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Abstract 

The possibility of using in vitro both shoot apex and nodes culture to evaluate 
salt tolerance of sweet potato cultivars ‘Jepano Fino’ (UNPRG-13), ‘Corazón de 
Huarango Blanco’ (UNPRG-54), ‘Japonés de Asís’ (UNPRG-114), ‘Blanco de 
Huaranguito’ (UNPRG-159) and ‘Peluda’ (UNPRG-159) was determined. The 
explants were established in MS culture media supplemented with 0.0, 85.5, 
171.1 and 256.1 mM NaCl. Mostly established apex and nodes showed shoot 
elongation and nodes, leaves and roots formation only a low NaCl level (85.5 
mM). Between the tested cultivars, ‘Corazón de Huarango Blanco’ was the most 
tolerant in a culture medium supplemented with 171.1 mM NaCl, while ‘Blanco 
de Huaranguito’ and ‘Peluda’ were the least tolerant in a culture medium 
supplemented with 85.5 mM NaCl. The results obtained in this study suggest 
that shoot elongation and rooting parameters are the most useful for rapid 
evaluation and screening of sweet potato cultivars through in vitro shoot apex 
and nodes culture. 
Key words: In vitro selection, NaCl, Shoot elongation, Sweet potato, Tissue 
culture. 

INTRODUCTION 

Sweet potato [Ipomoea batatas (L.) Lam.] belongs to the Convolvulaceae family. 
The Convolvulaceae comprise nearly 1650 predominantly tropical species, and the 
genus Ipomoea, with approximately 500-600 species, comprises the largest number of 
species within the Convolvulaceae [1]. One of the most noticeable anatomical 
characteristics of the Convolvulaceae is the existence of cells that secrete resin 
glycosides in the foliar tissues and in the roots of the plants [2]. These glycoresins 
constitute one important chemotaxonomic marker of this family [3] and are responsible 
for the purgative properties of some species of the Convolvulaceae [4]. Likewise, the 
genus Ipomoea occurs predominantly in the tropics of the world and the species of this 
genus are mainly distributed throughout the South and Central America countries, and 
Tropical Africa territories [1]. 

Among 50 genera of this family, only I. batatas is a crop plant whose large, 
starchy, sweet tasting tuberous roots are an important root vegetable. The orange flesh 
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varieties have sufficient carotene to serve as a good source of vitamin A and an 
important staple source of calories and proteins, and it is consumed by all age groups 
[5]. I. batatas also has a great potential to yield biomass in biofuel production [6, 7], and 
in addition, purple-coloured sweet potatoes were developed in Japan in the 1990s and 
several reports have indicated that the anthocyanins displayed antioxidative or radical-
scavenging activity and exerted several health-promoting functions in humans as 
antimutagenic, anticancer and antibacterial activities [8 – 10].  

I. batatas is among the world’s most important, versatile, and under exploited 
food crops that ranks fourth among the food crops after rice, potato and wheat and 
seventh in the world in terms of total production [11]. According to the FAO, 115 
countries produced 106.6 Million tonnes (Mt) of sweet potato in 2010, however supply 
remains very concentrated 82.3% of global production being in Asia, primarily 
produced in China (81.2 Mt); Africa contributes up to 14% of global production with 
more than 14.2 Mt, and Latin America produced 1.97 Mt, i.e. a little more than 2% of 
global supply: Brazil holds first place on the continent, followed by Cuba and Argentina 
[12, 13].     

The production and productivity of several crops continue to be adversely 
affected due to various biotic (pests and diseases) and abiotic (physical and chemicals) 
stresses. The major abiotic stresses comprise salinity, drought, water logging, heat, frost 
and mineral toxicities. Soil salinity existed long before humans and agriculture but the 
problem has been aggravated by agricultural practices such as irrigation and poor 
drainage systems [14]. Soil salinity affects 9.55 x 108 ha (20%) of agricultural land 
across the world [15, 16]. Excess salt in soil or in solutions interferes with several 
physiological and biochemicals processes, resulting in problems such as ion imbalance, 
mineral deficiency, osmotic stress, ion toxicity and oxidative stress; these conditions 
ultimately interact with several cellular components, including DNA, proteins, lipids and 
pigments in plants [17], impeding the growth and development of a vast majority of 
crops. 

