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ABSTRACT: The mechanismsthat determine greater P absorption by mycorrhizal plantsare still not completely
clear, and are attributed, in part, to an increase in the number of absorption sites promoted by the hyphae, and/
or to a greater affinity of the colonized hypha or root carriers to P. The effect of mycorrhizae formed by
Glomus etunicatum on the kinetic parameters of P absorption by the roots and on P influx in bean plants of
the IAC-Carioca cultivar was evaluated, in two distinct plant development periods: at the onset of flowering
and at the pod-filling stage (35 and 50 days after sowing, respectively). A mixture of sand and silica(9:1) was
utilized as substrate and irrigated with nutrient solution. The kinetics assay was performed by the method of
%P depletion from the sol ution (depletion curve), using intact plants. Mycorrhization promoted greater growth
and P absorption by bean plants, which was more conspicuously observed at the pod-filling stage. Mycorrhizal
plants showed higher values of maximum ion uptake rate (V) and net P influx at the flowering stage.
Lower minimum ion concentration (C ) and Michaelis-Menten constant (K ) values were verified in
mycorrhizal plants at the pod-filling stage. Mycorrhizal plants also presented higher net Pinflux per plant, in
both stages. C .- wastheKkinetic parameter moreintimately related to P absorption, and asignificant correlation
was obtained between this parameter and shoot P content and accumulation in bean plants.
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MICORRIZA ARBUSCULAR E OSPARAMETROS CINETICOS
DE ABSORCAO DE FOSFORO PELO FEIJOEIRO

RESUMO: Os mecanismos envolvidos na maior absor¢éo de P pela planta micorrizada ainda ndo estdo
totalmente esclarecidos, atribuindo-se, em parte, a0 aumento no nimero de sitios de absor¢do promovido
pela hifa e/ou maior afinidade dos carregadores da hifa ou da raiz colonizada ao P. Avaliou-se o efeito da
micorriza formada por Glomus etunicatum nos parametros cinéticos da absorcdo radicular de P e no influxo
dePemfejoeiro, cultivar |AC-Carioca, em duas épocas do ciclo daplanta, inicio do florescimento e enchimento
das vagens (35 e 50 dias apds semeadura, respectivamente). Empregou-se como substrato areiae silica (9:1)
irrigado com solugéo nutritiva. O ensaio de cinética foi realizado pelo método do esgotamento do *P da
solugéo (curva de deplegdo), empregando-se aplantainteira. A micorrizagdo promoveu maior crescimento e
absorcao de P pelas plantas, principalmente nafase de enchimento das vagens. As plantas micorrizadas que
se encontravam no estadio de florescimento tiveram maior vel ocidade maxima de absorcéo (V) einfluxo
liquido de P. Menores valores de concentragéo minima de P na solugéo (C . ) e da constante de Michaelis-
Menten (K ) foram constatados nas plantas micorrizadas, na fase de enchimento das vagens. As plantas
micorrizadas também apresentaram maior influxo liquido de P por planta, em ambas as fases. A C __foi 0
parametro que mais se relacionou com a absorc¢do de P, ocorrendo correlagdo significativa entre este e o teor
e acimulo de P na parte aérea do feijoeiro.
Palavras-chave: Phaseolus vulgaris, fungo micorrizico arbuscular, cinética de absorg&o, influxo de fésforo,
feijéo

INTRODUCTION dwell inside the root tissues. Most legumes, such as bean
plants, possess two types of symbiotic microorganismsin
their roots, namely atmospheric N -fixing bacteria and
mycorrhizal fungi, thus establishing a triple association

Absorption of soil nutrients by roots depends,
among several factors, on ion movement in the soil and

on the root absorption ability. This, in turn, is a function
of the root system morphology and physiology, and di-
rectly influenced by microorganisms in the rhizosphere,
which could either maintain only superficial contact or

capable of supplying plants especially with regard to their
N and P requirements (Silveira & Cardoso, 1987).

