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Abstract: The swvival rate, shoot and root dry mass, shoot number, plant growth, stem height and diameter,
mumber of leaves and root length were measured in micropropagated plantlets of Alpinia purpurata
(Red ginger) inoculated with Azospirilium sp. 11B and Azotobacter sp. Pachaz 008 at 107, 10° and 10° cells cm™
using a complete randomized experumental design. Inoculation of 4. purpurata plantlets with the Azospirillum
sp. 11B or Azotobacter sp. PACHAZ, 008 strains nduced larger stem diameter, root dry mass, munber of shoots
and mereased their swrvival rate from 77 to 100% compared to plantlets without moculation, while other plant

characteristics were not affected.
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INTRODUCTION

Red gmger (Alpinia purpurata Vieill) 15 a
rhizomatous perenmal plant from tropical America
belonging to the Zingiberaceae family. 4. purpurata is an
exotic plant that grows mn several parts of the world with
an inflorescence very much sought after for its ornamental
value (Rolf and Faria, 1995; Berry and Kress, 1991).
Nevertheless, the market value of the plant is limited for
1ts low natural propagation rate and due to some pests; in
the field ants, banana aplids and mealy bugs (Hara et al.,
1996) often damage the red ginger inflorescences.
In vitro micropropagation might be an alternative
technique to produce diseases-free plantlets for direct
commercialization or germplasm storage (Cassalls and
O'Herlihy, 2003; Dekkers et al., 1991). However, the low
survival rate of the plantlets in the acclimatizing phase
1s still a major impediment limiting the use of in vitro
culture propagation. In vitro culture of A. purpurata often
results in the formation of plantlets with abnormal
morphology, anatomy and physiology. After ex vitro
transfer, these plantlets are easily impaired by sudden
changes in environmental conditions and therefore need
a period of acclimatization to correct abnormalities
(Pospisilova et al., 1999).

Baptisia tinctoria plantlets were inoculated with
an arbuscular mycorthizal fungi stramns to increase
their swvival rate 1 the acclimatizing phase
{(Grotkaess et al, 2000). Similar results were reported
for the micropropagated grape (Hare Krishna ef al,
2005). Srinath et al. (2003) found that micropropagated
Ficus benwjamina plantlets co-inoculated with Glomus
mosseae, harzianum and  Bacillus
coagulans, were significantly higher with larger shoot,
root and total plant biomass, larger shoot and root
phosphorus content and more root colomzation with
Glomus compared to un-inoculated plants.

Larger accumulation of nutrients (Ca, Mg, Fe, B,
Mn, Zn and Cu) mn Vicia faba L. (faba bean) plants
was a direct consequence of the growth-promoting
effect of Azotobacter and Azospirillum strains in
combined inoculation with Rhizobium leguminosarum
(Rodelas et al., 1999). Additionally, shoot and root dry
matter content significantly mcreased compared to control
plants inoculated only with R. leguminosarum. These
results indicate that inoculation of micropropagated
plantlets with soil microorgamsms can promote plant
growth and their swvival in the field. In this study, the
effect of inoculation of 4. purpurata with Azotobacter sp.
Pachaz 008 and Azospirillum sp. 11B, two free-living

Trichoderma
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nitrogen-fixing bacteria, on survival rate and plant
growth during acclimatizing of plantlets obtained from

micropropagation was investigated.

MATERIALS AND METHODS

Explants source and micropropagation: Inflorescences
from A. purpurata Vieill plants were disinfected in 70%
ethanol for 15 min, immersed in 3% aqueous calcium
hypochlorite solution for 15 min and washed three times
with sterile distilled water. The interbracteal buds were
removed and placed in 150 ml bottles containing 30 ml.
Murashige and Skoog (1962) (MS) medium supplemented
with sucrose (40 g dm™) and solidified with 2.6 g dm™
Phytagel. Bottles with one explant each were mcubated
under cool white flucrescent light (45.8 ymol m™ sec™)
and 12 h photoperiod at 26-28°C for one month.

Shoots were transferred to similar bottles containing
30 cm’ MS medium supplemented with sucrose 40 g dm ™,
myo-inositol, 0.1 g dm™; nicotinic acid, 1 mg dm™;
pyridoxine, 1 mg dm™; thiamine, 1 mg dm™;
glycine, 2 mg dm™; bencylaminopurine, 5 mg dm™ and
solidified with 2.6 g 1.7 Phytagel (Tiwari et al., 2002).
Bottles were incubated under cool white fluorescent light
(45.8 pmol m~ sec™") and 12 h photoperiod at 26-28°C for
one month.

