Ciéncia Rural, Santa Maria, v.49:06, €20170175, 2019 http://dx.doi.org/10.1590/0103-8478cr20170175

ISSNe 1678-4596
BIOLOGY

Proline synthesis and physiological response of cassava genotypes under in vitro salinity
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ABSTRACT: The objective of this research was to evaluate the proline synthesis and physiological response of cassava genotypes which
were micro propagated and induced to salinity stress in vitro. Micro cuttings of approximately 1.0cm long with a single bud of genotypes
TBRS Tapioqueira, BRS Verdinha and Lagodo which were previously established in vitro were inoculated in a MS medium containing different
concentrations of NaCl (0; 25, 50, 75; 100mM) and were analyzed after 90" day for: number of roots, number of leaves and shoot dry mass.
The proline content of BRS Tapioqueira and Lagodo was assessed at 30", 60" and 90" day. There was no analysis of proline of the variety
Verdinha because of the contamination of the explants. The experimental design was completely randomized in double factorial scheme (3
genotypes x 5 salt treatments), with seven repetitions for growth variables. For comparing proline content, completely randomized design was
used in a plot subdivided in time, with genotype and NaCl factors in plot and time in subplot, with two repetitions. For r time and genotypes
Tukey test (P<0,05) was used and for NaCl levels regression test (P<0,05). Salinity affected the growth of all varieties; although, BRS
Tapioqueira and BRS Verdinha were less affected by induced salt stress. There was an increase in the accumulation of proline from the salt
increment, this synthesis of proline being a biochemical indicator of salt stress in cassava plants cultivated in vitro.
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Sintese de prolina e resposta fisiologica de genotipos de mandioca sob salinidade in vitro

RESUMO: O objetivo deste trabalho foi avaliar a sintese de prolina e respostas fisiologicas de variedades de mandioca micropropagadas e
induzidas ao estresse salino in vitro. Microestacas das variedades BRS Tapioqueira, BRS Verdinha e Lagodo previamente estabelecidas in vitro
foram inoculadas em meio MS com diferentes concentragdes de NaCl (0, 25; 50; 75; 100mM) e aos 90 dias foram analisados: nimero de raiz,
numero de folhas e massa seca de parte aérea. O teor de prolina das variedades BRS Tapioqueira e Lagodo foi analisado aos 30, 60 e 90 dias.
Nao houve andlise de prolina da variedade Verdinha por causa da contaminagdo dos explantes. O delineamento experimental foi inteiramente
casualizado em esquema fatorial 3 gendtipos x 5 tratamentos salinos, com sete repeti¢oes para as varidaveis de crescimento. Para o conteiido
de prolina foi considerado inteiramente casualizado subdividido no tempo, com genotipos e NaCl na parcela e o tempo na subparcela e duas
repeti¢oes. Para os fatores variedade e tempo, foi utilizado o teste de Tukey (P<0,05) e para tratamentos salinos, teste de Regressdo (P<0,05).
A salinidade afetou o crescimento de todas as variedades, porém BRS Tapioqueira e BRS Verdinha mostraram-se menos afetadas pelo estresse
salino induzido. Houve aumento no acumulo de prolina a partir do incremento de sal, sendo entdo este, um indicador bioquimico de estresse
salino em plantas de mandioca cultivadas in vitro.

Palavras-chave: Manihot esculenta, estresse abiotico, osmoprotetores.

INTRODUCTION The Northeastregion has characteristically

saline soils (NOBREGA et al.,, 2012), causing

Cassava (Manihot esculenta Crantz),
belongs to the class of dicotyledons, of the
Euphorbiales order, Euphorbiaceae family, Manihot
genus. It is a plant that has most of its production
destined for human consumption, through its
roots, because it has high starch production under
conditions considered unsuitable for other species
(FIALHO & VIEIRA, 2011).

damages to the productions, such as cassava culture.
Among the mechanisms of tolerance to salt stress,
plants stand out for their osmoregulation, which
includes an increase in the concentration of solutes
in the cells. These play a key role in osmotic
balance, protection of enzymes in the presence of
high concentrations of electrolytes in the cytoplasm
(GREENWAY & MUNNS, 1980).
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Among the organic solutes that accumulate
in the cytoplasm in response to stress, proline
(PONTE et al., 2011; KANAWAPEE et al., 2012)
stands out because it is a solute with high sensitivity
of response to environmental changes (ASHRAF et
al., 2011) and may be considered an osmolyte which
serves as biochemical and physiological indicator of
the effects of saline stress in plants cultivated under
these adverse conditions (MONTEIRO et al., 2014).

