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Abstract. Laisina JKJ, Maharijaya A, Sobir, Purwito A. 2021. Drought adaptive prediction in potato (Solanum tuberosum) using in vitro 
and in vivo approaches. Biodiversitas 22: 537-545. Prediction of drought adaptive potatoes requires selection indicators. This study 
aimed to determine in vitro selection indicators for obtaining drought adaptive potato genotypes in vitro and in vivo. The in vitro study 
was performed using single-node explants from seven genotypes cultured for six weeks on MS medium added with 0.2 M sorbitol to 
achieve the research aims. The cultures were partially observed and followed by watering the in vitro tubing medium. For the in vivo 
study, drought stress was applied for 21 days when the plants reached 25 days after planting (DAP) and for 14 days when the plants 
reached 50 DAP, then plants were irrigated again until harvesting. The results showed that plant height and root length can be used as 
selection indicators because they had a relative decrease below 50%, a close relationship and had the same variance with the in vitro 

number of tubers, in vitro tuber fresh weight and in vivo tuber fresh weight in drought stress at 25 DAP. These characters were 
determinant characters for the clustering pattern in the heat map cluster analysis. Based on these characters, SSI analysis was also 
performed and it was found that the PKHT4 was more adaptive than the PKHT6 in vitro, but the two genotypes were classified in the 
medium adaptive in vivo. In conclusion, plant height and root length were determined as the in vitro selection indicators in predicting 
drought adaptive genotypes in vivo at the plant age of 25 DAP. 
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INTRODUCTION  

Potato production (Solanum tuberosum L.) in Indonesia 

in 2018 has been declined from the production in 2017 

about 86.88% of the target. One of the reasons was climate 

change, which caused erratic rainfall and drought. Drought 

occurs due to longer drought and higher evapotranspiration 

because of rising earth temperatures  (Lobell et al. 2011; 

Tardieu 2012). Potato plants are very sensitive to drought 
stress  (Coleman 2008; Obidiegwu et al. 2015). This is 

because potatoes have a shallower root system  (Iwama 

2008; Deguchi et al. 2015). Therefore, it is necessary to 

develop ideal potatoes that can maintain yields during a 

drought-stress condition. An ideal potato genotype is 

defined as an adaptive plant possessing the ability to use 

water efficiently when water resources are limited. To 

achieve that, breeders must formulate a detailed concept of 

the morphology, physiology, and attributes of the ideal 

genotype  (Acquaah 2007). Adaptive plant genotype 

screening requires morphological assessment indicators 

that are useful in the selection process. In fact, the 
measurement of morphological characters as an indicator in 

the field is difficult and takes a long time. This has led 

many researchers to seek a faster method for screening 

morphological characters that will be used as selection 

indicators. 

The in vitro selection method is developing rapidly 

nowadays because environmental influences can be 

controlled so that a homogeneous population can be created 

and also makes it easier to observe the root characteristics  

(Gopal and Iwama 2007). The in vitro drought selection 

method uses a selection agent in the form of an osmotic 

compound that can simulate drought conditions in the field. 

The development of an in vitro drought-tolerant potato 
screening method through determination of the appropriate 

level of sorbitol and PEG has been carried out by  (Gopal 

and Iwama 2007), using a PEG selection agent  

(Anithakumari et al. 2011; Barra et al. 2013; Bai et al. 

2016) and using the sorbitol selection agent to observe 

physiological responses in the form of proline and osmotic 

adjustment  (Albiski et al. 2012; Bündig et al. 2016). The in 

vivo selection method is a method that has been widely 

used to examine the morphological, physiological and yield 

responses of tubers  (Levy 1983; Levy 1992; Coleman 

2008; Li et al. 2017). In vivo selection can provide a closer 

description of the condition in the field than in vitro 
selection, but in vitro selection can be used as an initial 

screening for large populations. In vitro and in vivo 

selection can use morphological characters as selection 

indicators. According to  (Jambormias et al. 2013), a 

character that has no economic value can be selected as a 

selection indicator if it has a relationship with the economic 
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value characters. Determination of selection indicators can 

be performed using relative decrease analysis  (Bündig et 

al. 2016), while the relationship between in vitro selection 

indicators and in vivo tuber yields can be determined using 

multivariate analysis. According to Anshori et al. (2020) 

and Fadhli et al. (2020) multivariate analysis can simplify, 

reduce, and predict the relationship among many variables 

and objects. 

