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SUMMARY

The rhizomes of Zingiber officinale Roscoe (ginger) are widely used for their
medicinal and flavoring properties, whereas the influence of root symbionts on
their growth is poorly understood. In this study, the effects of phosphate
fertilization and inoculation with a mixture of arbuscular mycorrhizal fungi (AMF)
(isolates Glomus clarum RGS101A, Entrophospora colombiana SCT115A and
Acaulospora koskei SPL102A) on survival, growth and development of
micropropagated ginger were investigated. After transplanting to post vitro
conditions, the ginger microplants were subjected to the following treatments: a)
AMF mixture, b) P addition (25 mg kg1), ¢c) AMF + P, and d) non-mycorrhizal control
without P addition. After eight months of growth, survival ranged from 86 to 100 %
in the AMF and AMF+P treatments versus 71 % survival in control and P treatments.
In the AMF, P and AMF+P treatments, the shoot, root and rhizome biomass
production were significantly larger than in the control plants. In the non-
mycorrhizal control plants the leaf number, leaf area, number of shoots/plants,
and shoot length were significantly lower than in the AMF, P and AMF+P
treatments. Root colonization ranged from 81 to 93 % and was not affected by P
application. The data confirmed the response of several growth variables of
micropropagated ginger to mycorrhizal colonization and P addition.
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EFEITOS DOS FUNGOS MICORRIZICOS ARBUSCULARES E
FERTILIZACAO FOSFATADA NO CRESCIMENTO POST VITRO
DE Zingiber officinale ROSCOE MICROPROPAGADOS

RESUMO:

Rizomas de Zingiber officinale Roscoe (gengibre) sdo amplamente utilizados em razdo
do seu potencial medicinal e culindrio, no entanto a influéncia de simbiontes radiculares no
seu crescimento é pouco conhecida. Neste estudo, foram investigados os efeitos da fertilizagdo
fosfatada e da inoculag¢do com uma mistura de fungos micorrizicos arbusculares (FMAs)
(isolados Glomus clarum RGS101A, Entrophospora colombiana SCT115A e Acaulospora
koskei SPL102A) na sobrevivéncia, crescimento e desenvolvimento de gengibre micropropagado.
No transplante para as condigées de post vitro, microplantulas de gengibre foram submetidas
aos seguintes tratamentos: mistura de FMAs, adi¢cdo de P (25 mg kg1); FMAs + P; e controle
ndo micorrizico sem adi¢do de P. Apds oito meses de crescimento, a sobrevivéncia variou de 86
a 100 % nos tratamentos FMAs e FMAs+P contrastando com 71 % nos tratamentos com
adi¢do de P e controle. Os tratamentos FMAs, P e FMAs+P resultaram na produ¢do
significativamente maior de biomassa da parte aérea, raizes e rizomas do que as plantas
controle. Plantas controle ndo-micorrizadas tiveram significativamente menor niimero de
folhas, drea foliar, niimero de brotos por planta e comprimento da parte aérea do que os
tratamentos FMAs, P e FMAs+P. A coloniza¢do radicular variou de 81 a 93 % e ndo foi
alterada pela adi¢do de P. Os dados obtidos confirmam a resposta de diferentes varidveis de

crescimento de gengibre micropropagado a colonizagdo micorrizica e adi¢do de fésforo.

Termos de indexagdo: aclimatizag¢do, comunidades fingicas, colonizagdo radicular.

INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are natural
inhabitants of soil that establish the mutualistic
arbuscular-endomycorrhizal symbiosis with ca. 80 %
of the terrestrial flowering plants (Smith & Read,
1997). AMF are obligatory symbionts and therefore
rely solely on their plant partner to obtain
carbohydrates used for intra and extra-radical
vegetative growth and sporulation. On the other hand,
the extra-radical mycelia of AMF grow into the bulk
soil and scavenge for immobile mineral nutrients that
are translocated back to the host plant. Consequently,
the fungal partner contributes significantly to
the mineral nutrition of the host plant, especially in
terms of P uptake (Smith & Read, 1997). In addition
to plant growth and mineral nutrition, AMF enhance
plant resistance to biotic (e.g. plant pathogens) and
abiotic (e.g. drought) stresses (Newsham et al., 1995;
Dodd, 2000) and provide important ecosystem services
by contributing to soil aggregation (Purin & Rillig,
2007).

