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ABSTRACT

The rose is one of the most important ornamental plants in the world. However, the cultivation systems used for roses often impose
salt stress. Saline conditions occur naturally in some regions or by human activity in others with use of low quality water or excessive
fertilizer application. In general, roses are considered sensitive to salinity. However, tolerance levels can be different among roses
species and cultivars. Therefore, studies are needed that take into account characteristics of each species and how the exposure to salinity
occurs. Management of water and nutrients can be important tools for mitigating the effects of high salt concentrations. Also, advances
in biotechnology can be used for a better understanding of the physiological responses to salinity and to develop more salt tolerant rose
cultivars. Thus, this paper aims to review the progress made and future prospects of salinity tolerance in commercial rose production.
Keywords: salt stress, floriculture, water quality, nutrition

RESUMO
Salinidade na producéo de rosas
A rosa ¢ uma das mais importantes plantas ornamentais do mundo. Os sistemas de cultivos utilizados para rosas muitas vezes
impdem a cultura a condi¢des de estresse salino. A salinidade pode ocorrer de forma natural ou antrdpica, pelo uso de agua de baixa
qualidade ou excesso de fertilizantes. Em geral, as rosas sdo consideradas sensiveis a salinidade, no entanto, os niveis de tolerancia
diferem entre espécies e cultivares. Sendo assim sdo necessarios estudos que considerem as caracteristicas de cada espécie e a
forma como ocorre essa exposi¢ao g salinidade. O manejo da agua e nutrientes podem ser ferramentas importantes para mitigar os
efeitos de concentragdes de sal. Além disso, os avangos na area da biotecnologia podem ser utilizados para melhor entendimento
das respostas fisiologicas e para desenvolver cultivares mais tolerantes de rosas. Diante disso, este artigo visa a revisar os avangos

alcancados e perspectivas futuras na tolerancia a salinidade na produg¢do comercial de rosas.
Palavras-chave: estresse salino, floricultura, qualidade da dgua, nutricao

1. INTRODUCTION

Plants are sessile organisms living in an environment of
constant flux. They are often exposed to external conditions
that can adversely affect their growth and development.
Various abiotic stresses lead to drastic decreases in
global agricultural production amounting to an estimated
loss of US$ 100 billion per year (PARK and SEO 2015;
SHABALA et al., 2016).

The three major abiotic stresses that affect plant growth
and crop production are cold, drought and salt stresses
(MAHAJAN and TUTEJA, 2005). This review focuses
on salinity stress, which has a strong effect on the entire
plant system. Studies of this stress on plants is becoming
increasingly important as the amount of cultivated land
considered to have saline conditions is increasing yearly
around the globe. Currently, about 45 million ha of irrigated
land in the world is saline, which causes an estimated loss
of US$ 27,3 billion per year for the agribusiness sector
(QADIR et al., 2014; SHABALA et al., 2014).

Problems with salt stress occur mainly in arid and semi-
arid regions, but human activity has contributed to the
increased salinity as well (NAWAZ et al., 2010). Primary
salinity is due to rock erosion, capillary rise of brackish
groundwater, water inlets from the sea by the coast, limited
soil drainage, low rates of rainfall, high evaporation rates
and/or climates changes. Secondary salinity is induced by
human activities such as use of inadequate techniques of
soil preparation, deforestation, fertilizers and irrigation
in excessive doses, use of low quality water, inefficient
drainage systems and/or cultivation in a protected
environment (OKI and LIETH 2004; PEDROTTI et al.,
2015).

Based on how the plants are exposed to salinity, salt
stress or salt shock may occur. These are two distinct
phenomenon triggered by differential imposition of saline
conditions. Salt stress occurs when plants are exposed
to salinity gradually, and salt shock is an extreme form
of salt stress caused by the sudden application of a high
concentration of salt (SHAVRUKOV, et al., 2013).

M Received in 03/05/2016 and accepted in 29/09/2016

@ Universidade Federal de Lavras (UFLA), Department of Biology, Lavras-MG, Brazil *Corresponding author: mvreis@yahoo.com.br
®Wright State University, Department of Biology, Dayton-OH, United States

Ounamental Horticulture

CAMPINASSP | V. 22, N°. 2, 2016, p. 228-234



MICHELE VALQUIRIA DOS REIS et al.

Therefore, when comparing the gene expression in both
conditions there are considerable differences between
them, since salt shock induces more extreme and faster
changes, including plasma membrane damage in the root
and ionic stress in shoot cells.

