stresses than 
other traits (Mut & Akay 2010, Shahi et al. 2015, 
Steiner et al. 2017). The highest root growth of 
peanuts observed under drought conditions must 
have occurred as a response of the plant to adverse 
conditions of the medium. During the exposure 
to abiotic stresses, plants exhibit a wide range of 
responses at the molecular, cellular and whole plant 
levels, including physiological, morphological and 
developmental changes (inhibition of shoot growth 
and enhancement of root growth), as well as changes 
in the metabolic pathway (synthesis of osmolytes 
and antioxidant enzyme; protein localization and 
degradation) (Roychoudhury et al. 2013). Therefore, 
the increase of root growth under water stress may 

improve the water and nutrient uptake, and is a typical 
mechanism of plant tolerance or resistance under 
drought conditions (Li et al. 2011, Acosta-Motos et 
al. 2017).

Figure 2. Effects of seed size on shoot length (A), radicle length 
(B) and total seedling length (C) of peanut (Arachis 
hypogaea L.; IAC-Tatu ST cultivar) under conditions 
of salinity and water stress. Bars followed by the 
same lower-case letter between the seed sizes or the 
same upper-case letter for the stress treatments are not 
significantly different by the t-test at the confidence 
level of 0.05. Data refer to mean values (n = 4) ± mean 
standard error.
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The total seedling growth was inhibited under 
salt and water stress conditions, when compared 
to the control seedlings in all seed sizes, with the 
least inhibition in medium seeds (Figure 2C). The 
decrease in the growth rate of seedlings under 
stressful conditions could be due to a reduction in 
one or both the primary cellular growth traits: wall 
extensibility and cell turgor. Under water stress 
conditions, seedling growth is affected due to the 
reduction of water uptake by plants and lower cell 
turgor pressure (Taiz et al. 2017). Indeed, Li et al. 
(2011) reported a growth rate of seedlings from 
27.8 mm day-1 under control conditions, whereas 
under drought stress conditions this growth rate was 
only 16.1 mm day-1. According to Acosta-Motos 
et al. (2017), one of the first processes affected 
in response to decreased water potential is cell 
expansion, a highly dependent turgidity process of 
the plants. 

Under control conditions, the increase in seed 
size resulted in a greater dry matter accumulation 
of shoots, roots and total (Figure 3). These results 
suggest that seed size plays an important role in the 
rapid establishment of plants in the field when sown 
under unrestricted environments. Indeed, Adebisi et 
al. (2013) pointed out that seed size is an important 
physical indicator of seed quality and vigor affecting 
the seedling growth rate and crop performance in the 
field. Similar results were reported by Pereira et al. 
(2013) and Limede et al. (2018), who found a greater 
dry matter accumulation of plants with the increase 
of the soybean seed size. Ambika et al. (2014) also 
showed that large seeds have a higher seedling survival 
rate, higher growth and better field performance than 
small seeds, under non-stressful environments. This 
higher dry matter accumulation of the peanut seedlings 
from the large seeds under control conditions was 
because these seeds have a greater amount of starch 
and other energy reserves that can be allocated to 
improve the initial growth rate, resulting in more 
vigorous seedlings (Shahi et al. 2015).

Under salt and water stress conditions, the 
shoot, root and total dry matter accumulation were 
significantly greater for medium-size seeds, followed 
by large seeds, and lower for small seeds (Figure 3). 
These results suggest that peanut medium seeds are 
better adapted to salinity and drought than large 
and small seeds. Contrary results were reported for 
other plant species. In soybean seeds, Pereira et al. 
(2013) showed that small seeds produce seedlings 

with the highest dry matter under drought conditions. 
Similarly, Farhoudi & Motamedi (2010) proposed 
that small seeds germinate faster and grow higher 
under saline conditions, and that they could be 

Figure 3. Effects of seed size on shoot (A), root (B) and total dry 
matter (C) of peanut (Arachis hypogaea L.; IAC-Tatu 
ST cultivar) under salinity and water stress conditions. 
Bars followed by the same lower-case letter between the 
seed sizes or the same upper-case letter for the stress 
treatments are not significantly different by the t-test at 
the confidence level of 0.05. Data refer to mean values 
(n = 4) ± mean standard error.
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preferred for use in saline soils to achieve better 
stands. On the other hand, Soares et al. (2015) showed 
that soybean large seeds result in seedlings with the 
highest dry matter, even when exposed to saline and 
water stress conditions.