From a nutritional point of view, the great im-
portance of arbuscular mycorrhizae lies precisely on the
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fact that they increase the plant ability to absorb nutri-
ents, especially those with little mobility in the soil, such
as Cu, Zn, and P in particular. This promoting effect of
mycorrhizae is more pronounced under conditions of low
P availability in the soil, as it is the case of the great ma-
jority of tropical soils.

In spite of the fact that mycorrhizal plants show
greater P accumulation in their tissues than non-mycor-
rhizal ones, the mechanisms involved in P absorption by
mycorrhizae are still not completely understood. The sym-
biosis effect is attributed to the microsymbiont external
hyphae, which function as an extension of the root sys-
tem, providing a more extensive and better-distributed nu-
trient absorption surface, and imparting greater soil ex-
ploration capacity, beyond the P depletion zone, as well
as greater ion absorption ability (Silveira, 1992).

Some papers dealing with root P absorption ki-
netics have been conducted to clarify whether this
greater absorption occurs because of an increase in the
number of absorption sites promoted by hyphae and/or
because of the greater affinity of the hyphae or colo-
nized root carriers to P. Results, however, are contra-
dictory. Karunaratne et al. (1986) and Faquin et al.
(1990) observed an increase in P absorption as a con-
sequence of greater number of absorption sites promoted
by the hyphae (greater V__), while Cress et al. (1979)
verified that, under low P concentrations in the solution,
the absorption by the mycorrhizal plant was associated
with a lower K value, i.e., with greater affinity of
the colonized root carriers and/or the hyphae to P.
The P absorption kinetic parameters, as well as P
influx in mycorrhizal plants, are influenced by factors
such as cultivar-mycorrhizal fungus combination and
level of P that is added to the substrate (Silveira, 1990).
Mycorrhization in soybean may decrease K_and C_ |,
which also experience alterations in roots presenting
double symbiosis: mycorrhizal fungus and rhizobium
(Silveira & Cardoso, 1991). Again in soybean, Silveira
& Cardoso (1994) verified that even when aluminum
was added to the substrate, mycorrhizal plants had lower
K_and C  vaues, especialy in the Al-intolerant cul-
tivar, and greater P influx. For citrus plants, depending
on the availability of P in the substrate, the P uptake ki-
netic parameters can vary and are related to the benefi-
cial or parasitic effect of the arbuscular mycorrhizal fun-
gus-AMF (Cunha, 1999).

The ionic absorption kinetic parameters are influ-
enced by several factors in addition to the mycorrhizae,
and especially by plant age (Edwards & Barber, 1976;
Drew et a., 1984). Therefore, the objective of this work
was to evaluate the effect of mycorrhizae on the kinetic
parameters of P absorption by the roots and on P influx
in bean plants, during two distinct plant development
stages: at the onset of flowering, and at pod filling.

MATERIAL AND METHODS

The experiment was carried out under greenhouse
conditions, in a completely randomized design, with eight
replicates, arranged in a 3x2 factorial scheme, as follows:
three treatments - inocul ation of AMF Glomus etunicatum
and two controls without inoculation, one in which plants
received 3.0 mg L™ of P (C-P), and the other where
plants received 30.0 mg L™ P (C-P,) in the nutrient solu-
tion, evaluated at two stages of the plant development
cycle- at the onset of flowering (35 days after sowing,
DAS) and at pod filling (50 DAS).

A medium-to-fine-grade, washed sand mixed with
ground silica (9:1) was utilized as substrate. The silica
was washed in running water and autoclaved at 121°C for
1.5 hour. The sand, previously washed in running water,
was sterilized in flowing steam for two hours, during
three consecutive days and, because of its lack of purity,
aready contained 5 mg dm® P (P resin). The 2.5-kg pots
were lined internally with plastic bags containing holes
in the bottom to facilitate removal of the entire plant and
transfer to the nutrient solution, without damaging the
root system. A 2-cm layer of medium-sized crushed stone,
washed in running water and sterilized at 121°C for 1.5
hour, was placed in the bottom of the pots to facilitate
drainage of the solution.