New shoots were transferred to newly prepared
above mentioned medium after two and four weeks and
then after two, three and four months. The plantlets were
thus kept on the above mentioned MS medium for a total
of four months. Plantlets were then rooted for one
month in MS medium supplemented with 0.5 mg dm™
A-Naphthalene Acetic Acid (NAA) and incubated under
the same conditions.

Ex vitro inoculation: Well-rooted plantlets were washed
with water toremove the medium and then inoculated
with different concentrations of 4zotobacter sp. Pachaz
008 or Azospirillum sp. 11 B according to a completely

aleatorized experimental design (Table 1). Ten plants for
each treatment were used. A soil-agrolite mixture (3:1),
previously sterilized in an autcclave at 1 kg cm ™ for
20 min {(Declerck et af., 2002), was added to 500 cm’
containers and the plantlets were planted i the mixture
to acclimatize.

The plantlets were covered with a nylon mesh for two
weeks to reduce water loss and wrigated with potable
water each three days. One month after inoculation, plants
were harvested, the soil washed from the roots and plant
and stem height, stem diameter, number of leaves, root
length, aerial and root mass dry, number of shoots and
percentage of survival determined. Plant characteristics
and swrvival rate were subjected to one-way analysis of
variance using PROC GLM (SAS, 1989) to test for
significant differences between treatments (p<0.05).

RESULTS

Azospirillum eand Azotobacter induced a higher
survival rate in micropropagated 4. purpurata plantlets
{(Table 1). The survival of the plantlets was bigger when
increasing the quantity of bacterial inoculums. The
survival was mcreased from 13 to 23%, depending on the
treatment, regarding the un-inoculated plantlets. The
plantlets incculated with 10° or 10° cells of Azospirillum
had 100% of survival.

Likewise, the stem diameter of the plantlets
inoculated with anyone of the two strains used in this
study was bigger, between 25 to 52%, than that of the un-
inoculated plantlets.

On the other hand, with the inoculaticn of 10% or 10°
cells of Azospirillum was found that the stem diameter,
dry mass of root and the number of buds were increased
significantly, the other treatments did not show
differences regarding the un-inoculated plantlets.

Finally, in the variables plant height, shaft longitude,
root longitude, dry weight of the aerial part and number of
leaves, did not meet any effect with the bactenal
1inoculation.

Table 1: Survival rate, plantlet height, stermn diameter, root and stem length (cm), aerial and root dry mass (g) and number of leaves and shoots
Alpinia_purpurata Vieill micropropagated plants inoculated with different numbers of Azotobacter and Azospiriflum (n = 30)

Inoculation Survival Plantlet Stem Length (cm) Dry mass (g) No. of
rate rate highest diameter
Bacterium (cells cm™) (%) {crm) {cm) Stern Root Acerial Root Shoots Teaves
Azotobacter 1077 90 16.74 0.60 7.24 8.53 0.045 0.035 0.6 4.5
1073 92 16.58 0.66 833 8.05 0.041 0.035 0.7 4.5
107 ™ 16.16 0.64 7.78 7.88 0.039 0.044 0.9 4.6
Azozpirilium 1077 a6 16.64 0.65 7.31 6.90 0.038 0.043 2.5 53
1073 100 16.52 0.70 7.33 7.49 0.032 0.067 1.9 4.5
107 100 16.25 0.73 7.43 8.45 0.032 0.071 2.0 4.6
None 77 15.32 0.48 7.04 6.84 0.031 0.043 0.5 4.3
Least significant 6 1.47 0.10 1.53 2.00 0.016 0.019 0.6 1.2
ditference (p<0.05)
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DISCUSSION

The survival rate of 100% for inoculated plantlets in
this experiment was lgher than reported for other plants.
A swvival rate of only 70% was reported for ex vitro wild
strawberry plants (Bhatt and Dhar, 2000). On average,
83% in vitro and ex vitro rooted plantlets of wild citrus
trees (Citrus halimii  Stone) survived after being
transferred to a soil mixture consisting of soil, sand and
organic material (1:1:1) (Normah et al., 1997). Ninety
percent of Acacia mearnsii plantlets swvived when
acclimatized i transparent plastic containers under
greenhouse conditions (Sascha et al., 1998).

Our method to increase swvival of 4. purpurata
plantlets was less complicated than methods reported
before, as it did not mvolve modifications of the in vitro
conditions. Vordékova et ol (1998), for instance, used
higher sucrose concentrations in the culture media of
wheat (Triticum aestivum) and rape (Brassica napus)
plantlets to mcrease survival rates. Additionally, non
special culture conditions were required to increase
survival rates, such as ventilation to promote in vitro
hardening of micropropagated camation shoots
(Majada et al., 2000), or special light qualities as for
strawberry (Fragaria x ananassa Duch.) (Duong et al.,
2003).