The effect of drought varies depending on the stage of 

plant growth and development  (Acquaah 2007; Obidiegwu 
et al. 2015). Therefore, it is necessary to ensure that the 

indicated drought adaptive genotype in vitro is an indicated 

drought adaptive genotype in vivo in the vegetative phase 

and the rooting phase, and to ensure the characters used as 

selection indicators can be used in the in vivo selection. It 

is important to conduct an examination in vivo because the 

drought response in vitro is the response of plantlets which 

are heterotrophic plants. Meanwhile, the response of plants 

in vivo is the response of autotrophic plants, so that there 

may be a difference in response. If a genotype has the same 

adaptive response both in vitro and in vivo, then the 
selection accuracy of the adaptive genotype will be higher. 

Previous in vitro drought selection studies only reached 

drought screening on germination media and were not 

followed up by investigation at the in vitro tubing yields, so 

that the certainty of in vitro characters as selection 

indicators that were positively correlated with in vitro 

rooting was not obtained. To answer the above problems, 

the aims of this study were to obtain characters that can be 

used as selection indicators in the in vitro germination 

induction media and to describe the relationship between 

the indicated characters as in vitro selection indicators and 
both in vitro and in vivo tuber yields. Therefore, drought 

adaptive genotype prediction in vivo, besides using tuber 

yields, can also be performed using vegetative characters in 

vitro. The results of this study are expected to provide basic 

information in a faster and easier process of forming 

drought adaptive potato genotypes. 

MATERIALS AND METHODS  

Study area  

The experiment was conducted at the Laboratory of 

Center for Tropical Horticulture Studies (CTHS/PKHT), 

IPB University, Bogor, Indonesia starting from February 

2018 to August 2019. Experiments for in vivo screening of 
drought-tolerant potato were performed at the PT Champ 

screen house in Tambakbaya Village, Cisurupan Sub-

district, Garut District, West Java, Indonesia with altitude 

between 1,000-1,300 m asl starting from November 2019 

to  February 2020. 

Procedures 

Genotype 

This study used seven potato genotypes consisting of 

five potatoes in vitro genotype collections, namely PKHT3, 

PKHT4, PKHT6, PKHT9, and PKHT10; and two 

commercial genotypes (Granola and Atlantic) as a 
comparison. For the in vivo, four PKHT genotypes 

(PKHT4, PKHT6, PKHT7, PKHT9) and two commercial 

genotypes (Granola and Atlantic) as a comparison were 

used. The six genotypes in the PKHT laboratory collections 

were the breeding results of Center for Tropical 

Horticulture Studies, and Agronomy and Horticulture 

Department, IPB University, Bogor, Indonesia, and their 

performance has been well studied (Table 1).  

In vitro drought adaptive screening 

The experiment was started with plant propagation. 

Plant propagation using the basic media of Murashige 
Skoog (MS), sucrose 30 g.L-1 and a solid agar compactor 7 

g.L-1. Plants were cultured in propagation media for three 

weeks. Afterward, their shoot cuttings were transferred to 

the treatment medium. The results of research by Gopal 

and Iwama (2007) and Bundig et al. (2016) showed that 0.2 

M sorbitol can be used as a drought induction agent in 

potato micro cuttings induction media. Sorbitol with 

concentration of 0.2 M was used as a dryness induction 

agent in potato micro-cuttings induction medium. The 

composition of the in vitro screening media followed the 

previous study conducted by Gopal and Iwama (2007) in 
the form of MS + sucrose 30 g.L-1 + agar 7 g.L-1 + sorbitol 

0.2 M with the water potential of-1.35 MPa. Before being 

transferred to a culture bottle (size 150 mm x 25 mm), the 

pH of media was adjusted to 5.7 ± 1.0. Only shoots were 

transferred to the treatment medium and were cultured at 

temperature of 19.7-20°C for six weeks with 24-hour 

irradiation using white fluorescent lamps that generated 

100 μmol m-2s-1 per day. 

The 6-weeks after planting (WAP) aged plantlets were 

taken out of the bottle. For each plantlet per genotype, the 

foliage was cut from the roots and the plantlet height was 
measured as the main stem length from the base to the tip. 

