BIOLOGIA PLANTARUM 50 (3): 453-456, 2006

BRIEF COMMUNICATION
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Abstract

The shoot fresh mass, root length and root numbers of two potato (Solanum tuberosum L.) cultivars Favorita and
Helanwuhua were increased significantly by the application of 0.2 - 2 mg dm™ jasmonic acid (JA) in the Murashige and
Skoog medium. However, the growth of potato explants was inhibited by JA at high concentrations (20 - 50 mg dm™).
Chlorophyll content in explant leaves decreased with an increase in the concentration of JA. In leaves treated with
0.2 mg dm™ JA acid peroxidase activity increased, while in the leaves treated with more than 2 mg dm™ JA peroxidase
activity decreased. Under the dark, the microtuber numbers, fresh mass and percentage of big microtubers of two potato

cultivars were not promoted by the application of 0.2 - 50 mg dm™ JA.
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Jasmonic acid (JA) and other jasmonates are plant growth
regulators widely distributed within the plant kingdom
(Ulloa et al. 2002). Recently, JA has been found to have
various effects on the growth and development of plants,
such as inhibition of seed germination (Corbineau et al.
1988, Bin ef al. 2001, Huang et al. 2002, Kumari and
Sudhakar 2003) and root growth (Wang et al. 2002),
stimulation of floret opening (Zeng et al. 1999) and bulb
formation (Ravnikar et al. 1992), defense response in
leaves (Repka et al. 2001, 2004), and promotion of
flower and fruit development (Wilen ef al. 1991, Czapski
and Saniewski 1992). Tuberization in potato was
controlled by the tuberonic acid and its glucosides which
had a close relation with JA in structure (Koda and
Okazawa 1988, Koda et al. 1988, Yoshihara et al. 1989).
In addition, in vitro microtuberization provided an
adequate experimental model for the physiological and
metabolic studies of tuberization and the screening of
potential potato genotypes (Li et al. 2004, Zhang et al.
2005a,b). The purpose of this work was to investigate the
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effects of different concentrations of JA on the growth
and development of potato plantlets and microtubers
under in vitro conditions.

In vitro plantlets of two commercial potato (Solanum
tuberosum L.) cultivars, Favorita and Helanwuhua, were
propagated using single nodal cutting on the propagation
Murashige and Skoog MS (1962) medium containing
30 g dm™ sucrose and 8 g dm™ agar (pH 5.8). Plantlets
were cultured at temperature of 25 °C and 16-h photo-
period (irradiance of 100 umol m™s™). Five single-node
explants obtained from propagated plantlets were
transferred into each culture vessel with propagation MS
medium supplemented with different concentrations of
JA (0, 0.2,2,20 and 50 mg dm'3), and cultured under the
same condition as described above. Shoot length and
fresh mass, leaf number, root length and fresh mass were
recorded for in vitro plantlets after 40 d, and the
chlorophyll content and peroxidase (POD) activity of
shoots were determined. Chlorophyll content was
analyzed spectrophotometrically with a UV-2450 spectro-

Abbreviations: BAP - benzylaminopurine; FM - fresh mass; GA - gibberellin; JA - jasmonic acid; MS medium - Murashige and

Skoog medium; POD - peroxidase.
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photometer (Shimadzu, Tokyo, Japan) according to the
method of Zhang (1992), and POD activity was measured
by the guaiacol reduction method as previously described
by Zhou and Leul (1998).

In a further experiment, five two-node explants
obtained from propagated plantlets were transferred into
each Erlenmeyer flask with 30 cm® liquid MS media. The
flasks were also cultured at 25 °C under a 16-h
photoperiod. After 3 weeks, the liquid MS medium was
drained and substituted by liquid induction MS medium,
which was supplemented with 80 g dm™ sucrose,
5 mg dm” benzylaminopurine (BAP), 1 g dm™ activated
carbon and different concentrations of JA (0, 0.2, 2, 20
and 50 mg dm™). The explants were incubated for 60 d in
darkness at 20 + 1 °C. After harvested, microtuber fresh
mass, the number and percentage of big microtubers
(diameter is more than 5 mm) were recorded per flask.
JA, MS basal salts and other chemicals were obtained
from Sigma, St. Louis, USA, or from Wako Pure
Chemical, Osaka, Japan.

