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Abstract

Introduction

Potato (Solanum tuberosum L.) is one of the most important crops worldwide. It is vegetatively
propagated using pieces or whole potato tubers, but a virus infection causes crop reduction to
almost a half or even one third, which varies from place to place and from season to another.
Micropropagation is the practice of rapidly multiplying stock plant material to produce many
progeny plants, using modern plant tissue culture methods. Microtuberization in potato needs
the right interaction between several factors such as cyto, sucrose and osmotic stress. The purpose
of present study was to investigate microtuberization efficiency of three potato cultivars under
osmotic stress and in vitro conditions.

Materials and Methods

This experiment was carried out based on completely randomized design (CRD) in three
replications. Potato seeds of three cultivars (Agria, Savalan and HPS-11/67) were cultured on
Murashige and Skoog (MS) medium. After proliferation, plantlets were transferred to the media
containing nine treatments with polyethylene glycol hydrogel (PEG) at four levels (0.003, 0.006,
0.009, 0.012 M), sorbitol at four levels (0.1, 0.2, 0.3, and 0.4 M). For this purpose, potato quality,
microtuberization percentage, proline concentration, chlorophyll content, and Catalase (CAT)
and superoxide dismutase (SOD) activities were measured.
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Results and Discussion

The results showed that plantlets grown under non-stressed conditions (control) possessed
higher rates of leaf number, new shoot length and proliferation index compared to the under
stressed conditions. Agria cultivar presented better growth characteristics under stressed
conditions compared to other experimental cultivars. The highest potato destruction was
observed at 0.012 M PEG in Savalan cultivar followed by 0.4 M sorbitol in all cultivars.
Microtuberization percentage increased in all three cultivars by stress conditions, in which it
increased with progressing in stress levels. The greatest percentage of microtuberization was
obtained from Agria cultivar at 0.003 M PEG. Compared to the control, proline concentration,
and also CAT and SOD activities increased under stress conditions. Moreover, total chlorophyll
content decreased under the stress conditions in comparison to the control. Generally, based on
the results, maximum rates of microtuberization and viability were observed in Agria followed by
HPS-11/67, and the highest microtuber weight was obtained in HPS-1I/67 cultivar. When plants
are faced to stress conditions like osmotic stress, free radicals such as reactive oxygen species
(ROS) increases. On the other hand, plants use different strategies to scavenge the generated ROS.
The reduction of chlorophyll content and increases of antioxidant enzyme activities are due to
increase of ROS under osmotic stress conditions.

Conclusion
At slight stress conditions, potato plants utilize the strategy to generate more tuber. Therefore, the
lower concentrations of PEG can be introduced as a stimulator of microtuber.
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Table 1. The different treatments of osmotic stress in vitro condition

Treatments Medium

Concentration (molar)

Potential (MPa)

1 Control

Sorbitol

PEG

OO NI Ul W

-0.80

0.1 -1.00
0.2 -1.35
0.3 -1.70
0.4 -2.05

0.003 -1.00
0.006 -1.10
0.009 -1.20
0.012 -1.30
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Figure 2. Fertilization stage in MS nutrient
solution containing growth regulators

Figure 1. Seed culture in MS nutrient solution
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Table 2. Analysis of variance of different poly ethylene glycol and sorbitol levels on morphological
traits of three potato varieties during osmotic stress

g %) by = g g

T X 0§ % =2y 5§ T Ot s§ ok
Source of variation 5 s ) 2 3 g 55 8 5 £ =S 2

s < £ E E2 sE E E 55 TE

» 2z £ & FF 3 0z % 7%

= = & = B E
Cultivar 2 702,147 3.82" 5.08" 106.86"  5057.39" 0.62” 253.77" 179.127 41.16"
Treatment 8 4034.65" 548.13" 277.67" 5656.58" 233637 0.49" 7.95 111177 21.69”
Treatment x Cultivar 16 91.3" 22857 2557 2697 314.9" 0.03" 837 625" 287
Error 54 11.63 0.318 0.79 5.75 64.89 0.01 5.18 4.52 0.91
Coeff var 10.92 10.52 11.39  7.83 13.97 1693 10.7 25.9 23.34

** Significant at 1% probability level respectively; Abbreviations: FW: Fresh weight, DW: Dry weight, NS: New shoot.

Table 3. Mean comparison for different concentrations of poly ethylene glycol and sorbitol on

morphological traits in three digits potato affected by osmotic stress in vitro condition
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Control 79.33a 10.60a 0l 54.66ab  0.74b 0.35¢ 11.87v 6.00b 9.40b

