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ABSTRACT

Potato (Solanum tuberosum L.), the third (after wheat, corn and rice), most important food in
the world is currently suffering from climate change. The potato crop is strongly influenced by
the amount of precipitation and their distribution. The present study was conducted to
determine the cultural behavior, respectively the response to hydric stress of some clones
from the National Institute of Research and Development for Potato and Sugar Beet Brasov.
Two factors were tested: factor | - potato breeding lines 27; factor Il — culture medium (clasic
medium Murashige ~ Skoog and medium Murashige ~ Skoog with osmotic agent). 1982/3 clone
was identified with high values and significant differences in case of medium with PEG in 2%
concentration, for the number of leaves/plantlets and for root lenght. Also, 1939/2 clone was
identified with high values for the number of leaves/plantlets and 1982/1 clone for the root
length. 1958/3 clone presented high values for two of the analyzed parameters: plantlet length
and fresh plantlets weight, when was applied PEG 2% in the nutrition medium.

INTRODUCTION

Potato regularly suffers from water scarcity in most regions where it is grown
due to irregular rainfall or inadequate irrigation techniques. Potato crop often needs
additional irrigation, which is an unavailable resource in many locations. (Obidiegwu
2015). Changing climatic conditions that lead to higher temperatures, dry periods, will
increasingly affect potato production in many parts of the world (Evers et al, 2010).

Improving drought tolerance of potatoes through conventional breeding
methods or biotechnology should be promoted. The aim is to considerably reduce
the time of creation of a new variety, so that at the time of its identification there is
already biological material with the desired characteristics, to be used for the
propagation process (Cabello 2013).

At high temperatures, in drought conditions, the temperature of the leaf rises
well above the air temperature. Thus, the stomata close, the perspiration process is
stopped, the photosynthesis process ceases and the leaf withers (Monneveux, 2014).
High soil temperatures are more harmful to potato production than high air temperatures.

Drought impairs mitosis, cell elongation and expansion,resulting in a reduction
in plant length, leaf area and crop growth (Hussain et al., 2008, Albiski, 2012).

Reduction of leaf size is the first morphological manifestation due to
drought (Jefferies and MacKerron, 1987) associated with reduced light interception
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and leads to a reduction in dry matter accumulation (Deblonde et al., 1999 ).
Drought conditions also affect nutrient transport to the root surface by inducing root
shrink-age and subsequent loss of the soil-root contact (Ahmad et al., 2013). Water
scarcity, which often appears in our regions with a temperate continental climate,
restricts plant growth or forces early maturation in many cases, especially when it
is associated with temperatures above the threshold level (Morar, 1999).
Considering the influence of climate change and the fact that the potato crop has
reduced genetic variability it is necessary to identify drought tolerant or drought-
resistant genetic material (Baciu 2013).

In vitro conditions are a very controlled and homogeneous procedure to
rapidly induce osmotic stress (Manoj and Uday, 2007). Polyethylene glycol (PEG) is
widely used in vitro to simulate water stress. It is a non-penetrating inert osmotic
(high molecular weight) compound that reduces the potential of nutrient solutions
without being taken up by the plant or showing phytotoxicity (Hassan et al., 2004).
With the addition of polyethylene glycol to the culture medium, it becomes difficult to
absorb seedling water from the nutrient medium and thus simulates the effect of
drought on the microplantula.

In vitro osmotic stress, induced by polyethylene glycol, has been used to
evaluate root and shoot traits at the juvenile stage and for recovery potential (Gopal
et al., 2008). Polyethylene glycol of large molecular weight is taken up slower by
plants plant, thus representing a better osmoticum for use in hydroponics root
medium (Yaniv et al., 1983). Mannitol solution is also used for inducing drought
stress in tissue culture. It is however taken up into plant tissues in maize, wheat,
rape and potato (Lipavska and Vreugdenhil, 1996), causing artifact effects
(Monneveux et al., 2013).

MATERIAL AND METHODS

In the Research Laboratory for Plant Tissue Cultures of NIRDPSB Brasov
was used a method of selection for some potato clones.

To determine the resistance to in vitro water stress conditions was performed
a bifactorial experiment (27 x 2) with 3 repetitions, including the following factors:

e Experimental factor A - potato genotype, with 27 graduations. For this factor
we considered as control, the mean of the values obtained for each parameter studied.