The growth of potato plantlets cultured for 40 d on the
propagation MS medium was promoted by the adding of
0.2 - 2.0 mg dm™ JA (Fig. 1, Table 1). Under the above
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mentioned photoperiod, JA of 2.0 mg dm™ significantly
increased fresh mass of shoot and root, root number and
root length of two cvs. Favorita and Helanwuhua.
However, higher JA concentrations inhibited markedly
the growth of plantlets. Compared with the control,
20 mg dm™ JA decreased root length and root fresh mass
of Favorita and all growth parameters determined of
Helanwuhua, while 50 mg dm™ JA inhibited completely
the plantlet growth of two cultivars tested. However,
there were no significant changes in the leaf number of
Favorita under 0 - 50 mg dm™ JA.

Chlorophyll ~ contents of leaves  decreased
progressively with an increase in JA concentrations
(Table 1). At 20 and 50 mg dm™ JA, the chlorophyll
contents of Helanwuhua were only half and one-fourth of
the control, while that of Favorita were just only one-
fourth and one-tenth of the control. The lower
concentration of JA treatments (up to 0.2 mg dm™)
tended to increase the POD activity of potato plantlets,
while increasing of JA concentrations over 2.0 mg dm™
decreased the POD activity in both cultivars (Table 1).

Under the dark, JA of 0.2 - 50 mg dm™ decreased the
fresh mass of microtubers and percentage of big
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Fig. 1. Effect of different concentrations of JA (0, 0.2, 2, 20 and 50 mg dm™, left to right) on the in vitro growth of explants in two

potato cultivars (Favorita and Helanwuhua).

Table 1. Effect of different concentrations of JA [mg dm™] on leaf and root number, shoot and root length [cm] and fresh mass [g],
chlorophyll content [mg g'(FM)], and POD activity [A4 g (FM) min™'] of potato leaves in vitro. Means followed by the same letter
are not significantly different at the P < 0.05; nd - not determined due to too small explants.

Favorita Helanwuhua

0 0.2 2.0 20.0 50.0 0 0.2 2.0 20.0 50.0
Leaf number 8.33a 9.00a 9.67a 10.33a 9.00a 7.33b 8.00b 10.00a 3.00c 1.33d
Shoot length 4.43¢ 6.27b 8.07a 4.23¢ 0.70d 7.50a 8.80a 8.83a 0.80b 0.20b
Shoot FM 0.05bc 0.06b 0.15a 0.06bc  0.02¢ 0.10b 0.12b 0.21a 0.03c 0.01c
Root FM 0.09¢ 0.10b 0.12a 0.02d 0.00c 0.10b 0.12a 0.12a 0.02¢ 0.00c
Root number 4.00bc 6.00b 7.67a 3.33bc  0.00c 5.67b 8.67ab  12.00a 0.67¢ 0.00c
Root length 13.20b 13.13b 16.37a 1.70¢ 0.00c 8.90b 14.50a 13.37a 0.37¢ 0.00c
Chl content 0.28a 0.26b 0.21c¢ 0.07d 0.02¢ 0.280a 0.22b 0.23b 0.15¢ 0.08d
POD activity 17.17b 19.34a 15.58¢ 7.16d nd 11.16b 12.65a 9.31c 8.77c nd
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Table 2. Effect of different concentrations of JA on number of microtubers, FM of microtubers and percentage of big microtubers
formed in vitro. Means followed by the same letter are not significantly different at the P < 0.05.

Favorita Helanwuhua

0 0.2 2.0 20.0 50.0 0 0.2 2.0 20.0 50.0
Microtuber number [flask™'] 11.30a  11.50a 11.50a 10.80a 10.70a 26.00a 23.50a 16.50b 16.30b 16.70b
FM of microtubers [g flask™'] 2.18a 1.75b 1.73b 1.73b 1.54b  2.19a 1.94a 088 0.67b  0.71b
Big microtubers [%] 71.4la 55.86b 51.89b 50.56b 42.35b 44.23a 41.92a 1538b 11.54b 12.00b

microtubers in Favorita, while no difference with regard
to number of microtubers per flask was observed between
JA treatments and the control (Table 2). A significant
decrease in the number of microtubers, fresh mass and
percentage of big microtubers was observed in
Helanwuhua treated with JA of 2.0 - 50 mg dm™. No
significant difference with regard to these three
parameters was observed between 0.2 mg dm™ JA and
the control.