Both salt stress and salt shock exhibit an osmotic
component and an ionic component that are responsible for
the inhibition of plant growth. The osmotic stress restricts
water uptake, causing loss of turgor leading to a higher
concentration of ions in the cells. The ionic component
causes toxicity in plants and can lead to cell death due to
excessive accumulation of ions. The ionic changes occur
because of solute imbalance, including a decrease in the
ratio between K*/ Na* and accumulation of Na" and CI" in
the cytosol (BLUMWALD et al., 2000).

Also, salt shock induces osmotic shock (plasmolysis)
due to the difference between external and internal solutes
in the cell cytoplasm (NAWAZ et al., 2010; SHAVRUKOV,
2013). During salt shock, higher concentrations of Na* ions
are transported to the shoot, and several genes are induced
in response to osmotic shock (SHAVRUKOV, 2013).

In general, the application of a single dose of 50
mM NaCl or lower will only induce osmotic stress
only. Concentrations of 50 to100 mM NaCl induce a
response between osmotic stress and ionic shock (species
dependent). Higher concentrations, over 100 to150 mM
NaCl, will induce osmotic shock (SHAVRUKOYV, 2013).
Consequently, plant responses to salt stress or salt shock are
highly complex and involve changes at molecular, cellular,
and physiological levels (ATKINSON and URWIN, 2012).

At the cellular level, an excess of the ions sodium
(Na) and chloride (Cl) induces toxicity, membrane
disorganization, reduction of leaf surface expansion, loss
of turgor, dehydration, and reduction of root growth and
elongation. Under salt stress, developing plants show
excessive uptake of these ions, promoting injury formation
and premature death of leaves (NAWAZ et al., 2010;
HASEGAWA 2013). Physiologically, the effects of salinity
and drought have many features in common since salinity
reduces the ability of plants to absorb water, creating a
‘chemical drought’.

The stress in the root zone reduces the availability of
water to the plant and stimulates the synthesis of abscisic
acid. The abscisic acid is transported to the guard cells,
leading to stomatal closure and consequently decrease
in photosynthesis which quickly causes reductions in
growth rate along with metabolic changes (FRAIRE-
VELAZQUEZ and BALDERAS HERNANDEZ, 2013).
The photosynthetic reduction is also caused by altered
chloroplasts structures due to the toxic effects of changes in
the concentration of Na*and CI ions (VEATCH-BLOHM
etal., 2012).

The effects of salinity can vary depending on the
species. Some species are able to tolerate higher levels
of salt in the soil than others. Thus, plants are classified
into two main groups based on their ability to survive
these conditions: halophytes and glycophytes. Glycophyte
species do not tolerate salinity and show the first signs
of damage at low salt concentrations. However, the
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stress threshold is variable between glycophyte species,
allowing further classification based on their degree of
tolerance: sensitive species support up to 40 mM NacCl,
moderately sensitive species tolerate from 40 to 60 mM
NaCl, moderately tolerant species survive from 60 to 80
mM NacCl and tolerant species support from 80 to 120 mM
NaCl (GRIEVE et al., 2012).

Members of the plant kingdom can display a wide
spectrum of responses to salt stress ranging from sensitivity
to tolerance. Salt tolerance occurs through multiple
biochemical strategies such as changes in photosynthetic
metabolism, changes in the structure of membranes,
induction of the antioxidant system, synthesis of
hormones and organic solutes, and selective accumulation,
elimination, compartmentalization and control of ion
uptake (SILVEIRA et al., 2010; HASEGAWA 2013).

Sodium transport processes play important roles in
plant tolerance and acclimatization to salinity. In general,
Na* control is carried out by processes such as organelle
sequestration, membrane exchange, and exclusion from
photosynthetic tissues and meristems (QUEIROS et al.,
2009).This mechanism to acheive ion homeostasis under
salt stress is due to the activity of three major Na+ transport
proteins: NXH (Na'/H" exchanged), SOS1 (Salt Overly
Sensitive 1), and HKT (High Affinity K" Transporters)
(YAMAGUCHI, HAMAMOTO and UOZUMI, 2013).