¢ Experimental factor B - culture medium used with two graduations:

- b1 - MS control medium, to which no osmotic agent was added;
- b2 - MS medium, to which 2% PEG (polyethylene glycol) was added.

Initially a thermic regime of 18°C was ensured, the tubers being kept in the
light conditions until the shoots reached 2-3 cm in length.

The tuber shoots were then sterilized (for 10-15 minutes, depending on the
size of the shoots) using a solution based on sodium hypochlorite (NaOCI), then
washed three times with sterilized distilled water; sterilize with refined alcohol 96° for
three minutes; wash again three times with sterilized distilled water and dry on
sterilized paper in the laminar flow hood). The shoots were inoculated into the culture
medium, the test tubes were transferred to the growth chamber, under controlled
conditions of temperature and light, where after 3-4 weeks the plantlets developed.
The plantlets obtained were multiplied at the level of each internode, and the
mini-cuttings obtained were inoculated on two types of medium: the classical
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medium Murashige - Skoog (1962) (MS) and the medium for inducing water stress,
by adding 2% PEG, in the classical medium.
After 4 weeks were made the following determinations: plantlets length,
number of leaves / plantlets, root length, fresh plantlets weight and fresh root weight.
The results were processed by the analysis of variation and the significance
of the differences was established by the method of multiple comparisons.

RESULTS AND DISSCUSSIONS

PEG has a high molecular (6000) weight and is used in inducing drought in
vitro, as a water-lowering agent in a manner similar to soil drying. The addition of
PEG to the culture medium results in a reduction in the number of leaves, plantlets
length and root length. PEG acted as an osmotic agent resulting in reduced root
water and nutrients absorption.

Regarding the length of the plantlets, the clone 1958/3 was noted with very
significant positive difference (8.22 cm) for the culture medium that contained PEG
2%. Also, 1982/2A clone had a distinctly significant positive difference (6.39 cm) and
1962/3 clone had a positive significant difference (4.05 cm), both on culture medium
with PEG 2% (Table 1). These clones can produce plants with stems capable of
growth and development under drought conditions.

Table 1
Nutrition medium and clones combined influence on plantlets length (cm)
Clone (a)/ Plantlets lenght (cm)

Culture | viogium | Diff. | . Medium Diff. | .. .
medium ®)| s b)) | (ecm) | S| MS+PEG2% (b2)| (cm) | S9N | Pzb1 | Sign.
1939/4 1,50 -5,39 00 2,00 -1,95 |ns 0,50 ns
1962/1 3,23 3,65 ns 4,27 0,32 ns 1,03 ns
1962/2 4,67 -2,22 ns 4,33 0,39 ns -0,33 |ns
1941/11 4,20 -2,69 ns 0,80 -3,15 |ns -3,40 |[ns
1958/3 12,67 5,78 ** 12,17 8,22 ok -0,50 |[ns
1941/15 1,77 -5,12 00 4,17 0,22 ns 2,40 ns
1976/1 6,33 -0,55 ns 2,40 -1,55 |ns -3,93 |o
1939/2 6,73 0,15 ns 4,40 0,45 ns -2,33 |ns
1901/12 6,67 -0,22 ns 2,50 -1,45 |ns -417 |o
1982/3 9,73 2,85 ns 5,17 1,22 ns -457 |0
1962/3 9,00 2,11 ns 8,00 4,05 * -1,00 |[ns
1979/7 5,07 -1,82 ns 2,50 -1,45 |ns -2,57 |ns
1931/3 11,17 4,28 * 2,50 -1,45 |ns -8,67 | o000
1956/6 3,67 -3,22 ns 1,60 -2,35 |ns -2,07 |ns
1957/4 7,17 0,28 ns 4,00 0,05 ns -3,17 |ns
1976/8 7,00 0,11 ns 5,00 1,05 ns -2,00 |ns
1982/2A 11,00 4,11 * 10,33 6,39 x* -0,67 |ns
1979/11 6,00 -0,89 ns 1,83 -2,11 |ns -4,17 |o
1970/5 6,50 -0,39 ns 3,50 -0,45 |ns -3,00 |[ns
1941/8 9,00 2,11 ns 3,83 -0,11 |ns -5,17 |oo
1970/2 10,17 3,28 ns 2,93 -1,01 |ns -7,23 | 000
1947/6 4,67 -2,22 ns 1,50 -2,45 |ns -3,17 |ns
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1897/2 10,83 3,95 * 3,17 -0,78 |ns -7,67 | o000
1941/9 7,50 0,61 ns 5,50 1,55 ns -2,00 |ns
1982/1 5,17 -1,72 ns 2,33 -1,61 |ns -2,83 |ns
1970/1 6,67 -0,22 ns 2,83 -1,11 |ns -3,83 |o
1982/4 7,83 0,95 ns 3,00 -0,95 |ns -483 |o
Average (Mt) 6,89 - 00 3,95 - ns
DL 5%=3,80 cm; DL 5%=3,76 cm;
DL 1%=5,05 cm; DL 1%=5,03 cm;
DL 0,1%=6,51 cm; DL 0,1%=6,64 cm.

