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ABSTRACT 
 

Potato is one of the world’s most important crops next to wheat, maize and rice. It is highly sensitive to soil 
salinity and needs fresh water irrigation for tuber production. Salinity is a major problem for potato cultivation 
in Kuwait. In order to select salt tolerant cultivars attempts were made to screen many potato cultivars using 
tissue culture technology. Potato cultivars Ajiba, Almera, Anabelle, Arnova, Atlas, Bellini, Charlotte, Costanera, 
Desiree, Diamant, Fontane, Lola, Maria Tropica-1, MF-1, MF-II, Matador, Nicola, Primavera, Rembrandt, 
Safrane, Santae, Spunta, Tacna, Timate, and Unica were established in tissue culture via meristem culture 
technique using Murashige and Skoog (MS) shoot proliferation medium. Stem nodal segments isolated from 
established cultures were planted on MS culture media containing different concentrations of NaCl (0,750, 
1000, 2000, 3000 and 4000 ppm). According to the percentage of shoot elongation against the NaCl stress, the 
cultivars were grouped as tolerant, sensitive and highly sensitive to salinity. Among the 25 potato cultivars 
tested in vitro, seven cultivars were tolerant, 6 cultivars were sensitive and remaining 12 cultivars were highly 
sensitive to salinity. Salt toxicity levels and related morphological symptoms on plant growth were also studied 
for each cultivar. This study helped to identify the salt tolerant potato cultivars suitable for cultivation in Kuwait 
and other countries where soil salinity is a major problem in potato production. 
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Introduction 
 

Plants are subjected to different biotic and abiotic stresses from their environment. Light, temperature, 
drought and salinity are the major constraints that affect the plant growth in nature. High soil salinity accounts 
for large decrease in the yield of a wide variety of crops all over the world (Tester and Devenport, 2003). 
Almost 1000 million ha of land or 77 million out of 1.5 billion of cultivated lands is affected by soil salinity 
(Szabolcs, 1994; Munns, 1999). High temperature coupled with low rainfall increase the soil salinity due to high 
rate of evapo-transpiration. Salinization of irrigated soils is an increasing threat to agriculture in many countries. 

Potato (Solanum tuberosum L.), a major food crop next wheat, maize and rice is highly sensitive to salinity 
and needs fresh water for better yields. Fresh water is a precious and costly resource in Kuwait and it must be 
managed properly. Increasing soil salinity and brackish water irrigation affects potato production in Kuwait. 
Desalinization of the brackish water and remediation of the saline soil are the solutions to solve the salinity 
problem towards potato production. However, it is an expensive process. Therefore, the most promising solution 
for the salinity problem is to grow crops which have been adapted to tolerate the salinity. Salinity tolerance in 
plants can be increased through traditional breeding or genetic manipulation techniques. Certain plants adopt 
themselves naturally to the soil salinity through developing physiological changes. Such tolerant cultivars can be 
identified through screening method. Conventional screening methods for the selection of salt tolerant variants 
is difficult and time consuming. Therefore, in vitro screening technique was used to select the salt tolerant 
potato cultivars in this study.  

A limited number of potato cultivars have been evaluated for salinity tolerance in vitro (Arslan et al., 1987; 
Morpurgo,1991; Morpurgo and Rodriguez, 1987; Naik and Widholm, 1993) through growing stem nodal 
cuttings in growth media containing different concentrations of NaCl. In the present study, potato cultivars 
Ajiba, Almera, Anabelle, Arnova, Atlas,  Bellini, Charlotte, Costanera, Desiree, Diamant, Fontane, Lola, Maria 
Tropica-1, MF-1, MF-II, Matador, Nicola, Primavera, Rembrandt, Safrane, Santae, Spunta, Tacna, Timate, and 
Unica were screened for salt tolerance in vitro.  
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The main objective of this study was to select salt tolerant potato cultivars for the utilization of saline soil 
and brackish water irrigation in Kuwait for the commercial potato production. The details of the study are 
presented in this report 
 
Materials and Methods 

 
Disease-free certified seed potato tubers of cultivars Ajiba, Almera, Arnova, Atlas,  Bellini, Diamant, 

Fontane, Lola, Matador, Timate, Safrane, Santae and Spunta obtained from Agrico Co., Holland, Anabelle, 
Desiree and Nicola obtained from Moracco in the form of tissue cultured minitubers, certified tubers of 
Charlotte and Rembrandt obtained from British Potato Council (BPC), United Kingdom and Costanera, Maria 
Tropica-1, MF-1, MF-II, Primavera, Tacna and Unica obtained from the International Potato Research Center 
(CIP), Lima, Peru were used for the study. 

