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ABSTRACT Leaf disks from cultivar ‘Kennebec’ and one selection line (ND 860-2) were cultured on Murashige-
Skoog medium with various combinations of indole acetic acid (IAA) and zeatin riboside. Shoots, roots and callus
were induced at various combinations of plant growth regulator levels. The medium containing 3.5 mg - L' IAA and
4.0 mg - L" zeatin riboside produced the most plantlets. Rooted regenerants were grown in the greenhouse. The
growth of regenerated plants obtained from the MS medium supplemented with 7.0 mg - L' IAA and 3.0 mg - L
zeatin riboside was significantly greater than those grown from nodal expalnts. In ND 860-2, a leaf chimera with
chlorophyll deficient (light yellow) sectors was found in plants regenerated from leaf disks (grown on MS medium
supplemented with 3.5 mg + L' IAA and 3.0 mg - L™ zeatin riboside) but not in plants grown from nodal explants.

The phenotypic variability was also observed in the tuber number, size and weight.
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Introduction

Plants may be propagated rapidly in vitro by using tissue of
the leaf, stem or root as an explant. Of the many factors that
influence organogenesis in vitro, the most important single factor
seems to be plant plant growth regulator (Tran, 1981). Skoog and
Miller (1957) showed that different types of organs or tissues can
be obtained by varying the concentrations of auxins and cyto-
kinins in the culture medium. Following the work of Skoog and
Miller (1957) there have been many demonstrations of effect of
hormonal interactions, particularly between auxins and cyto-
kinins, on morphogenesis in a diverse range of plant material
(Murashige, 1974).

Regeneration of plants from leaf disks has been accomplished
with several potato cultivars (Webb et al., 1983). Shoots, roots,
and callus were formed from leaf disks of six cultivars of potato
when grown in vitro on the basal medium of MS supplemented
wit IAA (5.69x10° M - L") and BAP (4.44x10° M - L™). The
potato can be propagated by the formation of adventitious shoots
on explants excised form a compound leaf (petiole, rachis and
leaflets) and the subsequent rooting of subcultured shoots (Roset
and Borkelmann, 1976).

Recent work has been concerned with assessing the optimal
hormonal composition of nutrient media for plantlet regeneration
from leaf tissue. Plants have been obtained from isolated leaf

mesophyll protoplasts of potato using the MS medium with 0.5
mg - L' zeatin and 0.1 mg-L"' JAA (Kozukue et al., 1999;
Shepard and Totten, 1977). Zeatin riboside was also found to be
effective in regenerating plants from leaves of potato (Jacobsen,
1977). Jarrett et al. (1980) found kinetin, 2iP and BAP were
essential for explant survival, while BAP (3.0 mg-L") was
most efficient in promoting shoot initiation. Auxin (IAA and
IBA) did not stimulate shoot initiation, however, a low concen-
tration (0.3 mg - L") of NAA stimulated both explant survival
and the number of shoots produced. In tomatoes, shoot regenera-
tion was obtained by growing the leaf disks on MS medium
supplemented with 2x10° M -L"' IAA and 2Xx10° M -L"
zeatin riboside (Gavazzi et al., 1987). Okazawa et al., (1967)
found that a relatively low concentration of auxins in the
medium was required for root formation in tuber callus, and
IAA was markedly superior to any other auxin in root forming
activity. _

Plants regenerated from tissue cultures or isolated protoplasts
derived from somatic tissue may show changes in phenotype.
Such somaclonal variation has been suggested as a useful source
of variability for plant breeders (Evans, 1989; Larkin and
Scowcroft, 1981; Mohan Jain et al, 2000). The basis of variation
may involve gene mutation or changes in chromosome number
or structure which were either present in the mesophyll cells or
induced during the regeneration process (Karp et al., 1982). Sree
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Ramulu et al. (1983) reported the variant plants from protoplast-
derived plants of tetraploid potato cultivar ‘Bintje’ had alterations
in growth and vigor, and leaf and stem characteristics. The
morphologically abnormal regenerants showed abnormal ploidy
levels at a high frequency.

