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ABSTRACT

The inoculation of several species of micropropagated plantlets with native diazotrophic bacteria and arbuscular
mycorrhizal fungi has been reported to increase growth and survival percentage compared to plantlets without
inoculation. The survival of in vitro developed potato (Solanum tuberosum L. cv. Alfa) plantlets co-inoculated with
Glomus fasciculatum (Thaxter sensu Gerd.) Gerd & Trappe, G. claroideum (Schenck & Smith emend. Walker &
Vestberg) and a native diazotrophic bacteria was evaluated at room temperature (16-35°C) or in a growth chamber
(20-22°C). Obtained plantlets for micropropagation were placed in a peat moss/agrolite (2:1 v/v) mixture, inoculated
with arbuscular mycorrhizal (AM) fungi (2250 spores plant™') and native diazotrophic bacteria (3 x 108 cell plant™) and
grown in the greenhouse at 18+2°C for 4 weeks and at 20-26°C for another 4 weeks. Plantlets were then transferred to
near-commercial greenhouse and plant growth and minitubers yield were determined 15 weeks after ex vitro growth.
Survival of the plantlets at room temperature doubled when inoculated with the two AM fungi and also biomass and
minituber yield of plants compared to untreated plants. It was found that the added microorganisms increased survival
of potato plantlets and AM fungi improved potato plant growth and minituber production.

Keyworps: Glomus claroideum, Glomus fasciculatum, minituber production, potato micropropagation.

RESUMEN

La inoculacién de varias especies de plantas micropropagadas con bacterias diazotréficas nativas y hongos micorrizicos
arbusculares se ha reportado que incrementa el crecimiento y el porcentaje de sobrevivencia comparado con plantas sin
inocular. Se evalud la sobrevivencia de plantulas de papa (Solanum tuberosum L. cv. Alfa) desarrolladas in vitro, co-
inoculadas con Glomus fasciculatum (Thaxter sensu Gerd.) Gerd & Trappe, G. claroideum (Schenck & Smith emend.
Walker & Vestberg) y una bacteria diazotrofica nativa, a temperatura ambiente (16-35°C) o en una camara de cultivo
(20-22°C). Las plantulas obtenidas por micropropagacion se colocaron en una mezcla de turba/agrolita (2:1 v/v), se
inocularon con los hongos micorrizicos arbusculares (HMA) (2250 esporas planta™) y la bacteria diazotrofica nativa
(3 x 10® células ml") y se cultivaron en el invernadero a 18+2°C por 4 semanas y a 20-26°C por otras 4 semanas.
Posteriormente las plantulas se transfirieron a un invernadero semicomercial en donde se les determiné el crecimiento
y el rendimiento de los minitubérculos a las 15 semanas después de crecimiento ex vitro. A temperatura ambiente, la
sobrevivencia de las plantulas, la biomasa y el rendimiento de los minitubérculos se duplicaron cuando las plantulas
se inocularon con los dos HMA en comparacion con las plantas sin inoculacion. Se encontrd que los microorganismos
adicionados incrementaron la sobrevivencia de las plantulas de papa y los HMA mejoraron el crecimiento de las plantas
de papa y el rendimiento de los minitubérculos.

PaLABRAS CLAVE: Glomus claroideum, Glomus fasciculatum, produccion de minitubérculos, micropropagacion de papa.
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INTRODUCTION

The production of potato (Solanum tuberosum
L.) is important in Mexico with a total production
of 1.2 million tons per year (Romero-Lima et al.
2000). The potato plant is highly efficient in the use
of available nutrients (Struik 2006). Additionally,
the potato tuber is rich in vitamins, minerals,
proteins, essential amino acids and carbohydrates
(Buckenhiiskes 2005, Van Gijssel 2005).

Some microorganisms in the rhizosphere, such
as diazotrophic bacteria and mycorrhizal fungus,
establish beneficial interactions with plant roots
(Jeffries et al. 2003, Kennedy et al. 2004). The
plant-microbe interaction in the rhizosphere is
important for plant development and disease control
(Jeftries et al. 2003, Avis et al. 2008). Plant growth
promoting microorganisms not only increase
productivity but can also control disease, while
biological control agents, such as Trichoderma and
Pseudomonas spp., can also stimulate plant growth
(Avis et al. 2008). Yao et al. (2002) inoculated the
potato cultivar Goldrush with Glomus etunicatum
Becker et Gerdemann and found a significant
increase in shoot fresh weight, root dry weight
and the number of minitubers produced per plant.
Srinath ef al. (2003) found that Ficus benjamina L.
plantlets, obtained from micropropagation that
were inoculated with G. mosseae (Nicol. et Gerd.)
Gerdemann et Trappe, Trichoderma harzianum
Rifai and Bacillus coagulans ATCC 7050, had
significantly higher shoot and root dry weight and
total phosphorus contents in shoots and roots than
plantlets that were not inoculated.

