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ABSTRACT

In vitro storage of eight potato genotypes (four cultivars and four wild
species) using either abscisic acid (ABA) (5 mg 1) or mannitol (3%) as growth
retardant added to Murashige and Skoog (MS) medium was examined at two
storage temperatures (8 °C and 25 °C). After 10 months, the cultures were
evaluated. Compared with control, medium containing ABA or mannitol
significantly retarded growth. Genotypes were significantly different for most
characteristics measured with cultivars ‘Cosima’ and ‘Draga’ superiority to
others. The survival rate was significantly affected by culture medium and was
the highest with mannitol treatment. Significant two-factor interactions for
some characters and also different responses of cultivars and wild species for
regeneration following transfer to normal condition may complicate the
establishment of facilities for in vitro storage. However, MS medium
supplemented with 3% mannitol showed to be superior for storing potato

germplasm in vitro at room temperature.

1. Assistant Professor and former Graduate Student, respectively.



Arvin & Rahimi

Key words: ABA, In vitro storage, Mannitol, Potato genotypes.

Ol 3 9l Olidxs

Y11 VAV-142 (VTAY)

(0 3 s o 35 (53063 53 o 9 Jgiilo it Samuanad! 1
i s § 9yl Wsa sass

rmtils 5 oS Gals axpd RIS s paliS ss€itils el Gy Sbolind a5 4
.‘;,!\,._.!‘_,‘)m!mm.,:,l_,p‘busamu A pole wit ) ulid IS Gty

o>

T},_L,.'._.::I_edeaf,Su_leao)MlWIgUJ@L&QﬁSL&m—;l@‘,}‘.;ﬁ}JJ

B f_;JJl_,_-‘.)u_'._M;,*...L;lsa};;cmthal.“.s.uz_,,_.(al_,se:st...u_._,.;\*a‘, A) Las g (dao o
J.s..u.._.:.u__d__.bn_a:,_.:S‘.I_.“;,lt_,.._“..;.:.oux‘_;lu.#t.L-,‘,JJ;._:S_,J[U.:.;_,Q,S_,L&
ady halS Sl ool pae ok 4 did Sasil 5 Jsiile gl @dS (sla lans ol b wwlis
L (5ol ae @ plis Ea < L a5, o3l Slive Jidi sl Lo SBal5 ek s 4gals
o g b 4ali€ e 555 Glime s S plio) el & e Laay o€ 5 B sla 35 5 ol
Basne S0 31 YL Jsiile (sTls S Jasm 5 (M (ine sk 4 il Doy 23S s ¢ JUES!
RS e 38 gla s 4 oty sl Gy pliy] ol 2SI G 4 b g oS sla
Gy cs e La 5L8005 Cad (55060 (150 Los S5 5 S bauns S ) ool ulgindey

188



Effects of abscisic acid, mannitol and temperature .
ot L (i casn ¥y 055 015 o 430 (slow 5 Jsla 7 ¥ SO MS 2l (g, €

S SIS Ste 550

INTRODUCTION

Potato (Solanum tuberosum L.) is an important tuber crop worldwide that
‘has a range of related species with several ploidy levels (1). Much of the
germplasm is maintained as clones because of its heterozygous nature and low
fertility. Maintenance by tuber propagation is expensive and perpetuates viruses
and certain other diseases agents. Other methods of storage based on in vitro
tissue culture have the advantages of eliminating the disease agents and
maintaining the disease free stocks (2). Other advantages includes high
multiplication rates and the ease of international distribution of potato
germplasm for breeding programs (6).

Culture storage techniques based on the principle of retarding growth have
included the use of low temperatures (4, 8). A potentially more widely
applicable approach with growth retarding chemicals including osmotically
active compounds and natural synthetic growth regulators.

The purpose of this study was to examine the response of some potato
cultivars and wild species to in vitro storage conditions using an osmoticum
(mannitol) and a growth retardant (ABA) in culture media and two temperature

regimes.

MATERIALS AND METHODS

Initiation of In Vitro Cultures

Cultivars. The following procedure was followed to initiate the cultures.