In the case of regeneration from cultured explants, such as
pieces of leaf, stem or tubers, reports indicated that variation was
present (Mohan Jain et al., 2000; van Harten et al., 1981). Evans
et al, (1986) suggest that the technique of regeneration from
explant cultures of potato could be used to produce somaclonal
variants. This method offers the possibility of effecting
significant and permanent improvements in existing potato culti-
vars. Alteration in chromosome number occurs less frequently
using this method (Kaeppler et al, 2000; Mohan Jain et al,,
2000; Wheeler et al., 1985). '

The objectives of this study were to define phytohormone
concentrations for the formation of plantlets directly from leaf
disks of Solanum tuberosum L. and subsequently to study of the
variation of regenerated plants.

Materials and Methods

Plant material

Cultivar ‘Kennebec’ and one selection line (ND: 860-2) of
Solanum tuberosum L. (2n=4x=48) were used as the source
material for leaf tissue culture throughout the study. Plants
obtained from the meristem culture were cut to give stem nodal
segments formed by a part of the stem bearing one leaf. Stem
nodal segments were cultured aseptically on MS (Murashige and
Skoog, 1962) basal medium containing 0.4 mg - L™ thiamine HCl,
100.0 mg - L myo-inositol, 20.0 g -L" sucrose, 0.2 mg-L"
GA;, 0.05 mg - L' NAA, 2.0 mg - L calcium pantothenate and
8.0 g-L"' Difco Bacto-agar at pH 5.6. Axillary shoots were
formed within 14 days. Complete plantlets with expanded leaves
including roots were obtained in 4-6 weeks. Plantlets were
maintained in vitro by transferring nodal segments to fresh
medium every 3 month.

Experiment 1. The effects of 1AA and zeatin riboside concen-

tration on leaf disk explant growth and plantlet induction

This experiment was studied in an arrangement of six levels
of IAA (0, 0.1, 0.5, 1.0, 3.5, and 7.0 mg + L") and seven levels
of zeatin rivoside (0, 0.1, 0.5, 1.0, 2.0, 3.0, and 4.0 mg - L'l).
Leaves from in vitro grown plants were excised, and 5 mm
disks were cut from them using a cork borer. The leaf disks
were placed onto MS salts medium, with various combinations
of TAA and zeatin riboside, containing a medium of MS salts
containing 0.4 mg - L' thiamine HCI, 100.0 mg - L' myo-
inositol, 30.0 g - L sucrose and 8.0 g - L' Difco Bacto-agar at
pH 5.8. TAA and zeatin riboside were filter-sterilized and added
after autoclaving. The cultures were grown at 24°C and under
16 hrs light provided by one 40 Watt cool white and one 40
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Watt Grow Lux fluorescent light bulb (54 ¢E m’sec’). After 8
weeks, the formation of callus, roots, number of shoots, and
explant weight were measured.

Experiment 2. Variation of regenerated plants

The occurrence of variations in Solanum tuberosum L. plants
regenerated directly from leaf disks was compared with plants
propagated from nodal cuttings. For shoot induction, the same
method was used as described for experiment 1 except that 3.5
and 7.0 mg - L' TAA and 3.0 mg - L' zeatin riboside were used
as the phytohormone component. After shoot differentiation, the
shoots were excised and rooted on 0.5 strength MS medium
containing 15.0 g+ L' sucrose, 0.1 mg - L 1AA, 0.01 mg-L"
kinetin and 7.0 g - L Difco Bacto-agar at pH 5.8. In in vitro
cultures, the cultures were grown at same condition as experi-
ment 1. Rooted plantlets were rinsed in running water to remove
the agar and planted into peat pots containing a commercial soil
mix (Jiffy Mix). The plants were then placed on a heated bench
(24°C) under intermittent mist for 48 hours. The plants were
grown on a heated bench for 2-3 weeks and then transferred
into 10 cm pots containing a commercial soil mix (Sunshine Mix
#1). Plants were grown in the greenhouse until tuber develop-
ment was completed. In the greenhouse, plants were grown under
a daylength of 16 hours supplemented by 1000 watt metal halide
lamps placed 1.5 m above the plants (150 xE m7sec™). The
plants were fertilized with 200 ppm N-P-K with every watering
after being transferred to 10 cm pots. To analyze the type and
extent of phenotypic variation among the regenerated plants, the
following characters were studied: plant height, leaf size and
shape, tuber number, tuber weight and tuber size. A completely
randomized design was used.