The AMF inoculum, previously multiplied in
stock pots planted with maize, was spread throughout the
entire pot surface at a five-cm depth, and consisted of 50
e soil containing pieces of infected roots, hyphae, and
approximately 2,000 spores. The controls received the
same volume of soil as in the control stock-pot, contain-
ing pieces of maize root but without mycorrhizal fungus
propagules.

Bean seeds of cultivar IAC-Carioca were disin-
fected superficially with 1.5 % sodium hypochlorite for
five minutes, and washed with distilled water. Next, they
were submersed for 15 minutes in a rhizobium cell sus-
pension, obtained in a mannitol-yeast extract liquid me-
dium (Vincent, 1970) under agitation. The Rhizobium
phaseoli strains were: C- 05 I, CIAT 1899 and C- 88.
Sowing was performed by placing eight seeds per pot,
onto which were added 10 mL of rhizobium suspension.
Thinning was made ten days after sowing leaving one
plant per pot, and again 10 mL of rhizobium suspension
were added to the plant root collar.

From planting through thinning, the pots only re-
ceived distilled water. From then on, 100 mL of no. 2
Hoagland and Arnon solution, modified by Faquin et al.
(1990), were added weekly, in a free-drainage system, and
irrigation was performed with distilled water as needed.
For treatments that received AMF inoculation and for one
of the controls (C-P,), the P concentration in the solution
that was applied weekly was 3.0 mg L™, while for the
other control (C-P,), the concentration was 30.0 mg L™
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The plants received N in stages, in the form of KNO,,
30 mg L™ at thinning and 30 mg L™ twenty days later.

At harvest, the plants were carefully removed
from the pots by pulling the plastic bag which, once cut,
allowed the substrate to be eliminated. The root system
was dipped into successive water tanks to minimize dam-
age to the roots and avoid, as much as possible, detach-
ment of nodules and external hyphae of the mycorrhizal
fungus.

In four replicates, the plants were cut at root col-
lar height and the shoot was dried to determine shoot dry
weight. The plant shoot was crushed and digested for P
content determination (Sarruge & Haag, 1974). The root
system was washed and placed in 50% alcohol. The per-
centage of root length colonized by the mycorrhizal fun-
gus was estimated by the Ambler & Young (1977)
method, after trypan blue staining in lacto-glycerol
(Phillips & Hayman, 1970).

The characterization of P absorption kinetics by
the roots and determination of kinetic parameters were
performed by the method of P depletion from the solu-
tion as a function of absorption time (depletion curve),
according to the method proposed by Claassen & Barber
(1974), utilizing intact plants and a low P concentration
in the solution. The plants removed from the solid sub-
strate were transferred to a growth nutrient solution cor-
responding to the treatments, and the pH was maintained
at 5.5 (adjusted with NaOH or HCI), in three-liter plastic
pots, under constant aeration, still maintained for three
days in the greenhouse. Forty hours prior to the begin-
ning of the kinetics assay, plants were transferred to the
absorption, P-free nutrient solution, with the following
composition: N = 14.0; K = 11.7; Ca= 12.0; Mg = 2.43;
S=32; B =0.25 Cu=0.01, Mn = 0.25; Mo = 0.005;
Zn=0.025 mg L™ (Faquin et a., 1990). After that, plants
were taken to the laboratory, under a lighting system con-
sisting of a set of 250 Watt HPLO (Phillips) light bulbs,
which provided a light intensity of 35 Watt m” at the up-
per level leaves, the mean temperature in the room was
24°C. The plants were transferred to a new solution with
identical composition, but with the addition of 10 mmol
L™ P (0.31 mg L™ in 25-L capacity pots, according to
determinations established in a previous assay, where they
remained for 1.5 h. After that period, the plants were
transferred to the absorption solution with P concentra-
tion and solution volume previoudly determined, but with
40 nCi *P per pot, in the form of carrier-free NaH,*PO,.
The absorption period had a duration of 12 h, and sam-
plings were taken at every half hour up to the fifth hour,
and at one-hour intervals after that, totaling 18 samplings
per pot, with two replicates. The solution samples, 1 mL
aliquots, were placed in scintillation vials with 14 mL
demineralized water, and the *P activity was determined
by the Cerenkov effect (Nascimento Filho & Lob&o,

