Effects of Vesicular-Arbuscular Mycorrhizal Fungi
on the Mixed Cropping of Maize and Beans'

ABSTRACT

A study was carrled out under preenbouse condition to
determine the effect of four mycorrhizal fungus species (genus
Glomus), all native of Vicosa, State of Minas Gerais, on beans
(Phaseolus vulgaris 1) cultivated alone and in association with
maize. The four species had a similar behaviur in relation to
matze and bean root colonization. When beans were cultivated
in assoctation with maize, the four native mycorrhizal species
increased their production. ™o such effect was observed in
monocropped beans, because the soil utilized had good fortility.
When mycorrhizal root fragments were used us an ineculant,
maize was a better host than bean for fungus multiplication. In
another study earried out in the field, in which maize was
cultivated in assoclation with beans, Glomus etunicatum ounly
increased the maize production. T he maximum distance reached
by this fungus, when spreading thraugh soil, was 50 om, 64 days
after plant emergence.

INTRODUCTION

nterplanting maize (Zea mays) and comman bean
(P vulgaris) is a common practice among small
farmers in Minas Gerais and other Brazilian
states. 1t is well known that both crops, when planied
alone, have a growth response when inoculated with
vesicular-arbuscular mycorrhizal (VAM) fungi. Ho-
wever, no information was found in the literature on the
effects of mycorrhizal fungi on maize and beans when
grown together, The purpose of this study was 1o
investigate such cffects.
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RESUMO

Em condigiies de casa de vegetagiio, fol estudado o cleito de
quatro espécles defungos micorrizicos dogénero Glomus, nativas
da regiiio de Vigosa, Estado de Minas Gerals, sobre o culiivo
consorciado de mitho ¢ fiejio (Phaseolus vulgaris 1) ¢ sobre o
manocultive do feijio. Todas as esplcies compaortaram-se de
medo semelhante ao infectar as rafzes das duas culturas. As
quatro espéeies micorrfzicas nativas avmentaram a produgindo
feijocirn, quando ele foi cultivado em assoclagiio com o milho.
ss0 niio ocorren quando u leguminosa ficou isolada. O milho
mostrou-se melhor hospedeire para multiplicagio de fungos
micorrizices, atuando methor nas inoculagbes por intermédio de
rafzes infectadas. Ne congorcio milho-feljio, no campo, Glomus
efunicatum proporcionou aumento de produgio apenas do mi-
lha. Esta espéeie de fungo dispersou-se pelo solo, até a distinciz
maxima de 50 om, no perfodo de 64 dias apds a emergéneia das
plantas.

MATERIALS AND METHODS

Five species of VAN fungi of the genus Glomus
were tested. Four, identificd here as Glomus 1, Glomus
2 (bath collccted from bean rootlets in the field), Glo-
mus 3, and Glomus 4 (collected from maize rootlets, in
the ficld) arc native w the Vigosa arca. The fifth
species, G etunicarum Becker & Gerd., was introduced
from the University of Florida

The bean cultivar Miliondrio 1732 and the maize
cultivar Cargill 111 were used in this study.

First experiment

The experiment was carried out under greenhouse
conditions, in pots containing 3 kg of clay soil previous-
ly passed through a 5 mm mesh sicve and then treated
with methyl bromide (100 cm?/m®). Prior (o planting,
the pots were fertilized with triple superphosphate (150
ppm ol P) and potassium chloride (80 ppm ol K} and the
soil pH corrected to 6.0 with dolomitic limestone
Seven days afler plant cmergence, a micronutrical
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solution comtaining H,BO; (1.86 g/}, MnCl,4H,0
(5.28 g/t), ZnSO, 7TH,O (7 4 g/1), CuSO,5H,} (2.09 g/
1), NaMoO,.2H,0 (0.09 g/l), FeClL.6H,0 (3.01 g/1) was
applicd at a ratc of 8 ml per pot. Thirty days alier plant
emergence, urea (30 ppm of N) was applied as 1op-
dressing on pots containing only bean plants. However,
on pols with maize and maize-bean mixture, urca was
added 30, 40, and 50 days after plant emergence, al the
ratc of 30 ppm of N per application,