Diazotrophic bacteria can fix atmospheric
nitrogen and convert it to ammonium thereby
stimulating plant growth (Postgate 1998). The
inoculation of Alpinia purpurata K.Schum.
plantlets obtained through micropropagation with
native diazotrophic bacteria induced larger stem
diameter, root dry mass, number of shoots and
increased their survival percentage from 77 to
100% compared to plantlets without inoculation
(Ovando-Medina et al. 2007).

Micropropagation can improve microplant
quality in vitro, help acclimatization ex vitro, and
increase yield and seed quality of minitubers in
potato (Kowalski et al. 2006). The use of minitubers
as experimental research tools has potential in the
areas of plant metabolism, germplasm selection
and evaluation, genetic transformation, and somatic
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hybridization (Coleman et al. 2001). Temperature is
a main factor controlling dry matter production in
potato plants. High temperature reduces total dry
matter production and alters dry matter distribution
in favor of vines at the expense of tubers (Donnelly
et al. 2003).

The objective of this work was to evaluate the
survival percentage of potato plantlets inoculated
with Glomus fasciculatum Schenck et Smith, G.
claroideum (Thaxter sensu Gerd.) Gerd. et Trappe
and native diazotrophic bacteria at two temperatures.
Additionally, growth, total P content in root, and
minituber yield of the potato (Solanum tuberosum L.
cv. Alfa) plantlets obtained from micropropagation
was determined.

MATERIALS AND METHODS

MICROORGANISM PROCESSING
Glomus claroideum and G. fasciculatum were
obtained from the microbial collection at
Cinvestav-Irapuato (Mexico) and maintained in
sand:clayey soil (1:1 v/v) as substrate and Rhodes
grass as host (material support). Diazotrophic
bacteria isolated from banana plants were
obtained from the Centro de Biociencias at
UNACH (Tapachula, Chiapas, México). The
bacteria were grown in nitrogen-free semisolid
malate (NFb) enrichment medium added with
Congo-red aqueous solution. The composition
of NFb medium was (g L' of distilled water):
K,HPO,, 0.5; MgSO,.7H,0, 0.2; NaCl, 0.1; yeast
extract, 0.5; FeCl,.6H,0, 0.015; DL-malic acid,
S; KOH, 4.8. The pH was adjusted to 7.0 with
0.1 M KOH, and the medium was autoclaved
at 121°C for 20 min. Fifteen mL 1:400 aqueous
solution of Congo red autoclaved previously was
aseptically added to NFb medium before use.
Microorganisms were incubated at room
temperature (16-35°C) for 24 hours and then
they were used as inoculum of potato plantlets
micropropagated.

CO-INOCULATION EFFECT ON SURVIVAL OF PLANTLETS
CULTIVATED AT TWO TEMPERATURES

Potato plants (Solanum tuberosum cv. Alfa) were
obtained from micropropagated apical meristems as
explants in MS (Murashige & Skoog 1962) medium
amended with Phytagel as gelling agent using with a
16/8 h light/dark photoperiod. /n vitro potato plantlets
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were removed from the culture medium, rinsed
with distilled water to remove all culture medium
and planted one plantlet per bag in cylindrical black
plastic bags (length 50 cm, @ 10 cm) filled 2/3 with
a peat moss/agrolite mixture (2:1 v/v). Plantlets were
transplanted when they reached a height of 50 mm. In
this step, plantlets were inoculated with 1 g of material
support (250 spores g' of AM fungi) or 1 mL of a
cell suspension (3 x 10® cells of native diazotrophic
bacteria) directly into steam base, in accordance with a
factorial design 2° (Table I). All treatments were carried
out by triplicate and control plantlets were added with
1 mL NFb medium.

Thirty plantlets from each treatment were placed
at random in a nursery without temperature control
(16-35°C) at a relative humidity ranging from 48%
to 87%. Another group of thirty plantlets from each
treatment were placed at random in a growth chamber
in a laboratory (20-22°C). All treatments were drip
irrigated with tap water ranging from 1 to 2 dm®
per plant per day depending on climate conditions
and crop maturity. For all treatments, plantlets were
fertilized with 6 mg L' KH_PO, each 15 days and
amended with 0.11 mg L' KNO, after 23 days.

PLANTLET GROWTH AND MINITUBERS YIELD

Survival, fresh and dry plant weight, root dry
weight, total phosphorus in the roots, and weight
of minitubers were determined 15 weeks after
transplanting on the plantlets cultivated under
controled conditions. Total root P measurements
were obtained from dry root tissue using the micro-
Kjeldahl method with samples digested for 1 h
following addition of 1ml of H,O, and 2ml of an
H,SO,/Se catalyst. Phosphorus concentrations on
digested P material were determined using Hanna
kit HI 38073 (Hanna Instruments, Mexico). For
mycorrhizal colonization (MC), roots from eight
plants at 15 weeks after transplanting in each
replicate were sampled and stained according to
Phillips Hayman (1970). Mycorrhizal colonization
was evaluated under a binocular microscope at the
magnification of 120 X by grid-line intersect method
according to Giovannetti & Mosse (1980).