Examining the combined influence of the clones and the culture medium for
the number of leaves / plantlets, it was observed significant positive differences
(4.259 leaves and 4.926 leaves) for the 1939/2 and 1982/3 clones, on medium with
PEG 2% (Table 2), the number of leaves for these clones was not affected by
drought-inducing treatments.

Table 2
Nutrition medium and clones combined influence on the number of leaves/plantlets

Leaves number/ plantlets

Clone (@ . . Medium .

meduiulmb) 'K'Aesf“(‘;’l")‘ (z'r‘:') Sign. MS+(F;I§)GZ% (E’:'rf;') Sign. | babi1 | Sign.
1939/4 4,667 -3,938 |o 6,333 -0,741 |ns 1,667 |ns
1962/1 9,667 1,062 |ns 8,000 0,926 ns -1,667 |ns
1962/2 8,333 -0,272 |ns 8,333 1,259 ns 0,000 |ns
1941/11 7,667 -0,938 |ns 3,333 -3,741 |o -4,333 |o
1958/3 14,000 |5,395 |** 10,000 2,926 |ns -4,000 |o
1941/15 4,333 -4,272 |o 7,000 -0,074 |ns 2,667 |ns
1976/1 8,000 -0,605 |ns 4,667 -2,407 |ns -3,333 |ns
1939/2 10,333 1,728 |ns 11,333 4,259 * 1,000 (ns
1901/12 11,667 |3,062 |ns 6,333 -0,741 |ns -5,333 |00
1982/3 13,000 (4,395 |* 12,000 4,926 |* -1,000 |ns
1962/3 10,000 1,395 |ns 10,667 3,593 ns 0,667 |ns
1979/7 10,667 2,062 |ns 5,333 -1,741 |ns -5,333 |oo
1931/3 9,333 0,728 |ns 7,000 -0,074 |ns -2,333 |ns
1956/6 6,000 -2,605 |ns 4,667 -2,407 |ns -1,333 |ns
1957/4 6,667 -1,938 |ns 8,000 0,926 |ns 1,333 |ns
1976/8 7,000 -1,605 |ns 6,667 -0,407 |[ns -0,333 |ns
1982/2A 10,000 1,395 |ns 8,667 1,593 ns -1,333 |ns
1979/11 7,333 -1,272 |ns 6,000 -1,074 |ns -1,333 |ns
1970/5 9,667 1,062 |ns 9,333 2,259 |ns -0,333 |ns
1941/8 7,000 -1,605 |ns 6,333 -0,741 |ns -0,667 |ns
1970/2 10,000 1,395 |ns 5,333 -1,741 |ns -4,667 |0
1947/6 7,000 -1,605 |ns 3,667 -3,407 |[ns -3,333 |ns
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1897/2 8,333 -0,272 |ns 5,333 -1,741 |ns -3,000 |ns
1941/9 8,000 -0,605 |ns 7,667 0,593 ns -0,333 |ns
1982/1 7,333 -1,272 |ns 5,667 -1,407 |ns -1,667 |ns
1970/1 7,000 -1,605 |ns 5,667 -1,407 |ns -1,333 |ns
1982/4 9,333 0,728 |ns 7,667 0,593 ns -1,667 |ns
Mean
(CY) 8,605 - 7,074 -
DL 5%=3,721 leaves; DL 5%=3,820 leaves;
DL 1%=4,942 leaves; DL 1%=5,325 leaves;
DL 0,1%=6,371 leaves; DL 0,1%=7,985 leaves.

