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ABSTRACT

An experiment was carried out under greenhouse conditions to observe the distribution of arbuscular
mycorrhizal (AM) hyphaein therhizosphere of papayaand other plants under intercropping system. Special
acrylic root boxes with three compartments, separated by nylon mesh screens, were constructed. One outer
compartment contai ned seedlings of papaya (Carica papaya L .) and other contained seedlings of bahiagrass
(Paspalum notatum Fliigge) or millet (PennisetumglaucumL. R. Br.). The central compartment wasinocul ated
with an AM fungus (Gigaspora margarita). In another experiment, the outer compartmentswere treated with
25% MeOH eluates of bahiagrass (BRE) and millet (MRE) root extracts. A control box, containning only
papaya seedlings was al so prepared. Hyphal density, root infection levels and spore numberswere higher in
the bahiagrass and millet compartments than in the papaya compartment. Similar results were found for the
percentage of AM infection and the number of AM spores. In the compartmentstreated with BRE and MRE
the density of AM hyphae was around 20%, and a few spores were found in those compartments. Few AM
hyphae and spores were observed in the control compartment.
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INTRODUCTION

Papaya (Carica papaya L) is a widely consumed fruit in
tropical areas and known for its high nutritive value. The
utilization of arbuscular mycorrhizal (AM) fungi ineconomically
important tropical crops, such as papaya, has been suggested
(1,14), aso the papaya growth issignificantly improved by the
presence of Glomus clarum (17). Nativefungi in general, even
though not very efficient, have shown a high capacity for the
colonization of papayaroots (13).

Bahiagrassand millet are grasseslargely used as pasturein
many regionsof Brazil (6,18). Millet isused asarotational crop
(2) inthe maize and soybean areas, and sometimes as pasturein
dry regions because of itstolerance to drought. The sod culture
system, a grass intercropped with a fruit tree, with bahiagrass
in satsuma mandarin orchards (Citrus unshiu Marc.) has been
suggested to promote the propagation of symbiotic

microorganisms, suchasAM fungi (11). According to Oliveira
(personal communication), the presence of some weeds has
been shown to decrease the incidence of Fusariumsolani f. sp.
in black pepper (Piper nigrumL.) roots. In an experiment in
vitro (unpublished data), the 50 and 100% MeOH eluates of
bahiagrass and millet root extracts depressed the growth of
Fusarium oxisporum. Therefore, the utilization of sod culture
system also may be extended to the tropical areas where some
soil diseases are problematic.

Theformation of anetwork system by mycorrhizal hyphae
in the rhizosphere between trifoliate orange intercropped with
bahiagrass and millet has been shown (3,4). Intropical aress, dl
cover crops intercropped with rubber trees were colonized by
AMF (16). Thus, itispossibleto hypothesi ze that the bahiagrass
and millet can beused as cover cropsintropical areasto promote
the AM propagation, because of their high photosynthetic
activity in that areas.
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The 25% MeOH eluates of bahiagrassroot extracts (BRE) in
axenic culture have stimulated the growth of Gigaspora
ramisporophora (10). Also, the BRE and 25% MeOH eluates
millet root extracts (MRE) could contributeto AM formationin
trifoliate orangein vivo (4). The spore germination and growth
of hyphae may be stimulated by root exudates (3,5), such as
flavonoids (12), but the utilization of these extracts, which
contain AM stimul atory substances, hasnot yet been eval uated
intropical cultures.

When the hyphae are distributed in the soil between two
plants or more, they are able to interconnect the plants.
Thereforeinthisstudy we observed in vivo themycelial network
system formed by AM fungi in the presence of papaya roots
seedlings and some grasses such as bahiagrass and millet.
These results would give a large contribution to understand
the network system formed by AM hyphae in the sod culture
system. Moreover, the evaluation of the effects of root extracts
(BRE and MRE) on the growth of AM hyphae in soils would
greatly contribute to the proliferation of AM spores.

MATERIALSAND METHODS

Thisexperiment was donein agreen house condition without
temperature control system. Acrylic root boxeswere constructed
and each root box (3-cmwide, 45-cm long and 15-cm deep) was
divided into three compartments (Fig. 1). The central
compartment (3-cm wide, 5-cm long and 15-cm deep) was
separated from the two outer zones by abarrier made of nylon
screen (37 pm mesh) that could allow only passage of AM
hyphae but not of plant roots (Fig. 1). The pots were covered
with auminum foil to block thelight and prevent algae growth.
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Figure 1. Design of theroot box.
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Each box wasfilled with acommercial clay substrate. The
sterilization was done by adding chloropiclininto the substrate,
and covering with aplastic film. Oneweek later the plastic was
removed and the substrate was kept on air during one week to
releasethe chloropiclin.