In this regard, many attempts have been made to produce salt-tolerant plants 
using in vitro techniques like the ones in Nicotiana tabacum [18], Pisum sativum [19], 
Dendrocalamus strictus [20], Chrysanthemum morifolium [21], Oryza sativa [22], and 
others. This is performed using a number of systems (callus, suspension cultures, 
somatic embryos, shoot cultures, protoplasts and others) which are screened for 
variation in their ability to tolerate relatively high levels of salt (NaCl) in media [23]. In 
the majority of salinity studies, the salt used is NaCl; however, several researchers have 
compared the response to other Cl- and SO2- salts including KCl, Na2SO4, and MgSO4 
during in vitro screening. The use of multiple salts as a selection pressure will parallel 
the salinity under field conditions and may be a better choice [14].   

An alternative screening method involving in vitro shoot apex and nodal segment 
culture could be a better system for testing and selecting salt tolerance [24]. Barlass and 
Skene [25] demonstrated that in vitro salt tolerance of grapevines is variety-dependent 
and considered in vitro culture a suitable method to select salt tolerance of grapevine; 
however, they also stressed the need to verify the results by field experiments [26]. In 
vitro screening of eight potato varieties was investigated for salt tolerance at 0.0, 10, 20, 
40, 60, 80 and 100 mM NaCl supplemented with MS medium; the explants employed 
were the shoot tips with one or two leaf foliage obtained from tubers placed under dark 
conditions for sprouting [27]. In another study, the in vitro response of the apple (Malus 
domestica) rootstock MM.106 to increasing concentrations of NaCl (0.0, 20, 40, 80, 100 
and 120 mM) in the MS culture medium, was analyzed; the explants employed were 
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shoots of about 25 mm in length preserved from previous in vitro cultures and 
maintained in growth room [28]. Likewise, the response of 11 grapevine rootstock 
varieties to increasing salt concentrations (0.0, 50, 85, 120 and 150 mM NaCl) was 
studied under in vitro and growth chamber conditions [29]. On the other hand, the 
possibility of using in vitro shoot apex culture to evaluate salt tolerance of cultivated 
(Lycopersicon esculentum) and wild (Lycopersicon pennelli) tomato species was 
determined and related to the response obtained by callus culture; both apices and 
calluses were grown on media supplemented with 0.0, 35, 70, 105, 140, 175 and 210 
mM NaCl, and growth and physiological traits were determined [30]. In addition, the 
possibility of using in vitro both shoot apex and nodes culture to evaluate salt tolerance 
of cultivars Tolonera and Yuca Blanca was determined; the explants were established in 
media supplemented with 0.0, 42.8, 85.5, 128.3 and 171.1 mM NaCl, and pH adjusted to 
4.0, 5.7 and 7.5 levels [31].  

The aim of the present study was to investigate the salt tolerance (NaCl) of 
different cultivars in order to develop a rapid and non-expansive test for salt tolerance 
of sweet potato. This is the first study on NaCl tolerance of sweet potato in in vitro 
conditions. 
 
MATERIALS AND METHODS 
Plant material 

Stem cuttings (20-30 cm length) of 4-5 months old, in excellent health conditions 
and free of lateral buds, were planted in plastic pots containing a mixture of sand and 
soil at a ratio of 2:1 and grown in a greenhouse with shade screen and permanent 
irrigation. The stem cuttings were treated with a fungicide Orthocide 80 at 0.2% for 10 
min, and afterwards rinsed away by washing the stem in running water. The sweet 
potato cultivars used in this experiment were ‘Jepano Fino’ (UNPRG-13), ‘Corazón de 
Huarango Blanco’ (UNPRG-54), ‘Japonés de Asís’ (UNPRG-114), ‘Blanco de Huaranguito’ 
(UNPRG-159) and ‘Peluda’ (UNPRG-159), from Germplasm Bank of Universidad 
Nacional Pedro Ruiz Gallo, Lambayeque, Peru.   
Desinfestation procedure and primary establishment of shoot apical meristem in 
culture medium 

Both apical buds and nodal segments (2-3 cm) were subjected to a two-step 
desinfestation process. In the first step, the stem cuttings were immersed in 25 mg/l 
Homai and 30 mg/l Rifampicin for 30 min. The second step occurred in a laminar flow 
chamber, where the explants were immersed in 70% ethanol for 1 min, transferred to a 
0.5% (v/v) solution from a commercial sodium hypochlorite (5.0% active chlorine; 
Chlorox®, Peru) with 0.1% (v/v) Tween 20 (one or two drops per 100 ml) for 5 min, and 
then washed 4-5 times with sterilized destilled. Shoot tips of 1 to 3 mm in length were 
cut from the sterile explants under light microscope, placed in 15x120 mm test tubes 
and incubated onto MS [32] gelled medium supplemented with 2.0% sucrose, 0.6% agar 
and 0.22 mg/l BAP in combination with 0.18 mg/l NAA.  
Micropropagation and supplementation of NaCl  