Tubers were washed in a jet of water and rubbed gently to remove soil and then
left in a growth room with low light intensity, at 15 °C until the tubers
produced young shoots. The shoots between 2-15 mm length were suitable for

culturing. The medium used for propagation was that of Murashige and Skoog
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(MS) (5) without growth regulators. The cultivars used in experiments were

‘Draga’, ‘Cosima’, “Aula’ and ‘Morene’.

Wild species. The in vitro culture establishment of wild species was
achieved by seed culture. Seeds supplied by the Commonwealth Potato
Collection, held by the Scottish Crop Research Institute, were used to initiate
cultures. Seeds were surface sterilized by submerging in ethanol for 10 s
followed by an 8 min treatment with bleach (2% Domestos). Tﬁis was followed
by several rinsings with sterile distilled water. Each seed was introduced into a
glass tube (150x20 mm) which contained 8 ml of MS + sucrose (3%) + agar
(0.8%). After 5-8 wk, each seed produced an initial shoot, which was not
suitable for experiments. After sub-culturing of these delicate shoots,
acceptable culture establishmest was -achieved for further experiments. The
wild species used for experiments were: S. hjertingee Hawkes (2n=48), S.
stoloniferum Scheclitd and Bche (2n=48), S. papita Rydb (2n=48) and S.
demissum Lindi (2n=72).

Nodal segments, i.e., stem cutting containing one axillary bud and its
subtending leaf, were excised aseptically from the shoot cultures and used for
the storage experiments. Central noded segments from individual potato
cultures were randomly distributed between the treatments. The explants were
cultured in glass jars (4x11 cm) filled with 25 ml of culture medium. The
following solid media were used:

1) MS medium and 3% sucrose (basal medium).

2) MS medium with 3% sucrose and 3% mannitol.

3) MS medium with 3% sucrose and 5 mg 1" ABA.

All treatments were stored at 8 °C or 25 °C and a 16 hr photoperiod using
fluorescent lights (30 E m™”' s7'). Each cultivar in each treatment was represented
by cultures in 6 glass jars containing 2 explants each.

After 10 months, cultures were scored for:

1. Vigor based on a survival assessment recorded on a | to 9 scale, with 9 for
the most vigorous growth.
2. Chlorophyll intensity (Green) pigmentation scored on a 1 to 9 scale with 9

indicating the normal green color for a shoot culture in vitro.
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3. Length of shoot in mm.
4. Root score based on a 1 to 9 scale, with 9 for the most vigorous growth.
5. Length of root in mm.
6. Number of mini tubers.

After 10 mo, plantlets belonging to all treatments were micropropagated
on a medium composed of MS medium + calcium panthotenate (2 mg I + GA,
(0.1 mg I'") + NAA (0.1 mg 1) + sucrose (3%) + agar (0.8%). The number of
surviving explants were counted 4 wk later and converted to percentage.

A preliminary analysis of data showed that the distribution for the
characters was not normal. An arcsine transformation for survival percentage
and a square root transformation for other characters restored normality.

Therefore, analyses were carried out on transformed data.

RESULTS

The mean performance of cultivars and wild species on the three media
showed that the growth retardants significantly reduced growth (Table 1). The
highest mean scores, including those for vigor, shoot length, root score and root
length were consistently obtained on the basal medium which did not contain
growth retardant (control). Survival rate was highest with the medium
containing mannitol followed by basal medium and with the ABA containing
medium. The effect of genotype was significant for most characters. The
performance of cultivars, ‘Draga’ and ‘Cosima’ was generally superior for
characters such as vigor, green, root score and root length. Generally, the
performance of wild species was inferior for most characters when compared
with cultivars (Table 2). Interaction of temperature and growth retardant was

significant for all characters except for shoot length (Table 3).
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Table 1, Effect of different media on mean scores for the genotypes.

Medium
Characters ABA Mannitol Control LSD 1%
Vigor 1.21 1.33 1.85 0.20
Green 1.50 1.60 1.83 0.30
Shoot length (mm) 1.17 1.17 1.76 0.50
Root Score 0.71 0.90 091 0.35
Root length (mm) 1.21 133 1.84 03
Tuber number 1.50 1.60 093 NS
Survival (%) 1.17 1.17 36.5 9.00

T NS= not significant.