The sample was weighed as the foliage fresh weight, and 

after drying it was weighed as the foliage dry weight. The 

roots were washed to remove the sticky agar medium. The 

samples were measured for the root length and weighed as 

the root fresh weight, and after drying it was weighed as 

the root dry weight. To obtain dry weight, the foliages and 

roots were dried using an oven at 70 °C for 48 hours. 

 

 

 
Table 1. The performance of the seven genotypes of potato G1  
(Neni et al. 2018) 
 

Genotype Plant 

height (cm) 

Harvesting age 

(DAP) 

Yield per 

hectare (ton) 

PKHT3 Short 110 1.47 

PKHT4 Short 110 2.74 
PKHT6 Short 110 18.32 
PKHT9 Short 110 1.92 
PKHT10 Short 110 5.14 
Granola Short 100 0.04 
Atlantic Short 110 0.062 

Note: Based on UPOV (International union for the protection of 
new varieties of plant), very short < 44cm; short 44-49.9 cm; 

medium 50-54.9 cm; high 55-59.5 cm; very high > 59.9 cm. 
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In vivo drought adaptive screening 

Experiments were conducted in a screen house at 

average temperature and humidity of the last span of 10 

days (dasarian III) in November and December of 31.9 °C 

and 46.9 %, January of 25.6 °C and 72.2 %, February of 

23.3 °C and 90.3 %. In vivo drought-tolerant potato 

screening was performed at the nursery stage to produce G0 

seeds. Plantlet from the tissue culture was removed from 

the bottle and then was acclimatized until the plants were 

21 DAP. Two small pieces of shoots were then cut and 
acclimatized. This process was repeated three times. The 

plants were transferred and planted in one-kilogram 

polybags using sterilized rice husk media. A hole with a 

diameter of one cm was made on the left and right sides of 

the polybags. Irrigation was performed by administering 

nutrients in the morning and pure water at noon, but when 

the humidity was high, irrigation at noon was eliminated. 

Nutrition was made based on Standard Operating 

Procedures (SOP) applied at the PT Champ Garut nursery 

(Table 2).  

The experiment used a completely randomized design 
with two treatments consisting of drought starting at plants 

aged 25 DAP and 50 DAP. Each treatment was repeated 

four times for each genotype. When entering the research 

treatment stage, the plants were divided into three groups. 

According to Coleman (2008), in vivo drought treatment 

was obtained through non-irrigated plants for 21 days, so in 

this study, the first group was not irrigated for 21 days 

when the plants were 25 days old, the second group was 

not irrigated for 14 days when the plants were 50 days old, 

and the third group was irrigated daily according to the 

SOP used as a control. After 21 days of drought treatment, 
the irrigation was reperformed until harvest, in which the 

amount of watering was according to the plant age (Table 

2). 

The tubers were harvested, then the tuber fresh weight 

per plant was measured. The number of tubers per plant 

and the tuber dry weight were calculated after the tubers 

were dried in an oven at 100 °C for 48 hours. 

Data analysis 

Data processing was performed using SAS 9.1.3 

software to analyze the variance (ANOVA). The analysis 

of the biplot main components, Spearman correlation and 

heatmap cluster were performed using Star software. 
Relative decrease was determined according to Bundig et 

al. (2016):  

 

 

 
Table 2. Irrigation procedures in the nursery of potato G0 
 

Plant age 

(day) 

Nutrition (liter) in 

the morning / 36 

polybags 

Pure water (liter) at 

noon / 36 polybags 

0-30 3 2 
31-60 3 3 
61-85 4 4 
86-90 2 2 
90-harvest Dried Dried 

 

PR     

 

Where:  
P0: the observed characters in the control 

Ps: the observed characters in sorbitol concentrations 

 

Determination of sensitive and adaptive potato 

genotypes was performed using the stress susceptibility 

index (SSI) test according to Fischer and Maurer (1978):  

 

SSI   

 

Where:  

Ps: the observed characters in the sorbitol 

Pc: the observed characters in the control 

Mean Ps: mean of all genotypes in the sorbitol 

Mean Pc: mean of all genotypes in the control 

RESULTS AND DISCUSSION 

Morphological responses of seven potato genotypes in 

0.2 M sorbitol medium in vitro 

The results of the analysis of variance showed that the 

tested genotypes (Table 3) were very significantly different 

(P<001) in the character of plant height (0.83) and root 

length (2.52), while sorbitol as a selection agent was very 

significantly different (P<001) in the character of plant 

height (5.24) and significantly different in the character of 

the root length (0.10). Likewise, the interaction between 

genotype and sorbitol (GXS) only occurred in both 
characters of plant height (0.21) and root length (1.17), 

while the characters of foliage fresh weight, foliage dry 

weight, root fresh weight and root dry weight had no 

interaction between genotype and sorbitol. Therefore, the 

best genotypes in the control were also the best genotypes 

when stressed by drought. 