In the micropropagation step, after 90-120 days of culture, the plantlets were cut 
into segments of approximately 1.5 cm and placed into 15x150 mm test tubes 
containing 5 ml of semisolid MS medium with 3.0% sucrose, 0.7% agar and without 
plant growth regulators. In the experiments with NaCl, after 60 days of culture, the 
plantlets were cut into nodal segments of approximately 1.5 cm and placed in 25x150 
mm test tubes containing 15 ml of gelled MS medium supplemented with 2.0% sucrose 
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and four concentrations of NaCl (0.0, 0.5, 1.0 and 1.5% or 0.0, 85.5, 171.1 and 256.1 mM, 
respectively).  

In all experiments, the basal MS medium was supplemented with the vitamins 
myo-inositol 100 mg/l and thiamine.HCl 1.0 mg/l and 0.6% agar.  
Culture conditions 

The pH of all nodes media was adjusted to 5.8±0.1, with KOH and HCl, prior to 
autoclaving at 121 oC at 105 kPa for 20 min. Each treatment comprised 15 explants and 
was performed twice. The experiments were evaluated every 30 days, for 90 days. The 
plant material was kept in a growth room with a controlled temperature of 26±2 oC, a 
relative air humidity of approximately 80%, photoperiod of 16 hours light and luminous 
intensity of 60 µmol m-2 s-1 via cool white fluorescent light. In the acclimatization step, 
elongated shoots (average, 30-50 mm) obtained after 90 days of culture in NaCl medium 
were placed in plastic pots containing sterilized substrate, covered with transparent 
plastic bags, and kept under an artificial light panel (90 µmol m-2 s-1) at 26±2 oC for 
rooting. The plastic bags were progressively removed over a period of 20-30 days, and 
rooted plantlets were transferred to a greenhouse for further acclimatization.  
Statistical analysis 

Data were analysed using one way Analysis of Variance (ANOVA) and means 
comparisons were based on Tukey’s test (P≤0,05). All the statistical analysis were 
performed using the software package Statgraphics Plus®, versión 5.0 (StatPoint, 
Warrenton, Virginia, USA).  
 
RESULTS AND DISCUSSION 

The plantlets grown on MS culture medium supplemented with different 
concentrations of NaCl (0.0, 85.5, 171.1 and 256.1 mM) exhibited significant differences 
in all studied characters of growth parameters (shoot elongation, nodes and leaves 
formation, and rooting). The growth parameters were negatively affected by different 
levels of NaCl, and no growth was observed in any cultivar at 256.1 mM. 
Shoot elongation   

In vitro shoot elongation was greatly affected by NaCl at different concentrations 
(Table 1). In 0.0 mM NaCl (control) the highest elongation of the shoot apex, in 90 days 
of culture, corresponded to cv. ‘Peluda’ with 10.3 cm of length, and the lowest 
elongation corresponded to cv. ‘Jepano Fino’ with 7.7 cm of length; however, with 
increased NaCl concentration of 85.5 to 256.1 mM, the shoot length was significantly 
decreased in all cultivars tested. The cv. ‘Corazón de Huarango Blanco’ showed the 
greatest tolerance amongst the evaluated cultivars to salt stress with 171.1 mM and 
256.1 mM NaCl with maximum plantlet height (3.6 cm and 2.0 cm in length, 
respectively) followed by cultivars ‘Jepano Fino’ (1.3 cm) and ‘Japonés de Asís’ (1.1 cm) 
and were among the moderately sensitive cultivars for this parameter. The cultivars 
‘Blanco de Huaranguito’ and ‘Peluda’ showed 0.7 and 0.5 cm of length, respectively, and 
were the most salt- sensitive cultivars at 171.1 mM NaCl. It is interesting that the 
cultivars ‘Peluda’ and ‘Jepano Fino’ that reached the highest shoot elongation in 0.0 mM 
NaCl were most sensitive in 171.1 mM NaCl. Plantlets showed chlorotic, vitrificated and 
apical necrosis in the latest treatments (171.1 and 256.1 mM NaCl).  