The experimenial design was a 4 x 2 x 2 factorial
with 4 VAM fungal treatmoents (Glomus 1, Glomus 2,
Glomus 3, and Glomus 4), two cultural treatments (mai-
zc and bean in the same pol versus separale pots), and
two inoculation treatmerts (inoculated versus uninocu-
lated pots). Each inoculated pot received 1000 spores
placed 7em below the surface. Five replicate pots were
uscd for cach treatment. Two to there sceds were plan-
led per pot, and subsequently thinned to onc plant five
days afler emergence. The pots comtaining the cercal-
legume mixture were thinned to one plant of cach spe-
cics. To cvaluate infection incidence, an auger was
used to collect root samples down to 10.cm at 30 and 60
days afier cmergence. Rooteolonization was estimated
according (o the method of Giovannetti and Mosse (5)
using 109% KOH clearcd roots stained with 0.1% lacto-
phenol trypan blue (15). Root segments were conside-
red colonized if cither hyphae, arbuscules, vesicles, or
spores were visible. Sced productions were delermined
only for beans,

Second experiment

Thisexperiment was performed under greenhouse
conditions and its abjective was to evaluate the infec-
tion incidence using infecied root fragments as the ing-
culum. To obtain the inoculation material, maize roots
previously inoculated with Glomus 3 or Glomus 4 were
collccied 30 and 60 days afler plant emergence. The
rools were washed, cut into small pieces and placed 7
cm below the soil surface in pots containing 3 kg of soil
previously treated with methyl bromide and fertilized
as in the first experiment. Allerward, two 10 three bean
seeds were planted in each pot and later thinned to one
plant.

The same procedure was employed for bean roots
inoculated with Glomus 1 and Glomus 2. They were
washed, cut into small pieces and placed in pots where
maize was planted. Each of the cight reatments was
replicated five times. Infection was evaluated 45 days
after plant cmergence.

In the first and second experiments, powdery mil-
dew (Erysiphe polygoni 1XC ex Merat} and tropical
mites (Polyphagotarsonenues latus (Banks)) attacked
the bean plants. Effective control was achicved with
Dinocap (0.5 g/1) applicd 25 and 35 days after plant
CRICTECNCE,

Third experiment

Thisexperiment was carricd out under field condi-
tions. The soil was inoculated with 20 000 spores per
meter of . etunicaium applicd at a depth of seven
centimelers. Todistribute the sporesevenly throughout
the furrow, the inoculum was first mixed with soil (250
ml/m).

The experimental design was a randomized com-
plete block with three planting treatments: maize and
beans interpianted in the samce row, maive and beans in
separate rows 50 cm apart. There were two inoculation
treatments, inoculaled and uninoculated Tumows, for
each planting treatment. Each experimental unit was |
m in fength and replicated four times.

Only the rows containing maize were inoculated
with VAM funpus. Plots were overseeded and hand-
thinned to five maize or 14 bean plants per meter for the
single-crop rows and [ive maize plus 14 beans per meter
{or the mixed-croprows

The soil was treated with methyt bromide (100
cm¥m?®). The plots were fertilized with urea, triple
superphosphate, and potassium chloride at a rate of 60
(N) - 160 (P,O, } - 90 (K,0) kg/ha. The fertilizer was
broadcasted over the plots and incorporated into the soil
by harrowing. Thirty days alter plant emergence, 30
kg/ma of N (ammonium sullate) was applied as top-
dressing. To avoid water stress, plots were imrigated to
10% of yicld capacity.

For root colonization cvaluation, samples were
taken with an auger 15 cm below the soil surface at 34,
49 and 64 days alter plant emergence. When maize and
beans were planted in the same row, two root sampics
were taken per plot, al a distance of 3 cm from the ino-
culation point. When the crops were planted in sepa-
rated rows, fours samples were taken per plot, two at 3
cm [rom the inpculation point and two at 3 cm from the
bean stems.

A final sampling was performed at 78 days afler

plant cmergence, at 10, 20, 30, and 40 cm from the
inoculation point. For yicld determination, 3 maize
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plants and 14 bean plants per plot were harvested and
weighted.

