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ABSTRACT

Potato (Solanum tuberosum L.) is a major crop worldwide and the tuber yield of currently used cultivars is
strongly reduced at high soil salt levels. The effects of salt stress on early sprout growth of potato plants were
investigated using the cultivar Agata. Potato seed minitubers were planted in 0.4 L pots filled with commercial
substrate (Bioplant®), and maintained under greenhouse conditions. A completely randomized design with five
treatments and five replications was used. Three days after sprouting, potato plants were exposed to five salinity
levels [0 (control), 25, 50, 75 and 100 mmol L™ of NaCl] for 28 days. Results showed that the exposure of plants
to 100 mmol L* NaCl reduced the shoot height (72%), shoot dry matter (76%) and root dry matter (75%) of
potato plants compared to the NaCl-free control. The length of longest roots was not affected by salinity levels,
indicating that inhibition of shoot growth is more severe that of the root. The exposure to high salt concentrations
severely restricted the early sprout growth of potato plants. Results of this study stated that salt-stress is a
constraint on potato production, and the use of cultivars tolerant to salt stress can be a strategy to achieve high
levels of potato tuber yield under salinity conditions.

Key words: Solanum tuberosum L., salinity, osmotic stress, NaCl.

Crescimento inicial de brotacbes de minitubérculos de batata em condi¢Ges de estresse
salino

RESUMO

A batata (Solanum tuberosum L.) é uma das principais culturas a nivel mundial e a producdo de tubérculos das
cultivares atualmente cultivadas pode ser severamente reduzida em condicfes de elevado niveis de salinidade do
solo. Este estudo teve como objetivo avaliar os efeitos do estresse salino no crescimento inicial de brota¢des do
cultivar de batata ‘Agata’. Minitubérculos de batata foram plantados em vasos plésticos de 0,4 L preenchidos com
substrato comercial (Bioplant®) e mantidos em casa-de-vegetacdo. O delineamento experimental utilizado foi o
inteiramente casualizado com cinco tratamentos e cinco repeticGes. Trés dias apos a emergéncia, as plantulas
foram expostas a cinco niveis de salinidade [0 (controle), 25, 50, 75 e 100 mmol L™ de NaCl], por 28 dias. A
adicao de 100 mmol L™ de NaCl reduziu a altura das plantas (72%), matéria seca da parte aérea (76%) e a matéria
seca das raizes (75%) de batata em comparagdo das plantas sem exposicéo ao estresse salino. O comprimento das
raizes de batata ndo foi afetado pelos diferentes niveis de salinidade, indicando que a inibi¢do do crescimento da
parte aérea € mais afetada que o crescimento das raizes. A exposi¢do dos minitubérculos de batata a elevados
niveis de salinidade reduziu severamente o crescimento inicial dos brotos de batata. Os resultados deste estudo
sugerem que o estresse salino é uma restricdo para a producdo de batata, e a utilizacdo de cultivares tolerantes a
salinidade pode ser uma estratégia para obter altos indices de produtividade de tubérculos de batata sob condictes
de salinidade.

Palavras-chave: Solanum tuberosum L., salinidade, estresse osmoético, NaCl.

Revista de Agricultura Neotropical, Cassilandia-MS, v. 3, n. 1, p. 7-10, jan./mar. 2016.



8 Initial sprout growth of potato seed minitubers under salt stress

1. Introduction

The sustainability of agriculture production in many
areas of the world including North and South America,
Asia, Europe and Australia is at risk due to soil
salinization (CHAVES et al., 2006). Salinity caused by
excessive salts in the soil solution or in irrigation water
is one of the major environmental stresses that limit
plant growth and development in arid, semiarid and
other areas of the world. One-third of the world’s
cultivated land, 7% of the total world land and 50% of
the irrigated land is affected by salinity (ZHU, 2001).
Salt-affected soil may be grouped into four categories
based on the electrical conductivity of the extract (ECe)
from the water saturated soil, i.e., slightly saline (ECe 2
to 4 dS m™), moderately saline (ECe 4 to 8 dS m™),
highly saline (ECe 8 to 16 dS m™) and extremely saline
(ECe > 16 dS m?) (Richards et al., 1954).
Conventionally, however, saline soils are defined as
those having an ECe value > 4 dS m™ or 40 mmol L
of NaCl.