In comparison with similar studies in tuberous species, our findings were in 
strong conformity with Shah Zaman [27] who reported reduced shoot elongation in in 
vitro study of potato (Solanum tuberosum) due to salt stress by increasing NaCl 
concentration in MS culture medium from 60 - 100 mM. In the same species, similar 
results were reported by Zhang and Donnelly [33] who found low growth and 
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development at 75 mM NaCl; Aghaei et al. [34] who also reported the reduced shoot 
length up to 90 and 120 mM NaCl, and Sudhersan et al. [35] who reported reduced 
shoot growth in MS culture medium supplemented with 750 - 4000 ppm NaCl. In 
cassava (Manihot esculenta), in the control treatment (0.0 mM NaCl) both cultivars 
evaluated, ‘Tolonera’ and ‘Yuca Blanca’, showed an optimum growth (about of 7.0 cm in 
length); however, in the treatment with 42.8 mM NaCl, only cv. ‘Tolonera’ reached a 
shoot elongation of slightly over 1.0 cm, and in the other treatments (85.5, 128.3 and 
171.1 mM) the shoot elongation was not over 0.5 cm in both cultivars [31]. Additionally, 
both apices and calluses from cultivated (Lycopersicon esculentum) and wild 
(Lycopersicon pennelli) tomato species were grown on media supplemented with 0.0, 
35, 70, 105, 140, 175 and 210 mM NaCl, and most apices of L. esculentum did not 
develop roots with low NaCl levels, whereas the apices of L. pennelli were able to 
develop roots at the different salt levels; this different degree of salt tolerance between 
L. esculentum and L. pennelli was not, however, clearly shown on the basis of the shoot 
growth of the plantlets [30].      
 

Results from other studies revealed that in apple (Malus domestica) rootstock 
MM.106 low level of salinity (20 mM) in culture medium significantly enhanced shoot 
length and fresh weight; however, high salinity levels from 40 to 120 mM NaCl caused a 
decrease in shoot length and the number of shoots and also the fresh weight [28]. 
Similar results have been observed in other woody species as grapevine (Vitis vinifera) 
[36], kiwifruit (Actinidia deliciosa) [37] and date palm (Phoenix dactylifera) [38] which 
were reported that, at low concentrations, NaCl exerts a significant positive effect on 
shoot proliferation in vitro due to the increased osmolarity. Particularly, the in vitro 
response of kiwifruit to increasing concentrations of boron (B) and NaCl in the culture 
medium was studied, and it was determined that kiwifruit produced the longest shoots 
with 2.0 mM B when NaCl concentration was 0-20 mM; however, explants exhibited a 
moderate chlorotic appearance with 40 mM NaCl and shoots died with 80 mM NaCl 
[37].   
Nodes formation 

The numbers of nodes formed were also severely affected by different levels of 
NaCl (Table 2). In the concentration of 0.0% NaCl the number of nodes formed, in 90 
days of culture, has been very similar in all cultivars tested in the range of 8.8 to 11.2, 
decreasing in the concentration of 0.5% NaCl in the range of 7.3 to 9.2 nodes formed. 
The cultivars ‘Corazón de Huarango Blanco’ and ‘Jepano Fino’ produced the maximum 
number of nodes formation with 6.5 and 4.0, respectively, in 171.1 mM NaCl, followed 
by cultivars ‘Blanco de Huaranguito’ and ‘Peluda’ with 2.3 nodes, but only in 60 days of 
culture, which displayed moderate level of tolerance. ‘Japonés de Asis’ responded as the 
most sensitive cultivar with 1.7 and 1.0 nodes in 171.1 mM and 256.1 mM NaCl, but also 
in 60 days of culture. The cultivars ‘Blanco de Huaranguito’, ’Peluda’ and ‘Japonés de 
Asís’ continued showing as the most sensitive in the 171.1 mM NaCl, since in 90 days of 
culture the explants showed no growth. 

In in vitro screening of eight potato varieties, the maximum number of nodes 
(8.6) was observed at 0.0 mM NaCl (control) and minimum number of nodes (2.8) was 
noted at 60 mM NaCl; 4.4 nodes were observed at 20 mM and 3.4 nodes at 40 mM NaCl 
[27]. These results were in compliance with the findings of Agahaei et al. [34] who 
reported that all tested potato varieties showed overall stunted growth due to salt 
stress, and Mahmoud et al. [39] who also reported that the internodes and tuber yield in 
potato was also reduced at 75 mM NaCl. In cassava, in the control treatment (0.0 mM 
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NaCl), the cultivars Tolonera and Yuca Blanca showed an optimum nodes formation (4 
to 5 nodes) at pH 5.7; however, at pH 4.0 and 7.5, both cultivars formed an average of 2 
nodes, and in the treatments of 42.8 and 85.5 mM NaCl only the cv. Tolonera reached 
the formation of 2 - 4 nodes [31].     
 Leaves formation 

