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fertility soils. This study aimed to evaluate the germination and vigor of Cajanus cajan seeds
under conditions of salt stress and different temperatures. A completely randomized experimental
design was used, with treatments distributed in a 6 x 3 factorial scheme (salinity levels and

temperatures), with four replications of 50 seeds. After determining the seed water content, the
Key Words: seeds were placed on germitest paper moistened with sodium _clhloride (NaCl) solutiong in
concentrations of 0.0 (control); 2.0; 4.0; 6.0; 8.0 and 10.0 dS m™; Seeds were incubated in a
B.O.D, at constant temperatures of 25 and 30 °C and alternating 20-30 °C. The germination and
Vigor. NaCl. vigor tests (first germination count, germination speed index, length and dry mass of roots and
shots) were evaluated. An interaction between the salt concentration and temperature for all
variables analyzed was observed, with a negative effect on the germination and vigor of Cajanus
cajan seeds as the salinity levels increased. Salt stress simulated with NaCl reduced the
germination and vigor of Cajanus cajan seeds, mainly when submitted to the temperature of 25
°C. However, the increase in NaCl concentration, up to the potential 10.0 dS m™', was not high
enough to impair seed germination.

Pigeon pea. Abiotic stress.
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considering its good adaptation to the climatic conditions of this
region (AZEVEDO et al., 2007), given its rusticity, high-temperature
) ) ) . ) tolerance, making it suitable to production in areas with low water
The. Pigeon pea [Cajanus cajan (L.) Millspaugh], is an annual or availability, saline, and low fertility soils (RUFINI et al., 2014). The
semi-perennial - shrub of the Fabaceae family and subfamily high concentration of salts in the soil is a major concern in arid and
Faboideae .(SANT.OS’ 2.00(,))’ this plant Species can grow up to four semi-arid regions, given its adverse effects on plant development and
meters' height, ,Wlth, mgmﬁcqnt cconomic 1mp0r.tance for many agricultural production (TAYYAB et al., 2016). In these regions,
countries, especially in the Asian and Affican continent, where it is evapotranspiration is higher than precipitation and, it prevents water
largely cultivated, and considered as staple food (AZEVEDO et al., percolation along with the soil profile, thus causing salt leaching on
2007). However, the origin of the Cajanus cajan species is not clear the soil surface (FREIRE; FREIRE, 2007). Under laboratory
and diverges between the African continent and India (NENE; conditions, it is possible to simulate salt stress for seed germination
SHEILA, 1990). This crop is widely used for different purposes, such with osmotic agents, such as calcium chloride (CaCl,) and sodium
as soil quality improvement, recovery of degraded areas, chloride (NaCl) (PELEGRINI et al., 2013). The high concentration of
phytoremediation, pasture renewing in the form of forage, in addition salts is a major problem for seed germination since it is a stress factor
to the consumption of its grains on a large scale (AZEVEDO et al., for plants, hindering water absorption and increasing ions
2007). In Brazil, Cajanus cajan is a good alternative for the family- concentration in the protoplasm (AMORIM et al, 2002). This
based agricultural system, especially in the Brazilian semiarid region, negatively affects plant growth and induces modifications in its
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morphology and structure. In addition to soil salinity, the temperature
is an environmental factor of significant influence on the seed
germination process, affecting both the percentage and speed of
germination due to the water absorption speed and the biochemical
reactions that determine the entire process. Thus, the higher the
temperature, up to a certain limit, the faster will be the germination
and efficient the process (CARVALHO; NAKAGAWA, 2012). The
salt stress and temperature effect on seed germination and vigor are
intensively studied in agricultural and forest species. In a study with
lima beans (Phaseolus lunatus L.), Nascimento et al. (2017) observed
that the salt stress simulated with NaCl did not interfere in the
germination process of the seeds until up to the concentration of 9.0
dS m. However, at the temperature of 35 °C, the seedling
development was impaired. The negative effect of salinity was also
evidenced in studies on other species, such as soybean (Glycine
max L.) (SOARES et al., 2015), green beans (Phaseolus vulgaris L.)
(GOMES; ALMEIDA; TAKAHASHI, 2015), cowpea (Vigna
unguiculata (L) Walp.) (ARAUJO NETO et al., 2020) and maize
(Zea mays L.) (ALMEIDA et al., 2020). The germination and vigor
of the sombrero forest species (Clitoria fairchildiana Howard) were
affected by salinity increase, with a slight decrease effect at 25 °C
(SILVA et al., 2019). Aratjo, Moreira, and Guedes (2019) evaluated
the emergence and initial growth of Cajanus cajan seedlings cultivar
'BRS Mandarim', on substrates and water salinity levels at 30 °C and
obtained normal seedling emergence up to the salinity level of 3.0 dS
m'. Differently, in studies with catingueira seeds (Cenostigma
pyramidale (Tul.) Gagnon & G.P. Lewis), Matias et al. (2018)
observed that the salinity levels did not interfere in the germination
process of the seeds up to -0.6 MPa, at temperatures of 25, 30 and 20-
40 °C. Therefore, this study aimed to evaluate the effect of salt stress
on the germination and vigor of Cajanus cajan seeds at different
temperatures.