Another important result observed in this 
study was that the shoot, root and total dry matter of 
seedlings produced from medium-size seeds were 
significantly higher under saline conditions, when 
compared to control conditions (Figure 3). These 
results confirm that medium seeds are better adapted 
to salinity conditions and, therefore, should be used 
in saline soils to produce more vigorous seedlings. 
Under salinity conditions, the higher root growth is 
a common response of plants to salt stress (Acosta-
Motos et al. 2017). This larger root system may favor 
the retention of toxic ions in this organ, controlling 
their translocation to the shoots. This translocation 
control of Na+ and Cl- ions to the shoot may attenuate 
the adverse effects of salt stress on plant growth, 
resulting in more vigorous seedlings (Oliveira & 
Steiner 2017).

The length vigor index of peanut seedlings 
was significantly reduced with the exposure of 
plants to salt and water stress for all seed sizes 
(Figure 4A). These results evidenced the negative 
effect of salinity and drought on the elongation of 
peanut seedlings, as reported by the lower length of 
the shoot (Figure 2A) and primary root (Figure 2B). 
However, the use of medium-size seeds resulted 
in higher seedling length vigor index in both the 
non-stressful and stressful conditions (Figure 4A). 
The weight vigor index of peanut seedlings was 
significantly reduced under drought conditions in all 
seed sizes, with the least reduction in medium seeds 
(Figure 4B). However, under salinity conditions, the 
seedling weight vigor index was 16 % higher than 
the control, when using medium-size seeds, while 
there was no difference for small seeds. But the use 
of large seeds reduced the seedling weight vigor 
index by 21 %, if compared to control seedlings 
(Figure 4B). In general, these results suggest that 
peanut medium seeds could be preferred for use in 
adverse environmental conditions, when compared 
to large and small seeds.

The lowest value for seedling weight vigor 
index, with the use of peanut small seeds, may 
be because the smaller seeds have less amount of 
reserves to be allocated to the seedlings, resulting in 
less vigorous plants (Figure 4B). Therefore, the use 

of small peanut seeds should not be recommended, 
even under water shortage and salt excess in the soil at 
the sowing time, because it compromises the suitable 
establishment of the plant stand.

The seedling vigor index has been used as a 
tolerance index to evaluate the effect of salinity and 
drought on seedling growth (Ashkan & Jalal 2013, 
Oliveira & Steiner 2017). Seedling vigor is a measure 
of the extent of damage that accumulates as viability 
declines, and the damage accumulates in seeds until 
they are unable to germinate and eventually die 
(Bewley et al. 2013). The lowest seedling vigor index 
under water and saline stress conditions occurred 
because the reduction of the osmotic potential of the 
external medium inhibited the germination rate and 
initial growth of the peanut seedlings. 

Figure 4. Effects of seed size on seedling length vigor index 
(A) and seedling weight vigor index (B) of peanut 
(Arachis hypogaea L.; IAC-Tatu ST cultivar) under 
salinity and water stress conditions. Bars followed by 
the same lower-case letter between the seed sizes or 
the same upper-case letter for the stress treatments are 
not significantly different by the t-test at the confidence 
level of 0.05. Data refer to mean values (n = 4) ± mean 
standard error.
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CONCLUSIONS

1. Water and salt stresses do not reduce the 
germination rate of medium and large peanut 
seeds. However, the germination rate of small 
seeds is reduced under salt stress conditions;

2. Under non-stressful environments, the use of 
peanut large seeds is preferable, resulting in more 
vigorous seedlings, with a greater dry matter 
accumulation;

3. Medium-size peanut seeds are more adapted to 
adverse environmental conditions and, therefore, 
should be used under conditions of water shortage 
and salt excess in the soil at the sowing time.
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