The relative decrease analysis results showed that the 

character of plant height and root length was below 50%. 

The relative decrease of the two characters was 46.79% and 

42.76%, respectively. Although the relative decrease in 

foliage dry weight was the lowest, the ANOVA showed 

that there was no interaction between the tested genotypes 
and sorbitol for this character. If there was no interaction, 

there will be no difference in the response of the tested 

genotypes on media without sorbitol and media with 

sorbitol, so it will be difficult to select adaptive genotypes. 

Therefore, based on these results, plant height and root 

length were determined as in vitro selection indicators. 

Yield characters of potato genotypes in response to 

drought condition  

The ANOVA results in Table 4 showed the different 

responses of potato tubing among genotypes grown both in 

vitro and in vivo at drought conditions. In this term, we 
compared those yield characters of in vitro plantlets at 

vegetative growth phase, 25 day-olds in vivo plants, and 50 
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day-olds in vivo plants, respectively. The ANOVA results 

showed significant differences in response between 

genotypes on the three in vitro characters, in vivo drought 

treatment at age 25 and age 50 DAP, except that the in 

vitro number of tubers of genotype was not significantly 

different. There was no difference between control and 

drought stress on the in vitro number of tubers and in vivo 

tuber dry weight in drought stress at 25 DAP. In contrast, 

there was a difference between control and drought stress 

conditions on other characters both in vitro and in vivo in 
drought stress at 25 and 50 DAP. The interaction between 

genotype and drought was significant (p<0.005) differences 

only found on the character of the in vitro number of tubers 

and were very significant (p<0.001) on the in vivo tuber 

dry weight at the age of 50 DAP. At the same time, there 

was no interaction with other characters. 

Furthermore, to examine the relationship between in 

vitro selection indicators and tuber yield characters, a 

correlation analysis was performed. The results of the 

correlation analysis between plant height and root length as 

in vitro selection indicators and in vitro potato tubing 

(Table 5 and Figure 1) showed that there was a significant 

correlation between plant height and the in vitro number of 

tubers (r = 0.992) and in vivo tuber fresh weight at 25 DAP 

(r = 0.816). A significant correlation was also found 

between root length and in vitro tuber fresh weight (r = 

1.00). The in vitro number of tubers also had a good 

correlation with in vivo tuber fresh weight in drought stress 

at 25 DAP. This relationship indicated that the in vitro 

characters could predict a drought tolerance in vivo at plant 

age of 25 days (r = 0.816). In vivo tuber fresh weight in 
drought stress at 25 DAP also had a significant correlation 

with its dry weight. However, in vitro plant height and root 

length were not significantly correlated with in vivo dry 

weight in drought stress at 25 DAP. All in vitro characters 

showed insignificant relationship on the in vivo characters 

in drought stress at 50 DAP. A significant relationship was 

only found between the characters of in vivo tuber fresh 

weight at 50 DAP and tuber dry weight at 50 DAS. This 

insignificance indicated that the in vitro drought treatments 

cannot predict the drought tolerance properties in vivo at 

plant age of 50 days. 
 

 
 
Table 3. Analysis of variance and relative decrease in shoot and root characters of seven potato genotypes at a sorbitol concentration of 

0.2 M and control in vitro 
 

Source of 

variance 

ANOVA of characters 

PH FFW FDW RL RFW RDW 

Genotype 0.83** 0.00021 0.00006 2.52** 0.0002 0.0000006 
Sorbitol 5.24** 0.003** 0.00007 0.10* 0.0013 0.0000022 

Interaction 0.21* 0.0024 0.00005 1.17* 0.0001 0.0000009 
CV 9.508 1.508 1.182 26.78 2.51 0.104 
        