Micropropagation is a successful technique for
rapid plant propagation and can be used to obtain high-
quality, disease-free and homogenous plants of
economically important horticulture crops, fruit trees
and woody species (Taylor & Harrier, 2000). During
the micropropagation cycle, the absence of beneficial
microorganisms during the early stages of post vitro
acclimatization can adversely affect survival, growth
and nutrition of in vitro-grown plantlets (Fortuna et
al., 1996; Borkowska, 2002). This is particularly
important for mycorrhizal-dependent (Monticelli et al.,
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2000), micropropagated species that are transplanted
to a sterile substrate. AMF inoculation in the post
vitro phase enhanced growth and nutrition of apple
and plum rootstocks (Fortuna et al., 1996; Locatelli
et al., 2002; Cavallazzi et al., 2007), modified root
morphogenesis and influenced nutrient uptake in
grapevine (Schellenbaum et al., 1991), contributed to
protection against phytopathogens in pineapple
(Guillemin et al., 1994), and increased strawberry yield
(Sharma & Adholeya, 2004). To our knowledge, the
effect of AMF on the growth of micropropagated ginger
has not been evaluated so far.

In Brazil, ginger Zingiber officinale Roscoe
(Zingiberaceae) 1s cultivated mainly in the state of
Parand, in the municipality of Morretes, with an
annual production of about 4,260 t (Epagri, 1998). In
the state of Santa Catarina, ginger was first planted
in 1994 in the Itajai Valley and came to be an
alternative crop for small and medium growers.
Ginger production is mainly based on family farms;
70 % of the production is exported to England, USA,
Canada, Netherlands, Germany, and the Arab
Emirates (Epagri, 1998). A major problem of ginger
growers is the production of seedlings with poor
sanitary quality since “seed pieces” cut out from
mature rhizomes are used to replant crops. This
practice, however, is probably responsible for the
increase of diseases with each new growth cycle caused
by Fusarium oxysporum, root-knot nematodes
(Meloidogyne spp.) and soft rot bacteria (Erwinia
carotovora) (Epagri, 1998).

The production of ginger by micropropagation is
an alternative to obtain a large number of seedlings
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in a short period of time and production of high quality,
pathogen-free plants. The additional use of AMF
inoculation technology during the acclimatization
process can reduce mortality, reduce the use of
fertilizers and increase seedling resistance to
transplanting stress as well (Hooker et al., 1994). The
aim of this study was to investigate the effect of AMF
inoculation and P addition on growth of micropropagated
ginger during the acclimatization phase.

MATERIAL AND METHODS

Biological material

To obtain micropropagated plantlets of Z.
officinale, buds were cut from washed rhizomes and
immersed in 3 % sodium hypochloride for 20 min,
followed by immersion in 70 % alcohol for 2 min. Buds
were then soaked for 48 h in a solution containing
0.25 g L't of Manzate 800, 1 g L1 of Benlate 500 and
100 mg Lt of Streptomicin Sulphate. After
disinfection, buds were transferred to Murashige-Skoog
(MS) medium, solidified with 7 g L'! agar and
supplemented with sacarose (30 g L'Y) and 10 mmol Li!
of BAP (6- Benzylaminopurine). The pH of the
medium was raised to 5.8 before autoclaving. Cultures
were maintained at the following growth conditions:
27 °C; photoperiod of 16 h, and light intensity of
50 uEm?2 s'1.