The study of species-dependent salinity tolerance is
important since several crop species are produced globally
overs areas with diverse environment conditions. Among
ornamental crops, roses are the most valuable and widely
cultivated. They are grown for aesthetics, but several rose
species have also important pharmaceutical applications.
There are several thousand species and cultivars available
in the market that are grown in a variety of environments
around the world. In these environments, roses are
consistently exposed to several adverse conditions,
including salt stress. However, salt tolerance levels of
most rose species are unknown. Therefore, expanding our
knowledge of responses and tolerance levels to salinity in
rose species and cultivars is essential to provide consistent
yield and quality as salinity increases in agricultural lands
around the world.

2. SALT RESPONSE OF ROSES

In general, roses are classified as sensitive to salinity.
However, in many regions where roses are cultivated, the
supply of quality water is limited and soil salinization
is frequent. The effects of salinity on Rosa species
are dependent on the type and concentration of salts,
cultivation system (soil or hydroponic), substrate type,
irrigation system, rose species/cultivar and rootstock
selection (LORENZO, 2000). Therefore, knowing regional
environmental conditions and agricultural practices is
necessary in order to identify salt-tolerant plants (NIU et
al., 2008).

Usually, increases in salt concentrations in the soil have
negative effects on growth and flowering, which leads to visual
damage and quality losses in several rose species (CABRERA,
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et al., 2009). The flowers are the main commercial product of
roses and also the most affected under salinity. The species
Rosa chinensis does not bloom under salt stress conditions and
enters directly into dormancy (JIANG et al., 2009). Miniature
roses (Rosa % hybrida L. ‘Red Imp”) show delayed flowering
and a lower number of flowers per plants when salt stress
is applied (CHA-UM AND KIRDMANEE, 2010). Also,
garden roses such as Rosa x hybrida L. cultivars (‘Caldwell
Pin’,*Carefree Delight’,"Marie Pavie’, and “The Fairy’) show
decreased flower number under moderate or high salinity
(CAl etal., 2014).

Moreover, salt stress affects the water potential of
plants. R. chinensis showed a decrease of leaf water
content and dry matter when treated with saline water (LI
et al., 2016). Additionally, an increase of the salinity of
irrigation water has adverse effects on rose plant height,
stem diameter and dry matter production (LI et al., 2015).
Rosa chinensis had reduced growth at low concentrations
of NaCl (up to 50 mM) in the irrigation water (REIS et
al., 2016, in preparation,). The rose devotes more resources
to root growth in high saline soils, showing an increased
root:shoot ratio and deeper root penetration (LI et al., 2015;
Ll etal., 2016). Increases in salinity lead to decreased stem
elongation rates in Rosa hybrida L. ‘Kardinal’ (OKI and
LIETH, 2004). Since, the stem length of cut roses is a
major quality factor, the use of saline water reduces the
commercial price.

A possible cause of decreased plant development under
saline conditions is the increase of Na” in the cytoplasm,
which can induce deleterious effects on plant metabolism.
Sodium concentration in the medium shows a positive
correlation with sodium absorption in roses (LORENZO
et al., 2000). Increasing the concentration of NaCl in the
in vitro medium led to a higher accumulation of chlorine
and sodium in the leaves of Rosa chinensis ‘Major’, R.
rubiginosa, R. hybrida *Kardinal’ and R. hybrida Kiss’.
Leaf damage and wilting of in vitro plants was observed
after 14 days at low salt concentrations (5 -30 mM NaCl)
(WAHOME et al., 2001).

Also, under higher sodium concentration, the nitrate,
potassium and phosphate uptake decreases (LORENZO et
al., 2000). Another impact of salt stress is that in presence of
higher CI- levels, the NO,  uptake decreases (DEBOUBA et
al., 2007). For example, the uptake of NO,” was negatively
affected by NaCl concentration in the cultivar R. hybrida
’Kardinal’ grafted on ‘Natal Briar’ rootstock (MASSA et
al., 2008).

3. WATER AND NUTRIENT MANAGEMENT

In some rose production areas, low quality water sources
(saline groundwater, drainage effluents, waste water or
sewage water) are being used for irrigation (CABRERA et
al., 2009). In these areas, some growers believe that using
quality water is not necessary as roses there are not used
as food. In some of these regions it is necessary to use
alternative water sources to irrigate urban landscapes and
agricultural crops due to the limited supply of fresh water.
These waters may have a relatively high level of soluble
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salts when compared with fresh water, and the salinity level
depends on the source of water and treatment. Nevertheless,
there is scant information available on how the growth and
flower quality of roses are affected by the use of low quality
water, and the ways to mitigate this adverse effect are still
unknown. In one study of rose response to differential water
quality, Rosa hybrida irrigated with treated sewage water
in soilless conditions for 12 months showed no detrimental
effects. However, plants irrigated with untreated sewage
water growing in the soilless substrates perlite or Choir
(coconut fibers) had increases in CI- content of 47% and
73%, respectively (NIRIT, 2006).