RESULTS AND DISCUSSION
First experiment

Table 1 shows bean yiclds for the 16 treatment
combinations, The effects of inoculation and culiural
methods were both significant at the .01 tevel. The
interaction of cultural method x VAM species was also
significant, at the 0,05 level. Yields were significantly
higher in the pots containing only beans. This is likely
duc to the competitive cffects of maize, which can
reduce vields of an interplanted crop 50% to 70% (17).

Table 1. Effect of native species of Glomus on yield of beans
pianted alane or jolntly with maize.

VAN fungi Cuftural incculation  Yield Yield
species method (#) {ncrease
(%)

Glomus 1 Only bean Inoculated 10.48 + 106
Uninoculated 948

Bean + Maize Inoculated 508 +628
Uninoculated 312

Glomus 2 Only bean Inoculated 11.10 +119
Uninoculaied 992

Bean + Maize  Inoculated 3150 + 167
Uninoculated 300

(Glomus 3 Only Bean Inoculated 960 + 1.0
Uninoculated  9.50

Bean + Maize  inoculated 418 +16.1
Uninocuiated 3 60

CGilomus 4 Only Bean Inoculated 1154 - 14
Uninoculated 1170

Bean + Maize  Inoculated 422 +276
Uninoculated 330

When grown alone, bean yicld was about 10%
higher in the presence of Glomus 1 and Glomus 2, the
species collected from bean rootlels at the field.
Glomus 3 and Glomus 4, the species collected from
maize rootlets, had no effect on bean yield.

When beans were associated with maize in the
same pot, inoculation significantly increased bean yield

across all native species of Glomus. Therefore, when
bean and maize were grown together and both colo-
nized with VAN fungi, the competitive ability of the
legume was enhanced. It seems that, under conditions
of competition for P and other elements uptake from the
soil, as occurs in associated cropping, mycorrhizal
fungi can improve the yield ability of legumes,

It is likely that the four Glomus species would
promote yield increases of the bean cultivated alone, if
the soil available P content had been lower. Ross (16)
has observed, in Glomus inoculated soybeans, yield
increases of 122%, 67% and 12%, when the level of the
applied P was low, medium and high, respectively. The
high P content of the soil (107 ppm) probably did nor
permit the full expression of VAM fungi potential.

In this experiment, maize yicld was not measured
and only percentage of colonized root was determined.
Initially, only small differences in colonization in-
cidence occurred among the mycorrhizal species,
Glomus 1 and Glomus 2 presented an average of 36%
colonization in maize, 36 days after plant emergence.
Glomus 3 and Glomus 4 presented an average of 29%
colonization incidence higher than 93%. In beans, 30
days after emergence the average colonization inci-
dence was 33%, with Glomus 1 and Glomus 2,and 24%
with Glomus 3 and Glomus 4; but 60 days after emer-
gence, it was higher than 97%. When both plants were
grown together, Glomus 1 and Glomus 2 caused an
average colonization incidence of 349, while Glomus
3 and Glomus 4 caused 31%, 30 days after plant emez-
gence; however, 60 days after emergence, the coloniza-
tion incidence surpassed 93% for the four species.

Second experiment

Results on mycorrhizal fungi spread from one crop
10 another are on Table 2. Infected roots of both beam
and maize were able to transmit the mycorrhizal fungi
to the other species. When cultivated over bean roots
infected with Glomus 1 and 2, the average infection
incidence on maize roots reached 73.6%. This was
practically twice as much (37.9%) as that found in bean
roots grown over maize roots infected with Glomus 3
and 4. The difference occurred in spite of the similar
infection percentages of both crops roots used as inocu-
jum. ‘This demonstrated that maize is a better host than
beans for mycorrhizal fungi multiplication.

When maize colonization is well established and
bean colonization is initiated, a nutrient transfer from
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maize to bean plant can be expected, at lcast initially
Hypha interconnections between roots of the same or
different plant species had already been proved to take
place {7, 8).