Morphological and histochemical studies using light
microscopy and transmission electron microscopy (TEM)
analysis of leaves from treated plants revealed that JA
also affected subcellular organelles of mesophyll cells
(Ulloa et al. 2002). The results of Sembdner and Parthier
(1993) showed that jasmonate-induced promotion of leaf
senescence, which was characterized by chlorophyll
degradation and accompanied by degradation of
RuBPcase, increases in cellular respiration rate, and of
protease and peroxidase activities as well as a reduction
of photosynthetic activity. In this study, peroxidase
activities were measured in view of the possible
involvement of jasmonates in plant multiple defense
responses (Repka 2001, Repka et al. 2004). This
experiment also found that the chlorophyll content
decreased with the increasing of JA concentration, and
lower JA concentration promoted POD activity
significantly. However, higher JA concentration reduced
the POD activity, which might be speculated that the cell
organization had been damaged by applying higher level
of JA. By contrast, substantially higher concentration of
methyl jasmonate still stimulated POD activity in

References

Abdala, G., Castro, G., Miersch, O., Pearce, D.: Changes in
jasmonate and gibberellin levels during development of
potato plants (Solanum tuberosum L.), - Plant Growth
Regul. 36: 121-126, 2002.

Bin, J.H., Huang, S.Q., He, S.C., He, L.H., Pan, R.Z.: [Effect of
methyl jasmonate on the germination and the degradation of
storage reserve in rice seed.] - Acta bot. sin. 43: 578-585,
2001. [In Chin.]

Corbineau, F., Rudnicki, R.M., Come, D.: The effects of methyl
jasmonate on sunflower seeds germination and seedling
development. - Plant Growth Regul. 7: 157-169, 1988.

Czapski, R.A., Saniewski, M.: Stimulation of ethylene
production and ethylene-forming enzyme in fruits of non-

grapevine (Repka et al. 2004). This might be due to the
difference in their responses to jasmonates between
herbaceous and woody plant species, and further research
is needed in this aspect.

Formation of potato tuber was affected by many
factors such as photoperiod and temperature, but
hormone played a dominant role in this process
(Vreugdenhil and Struik 1989, Momoh et al. 2002, 2004,
Tang et al. 2003, Zhang et al. 2005b). Contrary views
still existed for the induction of JA on potato tuberization.
Some researchers considered that jasmonates and
gibberellins (GA) were the important components of the
signal transduction pathways in regulating potato plant
morphogenesis and  controlling  tuber induction
(Takahashi et al. 1994, Abdala et al. 2002). The results of
Koda and Kikuta (2001) suggested that not only GA but
also JA were the key factors determining potato maturity
and either a higher level of GA or lower level of JA may
predispose the cultivars to have a late-maturing habit
(maturity). However, other researchers suggested that JA
spraying did not induce tuberization in short-day-
requiring potato species kept in non-inducing conditions
(Jackson and Willmitzer 1994), and different levels of JA
itself did not control the tuberization (Ulloa et al. 2002).
In our work, the microtuber number, fresh mass and the
percentage of big microtubers of two potato cultivars did
not increase significantly by the treatment of different
levels of JA. These results indicated that the application
of 0.2 - 50 mg dm™ JA did not promote the in vitro
tuberization of potato cvs. Favorita and Helanwuhua.

ripening nor and rin tomato mutants by methyl jasmonate. -
J. Plant Physiol. 139: 265-268, 1992.

Huang, S.Q., Bin, J.H., Li, Z.P.: [Effects of methyl jasmonate
and ABA on the growth of root and hypocotyls of peanut
seedling.] - J. Plant Physiol. mol. Biol. 28: 351-356, 2002.
[In Chin.]

Jackson, S.D., Willmitzer, L.: Jasmonic acid spraying does not
induce tuberization in short-day-requiring potato species
kept in non-inducing conditions. - Planta 194: 155-159,
1994.

Koda, Y., Kikuta, Y.: Effects of jasmonates on in vitro
tuberization in several potato cultivars that differ greatly in
maturity. - Plant Prod. Sci. 4: 66-70, 2001.

455



Z.J. ZHANG et al.

Koda, Y., Okazawa. Y.: Detection of potato tuber-inducing
activity in potato leaves and old tubers. - Plant Cell Physiol.
29: 969-974, 1988.

Koda, Y., Omer, E.A, Yoshihara, T., Shibata, H.: Isolation of a
specific potato tuber-inducing substance from potato leaves.
- Plant Cell Physiol. 29: 1047-1051, 1988.

Kumari, G.J., Sudhakar, C.: Effects of jasmonic acid on
groundnut during early seedling growth. - Biol. Plant. 47:
453-456, 2003.

Li, HZ., Zhou, W.J., Zhang, Z.J., Gu, H.H., Takeuchi, Y.,
Yoneyama, K.: Effect of y-radiation on development, yield
and quality of microtubers in vitro in Solanum tuberosum L.
- Biol. Plant. 49: 625-628, 2005.