The data are reported as an average of 8 replications (Experi-
ment 1) and 10 replications (Experiment 2) in each treatment.
All data means were separated using least significant difference
at 5 % level.

Results and Discussion

Various combinations of IAA and zeatin riboside were tested.
Leaf disks of ND 869-2 and ‘Kennebec’ formed callus, roots and
shoots with leaves after 8 weeks of culture. The leaf disks began
to expand after their placement in culture and subsequently
curled either toward or away from the medium surface. Callus
was first produced on explants in the injured region within 4
weeks. Shoots with leaves were regenerated after 7-~8 weeks,
and roots were produced from the same leaf explants.

After 60 days in culture, none of the explants on phytohor-
mone-free medium had callus, roots or shoots. In the absence of
both phytohormones, all of the explants turned brown and died.
IAA caused limited callus development and abundant root
formation. Although root formation was induced by [AA, the
frequency of roots formed were found to be dependent upon the



concentration of IAA used. Higher concentration of [AA gave
better root formation. The best shoot regeneration medium
contained 3.5 mg - L' IAA for ND 860-2 and ‘Kennebec’ (Table
1 and 2). Addition of zeatin riboside to the medium resulted in
stimulation of explant growth and plantlet induction. Shoots were
initiated from leaf disks on media which contained 1.0 mg - L
or higher levels of zeatin riboside. The best range of zeatin

Table 1. Effect of JAA and zeatin riboside concentration on
explant growth and plantlet induction on leaf disk explants
of ND 860-2.

riboside levels for plantlet induction and explant growth was 3.0
to 4.0 mg - L. Lam (1977) reported that the addition of zeatin
as cytokinin resulted in the formation of more fully developed
shoots.

For ND 860-2 (Table 1) and ‘Kennebec’ (Table 2), there was
a significant JAA and zeatin riboside interaction for callus and
shoot development. Zeatin riboside induced green callus, but in

Table 2. Effect of IAA and zeatin riboside concentration on
explant growth and plantlet induction on leaf disk explants
of ‘Kennebec'.