The numbers of leaves formed were also severely affected by different levels of 
NaCl (Table 2). In the concentration of 0.0 and 85.5 mM NaCl the number of leaves 
formed, in 90 days of culture, was higher in the cv. ‘Corazón de Huarango Blanco’ with 
8.2 and 7.2 formed leaves, respectively, followed by cv. ‘Blanco de Huaranguito’ with 6.2 
and 4.9 and cv. ‘Jepano Fino’ with 6.0 and 4.4 leaves formed, respectively. At 
concentrations of 171.1 and 256.1 mM NaCl the number of leaves formed decreased 
significantly even at 60 days of culture. The cultivar ‘Corazón de Hurango Blanco’ 
continued to show as the most tolerant while the cultivars ‘Japonés de Asís’ and cv. 
‘Blanco de Huaranguito’ as the most sensitive, in the number of leaves formed.  

In cassava, in the control treatment (0.0 mM NaCl), the cultivars Tolonera and 
Yuca Blanca showed an optimum leaves formation (3 to 5 leaves) at pH 5.7; however, at 
pH 4.0 and 7.5, both cultivars formed an average of 2 leaves, and in the treatments of 
42.8 and 85.5 mM NaCl only the cv. Tolonera reached the formation of 2-4 leaves; in the 
other treatments (128.3 and 171.1 mM) none leaves were formed in both cultivars, at 
different pH levels [31].      

With regard to the effect of genotype, in the Tukey test for the effect of NaCl on 
the shoot elongation and the number of nodes and leaves formed in the five sweet 
potato cultivars tested, in 90 days of culture, the cv. ‘Corazón de Huarango Blanco’ 
reached the highest shoot elongation with 3.01 cm of length and 5.59 and 5.12 nodes 
and leaves formed, respectively, resulting the most-tolerant cultivar to NaCl (0.0 to 
256.1 mM); furthermore, the cv. ‘Japonés de Asís” reached the lowest shoot elongation 
with 2.15 cm of length and 3.26 and 1.66 nodes and leaves formed, respectively, 
resulting the least-tolerant cultivar to NaCl. The other cultivars tested, ‘Jepano Fino’, 
‘Peluda’ and ‘Blanco de Huaranguito’ showed an intermediate tolerance (Table 4). With 
regard to the effect of NaCl concentration, in the 0.0 mM NaCl (control) the greatest 
shoot elongation and the greatest number of nodes and leaves formed were reached; 
however, they were decreased significantly in the treatments with 85.5 and 171.1 mM 
NaCl. The treatment with 256.1 mM NaCl was totally detrimental (Table 4).  
 
 
Rooting in apical bud and nodal segments  

The rooting in apical bud and nodal segments was also severely affected by 
different levels of NaCl (Table 5). The rooting percentage decreased from 100 to 80% 
(+++) at 0.0 mM (control), from 33 to 10% (++) at 171.1 mM NaCl, and from 80 to 100% 
no rooting (-) occurred when explants were grown with 256.1 mM NaCl.    

At the concentration of 171.1 mM NaCl, although the highest percentages of 
rooting were in grade (+) (25-44%), the cv. ‘Corazón de Huarango Blanco’ showed high 
tolerance exhibiting a greater root development (+ / ++) (77%) while the cv. ‘Jepano 
Fino’ showed less tolerance exhibiting a lower root development (+) (25%). 

Salinity also significantly affected the rooting growth parameters. Both root 
length and number of roots decreased with increasing salt concentration in the culture 
medium. In apple (Malus domestica) rootstock MM.106 the rooting parameters 
decreased significantly from 40 mM NaCl and were lower at 120 mM NaCl; root length 
at 20 mM NaCl was increased significantly as compared with the control, while further 
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increase in salinity level resulted in significant reduction in root length [28]. In potato 
the maximum root length (3.6 cm) was observed at control and the minimum (0.9 cm) 
was studied at 60 mM NaCl [27], and these findings were in strong conformity with the 
assessments of Naik and Widholm [40] who described severely reduced root length in 
all tested potato cultivars by increasing salt treatments up to 75 mM NaCl;  likewise, 
Sudhersan et al. [35] also reduced rooting in potato by adding NaCl  (750-4000 ppm) in 
the MS media. On the other hand, Abed Alrahman et al. [41] reported that increasing 
salinity more than 50 mM NaCl significantly decreased root length of Cucumber 
(Cucumis sativus) microshoot. In general, these results are in agreement with the results 
obtained in other studies and in our study, which also indicated roots to be among the 
first plant organs affected by salt stress and the most sensitive ones, for instance, in 
grapevine rootstock varieties [29] and Citrus macrophylla [42], in which NaCl 
concentrations higher than 85 and 100 mM prevented rooting. 
 