Momoh, E.J., Song, W.J., Li, H.Z., Zhou, W.J.: Seed yield and
quality responses of winter oilseed rape (Brassica napus) to
plant density and nitrogen fertilization. - Indian J. agr. Sci.
74: 420-424, 2004.

Momoh, E.J.J., Zhou, W.J., Kristiansson, B.: Variation in the
development of secondary dormancy in oilseed rape
genotypes under conditions of stress. - Weed Res. 42: 446-
455, 2002.

Murashige, T., Skoog, F.: A revised medium for rapid growth
and bioassay with tobacco tissue cultures. - Physiol. Plant.
15: 473-497, 1962.

Ravnikar, M., Vilhar, B., Gogala, N.: Stimulatory effects of
jasmonic acid on potato stem node and protoplast culture. -
Plant Growth Regul. 11: 29-33, 1992.

Repka, V.: Elicitor-stimulated induction of defense mechanisms
and defense gene activation in grapevine cell suspension
cultures. - Biol. Plant. 44: 555-565, 2001.

Repka, V., Fischerova, L., Silhdrova, K.: Methyl jasmonate
induces a hypersensitive-like response of grapevine in the
absence of avirulent pathogens. - Vitis 40: 5-10, 2001.

Repka, V., Fischerov4, 1., Silharova, K.: Methyl jasmonate is a
potent elicitor of multiple defense responses in grapevine
leaves and cell-suspension cultures. - Biol. Plant. 48: 273-
283, 2004.

Sembdner, G.W., Parthier, B.: The biochemistry and the
physiological and molecular actions of jasmonates. - Annu.
Rev. Plant Physiol. Plant mol. Biol. 44: 569-589, 1993.

Takahashi, K., Fujino, K., Kikuta, Y., Koda, Y.: Expansion of
potato cells in response to jasmonic acid. - Plant Sci. 100:

456

3-8, 1994.

Tang, GX., Zhou, WJ., Li, HZ., Mao, B.Z., He, Z.H,,
Yoneyama, K.: Medium, explant and genotype factors
influencing shoot regeneration in oilseed Brassica spp. - J.
Agron. Crop Sci. 189: 351-358, 2003.

Ulloa, R.M., Raices, M., Maclntosh, G.C., Maldonado, S.,
Tellez-Inon, M.T.: Jasmonic acid affects plant morphology
and calcium-dependent protein kinase expression and
activity in Solanum tuberosum. - Physiol. Plant. 115: 417-
427,2002.

Vreugdenhil, D., Struik, P.: An intergrated view of the
hormonal regulation of tuber formation in potato (Solanum
tuberosum L.). - Physiol. Plant. 75: 525-531, 1989.

Wang, S.C., Masahiko, 1., Shin, T., Xu, L.L., Xia, K., Zhou, X.:
Effect of jasmonic acid on lateral root formation in rice
seedling. - Acta bot. sin. 44: 502-504, 2002.

Wilen, E.W., Rooijen, GJ.H., Pearce, D.W., Pharis, R.P,
Holbrook, L.A., Moloney, M.M.: Effects of jasmonic acid
on embryo-specific processes in Brassica and Linum
oilseeds. - Plant Physiol. 95: 399-405, 1991.

Yoshihara, T., Omer, E.A., Koshino, H.: Structure of a tuber-
inducing stimulus from potato (Solanum tuberosum L.). -
Agr. biol. Chem. 53: 2835-2837, 1989.

Zeng, X.C., Zhou, X., Zhang, W., Murofushi, N., Kitahara, T.,
Kamuro, Y.: Opening of rice floret in rapid response to
methyl jasmonate. - J. Plant Growth Regul. 18: 153-158,
1999.

Zhang, X.Z.: Methodology of Crop Physiology. - Agriculture
Press, Beijing 1992.

Zhang, Z.J., Mao, B.Z., Li, H.Z., Zhou, W.J., Takeuchi, Y.,
Yoneyama, K.: Effect of salinity on physiological
characteristics, yield and quality of microtubers in vitro in
potato. - Acta Physiol. Plant. 27: 481-489, 2005a.

Zhang, Z.J., Zhou, W.J., Li, H.Z.: The role of GA, IAA and
BAP in the regulation of in vitro shoot growth and
microtuberization in potato. - Acta Physiol. Plant. 27: 363-
369, 2005b.

Zhou, W.J., Leul, M.: Uniconazole-induced alleviation of
freezing injury in relation to change in hormonal balance,
enzyme activities and lipid peroxidation in winter rape. -
Plant Growth Regul. 26: 41-47, 1998.