IAA Zeatin gy o Formation” Explant AA Zeatin - gpoor Formation” Explant
(mg - L r1bosnd_<? number Call Root weight (mg - L") r1bosxd_? number Call oot weight
(mg-L" allus 00 ® (mg-L™") allus 00 (g)
0.0 0.0 0.00 g° 0.00 j 0.00 g 0.13 j 0.0 0.0 0.00 kK 0.00 j 000 h 0.14 1
01 000g 000j 000g 012] 01 000k 000j 000h 0.141
05 000g 000j 000g 018 ] 0.5 000k 000j 000h 0.7kl
1.0 0.00 g 0.00 j 0.00 g 0.24 j 1.0 0.00 k 0.00 j 000 h  0.21 ki
2.0 025 fg 000 ] 0.00 g 0.26 j 2.0 025 i)k 0.00 j 000 h 022kl
3.0 0.00 g 1.50 efgh 0.00 g 0.56 ij 3.0 1.00 ghijk 2.00 efg 1.00 efg 1.35 hij
4.0 1.50 def 3.00 bc  1.25 def 1.80 def 4.0 2.63 cdef 2.75 bede 1.50 def 2.38 cdefg
0.1 0.0 0.00 g 0.00 j 0.00 g 0.14 j 0.1 0.0 0.00 k 0.00 j 000 h 0.131
0.1 0.00 g 0.00 j 0.00 g 0.13 j 0.1 0.00 k 1.00 hi 0.50 fgh 0.74 jkl
0.5 0.00 g 0.50 ij 0.00 g 023 ] 0.5 0.00 k 0.50 j 000 h 0.20 kl
10  000g 000j 000g  031] 1.0 075 hijk 1.25 ghi 0.50 feh 1.00 ijk
20 000g 075 hij 000g 033] 20 1.50 efghij 2.25 def 1.00 efgh 1.71 ghi
3.0 013 fg 175 efg 025 fg  0.73 hij 3.0 2.75 cdef 2.25 def 1.75 cde 2.59 bedef
4.0 1.13 defg 2.25 cde 1.25 def 2.01 def 4.0 0.75 hijk  2.25 def 1.25 defg 1.28 hij
0.5 0.0 0.00 g 0.00 j 0.00 g 0.19 j 0.5 0.0 0.00 k 0.00 j 0.50 fgh 0.24 ki
0.1 0.00 g 0.00 j 0.00 g 0.30 j 0.1 0.00 k 0.00 j 000 h 035kl
0.5 0.00 g 0.00 j 0.00 g 031 ] 0.5 0.00 k 0.00 j 000 h 032kl
1.0 0.00 g 0.75 hij 025 fg 036 ] 1.0 0.00 k 1.00 hi 0.00 h  0.55 ikl
2.0 0.38 efg  2.00 def 025 fg  0.93 ghij 2.0 1.00 ghijk 2.50 cdef 0.50 fgh 1.33 hij
3.0 1.75 cde  2.75 bed 1.25 def 1.92 def 3.0 2.75 cdefg 2.75 bede 1.25 defg 2.12 cdefgh
4.0 250 cd 3.00 bc 2.00 bed 2.08 def 4.0 3.50 cd 3.00 bed 1.75 cde 2.83 be
1.0 00 000g 000j) 000g 032] 1.0 00 000k  000j 025hg 027kl
0.1 0.00 g 000 ~000¢g 033 j 0.1 0.00 k 0.00 j 000 h 0.29 ki
0.5 0.00 g 0.00 j 0.00 g 0.45 ij 0.5 0.125kj 1.00 hi 000 h 0.75 ikl
1.0 250 cd  2.25 cde 1.50 de  2.15 cde 1.0 2.38 cdefg 3.00 bed 2.75 abc 2.22 cdefg
2.0 2.88 ¢ 225 cde 1.75 cde 2.54 cd 2.0 2.13 cdefg 2.25 def 1.75 cde 1.81 efghi
3.0 1.38 defg 2.25 cde 1.00 defg 1.62 efg 3.0 2.88 cde  3.00 bed 2.25 abed 2.11 cdefgh
4.0 1.38 defg 2.00 def 0.75 efg 1.55 efgh 4.0 1.75 efgh  2.50 cdef 1.75 cde 1.95 defgh
3.5 0.0 0.00 g 0.00 j 2.00 bed 040 j 3.5 0.0 0.00 k 0.00 j 2.00 bede 0.50 jkl
0.1 0.00 g 0.00 j 2.00 bed 0.53 ij 0.1 0.00 k 0.00 j 2.25 abed 0.41 ki
0.5 0.00 g 0.50 ij 1.75 cde  0.69 ij 0.5 0.00 k 0.00 j 1.50 def 0.35 ki
1.0 0.00 g 1.00 ghi 1.50 de 0.55 i 1.0 0.00 k 1.00 hi 1.50 def 0.62 jkl
2.0 238 cd 3.00bc 150 de 2.24 cde 2.0 3.75 be 3.25 abc 3.00 ab 2.74 bed
3.0 7.75 a 4.00 a 3.50 a 514 a 3.0 5.00 ab 400a 325a 337 ab
4.0 8.00 a 4.00 a 375 a 5.05 a 4.0 5.88 a 400a 300ab 387 a
7.0 0.0 0.00 g 0.00 j 1.25 def 035 7.0 0.0 0.00 k 0.00 j 1.50 def 0.42 jkl
0.1 0.00 g 0.00 j 1.50 de 030 j 0.1 0.00 k 0.00 j 1.50 def 041 ki
0.5 0.00 g 0.00 j 2.00 bed 041 j 0.5 0.00 k 0.00 j 1.50 def 0.33 ki
1.0 0.63 efg 125 fghi 1.75 cde 1.28 fghi 1.0 1.38 fghijk 1.75 fgh 2.00 bede 1.35 hij
2.0 0.75 efg  1.50 efgh 1.75 cde 1.28 fghi 2.0 1.63 efghi 2.50 cdef 2.25 abed 1.78 fghi
3.0 513 b 350ab 3.00ab 368b 3.0 288 cde 3.50 ab 325 a  2.63 bede
4.0 513 b 300 bc  2.75ab 295 be 4.0 2.38 cdefg 3.25 abc 3.00 ab 2.63 bede

“Formation score: 0 =none; 2 =some; 4 = abundant.
"Mean separation within columns for each plant growth regulator
level by LSD, 5% level.