Under natural conditions, there may be
difficulty in evaluating the tolerance of cultivated
species to some types of stress. The in vitro technique
emerged as an alternative for the development of
plants resistant to this type of limitation (LIMA et
al., 1998). It is a method of vegetative propagation of
the plant, carried out in vitro under aseptic conditions
(LEMA-RUMINSKA & KULUS, 2014).

The influence of in vitro salt stress on the
growth and development of plants has been subject of
studies in other crops such as potatoes (MARTINEZ
et al.,, 1996), rice (BENITEZ et al., 2010) and
sugarcane (GANDONOU et al., 2015). The objective
of this research was to evaluate the proline synthesis
and physiological response of cassava genotypes
which were induced to in vitro salt stress.

MATERIALS AND METHODS

As plant material, microcuttings of
approximately 1.0cm long with a single bud were
used, extracted from pre-established plants multiplied
in vitro of the BRS Verdinha (tolerant to dry and with
higher production of starch), BRS Tapioqueira (high
yield) and Lagoao (easy-to-adapt variety) genotypes.
The initial apical meristems were acquired from
Instituto Biofabrica Cacau (IBC).

In a laminar flow cabinet, the micro-cuttings
were inoculated in glass jars (9.5 x 5.5cm) containing
30mL of MS medium (MURASHIGE & SKOOG,
1962),30g L' of sucrose and different concentrations of
NaCl (0; 25; 50; 75; 100mM), with 4g L' of Phytagel®
and pH adjusted to 5.7+0.1. After inoculation, the
containers were sealed with polyethylene plastic film
and the cultures were transferred to a growth room at
25 °C+2 °C, average relative humidity around 70%,
photo period of 12 hours and luminous intensity of
60pmol m? s, Two experiments were mounted under
the same conditions: one to analyze growth, another to
analyze proline.

At 90" day, the number of roots, number
of leaves and shoot dry mass of each experimental
unit were evaluated. Proline content was assessed
only for BRS Tapioqueira and BRS Lagoao cultivars

due to high bacterial contamination of BRS Verdinha
on the proliferation phase. Free proline content was
determined according to BATES et al. (1973) modified
by replacing the centrifuge filtration of the extracts
(all extracts were taken to the centrifuge at 3,220 xg
for 20 minutes at 2 °C). Leaf samples (1.00 g) were
homogenized in aqueous sulfosalicylic acid (3% w/v;12
mL). The filtered homogenate (2 mL) was reacted with
equal volume each of acid ninhydrin and acetic acid
at 100°C for 1 h and the reaction was terminated in
an ice bath. The reaction mixture was extracted with
4 mL toluene and mixed vigorously with a stirrer for
10-15 s. The chromophore containing toluene was
aspirated from the aqueous phase and warmed to room
temperature. The absorbance was recorded at 520 nm
using toluene as a blank. Proline concentration (ug g
FW) was determined from a standard curve prepared
with L-proline. Extraction of proline was made at the
30", 60" and 90" day after inoculation of the explants
into the medium with salt treatments.

For growth variables, was considered the
experimental design was completely randomized
in double factorial scheme (3 genotypes x 5 salt
treatments), with seven repetitions, being the
experimental unit composed of four plants each.
For proline content, completely randomized design
was used in a plot subdivided in time, with the
factors genotypes and NaCl in the plot and time in
the subplot, respectively, using all saline treatments
with seven replications by four replicate samples. All
samples were made in triplicates. For the NaCl levels
regression test was used and for time and genotypes
Tukey test with 5% of significance was used. For all
analyses the statistical software SISVAR was used
(Version 5.6, Build 86).

RESULTS AND DISCUSSION

The presence of NaCl significantly
affected the in vitro growth pattern of explants of
cassava. There was significant effect of the interaction
between the saline treatments and genotypes for the
number of roots. The effect of the factors genotype
and saline treatment alone was significant for the
number of leaves. For the length of the root, there was
significant effect of the saline treatment only.

There was a quadratic response with
significant reduction in the production of roots in
the three genotypes with the increase of NaCl in the
medium (Figure 1A). The lowest productions were
observed at 66.65 mM (Lagodo); 77.5mM (BRS
Tapioqueira) and 83.33 mM (BRS Verdinha), with
estimated averages of 0.60, 0.75 and 1.03 roots per
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Figure 1 - Effect of in vitro salt stress in ®Lagodo; m BRS Tapioqueira; ABRS Verdinha, (A)
number of roots, (B) number of leaves* and (C) length of roots* (cm) of the cassava
genotypes cultivated under different concentrations of NaCl (0; 25; 50; 75 and 100mM).
*Only salt concentrations were significant.

plant respectively. In the absence of NaCl, the highest
production occurred in cultivar BRS Tapioqueira and
in the more severe treatment (100mM), there were no
differences between genotypes (Table 1).