Acclimatization  

Viability percentage of acclimatization was 94.0% after six weeks when the 
treatment was 0.0 mM NaCl (control) (Table 6), and progressively decreased to 34.0%, 
at the highest concentration of NaCl (256.1 mM) tested. 

Three physiological mechanisms have often been considered to be primarily 
responsible for the growth inhibition induced by salinity: (a) turgor pressure reductions 
in the expanding tissues; (b) reductions in the photosystem activity for leaf cells, and (c) 
direct effects of accumulated salt on critical metabolic steps in dividing and expanding 
cells [43]; however, as an alternative was hypothesized that plant growth responds to 
salinity in two phases: (a) a rapid osmotic phase, which starts immediately after the salt 
concentration around the roots increases to a threshold level, as a result of which the 
rate of shoot growth falls significantly and (b) a slower ion specific phase, which starts 
when the salt accumulates to toxic concentrations in old leaves and they die[44, 45]. 
Additionally, to protect themselves from the detrimental effects of salt-stress, plants 
have evolved many biochemical and molecular mechanisms [14]: (a) induction of 
antioxidative enzymes: plant cells have developed complex antioxidant defense systems 
both enzymatic (SOD, APX, GPX, GR, CAT, and others) and non-enzymatic (ascorbate, 
glutathione, α-tocopherol, carotenoids, flavonoids, and others) to protect themselves 
against salt-stress [21, 46]. Superoxide dismutase is a major scavenger of O2- and its 
enzymatic action results in the formation of H2O2 and O2, and peroxidase decomposes 
H2O2 by oxidation of co-substrates, such as phenolic compounds and/or antioxidants, 
whereas catalase breaks down H2O2 into water and molecular oxygen [47]. As known, 
during salinity-induced oxidative stress, several cytotoxic reactive oxygen species 
(ROS), such as superoxide radicals (O2-), hydrogen peroxide (H2O2), hydroxyl radicals 
(OH˙) and singlet oxygen (1O2), are continously generated in the mitochondria, 
peroxisomes and cytoplasm, which can destroy the normal metabolism through 
oxidative damage of lipids, proteins and nucleic acids [46, 48]. In effect, these ROS cause 
pigment co-oxidation, lipid peroxidation, membrane destruction, protein denaturation 
and/or DNA mutation [47]; (b) ion homeostasis: salinity causes ion-specific stresses 
resulting from altered K+/Na+ ratios leads to build up in Na+ and Cl- concentrations that 
are deterimental to plants. The alteration of ion ratios in plants is due to the influx of 
Na+ through pathways that function in the acquisition of K+. Maintenance of a high 
cytosolic K+/Na+ ratio is a key requeriment for plant growth under high concentration of 
salt [16, 49], disrupts the enzymatic functions that are normally activated by K+ in cells 
[50, 51]. In general, when salinity results from an excess of NaCl, the most common type 
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of salt stress, the concentrations of sodium (Na+) in the plant increase and 
concentrations of potassium (K+) are reduced. This is called salt-specific or ion-excess 
effect of salinity [52], and (c) synthesis and accumulation of compatible organic solutes: 
under salt-stress, plants restrict the uptake of salt and adjust their osmotic pressure by 
the synthesis of compatible organic solutes that have low molecular weights, highly 
soluble compounds usually nontoxic at high celular concentrations. These solutes 
include proline, sucrose, polyols, trehalose and quaternary ammonium compounds 
(QACs) such as glycine betaine, alaninebetaine, prolinebetaine, cholineO-sulfate, 
hydrosyprolinebetaine and pipecolatebetaine [14, 53].  

In relation to the characterization of salt-tolerant plants during in vitro selection, 
physiologically, many processes are affected by salinity, but reduced cell growth, leaf 
area, biomass and yield are the most important ones. Slower growth is an adaptive 
feature for plant survival under stress and the extent of salt tolerance often appears to 
be inversely related to growth rate [54], and leaf injury is another screening parameter 
for salinity tolerance and can be measured by membrane damage, premature loss of 
chlorophyll or damage to the photosynthetic apparatus [14]; however, these methods 
can only discriminate between genotypes tolerating low or moderate salinities [55, 56]. 
 
Table 1: Effect of NaCl on shoot elongation (cm) of in vitro sweet potato plantlets 
of five cultivars after 90 days in culture medium. 