Adverse effects of salt stress on plant growth are due
to ionic imbalance, osmotic stress, specific ion toxicity,
oxidative stress (MUNNS, 2002) and molecular
disorders (MUNNS; TESTER, 2008). Salinity reduces
cell turgor and depresses rates of root and leaf
elongation (FRICKE et al.,, 2006), suggesting that
environmental salinity acts primarily on water uptake.
Excessive salt concentrations in the soil solution also
changes the ability of plants to absorb, transport and
utilize the nutrients needed for their growth and
development (PARIDA; DAS, 2005; FEIJAO et al.,
2011). Nutritional imbalance caused by salinity is
mainly due to the reduction of uptake and assimilation
of essential nutrients by the plant such as nitrogen (N),
potassium (K) and calcium (Ca) (ZHU, 2001).

Salinity affects plant growth at all developmental
stages; however, sensitivity varies from one growth
stage to another. The sprout development is one of the
most fundamental and vital phases in the growth cycle
of plants that determine plant establishment and the
tuber yield of the potatoes. Therefore, a greater salt
stress tolerance could improve the plant establishment
and potato yield in saline soils. However, the effects of
salinity on sprout development and plant establishment
of potato crop are incipient and inconclusive.

Ghosh et al. (2001) showed that the emergence was
delayed, growth and dry matter production, especially in
tubers, were depressed with the increase in the salt
level. These authors found that salt stress decreased the
total tuber yield due to the decrease in the tuber number
per plant and average tuber weight. In general, the effect
of salt stress on plants depends on the concentration and
time of exposure of salt, plant genotypes and other
environmental factors (PARIDA; DAS, 2005; MUNNS;
TESTER, 2008; FEIJAO et al., 2011).

Potato (Solanum tuberosum L.) is a major crop
worldwide and the tuber yield of currently used
cultivars is strongly reduced at high soil salt levels.
Potato cultivation in many parts of the world is carried
out in irrigated areas, and therefore subject to grow in
salinity conditions due to inadequate irrigation
management and application of saline water. The
present study analyzes the effects of salt stress on early
sprout growth of potato plants (Solanum tuberosum L.,
cv. Agata) under greenhouse conditions.

2. Material and Methods

The experiment was conducted in a greenhouse at
the Horticultural Department of the Mato Grosso do Sul
State University, in Cassilandia, MS, Brazil (19°05'20"
S, 51°48'24" W, and altitude of 470 m).

Basic potato seed minitubers of the cultivar Agata
were planted on April 24", 2015, in plastic pots of 0.4 L
filled with commercial substrate (Bioplant®). The
experiment was arranged in a completely randomized
design with five treatments and five replications (an
individual pot containing one potato seed minitubers
represented one replicate). Three days after sprouting,
potato plants were exposed to five salinity levels [0
(control), 25, 50, 75 and 100 mmol L' of NaCl]. The
different concentrations of NaCl solutions were applied
to each pot daily to maintain the soil moisture level at
80% of field capacity and proper care was taken to
prevent leaching of water. The seedlings were grow in
the plant growth chamber with a photoperiod of 16h of
light, 8 h of darkness, light intensity of 40 pmol m? s
and temperature of 21 °C (2 °C).

After 28" day exposure to salt stress, all plants were
harvested and separated into shoots and roots, dried in a
forced air circulation oven for four days at 65 °C, and
then weighed. The results were expressed in mg per
seedling. The shoot and root length was measured using
meter scale. The results were expressed in centimeter
(cm). From the data of total dry matter of plants,
equation 1 was used to measure the yield stability index
(YSI):

YSI=Ys/Ye [1]

where YSI is the yield stability index, Ys is the total
dry matter yield under drought stress (mg per plant) and
Yc is the total dry matter yield under ideal conditions
(control) (BOUSLAMA:;D SCHAPAUGH, 1984).

Data were submitted to analysis of polynomial
regression, and significant equations (F test, P < 0.05)
with the higher coefficient of determination were
adjusted. All analyses were performed using SigmaPlot
11.0 software for Windows (Systat Software, Inc., San
Jose, CA, USA).
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3. Results and Discussion