Table 2, Mycorrhizal colonization incidence of malze and bean
at 45 days, grown in potsinoculated with Glomus species
from bean and maize roots

Craop Inoculation Mycorrhizal Days Colonization
source species”  afer plant  incidence at
emergence” 45 days (%)

Glomuy 1 30 723
6} 876
Maize Bean roots
Gilomus 2 kit 63.0
60 714
Glomus 3 30 349
Bean  Maize roots
Glomuy 4 30 317
60 429

31 Glomur 1 and 2 were isolated from bean moots; Glomus 3 and 4 were
isolated from majze mots

2/ Whea inoculated roots used as snoculim were eollecied

In the licld, bean plants can benefit [rom hypha
interconnections if planted within 10 cm from the maize
plants. According 1o Whiltingham and Read (21),
nutricnt transfer among plants is, ccologically, a very
important phenomenon, since young plant survival
depends upon such transfer when they grow among
welicstablished planis that exploit the available nutrients
intensively. The access, hrough hyphac of VAM fungi,
tophosphorusreserves from neighbor planisis, therelore,
of considerable benefit to plants at the initial stage of
growth,

In the Zona de Mala arca, State of Minas Gerais, Lhe
yickd of dry season beans, when in relay cropping with
maize, is somctimes higher than the yield of beans
alone, when rains are scarce (18). It is likely that this
benefit from associated cropping can be explained, at
least in part, by the effect of VAM fungi that develop at
maize roots and quickly pass to young bean roots In
this way, bean roots would be quickly colonized by
mycorrhizal fungi, improving P and water absorption.

Third experiment
Results for second experiment (Table 3) show the

percentages of root colonization. The rows containing
maize all had similar results: at 34 days after plant

emergence, colonization was already high (0 40%).
Colonization percentage in beans planted 25 cm from
inoculated maize had a low colonization percentage,
even at 64 days after emergence. The colonization
percentage when beans were 50 cm from the inoculated
maize was even lower: less than 2% colenization in
bean rootlets at 64 days after plant emergence. Thase
results demonstrated that G. etunicatum will have little
efiect on bean plants when the inoculum is 250 50cm
away. Atthis distance, the colonization index was very
low and, in addition, the colonization took place when
bean plants had already passed the critical growth stage
(60 days after planting) when mycorrhizal fungi are
importani

Table 3. G. elunicatum percentage colonization of malze and

hean roots.
Treatments Crops Days after plant
emergence
34 49 64

Maize with beans

in the same 453 194 994
row, inoculated Maize and bean®

Inoculated maize

with bean Maize 420 763 994
25 om distant Bean 00 59 8.7
Inoculated maize

wilh bean Maize 411 890 995
50 cm distam Bean o0 Q0 1.6

1/ 20 00G spores per meter of row

2/ Mixed maize and bean roos.

The movement of G etunicatum from the inocula-
tion point at 78 days after plant emergence is shown in
Figure 1. When beans were planied jointly with maize,
colonization rates at the distances of 10 and 20 cm from
the inoculation point were similar, but decreased consi-
derably at distances greater than 20 cm. When beans
were planted 25 cm away from the inoculated maize,
colonization at the distance of 30 cm from the inocula-
tion point was higher than in the other two bean plant
arrangements. Ttis likely that this occorred because, at
that distance, bean root number, and consequently rool
volume, was very high; therefore, a better condition for
VAM devclopment would be present.  When beans
were planted 50 cm distant from the inoculated maize,
the colonization ratc was the lowest.
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¥ig. 1 G etunicatum spread in three bean-plant arangements in
association with inoculated maize, 78 days after plant emer-
genee

It was found, therefore, thal colonization rates at
different distances from the inoculated maize varied
according to bean plant arrangements, but were almost
the same at 40 cm from the inoculation point. Warner
and Mosse (19) found that for Trifolium repens and
Festucarubra,insolecroppings, root density is important
for G, fasciculatum spread, but the species effect was
much more important. In T, repens, a greater root
density was favorable for fungus coloaization, which
did not occurr in F. rubra.

According to results presented by several authors,
spread of mycorrhizal fungi in the soif is highly varia-
ble, depending on the interaction between soil-plant-
fungus. Reports of mycorrhizal spread from the inocu-
fation point vary from as liltle as 5 cm after 15 weeks
{19) 10 distances greater than 4.5 m after 15 weeks (12).