Agria + 0.003 PEG 66.33b  9.86a 11.30k  58.66a  0.75b 0.36¢ 12.00¢ 6.03b 9.40b
Agria + 0.006 PEG 53.67d  8.20b 2343gh 35.66d  0.73b 0.34c 11.97¢ 5.80bc  8.40d
Agria + 0.009 EPG 33.30gh  4.70e 35.13e 25.66ef  0.46d 0.22de  6.80fg 426de  6.20i

Agria + 0.012 PEG 1530k 2.93gh  4627c  6.60g  025f  0.09g  503gh 246f  5.60jk
Agria + 0.1 Sorbitol 34.67g  596cd 877k 4500c  0.71bc  0/33c 10.03d  5.06c 9.70b
Agria + 0.2 Sorbitol 15.67ij  4.40ef  22.40gh 31.66e  0.64c 0.27cd  11.23cd  5.30c 8.50d
Agria + 0.3 Sorbitol 10.00lm  2.66hi 42.83cd  7.60g 0.32de  0.11f 5.20g 2.70f 5.70j

Agria + 0.4 Sorbitol On 0j 100a 0i Og Oh 0j Oh ol
Control 68.33b 9.83a 0l 49.33bc  0.87ab 0.45b 14.17b 7.30ab 10.60a
HPS + 0.003 PEG 44.30f 7.73b 10.96k 53.66b 0.96a 0.50a 15.93a 7.66a 10.20ab
HPS + 0.006 PEG 25.000i 5.26de 18.96hi  28.33ef  0.89ab 0.43b 15.40ab  7.20ab 9.50b
HPS + 0.009 PEG 19.30i 3.93fg 26.40f 22.30f 0.38d 0.23de 9.93e 4.70d 8.60d
HPS + 0.012 PEG 7.00mn 3.10g 42.10cd  5.60g 0.22f 0.11f 7.10f 3.50e 6.90gh
HPS + 0.1 Sorbitol 26.00i 6.27cd 11.80k 43.66¢ 0.71bc 0.41b 11.30cd  5.50c 10.30a
HPS + 0.2 Sorbitol 13.00kl  4.25ef 28.75f 30.00e 0.75b 0.40b 10.60d 4.60d 9.00c
HPS + 0.3 Sorbitol 5.30mn  2.56i 44.17c 6.60g 0.24f 0.12f 5.30¢g 3.10ef 7.00gh
HPS + 0.4 Sorbitol On 0j 100a 0i 0g Oh 0j Oh 0l
Control 66.00bc  9.60a 0l 39.30cd 0.30de  0.30c 4.90h 5.50c 8.20de

Savalan + 0.003 PEG 60.00cd  8.20b 17.50ij 43.66¢ 0.33de 0.30c 5.70g 5.40c 8.10de
Savalan + 0.006 PEG 50.00ef 6.30cd  22.80gh 27.66ef 0.31de 0.31c 5.20g 4.10de 7.60f
Savalan + 0.009 PEG 36.00g  6.30cd  44.20c 21.30f 0.21fg 0.20e 4.30h 3.80e 6.60hol
Savalan + 0.012 PEG 1450kl 2.90gh  51.40b  4.60h 0.08fg 0.08¢g 2.451 2.10f 5.40k
Savalan + 0.1 Sorbitol ~ 45.00f  7.00bc  13.20jk  36.00d  0.28e 0.27c¢d  5.30g 5.10c 7.90e
Savalan + 0.2 Sorbitol ~ 26.50hi  5.95cd  23.00gh 28.66ef  0.23f 0.25d 4.25h 3.40e 7.16g
Savalan + 0.3 Sorbitol ~ 12.00kl ~ 2.80hi 40.60d  5.60g 0.095fg  0.31c 2.60i 2.30f 5.70j
Savalan + 0.4 Sorbitol ~ On 0j 100a 0i Og 0Oh 0j Oh 01

Numbers followed by the same letter are not significantly different (P<0.05), LSD test (95% confidence level).
Abbreviations: FW: Fresh weight, DW: Dry weight, NS: New shoot.
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Figure 3. Different concentrations of poly ethylene glycol and sorbitol on proliferation coefficient in

three digits potato affected by osmotic stress
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Table 4. Analysis variance of different poly ethylene glycol and sorbitol levels on physiological traits of

three potato varieties during osmotic stress

Mean of square

Source of variation Degree of freedom

Catalase SOD Chlorophyll Proline
Cultivars 2 0.014™ 20.05™ 0.092"
Treatment 8 0.012" 79.42" 0.063"
Treatment x Cultivar 16 0.01 0.78" 0.004™
Error 54 0.001 0.48 0.0005
Coeff var - 12.04 9.81 13.15

** Significant at 1% probability level respectively and ns means Meaninglessness
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Figure 4. Different concentrations of polyethylene glycol and sorbitol on catalase enzyme index in three

digits potato affected by osmotic stress
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