For other hand, the increment in the dry weight of the
root of the inoculated plants could explaim its biggest rate
of swvival. This effect might be due to an increased
uptake of minerals or N. Increased uptake of minerals in
sorghum, wheat and soybean when moculated with
Azospirillum has been reported (Pacovsky et al,
1985, Bashan et af., 1990) and inoculation of wheat
(Triticum aestivium) plants with 4. brasilense mcreased
plant growth by stimulating N uptake (Saubidet et al.,
2002). At maturity, the inoculated wheat plants showed a
larger biomass and grain yield, protein and N content than
the un-inoculated, plants.

Rooting 1s an important factor to successfully
acclimatize plantlets (Pruski et al., 2000). g-Naphthalene
acetic acid  (1.25-5.0  pM) has been added to
Phyllanthus  wrinaria  (Buphorbiaceae),
plant to promote rooting (Catapan et al., 2002).
Regenerated plants were successfully acclimatized and
91% of the P. wrinaria plantlets swvived under ex vitro
conditions (Catapan et al., 2002). The increased root mass
15 also beneficial for germplasm storage. For example,
when Miscanthus xogiformis Honda Giganteus shoot
cultures were stored in vitro on proliferation or rocting
medium for up to 27 weeks, plants survived storage much
5 better on rooting medium than on proliferation medium
(Hansen and Kristiansen, 1997).

a medicinal

Increases in  root dry mass in teak plants
(Tectona grandis) (Tiwarietal, 2002) has been related
to the synthesis and excretion of plant-growth regulators
and vitamins B in the rhizosphere by Azospirillum
(Rodelas et «l, 1993). The specific response of
A. purpurata plantlets after inoculation with Azospirillum,
but not with Azetobacter, could be mdicative of
specificity between the plant and the microorganisms
(Mrkovaéki et al., 1997).

It was concluded that the
A. purpurata plantlets increased after inoculation with
Azospirillm or with Azotobacter. This appeared to be
related to the fact that the strains used, promoted root

survival rate of

formation. As such, the moculation of micropropagated
plantlets with Azospirilhum 11B or Azeotobacter Pachaz
009 1s a smmple procedure to increase survival of
A. purpurata plantlets for commercial purposes.

ACKNOWLEDGMENT

The research was funded by Universidad Autdnoma
de Chiapas grant 22-2004 (Mexico).

REFERENCES

Bashan, Y., K. Hamison and R. Whitmoyer, 1990.
Enhanced growth of wheat and soybean plants
moculated with Azospirillum brasilense 13 not
necessarily due to general enhancement of mineral
uptake. Applied Environ. Microbiol., 56: 769-775.

Berry, F. and . Kress, 1991. Helicoma: An Identification
Guide. Smithsonian Institute Press, Washington and
Londomn.

Bhatt, I.D. and U. Dhar, 2000. Micropropagation of
Indian wild strawberry. Plant Cell Tissue Org. Cult,,
60: 83-88.

Cassalls, A.C. and E.A. O'Herlihy, 2003. Disease
management of microplants good laboratory practice.
Acta Hortic (ISHS), 616: 105-114.

Catapan, E., MJI. Busi da Silva, FN. Moreno and
AM. Viana, 2002. Micropropagation, callus and root
culture of Phyllanthus wrinaria (BEuphorbiaceae).
Plant Cell Tissue Org. Cult., 70: 301-309.

Declerck, S., JM. Risede and B. Delvaux, 2002.
Greenhouse response on micropropagated bananas
moculated with in vitro monoxenically produced
arbuscular mycorrhizal fungi. Sei. Hortic., 93: 301-309.

Dekkers, AT, AN. Rao and C.J. Goh, 1991. In vitro
storage of multiple shoot cultures of gingers at
ambient temperatures of 24-29°C. Sci. Horticul,
47:157-167.

3456



FPak. J. Biol. Sci., 10 (19): 3454-3457, 2007

Duong, N, T. Tan, H. Takamura, K. Watanabe,
M. Okamoto and M. Tanaka, 2003. Responses of
strawberry plantlets cultwed in  vitro under
superbright red and blue light-emitting diodes
(LEDs). Plant Cell Tissue Org. Cult., 73: 43-52.