“Formation score: 0=none; 2 = some; 4 =abundant.
’Mean separation within columns for each plant growth regulator
level by LSD, 5% level.
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the absence of IAA (auxin) failed to promote organogenesis
except at the highest concentration (4.0 mg-L"'). Athough
plantlets were induced at the highest concentration (4.0 mg - L™)
of zeatin riboside alone, generally two phytohormones were
required for regeneration of plantlets. Shoot development was
enhanced by the addition of IAA, however, the combination of
the high level (7.0 mg-L") of IAA with zeatin riboside
inhibited shoot formation.

Shoot differentiation appears to be a function of zeatin
roboside (cytokinin) activity since IAA (auxin) alone did not
initiate shoot development. Moreover, leaf explant responded
differently to different levels of IAA. The shoot development
was not affected by low concentration (<0.5 mg-L™") of IAA
and zeatin riboside. This might be due to auxin : cytokinin ratio
which is unfavorable to this process.

This experiment indicated that an equal ratio of IAA and zeatin
riboside was effective for direct shoot induction from leaf disks.
The difference in regeneration capacity and mode of regen-
eration at higher and lower concentrations may be explained on
the basis of variation in the endogenous levels of these phyto-
hormones in leaf tissue (Nehra and Stushnoff, 1989). Therefore,
for the successful induction of normal plantlet formation from
leaf disks in vitro, levels of exogenous and endogenous phyto-
hormones need to be taken into consideration.

The shoots seemed to originate from the proliferating cells
rather than the original cells of the leaf. The histological study
of shoot induction in leaf disk propagating of potato needs
further study. Plants regenerated from callus and cell suspension
cultures may include a varying proportion showing structural or
physiological abnormalities, according to the origin and age of
cultures (Yeoman, 1986).

Plantlet formation from potato leaf disks was dependent on the
phytohormonal composition of the medium employed and the
genotype used. Phytohormone interactions tested in this experi-
ment helped in the identification of phytohormone levels for use
in plantlet regeneration.

One potato cultivar ‘Kennebec’ and one breeding selection, ND
860-2, were used for this study. Regenerated plants from the

shoot induction medium containing either 3.5 mg - L™ IJAA+3.0
mg - L zeatin riboside or 7.0 mg - L' JAA+3.0 mg - L zeatin
riboside were grown in the greenhouse to produce tubers. Plants
propagated in vitro from nodal cuttings were grown under the
same conditions as control plants. Regenerated plants showed
evidence of phenotypic variation (Table 3). Significant differ-
ences were observed in the response of different cultivars and
phytohormones. The growth of regenerated plants obtained from
the MS medium supplemented with 7.0 mg - L' IAA and 3.0 mg
- L' zeatin riboside was significantly greater than those grown
from nodal explants. But leaf length and leaf shape (width/length)
were not significantly different. In ND 860-2, leaf width of
regenerated plants from the medium containing 7.0 mg - L™ IAA
and 3.0 mg-L" zeatin riboside was significantly greater than
those obtained from the MS medium supplemented with 3.5 mg
L' IAA and 3.0 mg-L" zeatin riboside and nodal explants.
These phenotypic changes may be due to changes in karyotype.
Hermsen et al. (1981) reported that phenotypic variation observed
in explant-derived shoots of diploids mainly concerned changes
in the ploidy level and morphological changes which were
probably the result of mutated genes or deletions.

Plant regenerated from leaf disks can show differences in a
range of characters, which is somaclonal variation. Vegatative
characteristics such as leaf shape were also different in some
regenerated plants. They may have existed as genetic differences
in leaf cells, thus, probably leading to expression of the trait.
Wengzel et al. (1979) and Sree Ramulu et al. (1983) also reported
variant plants with alterations in growth and leaf characteristics.