Mycorrhizal inoculum from each fungal isolate was
obtained by multiplication of single cultures in pot
cultures of Sorghum bicolor L. for three months and
consisted of spores, hyphae and mycorrhizal root
fragments. Pots containing sterilized substrate were
also grown with S. bicolor to obtain non-mycorrhizal
inoculum to be used on non-mycorrhizal treatments
(Control and Phosphorus). Fungal isolates were
obtained from the AMF culture collection of
Universidade Regional de Blumenau and included:
Glomus clarum Nicolson and Schenck (isolate
RGS101A), Entrophospora colombiana Spain &
Schenck (isolate SCT115A), and Acaulospora koskei
Blaszkowski (isolate SPLL102A). Final spore density
in the inoculum was 416, 23 and 20 spores/50 mL
soil for E. colombiana, A. koskei and G. clarum,
respectively. Mpycorrhizal and non-mycorrhizal
inocula were homogenized with the substrate at a rate
of 10 %.

Micropropagated ginger plantlets were separated
in four homogenous groups of seven plants and
transplanted into 180 mL plastic pots filled with
160 mL of a sterilized soil (Cambissolo) and river sand
mix (1:2, v/v, pH 6.0). At transplanting, plantlets
were subjected to the following treatments: non-
mycorrhizal control without P addition (C), phosphorus
(P), mycorrhizal inoculation (M), mycorrhizal +
phosphorus (MP). Phosphorus (25 mg kg'!) was added
as KH,PO,, corresponding to the rate applied under
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field conditions to ginger plantations. Plantlets were
acclimatized in a growth chamber at a temperature
of 25 °C. After this period, they were grown in a
greenhouse (16 h light), at a temperature between 20
and 25 °C, and supplemented with fluorescent light
(16.2 tEm? s1) up to three months. Plants plus
substrate were then transferred to the center of
500 mL plastic pots (one plant per pot) and a sterile
soil-sand mix was added to fill the pot. At this moment,
each pot was supplemented with 50 mL of a
commercial nutrient solution (Ouro Verde® - NPK -
6—6-8 %) and left to grow for another five months until
harvest. Plants were watered daily with tap water
asneeded. Treatments were arranged in a completely
randomized design (CRD) with seven replications.

Plant harvest

At harvest, the total number of leaves and number
of shoots per rhizome were recorded. The height of
each shoot was recorded and averaged to estimate plant
height. Shoots and rhizomes were placed on a
convection oven (48 h at 60 °C) and their dry weights
measured. Roots were removed from the soil, carefully
washed and the excess of water removed using blotting-
paper. Half of the root total fresh weight was used for
mycorrhizal assessment and the other half was dried
to obtain root dry weight. The equivalent amounts of
root dry mass removed to determine mycorrhizal
colonization were added to the mass measured for the
remaining root fractions to calculate total root weights.
The leaf area was measured for the first two leaves of
each shoot using a planimeter.

Mycorrhizal assessment

Root samples were stained with 0.05 % Trypan
blue following the procedures described by Koske &
Gemma (1989) and the percentage of mycorrhizal root
colonization was assessed using the grid line method
of Giovannetti & Mosse (1980). AMF spores were
extracted from 50 g of soil from M and MP plants by
wet sieving (Gerdemann & Nicolson, 1963) following
20/60 % sucrose gradient and counted under a
dissecting microscope.

Statistical analysis

Homogeneity of variance of the data was tested
using the Levene’s test. A one-way ANOVA was
carried out on the data and when the F test was
significant, treatment means were separated using
the post hoc Tukey’s test. All statistical analyses were
performed using the JMP statistical package.

RESULTS

At the end of the experiment, mycorrhizal root
colonization and AMF sporulation were not detected
for C and P plants. Values of mycorrhizal colonization
of ginger roots were 81.4 and 92.9 % in the M and MP
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treatments, respectively. Spore number of individual
AMF isolates composing the inoculum was not affected
by the addition of 25 mg kg'! of P to the soil (Figure 1).
Entrophospora colombiana SCT115A and
Acaulospora koskei SPL102A were the most prolific
sporulators at the end of the experiment, the former
producing 697 and 521 spores/50 g soil and the latter
producing 442 and 425 spores/50 g soil in the M and
MP treatments, respectively.