Grotkass, C., I. Hutter and F. Feldmann, 2000. Use of
arbuscular mycorrhizal fungi to reduce weaning
stress of micropropagated Baptisia tinctoria (1) R.
BR. Acta Horticul. (ISHS), 530: 305-312.

Hansen, I. and K. Kristiansen, 1997. Short-term in vitro
storage of Miscanthus xogiformis Honda Giganteus
as affected by medium composition, temperature and
photon flux density. Plant Cell Tissue Org. Cult,
49: 161-169.

Hara, AH., T.Y. Hata, V.. Tenbrink, BK.S. Huand
R.T. Kaneko, 1996. Postharvest heat treatment of
red ginger flowers as a possible alternative to
chemical insecticidal dip. Postharvest Biol. Technol.,
7:137-144.

Hare Krishna, SK., RR. Singh, RN. Sharma,
M.G. Khawale and V.B. Patel, 2005. Biochemical
changes in micropropagated grape (Vitis vinifera L..)
plantlets due to Arbuscular-Mycorrhizal Fungi
(AMF) inoculation during ex vitro acclimatization.
Sci. Hortic., 106: 554-567.

Majada, I.P., F. Tadeo, M.A. Fal and R. Sanchez-Tamés,
2000. Impact of culture vessel ventilation on the
anatomy and morphology of micropropagated
carnation. Plant Cell Tissue Org. Cult., 63: 207-214.

Mrkovaéki, N., S. Mezei, 1. Vereibaranji, M. Popoviz,
7. Sariz and L. Kovaéev, 1997, Associations of sugar
beet and nitrogen-fixing bacteria in vitro. Biol. Plant.,
39: 419-425.

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

Normah, M., N.8. Hamidah and F.D. Ghani, 1997.
Micropropagation of Clitrus halimii-an endangered
species of South-East Asia. Plant Cell Tissue Org.
Cult., 50: 225-227.

Pacovsky, R., 5.E. Paul and G.J. Bethlenfalvay, 1985.
Nutrition of sorghum plants with nitrogen or
moculated with 4zospirillum brasilense. Plant Soil,
85:145-148.

Pospidilova, J., 1. Ticha,
and S. Plzakova,
micropropagated plants
Biol. Plant, 42: 481-497.

Pruski, KW., T.T. Lewis and A.J. Nowak, 2000.
Micropropagation of Chokecherry and Pincherry
cultivars. Plant Cell Tissue Org. Cult., 63: 93-100.

Rodelas, B., V. Salmerén, V. Martinez-Toledo and
M. Gonzalez-Lopez, 1993. Production of vitamins by

P. Kadlexzek, D.Haisel
1999 Acclimatization of
to ex vitro conditions.

Azospirillum brasilensis m chemically-defined media.
Plant Soil, 153: 97-101.

Rodelas, B., M. Gonzalez-Lopez, V. Martinez-Toledo,
C. Pozo and V. Salmeron, 1999. Influence of
Rhizobiumy/Azotobacter and Rhizobium/Azospirillum
combined moculation on mineral composition of faba
bean (Vicia faba 1..). Biol. Fertil. Soil., 29: 165-169.

Rolf, DI and R.T. Faria, 1995. Micropropagation of
Alpinia purpurata from inflorescence buds. Plant
Cell Tissue Org. Cult., 40: 183-185.

SAS Institute, 1989, Statistic Guide for Personal
Computers. Version 6.04 Edn., SAS Tnstitute, Cary.

Sascha, L., R. Beck, J. Dunlop and V. Staden, 1998.
Micropropagation of Acacia mearnsii from ex vitro
material. Plant Growth Regul., 26: 143-148.

Saubidet, M.I., N. Fatta and A.J. Barneix, 2002. The effect
of inoculation with Azospirillum brasilense on
growth and mtrogen utilization by wheat plants.
Plant Soil, 245; 215-222.

Srinath, 1., D.J. Bagyraj and BN. Satyanarayana, 2003.
Enhanced growth and nutrition of micropropagated
Ficus bewjamina to Glomus mosseae co-inoculated
with  Trichoderma  harzianum and  Bacillus
coagulans. World I. Microb. Biotechnol., 19: 79-72.

Tiwary, SK.,K.P. Tiwariand E.A. Siril, 2002. Animproved
micropropagation protocol for teak. Plant Cell Tissue
Org. Cult., 71: 1-6.

Voragkova, 7., H. Lipavskd and P. Koneény, 1998. The
efficiency of transfer of plants cultivated in vitro to
ex vitro conditions as affected by sugar supply.
Biol. Plant, 41: 507-513.

3457



	PJBS.pdf
	Page 1