Papaya seeds were initially sown in trays containing
vermiculite, and then transplanted to one of the outer
compartmentsin all boxes. Bahiagrassand millet were separately
transplanted into the other compartments. Other plots were
prepared with papayain one outer compartment and 25% MeOH
eluatesof BRE or MRE into the other outer one. The procedures
to obtain the root extracts followed a previous paper (12). The
compartments were treated equivalent to 1g of fresh weight of
these compounds once a week until the harvest time. A plot
with only papaya seedlings was al so prepared asacontrol. The
inoculation was done in the central compartment with around
100 spores of Gigaspora margarita.

Two months after transplanting, the aluminum cover was
removed and the density of hyphae measured. This parameter
was quantified by examining an area of 12.8 x 9.3mm in each
compartment using a charge coupled device (CCD) camera
(Keyence VH-7000). It was measured 10 samples from each
compartment. On acomputer screen this areawas divided into
200 sguares, and the density of hyphae was cal cul ated by using
thefollowing equation: Density of hyphae (%) = (Squareswith
hyphae/ 200 squares) x 100. Soil samplesweretakento evaluate
the number of sporesin 25g soil according to the procedures
written by Ishii et al. (11). Root samples were taken, washed
and stained by the technique of Phillips and Hayman (15). The
percentage of AM infection in the roots was determined by the
methods already described in a previous paper (9).

RESULTS

AsshowninFig. 2, intheplotsof PRx BRand PRx MR the
density of hyphaein the compartment of BR and MR was higher
than that in the compartment of PR. Inthecontrol plots(PRXx NP),
the hyphae in the compartment of PR were observed, but afew
hyphaewas observed in the compartment of NP. Furthermore, in
the compartments with BRE and MRE in the plots of PR x BRE
and PR x MRE, the density of hyphae was around 20%.

The percentage of AM infection waslower inthe PR thanin
BRand MRintheplotsof PRx BRand PRx MR (Fig. 3). Fig. 4
showed that inthe plotsof PR x BRE and PR x MRE the percentage
of infection in the PR was higher than that in the plot of PR x NP,

The number of sporeswasgreater in BR and MR thanin PR
compartments in the plots of PR x BR and PR x MR (Fig. 5).
Furthermore, when the BRE and MRE were applied to the
compartment of NP (PR x BRE and PR x MRE), some sporesin
the compartments of BRE and M RE were observed. Few spores
were, however, foundin the NP compartment in the control plot
(PRXNP).
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Figure 2. Density of AM hyphae in the compartments of
papaya (PR), Bahiagrass (BR), millet (MR) and in the
compartments treated with some root extracts in a root box
system. BR — Bahiagrass roots; MR — Millet roots; NP — No
plants; PR — Papaya roots; BRE — 25% MeOH elutes of
bahiagrass root extracts (Equivalent to 1g FW of bahiagrass
roots); MRE — 25% MeOH elutes of millet root extracts
(Equivalent to 1g FW of millet roots). Horizontal barsindicate
standard error (SE) (n=4).
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Figure 3. Thepercentage of AM infectionin theroot of papaya
(PR), Bahiagrass (BR) and Millet (MR) in aroot box system. BR
— Bahiagrass roots; MR — Millet roots; NP — No plants, PR —
Papayaroots. Horizontal barsindicate SE (n=4).

DISCUSSION

The root colonization and the formation of spores in the
outer compartments confirmed the growth of AM hyphaefrom
the central compartment to the outer ones. The CCD camera
images showed the existence of new sporeswith similar surface
characteristics as those of G. margarita, and no other
contaminating spores were found in the soils of the outer
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Figure 4. The percentage of AM infection in papaya roots
where someroot extractswere applied in aroot box system. NP
—No plants; BRE—25% MeOH el utes of bahiagrassroot extracts
(Equivaent to 1g FW of bahiagrassroots); MRE —25% MeOH
elutesof millet root extracts (Equivalent to 1g FW of millet roots).
Horizontal barsindicate SE (n=4).
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Figure5. Number of AM sporesin the compartments of papaya
(PR), Bahiagrass (BR), millet (MR) and in the compartments
treated with some root extracts in a root box system. BR —
Bahiagrass roots; MR — Millet roots; NP — No plants; PR —
Papaya roots, BRE — 25% MeOH elutes of bahiagrass root
extracts (Equivalent to 1g FW of bahiagrassroots); MRE —25%
MeOH elutes of millet root extracts (Equivalent to 1g FW of
millet roots). Horizontal barsindicate SE (n=4).

compartments (datanot shown). Also, the clay substrate bought
inamarket was already sterilized, and the sterilization was done
by a second time with chloropiclin to be sure that the native
specieswould be eiminated. Thus, the colonizationinthe plants



of the outer compartments was due to the germination of the
sporesin the center compartment and the growth of myceliato
the outer ones. The connection formed between two or more
different plants by AM hyphae promotes a network in the soil-
plant system. Under environmental conditionsthisnetwork may
benefit the plants, especially when anutrient exchange between
plants occur to maintain the nutrient in the plant system and
decreasethe lossto the soil (3,11).