In terms of nutrient medium and clones combined influence on root length
were clones that responded positively (again 1982/3) to the PEG 2% introduction and
distinct very significant positive (1982/1), but also clones on which the impact was
negative (1970/2) and distinct negative (1947/6) (Table 3).

Table 3

Nutrition medium and clones combined influence on root length (cm)
Clone (a)/ Root length (cm)
Culture ) ) .
medium (b) '\I\/LIeSdI(ET)] ([():'rf;) Sign'MS+|\|£‘IEE%5I;£2(b2)Diﬁ' (cm)| Sign. | ba2b1 |Sign.
1939/4 0,433 5,640 |00 9000 3,215 |ns 8,567 |*
1962/1 5,833 -0,240 |["s 6,667 0,881 |ns 0,833 |Nns
1962/2 3,667 -2,406 |nNs 7,833 2,048 |ns 4167 |*
1941/11 6,667 0,594 |[ns 4,667 -1,119 |ns -2,000 |ns
1958/3 6,000 -0,073 |Ns  |3,000 -2,785 |ns -3,000 |Ns
1941/15 0,100 -5,973 |00  |8267 2,481 |ns 8,167 |*
1976/1 9,000 2,927 NS |4,967 -0,819 |ns -4,033 |0
1939/2 12,333 6,260 |™ 5,700 -0,085 |ns -6,633 |00
1901/12 9,833 3,760 |* 7,667 1,881 |[ns -2,167 |ns
1982/3 9,833 3,760 |* 9,500 3,715 |* -0,333 |NS
1962/3 6,333 0,260 |Nhs 8,000 2,215 |ns 1,667 |ns
1979/7 3,267 -2,806 |[Ns 0,900 -4,885 |o -2,367 NS
1931/3 9,167 3,094 [hs  |7,667 1,881 |[ns -1,500 |ns
1956/6 5,167 -0,906 |[ns  |2767 -3,019 |ns -2,400 |ns
1957/4 7,833 1,760 |nhs 5,167 -0,619 |[Ns -2,667 |NS
1976/8 6,167 0,094 |Ns 9,333 3,548 |Ns 3,167 |Nns
1982/2A  |7,500 1,427 |NS 4,833 -0,952 |ns -2,667 |Ns
1979111 |4,667 -1,406 |NS {2,700 -3,085 |Nns -1,967 |ns
1970/5 4,167 -1,906 |ns 3,533 -2,252 |ns -0,633 |Nns
1941/8 4,667 -1,406 |nNs  |7,833 2,048 |ns 3,167 |ns
1970/2 5,333 -0,740 |ns 1,133 -4652 |o -4,200 |0
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1947/6 4,000 -2,073 |Ns 0,200 -5,585 |oo -3,800 |Ns
1897/2 7,167 1,094 |hs  |3,500 2,285 |Nns -3,667 |Nns
1941/9 8,500 2,427 |ns 7500 1,715 |ns -1,000 |ns
1982/1 5,667 -0,406 |Ns  |12,267 6,481  |*** 6,600 |*
1970/1 4,000 -2,073 |Ns 4,833 -0,952 |ns 0,833 |Ns
1982/4 6,667 0,594 |nhs  |6,767 0,981 |ns 0,100 |ns
Mean

(CY) 6,073 - 5,785 -

DL 5%=3,707 cm;
DL 1%=4,924 cm;
DL 0,1%=6,347 cm;

DL 5%=3,896 cm;
DL 1%=5,558 cm;
DL 0,1%=8,876 cm.

Regarding the combined influence of nutrient medium and clones on fresh
plantlets weight only 1958/3 clone responded positively to the hydric stress induced
by medium MS+PEG2%, with a significant positive difference (0.12 cm) (Table 4).