Cultivars NaCl (mM) 
 0.0 85.5 171.1 256.1 

 Jepano Fino (UNPRG-13) 7.7 ± 0.9b 4.0 ± 0.6b 1.3 ± 0.2b 0.8 ± 0.1b 
 Corazón de Huarango Blanco 
(UNPRG-54) 

5.4 ± 0.4c 5.5 ± 0.8a 3.6 ± 0.3a 2.0 ± 0.2a 

 Japonés de Asís  (UNPRG-114) 5.8 ± 0.9c 4.3 ± 0.5b 1.1 ± 0.1b 1.0 ± 0.1b 
 Blanco de Huaranguito 
(UNPRG-129) 

3.5 ± 0.1d 3.3 ± 0.2c 0.7 ± 0.1b 0.5 ± 0.1b 

 Peluda (UNPRG-159) 10.3 ± 1.3a 5.2 ± 0.7a 0.5 ± 0.1b 0.5 ± 0.1b 
The value of each treatment consisted of mean ± SD of 15 replicates. 
Means followed by the same letter at the same column are not statistically significant by 
Tukey’s test (P<0.05). 
 
Table 2: Effect of NaCl on nodes formation (number) of in vitro sweet potato 
plantlets of five cultivars after 90 days in culture medium. 

Cultivars NaCl (mM) 
 0.0 85.5 171.1 256.1 

 Jepano Fino (UNPRG-13) 11.2 ± 1.2a 6.3 ± 0.7c 4.0 ± 0.4b 1.7 ± 0.1*ab 
 Corazón de Huarango Blanco 
(UNPRG-54) 

9.6 ± 0.9ab 9.2 ± 0.5a 6.5 ± 0.8a 2.6 ± 0.4a 

 Japonés de Asís (UNPRG-114) 10.3 ± 1.4a 8.5 ± 0.9a 1.7 ± 0.1*c 1.0 ± 0.1*b 
Blanco de Huaranguito 
(UNPRG-129) 

8.8 ± 0.6c 8.8 ± 0.7a 2.3 ± 0.2*c 1.0 ± 0.1*b 

 Peluda (UNPRG-159) 9.3 ± 1.1ab 7.3 ± 0.6b 2.3 ± 0.2*c 2.3 ± 0.3*a 
*Evaluation only for 60 days of culture 
The value of each treatment consisted of mean ± SD of 15 replicates. 
Means followed by the same letter at the same column are not statistically significant by 
Tukey’s test (P<0.05). 
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Table 3: Effect of NaCl on leaves formation (number) of in vitro sweet potato 
plantlets of five cultivars after 90 days in culture medium. 

Cultivars NaCl (mM) 
 0.0 85.5 171.1 256.1 

 Jepano Fino (UNPRG-13) 6.0 ± 0.6b 4.4 ± 0.6b 3.3 ± 0.3*b 1.5 ± 0.1*b 
 Corazón de Huarango Blanco 
(UNPRG-54) 

8.2 ± 0.4a 7.2 ± 0.9a 4.1 ± 0.3a 2.9 ± 0.2*a 

 Japonés de Asís (UNPRG-114) 3.3 ± 0.2d 3.0 ± 0.2c 1.0 ± 0.1*d 1.0 ± 0.1*c 
 Blanco de Huaranguito (UNPRG-
129) 

6.2 ± 0.5b 4.9 ± 0.5b 2.3 ± 0.2*c 1.0 ± 0.1*c 

Peluda (UNPRG-159) 4.5 ± 0.5c 4.5 ± 0.5b 1.3 ± 0.2*d 2.3 ± 0.1*ab 
*Evaluation only for 60 days of culture 
The value of each treatment consisted of mean ± SD of 15 replicates. 
Means followed by the same letter at the same column are not statistically significant by 
Tukey’s test (P<0.05). 
 
Table 4: Tukey test for the effect of NaCl on the shoot elongation, nodes and leaves 
formation (number) of in vitro sweet potato plantlets of five cultivars after 90 
days in culture medium. 
 Shoot elongation 

(cm) 
Nodes 

formation (No.) 
Leaves 

formation (No.) 
Cultivars    

Jepano Fino (UNPRG-13) 2.96 ± 0.3b 4.72 ± 0.5b 4.07 ± 0.3b 
Corazón de Huarango 
Blanco (UNPRG-54) 

3.01 ± 0.3a 5.29 ± 0.5a 5.12 ± 0.4a 

Japonés de Asís (UNPRG-
114) 

2.15 ± 0.1cd 3.26 ± 0.2e 1.66 ± 0.1d 

Blanco de Huaranguito 
(UNPRG-129) 