Basal medium, in conjunction with lower temperature (8 °C) had the
highest mean scores for most characters. Survival rate was high in mannitol
containing medium and low in ABA containing medium at both temperature
regimes and‘was also high in basal medium at 8 °C.

Table 4 shows the interaction between temperature and growth retardant
for cultivars and wild species. Cultivars could not survive at 25 °C on basal and
ABA containing media whereas wild species could not survive at 8 °C on ABA
containing medium and had poor performance at 25 °C on basal medium and to
a lesser extent on ABA containing medium. The performance of genotypes to

other treatments was generally comparable.

DISCUSSION
The results showed that cultivars and wild species differed significantly in their
ability to withstand conditions that retarded growth. Both ABA and mannitol
had restricted the development of potato shoot tips in vitro. Addition of ABA to
the basal medium resulted in a marked reduction for most characters, a finding

similar to that of Westcott (8). An effective technique for storing potato
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Table 2. Response of genotyes to characters measured.

Genotypes
Character ‘Aula’ ‘Cosima’ “‘Morene’  ‘Draga’ S .hjertingee S. stoloniferum  S. Papita . demissum LSD 1%
Vigor 1.4 1.7 1.4 1.8 1.3 1.2 1.4 13 0.34
Green 1.6 1.7 1.8 1.9 1.4 1.6 1.3 1.0 NS
Shoot length (mm) 1.3 1.5 1.4 13 1.1 1.3 1.2 1.0 0.25
Root.score 1.3 1.3 1.0 13 0.9 0.9 1.2 1.0 0.35
Root length (mm) 1.2 1.4 1.0 1.3 0.9 1.0 | | 1.0 0.29
Tuber number 0.9 08 0.7 0.7 0.7 07 1.2 0.7 0.35

Survival (%) 7.0 22.0 13.0 7.0 11.0 9.0 17.0 21.0 12.0
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, Table 3. Effect of different media and temperature regimes on mean score for
the genotypes.

Medium
ABA Mannitol Control
Characters Temp. 8 25 8 25 8 25 LSD 1%
Vigor 1.03 1.33 1.26 1.42 2.03 1.52 022
Green 1.78 1.08 1.71 1.48 2.08 1.37 0.58
Shoot length (mm) 1.98 1.13 1.14 1.21 1.78 1.73 N§'
Root score 072 071 (.86 0.94 200 1.74 0.50
Root length (mm} 0.71 0.73 0.86 0.94 2.00 1.73 046
Tuber number 080 0.71 0.80 082 1.02 0.77 032
Survival (%) 29.00 16.70 48.00 5620 6460 8.30. 12.00

T NS= not significant.

Table 4. Effect of temperature and media on survival rate of genotypes.

_m[iemure
—— —
Genotype/ Medium  Control Mannitol ABA Control  Mannitol ABA
Cultivar 58.3 41.7 58.3 0 46.0 0
Wild species 71.0 54.2 0 16.7 66.7 333
“LSD 1% = 15.

germplasm in vitro will need to combine a high degree of growth retardation
whilst maintaining maximum viability for a wide range of potato genotypes.
The significant interaction between genotype and growth retardant detected in
this experiment for characters may to some extent complicate the establishment
of facilities for in vitro storage. However, addition of ABA or mannitol to the
media consistently reduced overall growth indicating their potential use for
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long-term storage. The protocols recommended for routine use, is the
application of growth retardant in conjunction with low temperature in the
range of 2 to 10 °C (3), which is not easily feasible in many developing
countries. Therefore, our results indicated that it was possible to use higher
storage temperature (25 °C) which is routinely used in culture rooms with
comparable results for the wide range of genolypes tested. However, any
strategy for in vitro storage must also take account of the effects of a given
technique on the genetic integrity of the cultures since a selection pressure is
being imposed and directional genetic changes may occur. Therefore, furture
research should include evaluation of progenies and be carried out at the

molecular as well as whole plant level.
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