Surface sterilized seed potatoes of all the 25 cultivars were maintained at room temperature under total 
darkness for sprouting. The shoot buds were removed from the sprouted tubers using a sterile surgical knife and 
treated with 20% commercial Chlorox containing approximately 1% sodium hypochlorite with a drop of 
Tween 20 for 15 min. After 3-4 times washing in sterile distilled water, the shoot buds were treated with 70% 
ethyl alcohol for one minute and washed three times in sterile distilled water. The shoot meristems with two 
undeveloped leaves were isolated from the surface sterilized shoot buds under the laminar hood using a 
dissection microscope for the in vitro culture.  

Murashige and Skoog (1962) shoot multiplication media obtained from Hi-Mdia was used as the culture 
initiation media. The pH of the media was adjusted to 5.6 prior to the addition of Gelrite. The media was 
dispensed in 25x125 mm culture tubes and autoclaved at 121 C for 15 min. Low concentration (0.1 mg/l) of 
benzyl adenine (BA) was added to the media for the meristem culture initiation. All cultures were incubated in a 
culture room containing 1000lux light intensity with 16 h photoperiod at 25 C for plantlet development. Large 
numbers of plantlets from 25 cultivars were produced in vitro through standard stem nodal multiplication 
method (Sudhersan and Hussain, 2002; Sudhersan, 2004). 

For salt tolerance screening experiments, isolated stem nodal explants of 25 different potato cultivars were 
grown on MS medium supplemented with NaCl concentrations of  0,750, 1000, 2000, 3000 and 4000 ppm for 
90 days to test their tolerance or sensitivity to high salt media. Shoots were cultivated on the same medium 
without NaCl was used as control. In all experiments each treatment had 20 replicates and the experiment was 
repeated twice. Growth and morphological changes due to the salt stress in culture were observed and recorded 
periodically. 
 
Results: 

 
High salinity in the culture media greatly affected the survival, growth and rooting of the potato cultivars 

that were experimented. In the control culture media all cultivars showed normal growth and development on 
both shoot and root. Plantlets of all cultivars reached 12 cm in lengths after 30 days. In the salt treatments shoot 
elongation and root production decreased with the increase in salt concentration in culture (Table 1). In culture 
media with 750 ppm NaCl, plantlets were developed normally from the nodal cuttings of all the 25 cultivars 
similar to the control. The leaves and stems were succulent in all other treatments higher than 1000 ppm in 
majority of the cultivars tested. Mature and expanded leaves produced by the plantlets in high salt media 
showed burns in their mesophyll tissue and subsequently died. Salt burns were noticed on the older leaves first 
and then the younger ones. Shoot tip injury was also noticed. The symptoms appeared on the plantlets at high 
salinity in vitro were: succulent nature of stem and leaves, yellowish colour of stem and leaves, stunted growth, 
poor root development, shoot tip dying, and burns on mature leaf tissues. 

Among the 25 potato cultivars screened for salt tolerance in vitro, 12 cultivars showed tolerance up to 750 
ppm NaCl, 6 cultivars showed tolerance up to 1000 ppm NaCl and 7 cultivars showed tolerance up to 2000 ppm 
NaCl (Table 2; Figs. 1-3)). Based on the salt tolerance level, the potato cultivars were grouped in to three 
categories (Table 3) such as 1. Highly sensitive  (tolerance level 750 ppm), 2. Sensitive  (tolerance level 1000 
ppm) and 3. Tolerant (tolerance level 2000 ppm). 
 
Table 1: Effect of NaCl on potato cultivar Ajiba in vitro 

NaCl Conc. 
(ppm) 

Length (cm) No. of Nodes Leaf width 
(cm) 

Int. Nodal 
Length (cm) 

No. of Roots No. of Branches 

0 9.0 ± 0.3 7 0.2 1.1 ± 0.1 8 0 
750 6.5 ± 0 7 0.2 1.0 ± 0 6 0 
1000 3.0 ± 0.3 3 0.2 0.9 ± 0.1 4 2 
2000 1.9 ± 0.1 2 0.3 0.5 ± 0 2 2 
3000 1.0 ± 0 1 0.3 0.5 ± 0 1 2 
4000 1.0 ± 0 1 0.4 0.3 ± 0.1 0 2 