1.65 ± 0.1e 3.35 ± 0.2d 2.71 ± 0.1c 

Peluda (UNPRG-159) 2.25 ± 0.3c 4.34 ± 0.3c 2.69 ± 0.1c 
 DLS = 0.48 DLS = 0.82 DLS = 0.62 

Treatments with NaCl 
(mM) 

   

0.0 3.80 ± 0.3a 7.09 ± 0.6a 5.17 ± 0.4a 
85.5 2.96 ± 0.2b 5.53 ± 0.4b 4.64 ± 0.3ab 
171.1 1.97 ± 0.1c 2.07 ± 0.1c 1.37 ± 0.1c 
256.1 0.53 ± 0.1d 0.68 ± 0.1d 0.58 ± 0.1d 
 DLS = 0.38 DLS = 0.87 DLS = 0.58 
 
The value of each treatment consisted of mean ± SD of 15 replicates. 
Means followed by the same letter at the same column are not statistically significant by 
Tukey’s test (P<0.05). 
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Table 5: Effect of NaCl on rooting of sweet potato shoot apices of five cultivars 
after 90 days in culture medium. 
Cultivar NaCl 

(mM) 
Root developmenta (%) 

  - + ++ +++ 
Jepano Fino (UNPRG-13) 0.0   20 80 
Corazón de Huarango Blanco 
(UNPRG-54) 

    100 

Japonés de Asís (UNPRG-114)    20 80 
Blanco de Huaranguito (UNPRG-129)    10 90 
Peluda (UNPRG-159)    10 90 
      
Jepano Fino (UNPRG-13) 85.5  10 30 60 
Corazón de Huarango Blanco 
(UNPRG-54) 

  20 10 70 

Japonés de Asís (UNPRG-114)   12.5 20 62.5 
Blanco de Huaranguito (UNPRG-129)    11 89 
Peluda (UNPRG-159)    40 60 
      
Jepano Fino (UNPRG-13) 171.1 75 25   
Corazón de Huarango Blanco 
(UNPRG-54) 

 23 44 33  

Japonés de Asís (UNPRG-114)  60 30 10  
Blanco de Huaranguito (UNPRG-129)  44 33 23  
Peluda (UNPRG-159)  40 40 20  
      
Jepano Fino (UNPRG-13) 256.1 90 10   
Corazón de Huarango Blanco 
(UNPRG-54) 

 80 20   

Japonés de Asís (UNPRG-114)  100    
Blanco de Huaranguito (UNPRG-129)  90 10   
Peluda (UNPRG-159)  100    
 
a-, without roots formed; +, 1 to 3 roots formed; ++, 4 to 6 roots formed; +++, > 6 roots 
formed. 
The value of each treatment consisted of mean ± SD of 15 replicates. 
Means followed by the same letter at the same column are not statistically significant by 
Tukey’s test (P<0.05). 
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Table 6: Survival rate in the acclimatization process of sweet potato shoot apices 
of five cultivars after six weeks in greenhouse. 

Cultivar NaCl (mM) 
 0.0 85.5 171.1 256.1 

Jepano Fino (UNPRG-13) 90 80 50 30 
Corazón de Huarango Blanco (UNPRG-
54) 

100 80 60 40 

Japonés de Asís (UNPRG-114) 90 70 40 30 
Blanco de Huaranguito (UNPRG-129) 90 80 40 30 
Peluda (UNPRG-159) 100 80 50 40 
Mean 94.0 78.0 48.0 34.0 
 
 
CONCLUSION 

In conclusion, we investigated the ability of Ipomoea batatas explants, cultured in 
vitro, to grow under different NaCl concentrations. Shoot apex and single node of sweet 
potato were subjected to four different NaCl concentrations (0.0, 85.5, 171.1 and 256.1 
mM NaCl) in MS medium after 90 days of culture. It was determined that the severity of 
salt treatment injury varied depending on the cultivar and NaCl concentration. A 
positive correlation was found between shoot elongation and rooting in saline culture 
medium and their faculty to tolerate salt. The most tolerant sweet potato cultivar to 
NaCl treatment (171.1 and 256.1 mM NaCl) was ‘Corazón de Huarango Blanco’, followed 
by the moderately sensitive ‘Jepano Fino’ and ‘Japonés de Asís’ cultivars, and last 
‘Blanco de Huaranguito’ and ‘Peluda’, which were particularity sensitive (85.5 and 171.1 
mM NaCl); however, it is necessary to verify the in vitro results by field experiments.    
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