Genotype Relative decrease of characters 
PKHT3 51.75 63.50 24.03 31.10 70.28 88.25 
PKHT4 26.25 13.35 0 32.81 80.74 67.54 
PKHT6 29.04 65.62 65.38 35.26 55.02 22.22 
PKHT9 46.43 60.56 10.59 61.63 83.09 56.67 

PKHT10 49.76 73.38 48.52 57.59 50.49 68.78 
GRANOLA 56.40 61.44 41.86 38.84 79.29 49.61 
ATLANTIC 67.92 77.14 43.69 42.11 61.70 53.87 
Average 46.79 59.28 33.41 42.76 68.66 58.13 

Note: PH: Plantlet Height (cm); FFW: Foliage Fresh Wight (g/planlet); FDW: Foliage Dry Weight (g/planlet); RH: Root Height (cm); 
RFW: Root Fresh Weight (mg/planlet); RDW: Root Dry Weight (mg/planlet).* significant at P<0.005; ** very significant at P<001; 
CV: Coefficient of Variance 
 

 
 
Table 4. Responses of tubing of seven potato genotypes in vitro at a sorbitol concentration of 0.2 M and drought stress for 21 days in 
vivo in potato plants at 25 and 50 DAP 
 

Genotype 
In vitro 

In vivo 

Dry at 25 DAP 

In vivo 

Dry at 50 DAP 

NTvt TFWvt TDWvt NTv1 TFWv1 TDWv1 NTv2 TFWv2 TDWv2 

Genotype 0.18tn 0.11** 0.02** 2.01** 7.73** 1.44** 1.56** 7.34** 1.23** 
Drought 0.14tn 0.08* 0.04* 1.04* 13.18** 1.17tn 1.48** 35.80** 6.73** 
Interaction 0.21* 0.006tn 0.006tn 0.460tn 0.29tn 0.17 tn 0.18tn 0.55 tn 0.09** 
CV 23.95 29.00 39.8 19.14 23.74 28.41 18.74 24.02 24.97 

Note: NT: Number of Tubers, TFW: Tuber Fresh Weight, TDW: Tuber Dry Weight, vt: in vitro; v1: drought treatment (without 

irrigation for 21 days) when the in vivo plants aged 25 days; v1: drought treatment (without irrigation for 21 days) when the in vivo 
plants aged 50 days.* significant at P<0.005; ** significant at P<001; CV: coefficient of variance 
 
Table 5. The relationships based on Pearson correlation between selection indicators and tuber characters in vitro and in vivo 
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Character PH RL NTVt TFWVt NTVv1 TFWVv1 TDWVv1 NTVv2 TFWVv2 

RL 0.236 
        

NTVt 0.992 0.150 
       

TFWVt 0.236 1.000 0.150 
      

NTVv1 0.303 -0.652 0.303 -0.652 
     

TFWVv1 0.816 0.455 0.816 0.455 -0.192 
    

TDWVv1 0.491 0.186 0.491 0.186 -0.245 0.856  
  

NTVv2 -0.257 0.242 -0.246 0.242 -0.035 -0.375 -0.562 
  

TFWVv2 0.055 0.291 -0.004 0.291 -0.244 0.336 0.560 -0.160 
 

TDWVv2 0.163 0.085 0.169 0.085 -0.205 0.448 0.563 0.106 0.808 

Note: PH: Plant Height, RL: Root Length, NT: Number of Tubers, TFW: Tuber Fresh Weight, TDW: Tuber Dry Weight 

 

 

To sharpen the relationship analysis between characters, 

a biplot analysis was performed (Figure 2). The biplot 

analysis can examine the relationship between characters 
without overlapping variance and determine which 

characters dominate the differences due to drought stress. 

The biplot analysis results supported the results of the 

correlation analysis. Most of the characters relatively had 

the same variance direction, except for the in vivo number 

of tubers at 50 DAP and the in vivo number of tubers at 25 

DAP. The same variance direction characters were 

obtained in in vivo tuber fresh weight at 25 DAP, in vivo 

tuber dry weight at 25 DAP, in vitro number of tubers, and 

plant height, which had the largest variance. Based on the 

results, the determination of adaptation properties was 
strongly affected by root length, plant height, in vitro 

number of tubers, in vitro tuber fresh weight, in vivo 

number of tubers at 25 DAP, in vivo tuber fresh weight at 

25 DAP, in vivo tuber dry weight at 25 DAP, in vivo 

number of tubers at 50 DAP. However, characters with a 

close relationship with plant height and root length were 

the in vitro number of tubers, in vitro tuber fresh weight 

and in vivo tuber fresh weight at 25 DAP. 