MATERIALS AND METHODS

The experiment was carried out at the Seed Analysis Laboratory of
the Centro de Ciéncias Agrarias, Universidade Federal da Paraiba,
Areia, PB, Brazil. The fruits (pods) of Cajanus cajan were harvested
dry on the crown of the parent plants, located in the municipality of
Alagoa Nova, PB, Brazil (Latitude: 7 © 4 '5' 'South, Longitude: 35 °
45'40 " West). The pods were manually threshed to obtain the seeds.
Sodium chloride (NaCl) was used to simulate the salt stress in the
following concentrations: 0.0 (control); 2.0; 4.0; 6.0; 8.0 and 10.0 dS
m’!, diluted in distilled and deionized water. The electrical
conductivity of the solutions was obtained according to Richards
(1954) methodology and verified with a conductivity meter. For
control (0.0 dS m™), only distilled and deionized water was used to
moisten the substrate. The following tests and determinations were
performed:

Water content - Determined by the greenhouse method at 105 + 3 °©
C for 24 hours, according to the Rules for Seed Analysis (BRASIL,
2009), with four replications of 10 seeds.

Germination test - Seeds were previously treated with the fungicide
Captan® at a concentration of 240 g.100 kg of seeds, divided into
four replications of 50 seeds, totaling 200 seeds per treatment,
distributed on two sheets of germitest paper, covered with a third
layer and arranged in the form of a roll. The germitest paper was
previously moistened with NaCl solutions at the concentrations
mentioned above with a volume equivalent to 3.0 times the dry paper
weight (SOUZA et al., 2017).

The paper rollers were placed in transparent plastic bags, closed with
rubber ties to prevent water loss, and incubated in B.O.D. (Biological
Oxygen Demand) regulated at constant temperatures of 25 and 30 °C
and alternating at 20-30 °C, with 16 hours of light photoperiod, using
daylight fluorescent lamps (4 x 20 W). The evaluations to determine
the germination percentage were carried out daily, from the third to
the seventh day after the test setup. At the end of the experiment,
seeds with primary root and aerial part present were considered

germinated (normal seedlings), according to Brazil recommendations
(2009).

First germination count - determined together with the germination
test by counting the number of normal seedlings (root and shoot
present) on the third day after the experiment setup, with results
expressed as a percentage.

Germination speed index (GSI) - the counts of the germinated seeds
were carried out daily, at the same time, from the third to the seventh
day after the experiment setup, with the germination speed index
(GSI) using the formula proposed by Maguire (1962).

Root and shoot length - at the end of the germination test, all normal
seedlings of each treatment and replication were measured (root and
shoots, individually) with a centimeter graduated ruler.

Root and shoot dry mass - after measured, roots and shoots of the
seedlings were placed, individually, in kraft paper bags and placed in
a forced air circulation oven at 65 °C for 48 hours. After this period,
the samples were weighed on an analytical scale (0.001g accuracy)
with results expressed in g.plantula™.

A completely randomized experimental design was used, in a 6 x 3
factorial scheme (salt concentrations x temperatures), with the
treatments distributed in four replications of 50 seeds. Data were
submitted to analysis of variance and polynomial regression. Data
were fitted to linear and quadratic models and selected the model
with the greatest R%. The Scott-Knott test compared the means at 5%
probability. The statistical software SISVAR was used for all
analyses (FERREIRA, 2000).