Efficient irrigation systems may be used as a way to
mitigate salt stress, reducing the impact of saline water
in salt-sensitive plants. One example is the drip irrigation
system, which shows several benefits to plant growth by
providing adequate moisture and keeping soil salinity
low. This irrigation system is indicated for reclaiming
saline soils (CHEN et al., 2015). The use of saline water
for drip-irrigation of Rosa chinensis has lowered salt
leaching during the processes of reclamation of very
heavily saline coastal soils (LI et al. 2015). Chinese rose
cultivated in coastal soil with high salt contents and poor
soil structures (Bohai Bay, China) has better growth
characteristics, survival ratio, as well as a reduction in
soil salt content and water saving when irrigated with
the drip system (CHEN et al., 2015). Furthermore, the
irrigation of roses using the soil moisture tension (SMT)
method can improve the flower quality of Rosa hybrida L.
‘Kardinal’ by providing adequate water and air along with
low salinity (OKI et al., 2001).

Another way to reduce the impacts of salinity and to
obtain adequate plant growth and flower quality of rose
is through nutrient management. However, during rose
production, the use of excessive fertilizer is common.
This induces changes in the ionic balance, leading to
differential ion accumulation between tissues. This ionic
shift is observed in Rose chinensis cultivated under saline
water irrigation. The roots and stems show the highest
concentration of Na* and CI-, and leaves accumulate more
Ca?", Mg> and K*. Additionally, the ratios of Ca*"/ Na*;
Mg?/ Na* and K*/ Na* are altered. In these conditions, the
use of soluble potash is indicated to increase absorption of
K* (Li et al., 2016).

Some rose cultivars’ responses to salinity can
change due to the nitrogen sources used for fertilization.
"Lambada’roses are more sensitive to saline conditions
in the presence of NH," only. In these plants, the nitrate
reductase activity in leaves was reduced and roots presented
the highest sodium accumulation (LORENZO et al., 2001).

4. ROSE ROOTSTOCK AND SALINITY
TOLERANCE

Several roses are commercially produced by grafting
onto hardy rootstocks. The use of salt tolerant rootstock
plays an important role to avoid losses of yield and flower
quality in roses under saline conditions (CABRERA,
2003). Rosa hybrida ‘Red’ growth on ‘Natal Briar’
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rootstock produces flowers with better quality than with
other rootstock (R. indica and R. canina) irrigated with
saline water (salinity range 2.5-3.0 dS/m). These plants
present larger rose flower size, longer and thicker flower
stems, higher number of nodes, longer internodes, and
fewer blind shoots (MAHMOUD et al., 2005).

There are different rose species that may be used as
rootstock, and their use depends on climatic and soil
conditions (NIU et al., 2008). There is a wide range of
salinity tolerance available in the rootstock of rose. For
example, Rosa X fortuniana rootstock is relatively more
salt-tolerant compared to R. odorata and R. multiflora,
based on growth and visual quality of above ground organs
(NIU et al., 2008).

Use of particular rootstocks also show varied
accumulation of ions in different tissues. R. chinensis
‘Major’ rootstock had higher levels of Na* in lower leaves
than in other regions and showed more pronounced leaf
injury. Conversely, grafts with R. rubiginosa rootstock
had higher concentrations of Na* in the roots than in all
other parts and displayed a higher tolerance to NaCl stress
(WAHOME et al., 2001). The rootstock R. multiflora
‘Thumb’ accumulated higher amount of Cl- in leaves
compared to the rootstocks Rosa Xfortuniana or R. odorata
(NIU, RODRIGUEZ and GUINIGA, 2008).

Furthermore, it is necessary to know which type
of salt is present in the area prior to the selection of a
rootstock. According to Niu and Rodriguez (2008), the
rootstocks Rosaxhybrida, R. xfortuniana, R. multiflora,
and R. odorata grown under salt stress conditions responded
differently to the dominant salt type (Chloride- or Sulfate-
dominated salinity). Chloride-dominated salinity leads to
a higher growth reduction in plants with R. x fortuniana
rootstock and at high salinity dominated by sulfate, grafts
with R. odorata rootstock had decreased growth.