1977) in a liquid scintillation beta spectrometer. Plants
were kept under constant aeration during the entire as-
say and the pH in the solution, initially adjusted to 5.0,
was not corrected during the absorption period.

The pot + plant weight was determined at the be-
ginning and at the end of the assay for later estimate of
transpiration and correction of the solution volume in the
pot, a each sampling time. At the end of the assay, the
root system was separated from the shoot, washed in run-
ning water, and dried with paper towels for fresh matter
weight determination.

Once the P depletion curve in the solution as a
function of absorption time was obtained, the kinetic pa-
rameters of root P absorption (V__ and K ) were esti-
mated by the graphical-mathematical approximation pro-
posed by Ruiz (1985). C . was determined by the P con-
centration values mean in the solution, from the final sam-
plings. Once the kinetic parameters had been estimated,
it was possible to define the Michaelis-Menten equation
and to calculate the net influx: 1 = [V __ . (C-C )] [K
+ (C - C_)]" expressed per unit of root fresh matter
weight and per plant. Data were submitted to analysis of
variance and the Tukey test at 5% was utilized to com-
pare means.

RESULTS

The velocity of P exhaustion from the nutrient so-
lution (Figure 1) shows that up to the fourth hour of ab-
sorption the mycorrhizal plants had a similar behavior,
but from that time forward older plants (50 DAS) depleted
P faster than younger ones (35 DAS). The control plants
were slower in absorbing P, especialy C-P, at 35 DAS
and C-P, at 50 DAS.
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Absorption time, h

—-GP:i-35 & CGP-35 —4— GE-35 > CR-50 == GP-50 —8—GE-50

Figure 1 - Depletion curve of P from nutrient solution by non-
mycorrhizal (C-P,- Control with 3.0 mg L*; C-P,-
Control with 30.0 mg L* P) and mycorrhizal (GE-
Glomus etunicatum) bean plants, at the onset of
flowering and at the pod-filling stages (35 and 50 days
after sowing, respectively).
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The kinetic parameters of root P absorption were With regard to the net P influx per plant (Figure
influenced by the mycorrhization of bean plants and va2B), mycorrhizal plants, in both stages, were different
ied with plant age (Table 1). In general, Mvas higher from the controls, having similar behavior. The net in-
at 35 DAS, differing 100% from the velocity observedlux in mycorrhizal plants, at 35 DAS, on the average sur-
at 50 DAS, when the roots were colonized By passed C-Poy 85% and C-Pby 17%, while at 50 DAS,
etunicatumsurpassing the control with the lowest P levehis increment was 37% in relation to Cdhd 57% in
(C-P) by 80%, and also the control with the highest Felation to C-P
level (C-B), by 64%. The mycorrhization effect on plant growth only

Carrier affinity to P was higher when the rootoccurred at 50 DAS (Table 2), and colonization of the
were colonized byG. etunicatum(Table 1), i.e., the K plant by the fungus increased shoot dry matter by 879%,
values for mycorrhizal plants were 34% and 24% lowein relation to C-B, but it was not different from C;P
at 35 DAS, and 23% and 40% lower, at 50 DAS, thawhen the two stages were compared, greater increment
the C-P and C-P values, respectively. Kdid not change in growth (240%) occurred in mycorrhizal plants than ob-
with plant age. At 35 DAS, the control plants with theserved in the controls. The percentage of colonized root
higher level of P (C-f presented a lower C than C- length was greater at 50 DAS (Table 2).