The tolerance level to drought based on the characters 

of morphology, in vitro and in vivo potato tubers 

The results of the correlation and biplot analysis 

showed five characters that had a close relationship. To 
examine the clustering pattern of the five characters, a heat 

map cluster analysis was performed. Based on the heat map 

cluster analysis (Figure 3), the character of in vivo tuber 

fresh weight at 25 DAP was the determinant of the main 

clustering pattern and then sharpened by the characters of 

root length, in vitro tuber fresh weight, plant height, and in 

vitro number of tubers. These findings strengthened the 

analysis that the characteristics of plant height and root 

length, which were used as in vitro selection indicators 

were closely related to the in vitro tuber fresh weight and 

the in vivo tuber fresh weight at 25 DAP. In addition, based 
on the results of the heat map cluster, PKHT4 and PKHT6 

were the most adaptive genotypes among the seven tested 

genotypes. This is in line with the relative decrease analysis 

results in the characters of plant height and root length 

(Table 3), in which the genotypes that had the lowest 

relative decrease were PKHT4 and PKHT6. From the 

average of root length characters of the PKHT4 and 

PKHT6, these two genotypes had the highest root length. 

Meanwhile, the plant height characters of PKHT4 and 

PKHT6 genotypes were not the genotypes with the highest 

plant height. This is because each genotype has a different 

plant height under normal conditions. 

Cluster heatmap  

The tolerance level of the tested genotypes based on the 

morphological characters used as in vitro selection 

indicators at drought stress is presented in Table 6. The 

lowest sensitivity index on the plant height character was 

PKHT4, followed by PKHT6 in the tolerant category. For 

the root length character, the lowest sensitivity index was 

PKHT3, followed by PKHT4 and PKHT6, in which 

PKHT3 and PKHT4 were included in the tolerant category, 

while PKHT6 was included as medium tolerant. Although 

PKHT3 had the lowest sensitivity index on the root length, 
PKHT3 had a high sensitivity index on the character of 

plant height and included in the sensitive category. 

Likewise, for PKHT9 and PKHT10, these genotypes were 

tolerant on the plant height characters, but these two 

genotypes were categorized as sensitive plants on the root 

length characters. From the average root length character, 

PKHT4 and PKHT6 genotypes had the highest root length, 

while these two genotypes were not the genotypes with the 

highest plant height. This is because each genotype has a 

different plant height under normal conditions. 

To determine the adaptation level between genotypes, 

the drought stress susceptibility index (SSI) was calculated 
based on the selection indicator characters and tuber 

characters in vitro and in vivo which were closely related 

(Table 6). The results of SSI calculations based on the in 

vitro characters showed that PKHT4 was the adaptive 

genotype, and PKHT4 was changed to the medium 

adaptive category on the in vivo tuber fresh weight 

character in drought stress at 25 DAP. PKHT6 was also 

adaptive on the characters of plant height and in vitro 

number of tubers, while it was included in the medium 

adaptive category on the characters of root length and in 

vitro tuber fresh weight and in vivo tuber fresh weight at 25 
DAP. Other genotypes such as PKHT3 and PKHT10 were 

determined in the adaptive category or medium adaptive, 

but these genotypes were not consistent in all characters 

because there were sensitive categories for other characters. 

PKHT9, Granola and Atlantik genotypes were categorized 

as sensitive because these genotypes were sensitive on the 

in vivo tuber fresh weight at 25 DAP, although some of the 

in vitro characters were categorized as medium adaptive. 
 