Plants using R. X fortuniana rootstock irrigated with
saline water had higher Cl-levels than other rootstocks (R.
multiflora. and R. odorata). Also, roses with R. Xfortuniana
rootstock had the most severe foliar salt damage, indicating
that this rootstock has a lower tolerance threshold
concentration of Cl- (NIU and RODRIGUEZ, 2008).

Moreover, tolerance to salinity can be cultivar
depended. For example, the Earth-Kind® Roses are
cultivars with tolerance to salt and others stresses such
as drought and heat. Evaluations of the effect of high
salt concentration stress in 18 Earth-Kind® rose cultivars
showed that ‘Belinda’s Dream’, ‘Climbing Pinkie’, ‘Mrs.
Dudley Cross’, ‘Reve d’Or’, and ‘Sea Foam’ are the most
salt-tolerant cultivars in this group (Cai et al., 2014).

5. BIOTECHNOLOGY TO IMPROVE
SALT TOLERANCE

Plant responses to salinity stress are very broad since
adaptation and mitigation strategies to limit damages
are species-dependent (SHRIVASTAVA and KUMAR,
2015). Plant tolerance to salinity is the result of changes
in gene expression which modulated various biochemical
pathways. To improve the tolerance of salt sensitive species
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by breeding, it is necessary to identify and target key genes
related to stress response (SHABALA et al., 2016).

A limited number of rose genes related to salt stress
response have been identified. ReHSP17.8 (cytosolic class
I small heat shock protein), present in Rosa chinensis, has
been isolated and characterized. This gene is induced under
salt stress conditions, as well as drought, cold, osmotic
and oxidative stress. Arabidopsis thaliana constitutively
expressing the RcHSP17.8 shows higher tolerance to salt
stress (JIANG et al., 2009). Small heat shock proteins
(smHSPs) work as molecular chaperones and play
important roles in plant defenses against detrimental
conditions, such as high salinity. They are members of the
HSPs family which works to protect plants against abiotic
stresses and maintain protein homeostasis by scavenging
cellular reactive oxygen species (MU et al., 2013).

RrNHX1 genes are related to salt tolerance in wild Rosa
rugosa (FENG et al., 2015). The Na'/H" antiporter (NHX)
is a transmembrane protein transporter that excludes Na*
from the cytosol in exchange for H'. It is localized on
both plasma and vacuolar membranes. NHX maintains ion
homeostasis by the transport of Na+ out the cytosol and into
the vacuole (XU et al., 2010). This compartmentalization of
Na“ in the vacuole alleviates the cytosol of excess sodium
ions. The activity level of Na'/H" antiporters of salt tolerant
and salt-sensitive plants are different. The salt sensitive
cultivar Oryza sativa cv. Kinuhikari overexpressing the
AgNHXI1 gene from a halophytic plant (Atriplex gmelini)
shows a strong tolerance to salt stress (OHTA et al., 2002).

In Rosa rugosa, other important genes related to salt
stress tolerance were up regulated by salt exposure. This
includes NAC and DREB family genes. Rosa rugosa plants
irrigated with 25 mM, 50 mM and 100 mM NaCl did not
differ from control plants in measured growth parameters
(shoot length and number of leaves) (REIS et al., 2016, in
preparation).

Rosa chinensis growth is highly susceptible to salinity
stress, but this species can have its salt tolerance increased
by overexpressing genes related to salt response such as
DREBs (Dehydration Responsive Element Binding).
DREB2A-CA is a member of the transcription factor family
DREBEs that play important roles in regulation of stress-
inducible genes and affect the salt tolerance (LATA and
PRASAD, 2011). Plants of Rosa chinensis overexpressing
AtDREB2A-CA under salt stress (NaCl 300 mM) present
salinity stress tolerance activated by change in leaf
ultrastructure. This observation indicates that AtDREB2A-
CA could be used to improve salt stress tolerance (JOSINE
etal., 2015).

6. FUTURE PERSPECTIVES

Advances have been made in understanding how plants
responds to salt stress in some model plants. However,
for rose plants there is a lack of studies on the effects of
salinity on plant development and growth qualities. The
studies available are restricted to only a few rose species
that present vary from very sensitive to tolerant. Likewise,
more salt tolerant rootstocks need to be identified and
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selected for cultivation in saline areas. Additionally, water
and nutrient management may be used to alleviate some
aspects of salt stress and biotechnological tools must be
used to develop new, more salt tolerant cultivars.
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