RESULTS AND DISCUSSION

The Cajanus cajan seeds had 12.18% water content at the beginning
of the experiment. For all the variables analyzed, a significant
interaction was observed between salt concentration and temperature.
The seeds germination was affected by the increasing salinity
concentration in the different temperatures, with the highest
percentages of germination (72 and 84%) observed in control (0.0 dS
m™"), with subsequent linear decrease for seeds submitted to
temperatures of 25 and 30 °C, respectively. A higher percentage of
germination (84%) was observed in the saline concentration of 2.0 dS
m at 20-30 °C, with a significant decrease to 64%, in the salinity
level of 10.0 dS m™" (Figure 1).
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Figure 1. Germination (%) of Cajanus cajan (L.) Millspaugh
seeds submitted to salt stress at different temperatures

The germination decreases of Cajanus cajan seeds occurred due to
the increase in salt concentration, which probably caused toxicity
conditions due to ions accumulation, causing physiological and
biochemical disturbances, such as decreased reserves use and
hormonal imbalance (PEREIRA et al., 2017). In addition, the
presence of salts may have affected the water potential of the
substrate, decreasing the potential between the substrate and the seed
surface, limiting water absorption, consequently reducing
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germination (LOPES; MACEDO, 2008). Although the increasing
salinity affected the germination process, the germination percentage
remained high, indicating that the saline concentrations were not high
enough to inhibit their germination. In addition, seed germination is
one of the least affected stages by saline environments during plant
development (COELHO et al., 2010). In a study by Araujo, Moreira,
and Guedes (2019), the emergence and initial growth of Cajanus
cajan seedlings cultivar 'BRS Mandarim' was evaluated in function of
substrates and water irrigation salinity levels at 30 °C, and they
observed that the percentage of emergence reduced as the salinity
increased from 0.27 to 6.0 dS m'. Similarly, Soares et al. (2015)
found a decrease in the germination of Glycine max seeds as the
salinity increased. Figure 2, shows the first germination count
of Cajanus cajan seeds. A germination percentage of 79% was
obtained in the control treatment (0.0 dS m™) at the alternating
temperature of 20-30 °C. The seed germination percentage in the first
count decreased to 57%, as the salinity increased until up to 10.0 dS
m™'. A germination percentage of 78% in the control treatment (0.0
dS m™) at 25 °C was obtained, with a significant decrease until the
salinity level of 6.0 dS m™, and an increase to 80% of germination at
10.0 dS m™'. Data obtained for seed submitted at the temperature of
30 °C did not fit to any polynomial regression models and had mean
percentage germination of 76%.
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Figure 2. First germination count (%) of Cajanus cajan (L.)
Millspaugh seeds submitted to salt stress at differenttemperatures

The decreases in the germination percentage in the first count with the
increasing salinity is probably associated with the physiological
drought due to osmotic potential reduction and, consequently,
reduced water potential (FANTI; PEREZ, 2004; RIBEIRO;
PELACANI, 2006). This impairs the kinetics of water absorption by
the seeds (osmotic effect) and also increases the ions concentration in
the embryo (toxic effect) to toxic levels (BETONI; SCALON;
MUSSURY, 2011). The results of this study differed from those
mentioned by Gomes, Almeida, and Takahashi (2015) for Phaseolus
vulgaris, in which salt concentrations (0.0; -0.4; -0.8; -1.2, -1.6, and -
2.0 MPa) were not sufficient to reduce the germination percentage in
the first count, obtaining similar germination percentages to the
control treatment. With the increase in saline concentration from 4.5
dS m™ to 12.5 dS m™, there was a decrease in the first germination
count of Vigna wunguiculata seeds, although the germination
percentage remained high (ARAUJO NETO et al, 2020). The
increase in germination percentage of Cajanus cajan seeds, in the first
count in the salt concentration of 2.0 dS m™, at 20-30 °C, was
probably because the seed may have been benefited by the
conditioning osmotic (priming) caused by the addition of salts to the
imbibition solution, since the decrease in water potential of the
substrate provides a slower and more uniform water entry to the seed
tissues, allowing the reorganization of the membrane system, favoring
germination (DANTAS; RIBEIRO; ARAGAO, 2007; MARCOS
FILHO, 2015). These results were similar to those obtained by Silva,
Grzybowski and Panobiando (2016) for Zea mays seeds in all tested
salinity concentrations (0.10; 2.70; 5.11; 7.42 and 9.60 dS m™), and
by Aratjo Neto et al. (2020) for Vigna unguiculata, which at
moderate salinity levels (2.5 and 5.0 dS m™) observed that the
germination was benefited by physiological conditioning, both at 25
°C.