The early growth of potato plants was negatively
affected by the salinity levels (Figure 1). The shoot
height was reduced from 22.3 cm in the control
treatment (NaCl-free) to a minimum of 6.3 cm when the
plants were exposed to 100 mmol L™ NaCl, indicating
mean reduction of 72% (Figure 1A). Shoot dry matter
reduced from 77.8 mg per plant in the NaCl-free control
to a minimum of 18.3 mg per plant with the addition of
100 mmol L™ NaCl, indicating mean reduction of 76%
(Figure 1C). One of the initial effects of salt stress on
plant is the reduction of growth rate. Ghosh et al. (2001)
reported that salinity decreases the growth and dry
matter production of potato plants, and the electrical
conductivity (ECe) of 1.95 dS m decreased the total
dry matter production at around of 68%. In soybean
[Glycine max (L.) Merrill.], Dolatabadian et al. (2011)
reported that salinity stress significantly decreased shoot
and root dry matter, plant height and leaf number.
Excessive salt concentrations in the soil reduce the
solution water potential, causing toxic effects and
injuries and disorders in the metabolism of plants
(MUNNS; TESTER, 2008). According to Delfine et al.
(1999), under high salinity an irreversible impairment of
the photosynthetic apparatus, associated with a
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reduction of ribulose-1,5-bisphosphate carboxylase/
oxygenase (Rubisco) activity, occurs when the stress is
prolonged and salt continues to accumulate in the
leaves.

Root dry matter of potato plants decreased
progressively with increasing of NaCl levels (Figure
1D). Root dry matter was reduced from 66.3 mg per
plant in the NaCl-free control to a minimum of 16.3 mg
per plant in the plants exposed to the higher salt
treatment (100 mmol L™* NaCl), reporting a decrease of
75%. However, the length of longest roots was not
affected by salinity levels (Figure 1B). These results
indicate that increasing the salt concentrations in the
solution resulted in potato roots with reduced thickness.

Some of the negative effects of salinity have been
caused mainly by Na* and CI™ ions in plants and these
ions produce the decisive conditions for plant survival
by intercepting different plant mechanisms (MUNNS,
2002; PARIDA; DAS, 2005). Plant roots are generally
affected due to Na* and CI” along with other cations
present in the soil solution in different concentration.
However, the uptake of these ions depends on the plant
growth stage, genetic characters and environmental
factors like temperature, relative humidity and light
intensity (PARIDA; DAS, 2005).
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Figure 1. Effects of salt stress on the shoot height (A), length of longest roots (B), shoot dry matter (C) and root dry matter (D) of
potato plants (Solanum tuberosum L., cv. Agata). ™: not significant. **: statistical significance at 1%. CV: coefficient of variation.
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The vyield stability index (YSI) of potato plants
varied greatly depending on the salinity levels (Figure
2). Crop species have exhibited substantial differences
in salt tolerance based on their relative yields. In
general, the relative yield was drastically reduced when
the potato plants were exposed to high salinity levels.
When the yield stability index in response to addition of
25, 50, 75 and 100 mmol L™ NaCl is less than 1.0; 0.9;
0.7 and 0.50 the plant species is classified as moderately
sensitive to salt tolerance (MASS, 1986). Therefore,
results presented here suggest that potato is a
moderately sensitive species to the negative effects of
high salt levels during the seedling establishment stage,
confirming the results reported by Ghosh et al. (2001).
There are abundant literature indicating that plants are
particularly susceptible to salinity during the seedling
and early vegetative growth stage. The salinity delayed
the sprouting of potato tubers and early sprout growth
was depressed with the increase in the salt level
(GHOSH et al., 2001).
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Figure 2. Effects of salt stress on the yield stability index
('YSI) of potato plants (Solanum tuberosum L. cv. Agata). Bars
followed by the same letter are not significantly different by
Tukey test at 0.05 level of confidence. Data refer to mean
values (n = 5) + standard error.

The assimilate partitioning between roots and shoots
of potato plants are shown in Figure 3. The slight
increase in dry matter production of shoots in the plants
exposed to low salt concentrations may be due to the
lower dry matter partitioning to the roots (Figure 3).
These results indicated that the partitioning of
assimilates to roots might be affected by salinity.
Assimilate partitioning is a complicated process that can
be controlled simultaneously by sources and sinks. In
general, plants exposed to high salinity 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). These
results were verified using the 100 mmol L™ NaCl

concentration, where there was a greater partition
assimilated in potato roots.
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Figure 3. Effects of salt stress on assimilate partitioning
between roots and shoots of potato plants (Solanum tuberosum
L., cv. Agata).

4. Conclusions

Salt stress severely restricted the early sprout growth
of potato plants, while the length of longest roots is not
affected by salinity, indicating that inhibition of shoot
growth is more severe that of the root.

Potato is a moderately sensitive species to high salt
concentrations during the seedling establishment stage,
and the use of cultivars tolerant to salt stress can be a
strategy to achieve high levels of potato tuber yield
under salinity conditions.
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