Table 4

Nutrition medium and clones combined influence on fresh plantlets weight (g)

Clone (a)/ Fresh plantlets weight (g)

Culture - . - -

medium (b) “K'Aes;d'(ﬂg (I?r]:') Sign. Msm%;%(bz) (Ec):lrfr:j Sign. | bzba | Sign.
1939/4 0,03 0,10 |o 0,04 -0,06 | ns 0,01 |ns
1962/1 0,07 -0,06 | ns 0,14 0,05 | ns 0,07 | ns
1962/2 0,05 0,08 [ ns |02 0,02 |ns 0,07 | ns
1941/11 0,17 0,05 ns 0,02 -0,07 | ns -0,15 | 00
1958/3 0,29 0,17 ok 0,22 0,12 |* -0,07 | ns
1941/15 0,02 011 |o 0,08 -0,01 | ns 0,06 | ns
1976/1 0,14 0,01 ns 0,13 0,03 | ns -0,01 | ns
1939/2 0,15 0,02 ns 0,11 0,01 ns -0,04 | ns
1901/12 0,21 0,08 ns 0,06 -0,04 | ns -0,15 | 00
1982/3 0,12 0,00 |[ns |[0,10 0,00 | ns 0,03 | ns
1962/3 0,11 -0,01 | ns 0,14 0,04 |ns 0,03 | ns
1979/7 0,17 0,04 |ns |0,07 -0,02 | ns 010 | 0
1931/3 0,18 0,05 ns 0,12 0,02 | ns 0,06 | Ns
1956/6 0,08 0,05 | ns | 0,05 -0,04 | ns 0,02 | ns
1957/4 0,14 0,01 ns 0,07 -0,02 | ns -0,07 | s
1976/8 0,14 001 |[ns |011 0,02 |ns 0,03 | ns
1982/2A | 0,14 0,02 |[ns [017 0,07 | ns 0,03 | ns
1979/11 0,11 -0,02 | ns 0,10 0,00 ns -0,01 | ns
1970/5 0,11 0,02 | ns |0,08 -0,02 | ns -0,03 | ns
1941/8 0,15 0,02 ns 0,09 -0,01 | ns -0,06 | ns
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1970/2 0,17 004 [ns [0,07 -0,03 | ns 20,10 | 0
1947/6 0,09 -0,04 | ns 0,03 -0,06 | ns -0,05 | ns
1897/2 0,16 0,03 |ns |[0,07 -0,03 | ns 0,09 | ns
1941/9 0,11 -0,01 | ns 0,11 0,01 |ns -0,01 | ns
1982/1 0,10 -0,03 [ ns |0,09 000 [ns |00 |ns
1970/1 0,09 -0,04 | ns 0,12 0,02 | ns 0,03 | ns
1982/4 0,16 003 |[ns [011 0,01 |[ns 0,05 | ns
Mean
(CY) 0,13 - 0,10 -
DL 5%=0,093 g; DL 5%=0,092 g;
DL 1%=0,124 g; DL 1%=0,122 g;v
DL 0,1%=0,160 g. DL 0,1%=0,158 ¢

In vitro simulation of water stress conditions can lead to an efficient system
of differentiation of potato clones in terms of determining root growth, leaf number
and other parameters, so that the identification of drought tolerant and / or sensitive
genotypes can be accomplished in a shorter time.

CONCLUSIONS

One of the great challenges of the next decade is to reduce any effect of
climate change on production, paying more attention to maintaining yield under
thermo-hydric stress.

In case of medium with PEG 2% concentration 1982/3 clone was identified
with high values (12 leaves and 9.5 cm) and significant positive differences (4.926
leaves and 3.715 cm), for the number of leaves/plantlets and for root length. Also,
1939/2 was identified with high values for the number of leaves/plantlets (11.333
leaves, with significant positive difference 4.259 leaves) and 1982/1 clone for root
length (12.267 cm, with very significant positive difference 6.481 cm). At the same
time, 1958/3 clone presented high values for two of the analyzed parameters:
plantlet length (12.17 cm) and fresh plantlets weight (0.22 g), when was applied PEG
2% in the nutrition medium, with very significant positive (8.22 cm) and significant
positive (0.12 g) differences.

In order to make recommendations regarding the cultivation areas and what
varieties are suitable for each of them, the pedoclimatic conditions must be taken
into account, as well as the crop yield, because during the vegetation may occur
periods with humidity deficit.
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