Reduction in the production of roots can
be explained by the inhibition of cell division and cell
expansion in the growing tissue caused by salinity
(FORNER - GINER et al., 2011), due to it being
the first organ affected by stress (BHATNAGAR-
MATHUR et al., 2008). This result was also obtained

by MARTINEZ et al. (1996) with potato species and
rice genotypes.

The number of leaves had a quadratic
behavior, being the lowest average at 81.35 mM of NaCl,
reaching 0.80 leaves per plant (Figure 1B). This result
evidences the effect of salt toxicity in plants, corroborating
with KHOUSHBAKHT et al. (2010), who evidenced the
decline in the number of leaves as a result of the inhibition
of growth by salinity, but also by toxicity, which causes
losses in production, falling of leaves or damaged leaves.

Ciéncia Rural, v.49, n.6, 2019.
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Table 1 - Means of number of roots, number of leaves and shoot dry mass (g) and standard error of cassava genotypes micro propagated in
the presence of different concentrations of NaCl (0; 25; 50; 75 and 100mM) at 90™ day after in vitro inoculation.

Genotypes NaCl (mM) Means
0 25 75 100

Number of roots
Lagodo 5.98+1.32 b 1.95+0.53 a 0.78+0.24 a 0.29+0.07 ab 0.02+0.02 a 1.64+0.43
BRS Tapioqueira 9.44+1.26 a 2.72+0.62 a 0.64+0.37 a 1.29+0.57 a 0.05+0.05 a 3.28+0.75
BRS Verdinha 2.58+0.57 ¢ 0.56+0.11 b 0.20+0.16 a 0.08+0.08 b 0.03+0.03 a 0.70+0.2
VC (%) 25.97

Number of leave
Lagodo 4.41+0.47 1.96+0.40 1.01+0.36 0.31+0.12 0.00+0 1.44+0.30 b
BRS Tapioqueira 4.47+0.60 1.58+0.22 0.28+0.24 0.68+0.28 0.05+0.05 1.63+0.35b
BRS Verdinha 7.82+1.13 3.69+0.56 2.83+0.57 2.34+0.66 1.39+0.38 3.65+0.48 a
VC (%) 22.82

Shoot dry mass (g)

Lagodo 0.05+0.007 0.01+0.003 0.007+0.001 0.004+0.0006 0.003+0.0003 0.01+0.003b
BRS Tapioqueira 0.19+0.05 0.07+0.02 0.05+0.04 0.03+0.01 0.01+0.001 0.08+0.01a
BRS Verdinha 0.10+0.03 0.03+0.006 0.02+0.004 0.02+0.007 0.01+0.002 0.04+0.009b
VC (%) 119.01

Means followed by the same small letters in the columns did not differ significantly by Tukey test (P <0.05).

The genotype with the highest number of leaves was BRS
Verdinha, with an average of 3.65 (Table 1).

In what concerns the relative performance
regarding the length of the roots, the lowest value was
achieved in the 81.36mM saline concentration (Figure
1C), showing that the excess of salts in the root zone
promotes a reduction in the length and number of roots,
causing adverse effects on the growth and development
of the plant (RHOADES et al.,, 2000). Studies by
BENITEZ et al. (2010) in rice genotypes, showed that
BRS Pelota maintained its normal production of the
root system, even with addition of salt to the medium
in the 4 and 8g L' concentrations. The potato varieties
Spunta and Cardinal showed tolerance to 40 and 80mM
of NaCl; however, variety Bartina had 40% of reduction
in the length of its roots in the salt concentration of
40mM (KHENIFI et al., 2011). These results evidenced
that the presence of salts influences the root elongation
(SHARMA et al., 2013).

Considering the shoot dry mass, there
was decrease in all genotypes in response of the salt
increase (Table 1). This result was expected due to the
reduced of others variables as number of leaves and
number of roots in the presence of high levels of salt.
The Lagodo and BRS Verdinha genotypes presented
lower shoot dry mass (0.01 and 0.04g) than BRS
Tapioqueira (0.08g).

There was a significant (P<0.05) effect of
the triple interaction (data not shown) between the
factors time, genotype and saline treatment on the
production of proline. In general, there was an increase
in the production of proline with the increase in NaCl
(Table 2). This result corroborated with GANDONOU
etal. (2015) who, when studying varieties of sugarcane
under conditions of saline stress in vitro, observed
that both the sensitive variety CP65-357 and resistant
variety NCo3 10 behave similarly, accumulating greater
amounts of proline in the more severe saline treatments
(102 mM). In gandu, under stress, the osmoprotector
was accumulated in both roots and shoot, establishing
a relationship between disturbance and biochemical
response (MONTEIRO et al., 2014).