The post vitro survival rate of ginger plants was
71 % in C and P treatments, 86 % in M treatments
and 100 % in MP treatments. Ginger shoot and root
biomass were significantly increased by mycorrhizal
inoculation and P addition compared to control
(Table 1). Shoot biomass was slightly increased on M
and MP plants but the effect was not significant
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Figure 1. Number of spores (in 50 g of soil) of
Entrophospora colombiana SCT115A,
Acaulospora koskei SPL102A and Glomus
clarum RGS101A composing the mycorrhizal
mixture inoculated on micropropagated
Zingiber officinale, after eight months. M:
mycorrhizal treatment, MP: mycorrhizal +
phosphorus treatment. Bars followed by the
same letter for each AMF isolate are not
significantly different (Tukey, p < 0.05).

E. colombiana G. clarum

Table 1. Shoot, root and rhizome biomass of
micropropagated ginger plants after five months
under distinct mycorrhizal and phosphorus

treatments
Treatment Shoot Root Rhizome
g
C 0.17+ 0.07 b 0.03+0.01b 0.06+ 0.08 b
M 1.00+£ 0.13 a 0.20+ 0.08 a 0.19+ 0.07 a
P 0.84+ 0.17 a 0.22+ 0.05 a 0.20+ 0.07 a
MP 0.95+0.13 a 0.20+ 0.09 a 0.20+ 0.02 a

C: control, M: mycorrhizal, P: phosphorus, MP: mycorrhizal +
phosphorus. Mean followed by the same letter within each
column are not statistically significant according to Tukey
(p <0.05).
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compared to P plants. The opposite trend was observed
for root biomass although significant differences were
not observed between M and MP (0.20 g) compared to
P (0.22 g). M and P plants produced 588 and 494 %
more shoot biomass and 666 and 733 % more root
biomass, respectively, compared to C plants. Rhizome
dry biomass significantly increased threefold by
mycorrhizal inoculation and phosphorus addition
compared to C plants (Table 1).

The leaf numbers of micropropagated ginger plants
grown in the M, P and MP treatments were
significantly higher than in C plants (Figure 2a). Leaf
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Figure 2. Leaf number (a), leaf area (b), number of
shoot per plant (c¢), and shoot length (d) of
micropropagated Zingiber officinale after eight
months of growth. C: control, M: mycorrhizal, P:
phosphorus, MP: mycorrhizal + phosphorus.
Bars followed by the same letter within each
variable are not significantly different (Tukey,
p <0.05).
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area averaged 3 cm? in C plants, which was
significantly lower compared to other treatments
where this variable ranged from 7.4 to 8.9 cm?
(Figure 2b). No significant differences were observed
between the leaf area of plants in the M, P and MP
treatments. The number of shoots produced per plant
was statistically increased by the MP treatment while
mycorrhizal inoculation (M) and P addition (P) alone
caused no difference to control (C) plants (Figure 2c).
Shoot length followed the same trend as observed for
leaf area (Figure 2d).

DISCUSSION

This study provides clear evidence of the growth
response of micropropagated ginger plants to
mycorrhizal symbiosis. All growth variables
measured were significantly increased with the
inoculation of a mixture of AMF isolates, with the
addition of P and with both mycorrhizal inoculation
and P addition. Considering shoot biomass of the MP
treatment relative to non-mycorrhizal C plants, which
considers the growth attributed to mycorrhizae at a
P level of 25 mg kg'!, the relative mycorrhizal
dependency of ginger is 82 %, according to Plenchette
et al. (1983). There are few reports on the interaction
of AMF and Z. officinale in the literature, although
the family Zingiberaceae has been surveyed for this
association. Asai (1934) reported that Zingiber mioga
Roscoe was endomycorrhizal. Taber & Trappe (1982)
first reported the occurrence of hyphae and vesicles of
Glomus on the rhizomatous tissues, scale-like leaves
and roots of Zingiber officinale samples from Fiji
Island and Hawaii. Stasz & Sakai (1984) reported
AMTF structures occurring on scale-like leaves of six
genera of Zingiberaceae. Silva et al. (2006) found no
influence of mycorrhizal inoculation on reducing the
weaning (acclimatization) phase and increasing
growth of micropropagated Zingiber spectabile Griff.,
a species closely related to ginger. This study is
therefore the first to address the effect of mycorrhizal
inoculation on ginger growth.