Thedataof hyphal density, AM infection and spore number
demonstrated that the signals sent by the root exudates might
promote the AM infection. These results indicate that
bahiagrassand millet are effective to contributefor theformation
and maintenance of AM fungi in the soils cultivated with
papaya. Similar results were found in an experiment in vitro,
where root exudates from bahiagrass stimulated the growth of
hyphae in vitro (3). Some weeds have been demonstrated to
affect the intensity of AM formation in citrus roots (7,8). The
bahiagrass may be recommended as a sod culture in citrus
orchards, since they become dormant during the winter and the
effects of competition between the grass and the tree are less
severe (11). However, in the areas of papaya orchards, whose
winter isnot so cold, the grass can grow vigorously al thetime,
and consequently may depress the growth of the papaya tree.
Therefore, it is necessary to evaluate what is the best stage of
papaya growth to introduce these grasses, so that the sod
culture can benefits the main culture without depressing the
plant growth.

A low number of spores were found in the outer
compartments containing only BRE and MRE. However, it is
not clear if the formation of the spores in those compartments
could be attributable to the root exudates released from the
papayain the opposite outer compartment, or to the efficiency
of the BRE and MRE. The root extracts of bahiagrass were
functional invitro (10,12). Sincethe AM stimulatory substances
in BRE are soluble in water, they can easily diffuse in the soil
and may work on the proliferation of AM fungi even in the
absence of the host plants.

Three stimulatory substances were isolated in bahiagrass
roots by flash chromatography and one of them wasidentified
as eupalitin (11). This substance demonstrated to stimulate in
vitro hyphal growth of Gigaspora ramisporophora (10).

In thiswork we observed an in vivo the distribution of AM
hyphae in the soils of papaya and grasses grown side by side
under an intercropping system. If these hyphae could
interconnect two neighbouring plants to establish a network
system, it is possible to speculate that a network system on
these plants might be established under similar environmental
conditionsin sod culture (3,4,11). In particul ar, the root extracts
from bahiagrass and millet would significantly function as
stimulatory substances to the formation of AM fungi in sails.
The sod culture system with bahiagrass has been shown
efficiency incitrusorchards(7,8,11), and functioned well inthis

Arbuscular mycorrhizal hyphae in rhizosphere of papaya

experiment with papaya. They can provide the propagation of
AM fungi, and contribute to improve the efficiency of native
AM species to benefit the plant growth. Further studies are
now required to evaluate under field conditions the utilization
of sod culturein papayaorchards, and to evaluate the efficiency
of these extracts under field conditionsbecause of theinfluence
of external factors.
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RESUMO

Avaliacao daredemicelial formada por hifasdefungos
micorrizico-arbuscularesnarizosfera de mudasde
mamoeir 0 e outras plantas sob sistema de consor cio

Um experimento foi conduzido em casa-de-vegetacéo para
observar a distribuicdo de hifas de fungos micorrizicos
arbusculares (FMA), narizosferado mamoeiro intercalado com
outras plantas. Para isto foram construidos vasos de acrilico
divididosem trés compartimentos. Mudas de mamoeiro (Carica
papaya L.) foram transplantadas para um dos compartimentos
laterais em todos os vasos, enquanto que mudas de grama
batatais (Paspalum notatum Fliigge) e milheto (Pennisetum
glaucumL. R. Br.) foram separadamente transplantadas para o
outro compartimento situado na outra extremidade. Um outro
tratamento foi constituido de mudas de mamoeiro em um
compartimento e 25% de extrato metandlico deraizesde grama
batatais (BRE) ou de milheto (MRE), fracionados em
cromatégrafo de coluna. Um vaso com apenas mudas de
mamoeiro foi preparado como testemunha. O compartimento
central foi inoculado com o fungo Gigaspora margarita. A
densidade de hifas, a percentagem de infeccéo micorrizicae o
ndmero de esporos nos compartimentos com grama batatais e
milheto foram maiores do que nagueles com mamoeiro. Nos
compartimentos com BRE e MRE e algumas hifas e esporos
foram observados nestes compartimentos. Nagquel es sem planta,
foram observadas poucas hifas ou esporos.

Palavras-chave: hifas, extrato metandlico, mamoeiro, fungos
micorrizico-arbusculares.
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