P,, not different, however, from the mycorrhizal plants. 0.6 - A
At 50 DAS, however, there was a 78%, Glecrease in
the mycorrhizal plants, differing from the non-mycor- 05 1
rhizal ones. .
Bean plant mycorrhization promoted greater net - 04
P influx per unit of root fresh matter weight (Figure 2A). e '
At 35 DAS, the net influx in the mycorrhizal plants was, é o3
on the average, 110 and 68% higher than in @i C- T
P,, respectively. At 50 DAS, the mycorrhizal plant influx ,;:
was 30% higher than in C;PThe net P influx by myc- - 02
orrhizal plants was, on the average, 110% higher at 35 E
DAS than at 50 DAS. 0.1
Table 1 - Kinetic parameters (V, K , C ) of P uptake and 0 ‘ ‘ ‘
root fresh matter weight (RFW) of non-mycorrhizal 0 5 10 15 20
(C-P;: Control with 3.0 mg L; C-P,: Control with P concentration, Cimol L™ B
30.0 mg ! P) and mycorrhizal (GEGlomus
etunicatum bean plants, at the onset of flowering 4.5 7
and at the pod-filling stages, 35 and 50 days after 4.0
sowing (DAS), respectively. e 35
DAS/Treatments C-P, C-P, GE Ee 30
V_ (umol P gt h) e 25
35 DAS 0.30bA  0.33bA  054aA £ 2'0
50 DAS 0.21 aA 0.21 aA 0.27 aB 5
- ]5 -
K, (umol P LY é
35 DAS 2.66 aA 2.29 aA 1.75 bA RS 101
=¥ il
50 DAS 224 abA  2.84aA 172 bA s 03
C (umol P LY Z 00 | ; | |
0 5 10 15 20
35 DAS 1.56 aA 0.86 bA 1.33 abA ) 1
P concentration, [inol L
50 DAS 1.22 aA 1.26 aA 0.28 bB
RFW (g) Figure 2 - Net Influx of P per unit root fresh matter weight (A) e
35 DAS 8.9 aB 11.7 aB 8.1 aB per .plant (B).as function of P cpncentration in the
nutrient solution by non-mycorrhizal (C-PControl
50 DAS 14.0 aA 15.7 aA 16.5 aA with 3.0 mg L% C-P,- Control with 30.0 mg & P) and
Means followed by the same letter do not differ by the Tukey test at mycorrhizal (GEGlomus etunicatuinbean plants, at
5%. Capital letter — comparison between plant stages at the same the onset of flowering and at the pod-filling stages, 35
fungal treatment and small letter — comparison among fungal and 50 days after sowing (DAS), respectively. Curves
treatments at the same plant stage. follow the Michaelis—Menten equation.
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Table 2 - Shoot dry matter weight (SDW), shoot P content
and accumulation and mycorrhizal colonization of
non-mycorrhizal (C-P, — control with 3.0 mg L™
and C-P, — control with 30.0 mg L* P) and
mycorrhizal (GE- Glomus etunicatum) bean plants,
at the onset of flowering and at the pod-filling
stages, 35 and 50 days after sowing (DAS),
respectively.

DAS Treatments C-P, C-P, GE
SDW (g)
35 DAS 0.70 aB 1.10 aB 0.73 aB
50 DAS 1.33 bA 2.93 aA 2.48 aA
P content (g kg?)

35 DAS 1.50 bA 2.50 aA 1.60 bB

50 DAS 1.60 bA 2.10 aA 2.40 aA
P accumulation (mg plant?)

35 DAS 1.08 bA 2.74 aB 1.35 bB

50 DAS 2.12 bA 6.27 aA 5.86 aA
mycorrhizal colonization (%)

35 DAS 2421 B

50 DAS 69.85 A

Means followed by the same Ietter do not differ by the Tukey test at
5%. Capital letter — comparison between plant stages at the same
fungal treatment and small letter — comparison among fungal
treatments at the same plant stage.