EXPERIMENTAL DESIGN AND STATISTICAL ANALYSES

Survival rate of potato plantlets was done with
survival analysis method using SAS software
(Allison 1995). Results of fresh and dry plant
weight, root dry weight, and total root phosphorus
and mycorrhizal colonization and yield of minitubers

were subjected to a one-way analysis of variance to
test for significant difference between the treatments
(Proc GLM, SAS Institute 1989).

RESULTS AND DISCUSSION

SURVIVAL PERCENTAGE AND PLANTLET GROWTH AT TWO
TEMPERATURES

After 12 days of ex vitro conditions, there were
differences in survival of potato plantlets between
treatments, but only when kept at room temperature
(16-35°C) and not under controlled conditions in the
growth chamber (20-22°C). The survival at room
temperature fluctuated between 24% in the treatment
without inoculation and 76% in the treatment with
G. fasciculatum plus diazotrophic bacteria (Table
I). Survival percentage in growth chamber varied
between 90 and 100%. A similar pattern was observed
at day 16 and 21, although the survival percentage
decreased. The survival at room temperature was lower
and more variable than in the growth chamber. This
showed that temperature control is the major factor
to increase survival percentage. It has been reported
that an increase in temperature has a negative effect on
root development, but rhizosphere bacteria improve ex
vitro performance of a heat tolerant cultivar indicating
that they may play a role in clonal adaptation of potato
to heat stress (Bensalim ez al. 1998).

EFFECT OF INOCULANTS ON GROWTH AND TUBER YIELD
Plant height was significantly different between
the treatments and ranged from 81 to 174 mm
(Table II). Treatments with G. fasciculatum plus
G. claroideum resulted in the tallest potato plants
while the smallest were found when inoculated
with diazotrophic bacteria. Earlier studies into
in vivo mycorrhization of potato plants with the
selected inoculants showed that plant height, node
number, fresh and dry weights of the plants were
significantly greater than in uninoculated controls
(Dufty et al. 1999). The increase in plant growth by
mycorrhizal association is largely due to increased
absorption of nutrients. It has often been reported
that nutrient uptake by mycorrhizal plants is faster
than that by nonmycorrhizal roots (Bolan 1991).

Stem diameter ranged from 1.3 to 2.8 mm (Table
II). The thickest potato stems were found in the
potato plants inoculated with G. fasciculatum plus
G. claroideum and G. fasciculatum plus diazotrophic
bacteria and lowest in those inoculated with G.
claroideum plus diazotrophic bacteria.
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Plant fresh weight increased significantly with
11 g when plants were inoculated with the two AM
fungi compared to those left untreated (Table II).
The lowest plant dry weight was found in untreated
plants while it increased significantly with 1.55 g
when plants were inoculated with the two AM fungi.
Inoculating potato plants with G. fasciculatum plus
diazotrophic bacteria increased root dry weight
significantly 0.19 g compared to those left untreated.
Treating potatoes with G. fasciculatum plus G.
claroideum increased total phosphorus content with
1.4 mg P g'! root dry weight compared to those that
were not inoculated (Table II).

Mycorrhizal colonization (MC) and minitubers
yield were largest in plantlets inoculated with both
AM fungi, with or without the diazotrophic bacteria
(Table II). This indicated that co-inoculation
of potato plantlets with the two AM fungi had a
synergistic effect on the host (Duffy er al. 1999).

The minitubers should be suitable for tuber seed
production and for germplasm exchange (Vecchio et
al.2000). Inoculation with two AM fungi improved
plantlet growth parameters and minituber yield and
they could thus be used as commercial inoculants
for potato culture (Duffy & Cassells 2000). A well-
developed mycorrhizal symbiosis enhances the
survival of plants by increasing nutrient and water
uptake, pathogenic resistance and phytohormone
production (Jeffries et al. 2003). The increase in
the yield of potato minitubers might be due to
phytohormone production induced by the two
AM fungi (Castro et al. 2000). Tuberization is
under hormonal control and can be the result of a
single compound or a balance of compounds with
hormonal activity (Nowak et al. 1999). The results
presented in this work are encouraging, however it
is necessary to test other potato varieties, because
they have proved that potato variety thus had a large
effect on tuber number (Haverkort ez al. 1991).

CONCLUSION

It was found that inoculation with AM fungi Glomus
claroideum and G. fasciculatum increased plantlet
survival, but only when cultivated under oscillating
temperature  conditions. Native diazotrophic
bacteria did not improve plantlet growth and tuber
yield, but application of two AM fungi improved
growth and resulted in higher yields.
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