The interaction between genotypes, saline
concentrations and exposure time of the explant to
the saline medium were statistically significant. In
the control treatment, the genotypes Lagodo and
BRS Tapioqueira had the highest average proline
accumulation at 30 days (18.66 and 10.43 pumol.g-")
(Table 2). In a short period of exposure to salinity
(30 days), the genotype Lagodao presented greater
accumulation of proline. However, with the more
severe and longer treatment (100mM at 90 days), the
BRS Tapioqueira genotype showed a significantly
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Table 2 - Means of proline content (umol g') and standard error in cassava genotypes micro propagated in the presence of different

concentrations of NaCl (0; 25; 50; 75 and 100mM) at 30™, 60™ and 90™ day after in vitro inoculation.

Genotypes

Lagodo
BRS Tapioqueira

Lagodo
BRS Tapioqueira

Lagodo
BRS Tapioqueira

Lagoao
BRS Tapioqueira

Lagodo
BRS Tapioqueira

Days'")
30 60 90
0 mM NaCl
18.66 £2.15 Aa 6.69 +£0.19 Ab 11.27+0.81 Ab
10.43 +£0.63 Ba 7.46 £0.12 Aab 2.30+0.03 Bb
25 mM NacCl
10.67 +0.31 Aa 9.16 £ 1.18 Bab 3.07+0.31 Ab
8.52 £1.82 Ab 18.23 £1.16 Aa 3.37+£0.67 Ab
50 mM NaCl
15.59 +4.75 Aab 17.71 £1.39 Aa 9.45+1.23 Ab
11.26+1.16 Aa 9.28 £0.26 Ba 7.69 £3.52 Aa
75 mM NaCl
22;86 £1.67 Aa 14.37 +0.54 Ab 21.14 +£0.49 Aab
15.82 £2.25 Ba 13.02 £0.13 Aa 15.35+£3.93 Aa
100 mM NaCl

21.01+3.92 Aa
15.43+£0.71 Aa

19.31+1.49 Aa
14.95+1.32 Aa

11.1242.17 Bb
21.59+1.38 Aa

VC (%) 21.84

M Days after in vitro inoculation

Means followed by the same letter do not differ by Tukey test (P<0.05). Upper case letters in the column compare different genotypes in
the same NaCl treatment and time after in vitro inoculation. Lowercase letters in the line compare different times after in vitro inoculation

in the same NaCl treatment for each genotype.

higher proline increase than Lagodo (21.59 pumol g
). Simple linear regression models were adjusted
for the studied genotypes. At 30, 60 and 90 days, the
accumulation of proline by the genotypes Lagodo and
BRS Tapioqueira increased as there was increase of
NaCl in the culture medium (Figure 2).

Proline synthesis in cassava plants is a
consequence by a salt stress that induced changes in
osmotic pressure with increased water absorption.
This osmoprotector is produced as a first response
mechanism of plants under different types of
stress and also is related to the improvement of the
salinity tolerance (ASHRAF & FOOLAD, 2007;
HASANUZZAMAN et al.,, 2014). Furthermore,
other proline features are related to antioxidant by
reducing the effects of reactive oxygen species (ROS)
(MOLINARI et al., 2007), plasma membrane and
integrity of macromolecules protector (SILVEIRA
et al., 2003) besides of being a source of carbon
and nitrogen (GUPTA & HUANG, 2014), implying
an osmotic equilibrium and providing continuous
development (GREENWAY & MUNNS, 1980).

Variation in the proline accumulation
observed between the genotypes and in the
different treatments probably is due to the low
proline synthesis or greater degradation of the
proline under high salinity stress (KIBRIA et al.,
2017), corroborating with KIBRIA et al., (2017)
in their studies using sensitive and salinity tolerant
rice genotypes. A positive correlation was reported
between proline accumulation and stress tolerance
inrice (KANAWAPE et al, 2012), alfalfa (FARISSI
et al., 2013) and sugarcane (OLIVEIRA et al.,
2018) and cashew nuts (PONTE et al., 2011).

CONCLUSION

The salinity affects the in vitro growth
of genotypes Lagodo, BRS Tapioqueira and BRS
Verdinha. The proline synthesis is intensified
with the presence of NaCl in BRS Tapioqueira
and Lagodo genotypes. Proline can be used as a
biochemical indicator of response to in vitro salt
stress for cassava cultures.

Ciéncia Rural, v.49, n.6, 2019.
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Figure 2 - Effect of in vitro salt stress on the proline accumulation in cassava genotypes
cultivated under different concentrations of NaCl (0; 25; 50; 75 and 100mM). (A)
Lagodo; (B) BRS Tapioqueira. *Only salt concentrations were significant.
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