The germination speed index was negatively affected by the NaCl
concentration increase. At the alternating temperature of 20-30 °C, a
significant linear reduction was observed from 14.15 to 11.64 in the
saline concentration of 10.0 dS m™. At 25 °C, the highest value
(14.34) was obtained in the control treatment (0.0 dS m™); and
reduced until up to the concentration of 6.0 dS m. At 30 ° C, the data
obtained did not fit any polynomial regression models, and had a
mean value of 13.47 (Figure 3).
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Figure 3. Germination speed index (GSI) of Cajanus cajan (L.)
Millspaugh seeds submitted to salt stress at different
temperatures

The water stress and the effects caused by salinity can delay seed
germination in stages involved in cell division and elongation,
mobilization of reserves, consequently affecting the establishment
and development of seedlings (MARCOS FILHO, 2015).
Germination speed is an essential factor for the rapid establishment of
seedlings in the field (DAN et al., 2010) since slow-germination
seeds are more exposed to adverse conditions, which can interfere
with their establishment (FERREIRA et al.,, 2013). Seeds with a
higher germination speed index show greater performance. Therefore,
they have a greater ability to tolerate stresses that may interfere with
both plant growth and development (ARAUJO; MOREIRA;
GUEDES, 2019). The primary root length (Figure 4) reduced linearly
at 20-30 and 25 °C. However, at 30 °C, a quadratic behavior was
observed with a longer root length (3.87 cm) in the control treatment
(0.0 dS m™) and a shorter length (0.62 cm) in the 10.0 dS m™' salinity
level. At 20-30 °C and salinity level of 2.0 dS m™, there was an
increase in primary root length, followed by decreases in the
remaining salinity levels.
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Figure 4. Primary root length (cm) of Cajanus cajan (L.)
Millspaugh seedlings submitted to salt stress at different
temperatures

The primary root increase at 2.0 dS m™, and 20-30 °C, can be
attributed to osmotic conditioning, as observed for germination, first
germination count, and germination speed index, which were
benefited by the possible presence of salt in the substrate that ended
up controlling the water absorption by the seeds and thus preventing
possible damage to the membrane.
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According to Calvet et al. (2013), the salt stress effects on
germination and seedling establishment may be related to the
environmental effects. The increase in salt concentration causes a
reduced osmotic potential in the soil and/or substrate solution,
difficulting the water absorption by the seeds and roots and the direct
toxic effects caused by specific ions or nutritional disorder caused by
impaired absorption of nutrients. The root growth is negatively
affected by NaCl concentrations, with more significant effects at
higher salinity levels (CAVALCANTE et al., 2019), a fact observed
for Cajanus cajan seedlings in this study. The salt stress effects on
root length were also verified for other species, such as Phaseolus
Vulgaris, where the shortest root length (7.49 cm) was observed in
the most negative potential of -2.0 MPa, at a 25 °C (GOMES;
ALMEIDA; TAKAHASHI, 2015). A reduced increment in the root
structure for Zea mays, observed by the significant reduction in root
length at 25 °C was observed by Silva et al., 2016. The root length of
the Clitoria fair childiana seedlings was negatively affected by
salinity levels (0.0; 1.5; 3.0; 4.5; 6.0; 7.5; 9.0 and 10.5 dS m'l) at 25
and 30 °C and alternating temperatures of 20-30 °C. Data of shoot
length of Cajanus cajan seedlings submitted to temperatures of 20-
30, 25 and 30 °C fitted to the linear regression model. A decrease in
shoot length as the salinity level became more negative was observed
(Figure 5). The longest shoot length (4.67 and 4.52 cm) was obtained
in the control treatment (0.0 dS m™) at 30 and 20-30 °C, respectively.
The temperature of 30 °C promoted the largest shoot length,
considered, therefore, the most adequate for development of this
species.
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The root dry mass of Cajanus cajan seedlings underwent a linear
decrease at 20-30 and 25 °C, as the salinity levels increased.
However, at 20-30 °C, the roots had the highest dry mass content
(0.011 g). Data of root mass at 30 °C did not fit any polynomial
regression model, with a mean of 0.0080 g. (Figure 6).
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Figure 6. Root dry mass of Cajanus cajan (L.) Millspaugh
seedlings submitted to salt stress at different temperatures