Several studies demonstrated the benefit of
mycorrhizal inoculation on survival and establishment
of micropropagated plants in the weaning phase.
Fortunato et al. (2005) registered a survival percentage
of micropropagated artichokes between 90 and 95 %
when inoculated with Glomus viscosum strain A6.
Declerck et al. (2002) observed the largest growth
increment of micropropagated banana plantlets with
inoculation during the weaning phase. The present
study confirms this pattern, since the survival of
micropropagated ginger plants exceeded 80 % in both
AMF-inoculation treatments. In micropropagation
systems, the weaning stage represents a development
phase where plants are subjected to environmental
stress due to poor root, shoot and cuticular development
(Hooker et al., 1994) and our results represent direct
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evidence that AMF inoculation helps ginger
microplants to overcome these stresses.

Inoculation of ginger plants with a mixture of AMF
had the same effect on growth variables as a soil
application of 25 mg kg'! of P, providing strong
evidence that AMF inoculation in the weaning phase
of micropropagated ginger represents a possibility of
reducing fertilizer inputs in large-scale ginger
production. A similar effect was observed for
micropropagated strawberry where AMF inoculation
during the post vitro stage increased berry yield and
fruit mass of plants up to 150 kg ha! of P (Sharma &
Adholeya, 2004). It is important to stress that not
only shoot and root biomass were increased but also
rhizome biomass, which contains both the aromatic
and pungent components responsible for the strong
aroma and use in foods and beverages (Sekiwa-Iijima
etal., 2001). Some studies demonstrated the beneficial
effect of AMF inoculation on growth of stem tissue
(tubers). Vosatka & Grindler (2000) observed that
the beneficial effect of a dual AMF and bacteria
inoculation on potato minituber production varied
according to the host variety. Duffy & Cassells (2000)
showed that two commercial mycorrhizal inoculants
increased the number of tubers suitable for potato seed
under field conditions. Although no follow-up
experiment in the field was carried out, the greenhouse
experiment suggests that AMF inoculation may
significantly increase ginger rhizome production.

One can speculate on the mechanism by which
AMF increase rhizome biomass. Plant growth
improvement of the mycorrhizal symbiosis is normally
attributed to the increase of P uptake by the
extraradical mycelium (Smith & Read, 1997), leading
to larger shoots and roots, compared to non-
mycorrhizal plants. Indeed, in this study AMF-
inoculation significantly increased leaf number, leaf
area and number of shoots per plant, which are all
variables related to production of C compounds
through photosynthesis that are translocated to
underground rhizomes. On the other hand, the
observation of hyphae and vesicles of Glomus
colonizing the rhizome tissue of Z. officinale, an
association denominated “mycorrhizome” by Taber &
Trappe (1982), might represent a new avenue for
nutrient exchange between symbionts: AMF
downloading P directly into a stem tissue and
receiving (or not) C compounds from the rhizome. This
scenario is not completely new as the primitive
condition of this symbiosis in the fossil record
demonstrates the association of an AMF-like structure
with subterraneous rhizome tissue of the early
vascular plant Aglaophyton major (Taylor et al.,
1995). The exchange of photosynthates and P ions is
proposed to occur through the intercellular mycelium
growing on active roots (Smith & Read, 1997) and
there is no reason for this exchange process not to
occur between AMF hyphae and stem tissues of ginger
rhizomes.
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CONCLUSION

1. The methodology described in this study is
suitable for the production of micropropagated
Zingiber officinale Roscoe plantlets and further
acclimatization under greenhouse conditions. Under
post vitro conditions, it is possible to establish a
functional mycorrhizal symbiosis between AMF and
micropropagated ginger plants and this condition is
of paramount importance for the survival and
development of this plant species.

2. Inoculation with an AMF mixture did not only
strongly influence shoot, root and rhizome biomass
production of ginger but also reduced or even replaced
the chemical fertilizer input in the growth stages. This
study showed that ginger is a plant with a high
mycorrhizal dependency based on shoot biomass
production.
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