In ND 860-2, a leaf chimera with chlorophyll deficient (light
yellow) sectors was found in plants regenerated from leaf disks
(grown onto MS medium supplemented with 3.5 mg - L' and
3.0 mg - L' zeatin riboside) but not in plants grown from nodal
explants. Perhaps the participation of variant cells, in addition to
the normal cells, can lead to the formation of leaf chimeras.
These plants had a higher tuber number (7-8) than normal
plants.

The phenotypic variability was also observed in the tuber
number, size and weight (Table 4). In ND 860-2, the tuber

Table 3. Observations of plant height and leaf morphology of ND 860-2 and ‘Kennebec’ plants regenerated directly from leaf

disks as compared with plants propagated from nodal cuttings.

IAA Zeatin riboside Explant Plant height Leaf width Leaf length Width/
(mg - L") (mg - L'l) source (cm) (cm) (cm) length
ND 860-2
0.0 0.0 node 25.50 b* 447 b 5.46 a 0.82 a
35 3.0 leaf disk 29.63 ab 444 b 521 a 085 a
7.0 3.0 leaf disk 3225 a 5.14 a 5.63 a 092 a
‘Kennebec’
0.0 0.0 node 2258 b 472 a 595 a 0.80 a
3.5 3.0 leaf disk 26.30 ab 481 a 5.81 a 0.84 a
7.0 3.0 leaf disk 28.80 a 4.89 a 573 a 0.86 a

*Mean separation within columns for each cultivars by LSD, 5% level.
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Table 4. Observations of ND 860-2 and ‘Kennebec’ tuber characters from plants regenerated directly from leaf disks as compared

with plants propagated from nodal cuttings.

IAA Zeatin riboside Explant Tuber Tuber width Tuber length Tuber weight
(mg - L") (mg - L’]) source number (cm) (cm) (g)
ND 860-2
0.0 0.0 node 4,60 b° 234 a 2.54 a 8.84 a
35 3.0 leaf disk 6.63 a 202 b 226 a 6.77 b
7.0 3.0 leaf disk 6.56 a 231 a 255 a 8.20 a
‘Kennebec’
0.0 0.0 node 5.11b 2.20 a 241 a 7.39 a
3.5 3.0 leaf disk 7.10 a 1.84 b 207 b 491 b
7.0 3.0 leaf disk 7.80 a 1.99 b 221b 544 b

*Mean separation within columns for each cultivars by LSD, 5% level.

number from plants regenerated from leaf disks was significantly
greater than from plants from nodal explants. The tuber width
and weight of regenerated plants obtained by growing onto MS
medium supplemented with 3.5 mg - L' IAA and 3.0 mg-L"’
zeatin riboside was significantly reduced compared to those
derived from in vitro regeneration on MS medium supplemented
with 7.0 mg - L' IAA and 3.0 mg - L' zeatin riboside and those
derived from nodal explants. In ‘Kennebec’ the tuber number of
regenerated plants from leaf disks was significantly increased
compared to those from nodal explants but tuber width, length
and weight were significantly reduced.

Rietveld (1988) found that regenerated plants from tuber disks
of ‘Kennebec’ had more elongated tubers, higher total tuber
number and weight. In this experiment, this may have been true
in tuber number, but not in tuber length and weight.

Regenerants from ‘Red Pontiac’ had tubers with a range of
skin colors from pink to red (data not shown). But plants regen-
erated from nodal cutting plants had the usual red color. This
cultivar is a chimera of ‘Pontiac’ and the tuber skin color would
vary depending on the cell layer from which the plantlet was
derived. Mohan Jain et al. (2000) and Sree Tamulu et al. (1983)
suggested that variation may be due to somatic segregation of
chimeras resulting from gene mutations or chromosome struc-
tural rearrangements in only part of the regenerated plant.

The results show a range of phenotypic variation among
regenerants from leaf disks. This phenomenon has previously
been reported in plants regenerated from protoplast or explant
cultures. Plant regeneration from leaf explant cultures is quicker
and easier than protoplast culture and can be used to study soma-
clonal variation. This somaclonal variation has been suggested as
a useful source of variability for plant breeders (Kaeppler et al.,
2000; Larkin and Scowcroft, 1981; Mohan Jain et al., 2000).
However, it is not possible to draw firm conclusions from a
single generation of plants grown in greenhouse where such
characters may have been altered by the artificial conditions.
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