Shoot P content of mycorrhizal plants did not dif-
fer from C-P, plants, but was surpassed by plants well-
supplied in P (C-P), at 35 DAS. At 50 DAS, the mycor-
rhizal plants did not differ from C-P, with respect to P
content, but were higher in P than C-P, (Table 2). In re-
lation to shoot P accumulation, at 35 DAS C-P, plants
surpassed both C-P, and mycorrhizal plants, which did
not differ between themselves. At 50 DAS, however,
plants well supplied in P (C-P)) and mycorrhizal plants
were not different between themselves, but surpassed C-
P, by 176%.

DISCUSSION

There are few reportsin the literature with the ob-
jective of determining the kinetic parameters of P absorp-
tion by mycorrhizal plants, in order to elucidate the
mechanisms involved in the process of P absorption by
the root under symbiosis. The physiologica modifications
that come from mycorrhiza establishment might interfere
with absorption-related aspects, as well as with P trans-
location and utilization by the plant (Smith et al., 1994).

V... Was smaller in older plants (50 DAS), in
agreement with observations by Warncke & Barber
(1974) and Jungk & Barber (1975) for maize, and
Edwards & Barber (1976) for soybean, but diverging from
Drew et al. (1984) for barley, who did not obtain V__
variation with plant age. K _, however, practically did not

change with plant age, a fact that was aso observed for
maize (Jungk & Barber, 1975), but not for older soybean
plants, for which K _increased (Edwards & Barber, 1976).
C,_.., however, not only varied with plant age, but also
with treatment. While an increase in C . occurred with
age in control-plants well supplied with P (C-P), as ob-
tained by Edwards & Barber (1976), a five-fold C . re-
duction occurred for older mycorrhizal plants, which
agrees with observations by Jungk & Barber (1975); those
authors, however, did not utilize mycorrhizal plants. Since
the percentage of colonized root length tripled from 35
to 50 DAS, a hypothesis could be raised that this decrease
in C_.occurred as a consequence of the increase of root
colonization. Increases of plant growth caused by higher
P absorption promoted by the presence of mycorrhiza is
influenced by the integrity, extension and distribution of
the external mycelium (Vilarifio et al., 1993), which is
correlated with the degree of colonization (Kucey & Paul,
1982). Thus, the positive response of Glomus could not
necessarily be due to greater root colonization, but per-
haps to the externa mycelium distribution in the soil.

In general, mycorrhizal plants presented higher
V . adsmaler K and C values TheincreaseinV _
agrees with the observations by Karunaratne et . (1986)
and Faguin et al. (1990) for soybean, and constitutes an
indication that there was an increase in the number of ab-
sorption sites per root unit, promoted by the fungus ex-
ternal hyphae, or by the number of carrier turns in the
plasmatic membrane (Drew et al., 1984). A smaller K
values of mycorrhizal plants was observed by Cress et
al. (1979) in roots detached from tomato plants. The
smaller C_values observed for mycorrhizal plants at 50
DAS mean that the plants were capable of extracting and
retaining P in the roots, even at low concentrations in the
solution, in agreement with the results of Faquin et al.
(1990). Silveira (1990), working with bean plants, and
Silveira & Cardoso (1991; 1994), working with soybean,
observed that K and C _are the kinetic parameters most
influenced by mycorrhization, and can be dramatically re-
duced in mycorrhizal plants. In mycorrhizal roots, the
fungal hypha is the main P absorption site (Ayling et a.,
2001). This mechanism developed by mycorrhizae is im-
portant, especialy in tropical regions, where P availabil-
ity in the soil solution is low. In addition, this trait could
be related to the adaptive factor of fungal species. It is
interesting to point out that K  was negatively and sig-
nificantly correlated (P < 0.05) withV__ (r =-0.51), sug-
gesting that both mechanisms could have influenced P
root absorption, which is characterized by an increase in
the number of absorption sites and by their affinity to P