 

Table 6. Adaptation level based on selection indicators and tuber characters in vitro and in vivo which are closely related 
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Genotype 
In vitro selection indicators In vitro tubers 

Genotype 
In vivo tubers at 25 DAP 

PH RH NT TFW TFW 

PKHT3 1.037=S 0.697=A 1.04=S 0.70=A PKHT4 0.82=MA 
PKHT4 0.526=A 0.736=A 0.53=A 0.74=A PKHT6 0.83=MA 
PKHT6 0.528=A 0.791=MA 0.53=A 0.79=MA PKHT7 0.81=MA 
PKHT9 0.930=MA 1.382=S 0.93=MA 1.38=S PKHT9 1.11=S 
PKHT10 0.997=MA 1.491=S 0.90=MA 1.49=S Granola 1.27=S 

Granola 1.130=S 0.871=MA 1.13=S 0.87=MA Atlantic 1.38=S 
Atlantik 1.361=S 0.944=MA 1.36=S 0.94=MA   

Note: PH=Plant Height; RH=Root Height; NT=Number of Tuber; TFW=Tuber Fresh Weight (g/plant); very adaptive (VA) = (SSI<0.5), 
adaptive (A) = (SSI=0.51-0.75), medium adaptive (MA) = (SSI=0.76-1), Sensitive (S)= (SSI>1) 
 
 

IN VITRO IN VIVO 

  
Figure 1. Potato tubing in drought media in vitro (left) and tubing in drought in vivo (right) 
 

 

 

Figure 2. Biplot analysis based on selection indicators and tuber 
characters in vitro and in vivo. PH: Plant Height; RL: Root 
Length; NT: Number of Tubers; TFW: Tuber Fresh Weight 
(g/plant); TDW: Tuber Dry Weight (g/plant); vt: in vitro; v1: 
drought treatment (without irrigation for 21 days) when the in 
vivo plants aged 25 days; v1: drought treatment (without 
irrigation for 21 days) when the in vivo plants aged 50 days 

 

 

Discussion 

Direct selection of drought adaptive genotypes in the 

field has many obstacles, i.e., required water vary from 

year to year causing a difference in selection stress from 

one cycle to another and will cause loss of genetic material 

(Aquaa 2007), it also requires a longer time and more 

difficult treatment, especially for root characters  (Gopal 

and Iwama 2007);  (Levy et al. 2013; Bündig et al. 2016). 

Therefore, in vitro drought adaptive selection is one of 

promising ways to prevent loss of genetic material, 
accelerate and simplify the selection process. Potato 

drought conditions in vitro induced by sorbitol to in vitro 
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media have been applied by  (Gopal and Iwama 2007). 

They reported that 0.2 M sorbitol could be used as a 

selection agent. This was later strengthened by  (Albiski et 

al. 2012) and  (Bündig et al. 2016)  

Plant morphological character tolerance to drought 

conditions is one of the main criteria for the experimental 

approach  (White et al. 2012). In this study, the responses 

of foliage and root morphological characters of in vitro 

plants under drought condition were shown in the analysis 

of variance which indicated an interaction between 
genotype and sorbitol only on the characters of plant height 

and root length (Table 3), this finding is in agreement with 

Gopal and Iwama (2007). The interaction means that there 

was a genotype with the highest root height and length in 

the control condition. However, in drought conditions, 

plant height and root length of the genotype were not the 

highest. The genetic diversity of varieties causes 

differences in plant height in cultivars  (Ali et al. 2018) and 

it will be confusing in analyzing the adaptability if plant 

genotypes experienced unhomogenously plant height 

growth. Therefore, in assessing the adaptability to drought, 
the relative reduction analysis should be performed. 

According to Bündig et al. (2016), a small relative decrease 

in growth indicates that these plants are more adaptive to 

drought than genotypes that have a greater relative decrease 

in growth. Relative decrease in plant height and root length 

characters was small below 50% compared to other 

morphological characters, except for the foliage dry weight 

character, there was no interaction based on analysis of 

variance. Therefore, only the characters of plant height and 

root length were used for further analysis to examine the 

relationship with tuber characters and also in the selection 
of genotypes with good adaptation. 

In developing potatoes that can adapt well to drought, 

the main goal is to achieve good tuber yields during 

drought conditions. Although when it compared to tuber 

yields without drought stress, the yields will still be lower 

because drought during the growth and development stage 

can lead to decreased quality and quantity of yields  

(Acquaah 2007). The results of ANOVA (Table 4) showed 

that all characters experienced a change in quantity under 

stress condition because there was a difference in the 

response of the tubing in genotypes due to drought, except 

for the character of the in vitro number of tubers and the in 
vivo tuber dry weight at 25 DAP. The absence of genotype 

and drought interaction in vivo in most tuber characters 

was due to the tuber yields of the genotype of the IPB 

PKHT collection in the control and stressed environments 

with higher tuber yields than the comparison genotypes. 