The results obtained in this study differ from those obtained by
Nascimento et al. (2017) for Phaseolus lunatus, in which the shoot
and root dry mass was not affected by the increasing salinity levels
(1.5; 3.0; 4.5; 6.0; 7.5 and 9.0 dS m™). However, a slight variation
was observed for the dry mass according to the temperatures (25, 30
and 35 °C) and different varieties. Seedling dry mass is a growth
evaluation method through which it is possible to accurately
determine the transfer of seed reserve to the embryonic axis so that
seedlings with the highest dry mass accumulation are considered the
most vigorous (MARTINS; NAKAGAWA; BOVI, 1999). As shown
in Figure 7, the shoot dry mass of the Cajanus cajan seedlings
suffered a linear decrease at 20-30 and 25 °C, and the highest dry
mass (0.011 and 0.008 g) obtained in the control treatment (0.0 dS m’
", respectively, followed by an accentuated decrease up to the
salinity level of 10.0 dS m™'. However, at 30 °C, the dry mass was
less affected by the salinity levels, where the highest weight was
obtained (0.013 g) compared to the other temperatures.

Figure 5. Shoot length of (cm) of Cajanus cajan (L.) Millspaugh
seedlings submitted to salt stress at different temperatures

Different results were obtained by Silva, Grzybowski and Panobiando
(2016) for shoot length of Zea mays seedlings, with a growth
sensitivity in the lowest concentration, followed by a stabilization in
the intermediate concentrations and a reduced growth in the higher
concentration. Nascimento et al. (2017) found that increased salinity
levels also reduced the shoot growth of Phaseolus lunatus seedlings
in different levels among the varieties evaluated. Similarly, Aragjo
Neto et al. (2020) observed that high salinity levels significantly
compromised the seedlings length of Vigna unguiculata seedlings
more severely than seed germination. Salts excess causes a significant
reduction in plant growth, resulting in agriculture losses
(CAVALCANTE et al., 2010). These reductions are the first visible
salt stress effects due to decreased cell expansion (TAIZ; ZEIGER,
2013). When seedlings are exposed to salt-stress conditions, they
might use strategies to overcome stress, such as direct the growth to
the aerial parts (SILVA; GRZYBOWSKI; PANOBIANCO, 2016);
This probably occurred for the Cajanus cajan seedlings under salt-
stress conditions, where a more accentuated growth in the shoots was
observed in comparison to the primary roots, possibly as a survival
strategy. The aerial plant part is responsible for photosynthesis. Its
exteriorization on the soil surface is essential before the endosperm
reserves are entirely depleted (SILVA; GRZYBOWSKI;
PANOBIANCO, 2016). In addition, to shoot and root adverse growth
effects, many abnormal Cajanus cajan seedlings were also observed
with the increase in salinity. This was probably due to the NaCl
osmotic and toxic effects. These results show that Cajanus cajan is a
salinity sensitive crop in the initial growth phase.
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Figure 7. Shoot dry mass (g) of Cajanus cajan (L.) Millspaugh
seedlings submitted to salt stress at different temperatures

Similarly, simulated saline stress with irrigation water at different
levels also caused decreases in biomass accumulation of Cajanus
cajan plants (ARAUJO; MOREIRA; GUEDES, 2019). However, this
effect was not observed for Vigna unguiculata since the moderate salt
concentrations (4.0 and 4.5 dS m™") contributed to a more significant
seedlings dry mass accumulation (1.84 and 2.23 g, respectively)
compared to the control treatment (ARAUJO NETO et al., 2020). It is
noteworthy that salinity tolerance varies between species and between
varieties/genotypes of the same species, in addition to the plant
development stage at the exposure time (DEUNER et al., 2011).
Nascimento et al. (2017), evaluating the effect of salt stress on
different Phaseolus lunatus varieties at different temperatures, found
more sensitive varieties to salt stress at high temperatures and more
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tolerant varieties at high levels of salinity until up to the salinity level
of 9.0 dS m™. Salinity is an uprising concern in arid and semi-arid
regions. Therefore, studies with crops cultivated in these regions are
essential (NASCIMENTO et al., 2017), aiming to select more tolerant
varieties and genotypes that can withstand and produce under
moderate or low salt-stressed conditions.

CONCLUSIONS

The increase in salinity levels reduces the germination and vigor
of Cajanus cajan seeds, mainly at 25 °C; Salt stress simulated with
NaCl, up to 10.0 dS m™', does not impair the germination of Cajanus
cajan seeds.
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