With regard to P influx, results confirm what was
previously reported by Sanders & Tinker (1973), Smith
(1982), Faquin et al. (1990), Smith (1990), Silveira
(1990), Silveira & Cardoso (1994) and Cunha (1999), that
mycorrhizal plants present higher P influx in relation to
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non-mycorrhizal ones, under the same environment con-
ditions. This means that for the same externa concen-
tration of P, a mycorrhizal plant absorbs more P than a
non-mycorrhizal one, probably because it has a higher
V. . or greater affinity to P, i.e., asmaller K _. Younger
and mycorrhizal plants had greater net P influx per unit
of root fresh weight because they had a smaller root
yield associated with agreater V__ (Table 1 and Figure
2A), which is confirmed by the negative and significant
correlation between both (r = -0.76). When the net in-
flux was expressed per plant, the mycorrhizal plants sur-
passed the controls in both phenological stages (Figure
2B).

A smaller apparent P efflux (observed when the
concentration of P in the solution becomes equal to zero,
and can be calculated by the Michaelis-Menten equation;
Figure 2) was verified for the mycorrhizal plants at 50
DAS, which was seven- and four-fold lower than in non-
mycorrhizal plants, considering C-P, and C-P,, respec-
tively. This probably occurred because they presented
greater root colonization and smaller C _, therefore re-
taining more P in the root and/or hypha, which was trans-
located to the shoot. In addition, there was a positive and
significant correlation (P < 0.007) between K _and C
(r = 0.61), suggesting that affinity to P and the ability to
absorb it, when in low concentration in the solution, had
the same tendency.

Smith (1982) verified that the percentage of colo-
nization in clover roots affected P influx, which occurs
especially in young plants (Smith, 1990; O'Keefe &
Sylvia, 1992), where the fraction of root colonization that
is active is greater and shows abundant arbuscule devel-
opment. In the present experiment, little colonization oc-
curred in the younger plants (35 DAS) which, however,
does not dismiss the possibility that it was more active,
causing higher V__ and P influx values. For the older
plants, the higher V__ and influx values probably were
a conseguence of greater root colonization, which also re-
flected on a reduction of C__ .

The differences in behavior for mycorrhizal
plants, in the present experiment, could be related to the
colonized root length percentage, which was 190% higher
at 50 DAS. Earliness in establishing symbiosis is essen-
tial to ensure adequate plant development in plants that
grow under low P availability conditions, and especially
for short-cycle crops.

Comparisons between mycorrhizal and non-my-
corrhizal plants should only be made when their shoot dry
matter yield, root:shoot ratio, and P content are similar,
and when they are at the same developmental stage
(Pacovsky et d., 1986). Based on this assumption, a hon-
mycorrhizal plant was utilized as a control, receiving a
P dose (30.0 mg L™) that ensured its adequate develop-
ment; thiswas considered awell supplied plant, especially
with regard to P. At least during the pod-filling stage, for

shoot dry matter and P content, mycorrhizal plants did
not differ from the control that received the higher P dose
(C-P,), which was, therefore, an adequate control (Table
2). When the kinetic parameters of phosphorus absorp-
tion were compared with the content and accumulated
amount of P in the shoot, a negative and significant cor-
relation was obtained (P < 0.01) between C . and P con-
tent (r = -0.90) and P accumulation (r = -0.45). This sug-
gests that this parameter was the most correlated with P
absorption by the bean plant, especially under low P con-
centrations in the solution.

CONCLUSION

Bean plant mycorrhization promoted greater
growth and P absorption by the plant and favorably in-
fluenced P absorption kinetic parameters (V,_ ., K and
C ), promoting greater P influx by plants at the flower-

min

ing and pod-filling stages.
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