This shows the difficulties if the tuber character is used as 

selection indicators. 

The relationship between plant height and root length as 

selection indicators and in vitro and in vivo tubing 

characters was shown in the results of the correlation 

analysis (Table 5) and sharpened by the biplot analysis 
(Figure 1). These two analyses complement each other 

indicating from the correlation value (r = 1) between the 

characters of root length and in vitro tuber fresh weight. 

The biplot analysis also described that the two characters 

had the same direction and magnitude so that they were 

overlapped. Likewise, the character of plant height had a 

close relationship with the in vitro number of tubers (r = 

0.992) which also showed the same direction and almost 

the same magnitude so that they were overlapped with each 

other. Meanwhile, between plant height and in vivo tuber 

fresh weight in drought stress at 25 DAP (r = 0.816), the 

biplot analysis showed the two characters had a variance in 

the same direction and the angle between the two 
characters was smaller than 90°. According to Neni et al. 

(2018) and Hetharie et al. (2018), vectors between 

characters with an angle of 90° have a distant relationship, 

and the farther from the point of origin, the characters will 

be more diverse. This means that angles smaller than 90° 

have a close relationship and the longer vector will result in 

more diverse characters. In vivo tuber, fresh weight in dry 

stress at 25 DAP was the character with the longest vector 

so that this character had high diversity. In the heat map 

cluster, this character became the determining pattern for 

the main cluster and sharpened by the characters of root 
length, in vitro tuber fresh weight, plant height, and in vitro 

number of tubers. These results strengthen that root length 

and plant height can be used as selection indicators. 

Based on the determinant characters of the main 

clustering pattern, the PKHT4 and PKHT6 genotypes were 

the most adaptive genotypes among the seven tested 

genotypes (Figure 2). Likewise, the analysis of the relative 

decrease in the characters of plant height and root length 

resulted in good adaptive genotypes and the lowest growth 

relative decrease were PKHT4 and PKHT6. From the 

average root length characters, the PKHT4 and PKHT6 
genotypes had the highest root length. Meanwhile, the plant 

height characters of PKHT4 and PKHT6 genotypes were 

not the genotypes with the highest plant height. This is 

because each genotype has a different plant height under 

normal conditions. Although there were genotypes such as 

PKHT10 and PKHT9 that had a relative decrease in the 

plant height character below 50%, the relative decrease in 

the root length character was more than 50%. Meanwhile, 

PKHT3, Granola and Atlantic had a relative decrease in the 

root length character below 50%, but the relative decrease 

in the plant height character for these three genotypes was 

above 50%. If the genotype had a relative decrease of 
below 50% only in one of the characters used as selection 

indicators, then the genotype is not selected as a candidate 

for drought adaptive potato genotype. The selection of root 

length character as a selection indicator is in line with  

(Acquaah 2007; Gopal and Iwama 2007; Iwama 2008; 

Levy et al. 2013; Bündig et al. 2016) which stated that the 

root character is one of the important characters in the 

development of drought-resistant genotypes. Likewise, 

based on the results of SSI analysis, PKHT4 and PKHT6 

were categorized as adaptive and medium adaptive 

genotypes. PKHT4 was more adaptive than PKHT6 in the 
in vitro medium, but PKHT4 and PKHT6 were classified in 

the same adaptation category of the medium adaptive in 

vivo to drought stress at 25 DAP. 
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Figure 3. Classification of in vitro selection indicators and in vivo tuber characters as responses to drought stress (abscissa), and 
classification of drought-tolerant/adaptive and sensitive genotypes (vertical) based on the heatmap clusters 
 

 

 
This study concluded that the determination of in vitro 

selection indicators based on the analysis of relative 

decrease, the relationship between selection indicators and 

tuber yield characters, and the use of SSI analysis is very 

useful in determining the drought adaptive genotypes. In 

this study, the characters of in vitro root length and plant 

height were determined as selection indicators because 

these characters could predict in vivo drought adaptation of 

potato at 25 DAP. However, these characters cannot predict 

in vivo drought adaptation of potato at 50 DAP. PKHT4 

and PKHT6 were determined as drought adaptive 
genotypes. Characters that were used as selection indicators 

in this study, especially the character of plant height, 

should be further tested with a larger population and higher 

genetic diversity. 
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