The difference in the ability of mycorrhizal fungito
spread can also be attributed to their capacity to reach,
through their external hyphae, different distances from
the root surface. There are reports that those fungi can
spread both small distances from the root surface (20)
and long distances, up to 16 cm (23).

In this study, G. etunicatum spread through soil at
a maximum distance of 25 and 50 cm, 49 and 64 days
after plant emergence, respectively; this can be attribu-
ted to the influence of irrigation water. The study was
carried outduring the dry season and thus daily irrigations
{with sprinkiers) were necessary. According to Mosce
etal (12), the transfer of a small amount of soil carrying
VAM fungi spores by wind, rain, and irrigation water
cannot be excluded under field conditions. Mcllveen
and Cole (11) also attribute to soil movement the
dissemination of mycorrhizal fungi in the field.

Maize yields were significantly higher at the 0.05
level for the inoculated treatments versus uninoculated
treatments across all planting treatments (Table 4).
Inoculation with VAM fungus resulted in a 19-21%
yield increase for the maize in mixed cropping. As
widely reported (2, 3, 4, 6, 9, 10, 13), mycorrhizal
association is advantageous for maize, but all the
mentioned studies were carried out with maize in
monoculture.

‘Table 4. Malze yickd with and withoot Inoculation with G.
etunicatum, In different types of association with beans,

Treatments Yield Production
Increase cansed
(@) by inoculation (%)

Matze and beans in - Inoculated” 708 00 2108
the same row Uninoculated 584 75

Maize with beans Inoculated" 769 53% 1944
25 em distant Uninoculated 644 25

Maize with beans Inoculated"  707.75% 19.45
50 cm distant Uninoculated 592 50

1/ 20 000 spores per ireser of row
2/ Indicates significant difference at the .05 jevel between the inoculated and
uninoculated weatments,

Table 5. Bean yleld when planted in the same row with malze,
inoculated or not with G. etunicatum.

Yield Yield increase due
(g} to inoculation {%)
Inoculated 742 248
Uniroculated 724

1/ 14 planis per plot. The yield difference is not significant a1 0.05 level (¢
lesty
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Bean yield (Table 5) was determined only for the
planting wreatment with maize and beans in the same
row. Although it has been reported that G. etunicatum
is effective for increasing bean growth and yield (22),
this study, with beans interplanted with maize, showed
no significant effect of fungal inoculation. Parada (14)
mentions that any alteration in the soil-fungus-piant
system can modify the relationship among them. The
presence of maize roots near the bean roots may have
affected the mycorrhizal fungus-bean root interaction
Anotherpossible reason for the ineffectiveness of fungal
inoculation of bean plants is that the maize plant density
was 100 high. The recommended plant population fo:
mixed cropping of maize and beans should not exceed
40 000 maize plants per heclare. Denser populations
are disadvantageous for bean yield, because maize is a
competitive plant (I, 17). In this swdy, the maize
density was 5 plants per meter or 50 000 per hectare. 11
is likely, therefore, that the maize competition nullified
any beneficial effect of G. etunicarum on the bean
growth and yield, since the roots of the latier crop
presented a high percentage of colonization by the
fungus. In addition, the bean plants were not subjected
to water stress and low P fertilization, two conditions
that favor VAM fungi eficct.

CONCLUSIONS

1. Native mycorrhizal species had a similar behavior
inrelation o maize and bean root colonization, but
the species Glomus 1 and Glomus 2 were slightly
more aggressive for both crops.

2. When beans were cultivated in association with
maize, the four native mycorrhizal specics increa-
sed their production; however, no such effcct was
observed on monocropped beans, because the soil
used had adequate fertilization.

3. When mycorrhizal root fragmenis were wsed as
inoculant, maize was a belter host than bean for the
VAM fungus multiplication.

4. G. etunicatum was cffective in increasing maize
yield across all planting treauments, but not eflec-
tive in increasing bean yields.

5. Maximum distance reached by G etunicatum,
when spreading through soil, was 25 and 50 cm
from the incculation point, 49 and 64 days afier
plant emergence, respectively.
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