() Standard error; data from 20 replicates; experiment was repeated twice; data collected after 20 days. 
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Table 2: In vitro screened potato cultivars and their level of salinity tolerance  
S. NO. Cultivar Name NaCl (ppm) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Ajiba  
Almera  
Anabelle  
Arnova  
Atlas  
Bellini  
Charlotte  
Costanera  
Desiree  
Diamant  
Fontane  
Lola  
Maria-tropica  
Matador  
MF I  
MF II  
Nicola  
Primavera  
Rembrandt  
Safrane  
Sante  
Spunta  
Tacna 
Timate  
Unica 

  750 
1000 
1000 
2000 
  750 
2000 
  750 
2000 
2000 
1000 
  750 
  750 
  750 
  750 
2000 
  750 
1000 
2000 
  750 
  750 
1000 
1000 
  750 
2000 
  750 

 
Table 3: Grouping of potato cultivars based on NaCl tolerance 

 
Sensitive (750 ppm) 

 
Intermediate (1000 ppm) 

 
Tolerant (2000ppm) 
 

1. Ajiba 
2. Atlas 
3. Charlotte  
4. Fontane  
5. Lola  
6. Maria-tropica  
7. Matador  
8. MF II  
9. Rembrandt  
10. Safrane  
11. Tacna 
12. Unica 

1. Almera  
2. Anabelle  
3. Diamant 
4. Nicola  
5. Sante  
6. Spunta  

 
 

1. Arnova 
2. Bellini 
3. Costanera  
4. Desiree  
5. MF I  
6. Primavera  
7. Timate  

 

 

 
         1    2 

 

 
3 

 
Fig. 1-3: Effect of NaCl on potato plantlet growth in vitro. Fig.1. Potato cultivar MF-2; Fig. 2. Potato cultivar  
               Ajiba; Fig.3. Potato cultivar Armada. 
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Discussion: 
 
Potato is sensitive to salinity. Fresh water irrigation is necessary to get good yield. The yield decreases 

when the salinity increases in the soil. Desalination of the soil is an expensive process for potato production. 
Therefore, selection of salt tolerant cultivars is necessary for the economic production. Screening many potato 
cultivars in the field is difficult and time consuming. Therefore, tissue culture method was used to screen 25 
potato cultivars to identify the salt tolerant cultivars. 

High salinity causes hyperosmotic stress and ion disequilibrium that produce secondary effects in crops 
(Zhu, 2001). Saline stress induces several alterations on growth, cell division and metabolic activities (Wincov, 
1993). Similarly, higher concentrations of salt in the culture media greatly affected the shoot and root initiation 
and growth of potato plantlets in vitro. Shoot elongation and root elongation decreased corresponding to the 
increase of NaCl concentration in the culture media. Among the cultivars screened for the salinity tolerance 
seven cultivars showed tolerance up to 2000 ppm NaCl.  Majority of the potato cultivars screened in this study 
were sensitive to salinity. However, a few sensitive cultivars maintained in high salt media for longer time 
showed tolerance to high salinity. This is due to the physiological changes occurred in the plant cells to adapt 
them selves to the salt stress in vitro. Osmotic stress due to the salinity in the culture environment induces a 
specific cellular response (Csonka, 1989; Lucht and Bremer, 1994; Luyten et al., 1995) in the plant that is under 
stress to produce substances named osmoprotectants (Bohnert et al.,1995; Bohnert and Jensen, 1996). Similarly, 
potato plantlets of a few cultivars that developed tolerance to certain level of salinity during the subculture 
process may be produced osmoprotectants to adopt them selves to the saline environment in culture. From this 
result it is clear that stress tolerant plants could be developed through tissue culture methods. 

Genotypes within many crop species showed considerable differences in growth response to saline 
conditions (Jones and Qualset, 1984). Similar growth difference to salinity was noticed in different potato 
cultivars tested in the present study. Cultivars Arnova, Bellini, Costanera, Desiree, MF I, Primavera and Timate 
showed better shoot growth in the saline media containing 2000 ppm NaCl (4770 ppm MS basal salts + 2000 
ppm NaCl= 6770 ppm TDS). These cultivars can be used for the potato production in Kuwait. 
 
Conclusion: 

 
Tissue culture system can be used as a tool for the screening of stress tolerant genotypes from the existing 

cultivars. It is an easiest and less time consuming method for testing the salinity tolerance among the different 
potato cultivars. From this study it is clear that most of the potato cultivars are highly sensitive to salinity and 
some cultivars developed physiological adaptation to tolerate certain level of salinity from the environment. 
Among the 25 potato cultivars tested for salinity stress tolerance in vitro, seven cultivars showed tolerance up to 
6770 ppm TDS salinity in culture. Further study is required for the field confirmation of these cultivars towards 
their respective level of salinity tolerance prior to recommending these salt tolerant cultivars to the farmers. 
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