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SUMMARY
Differences among plants in their ability to support nutritional stress periods
may be caused by a differential vacuole capacity of ion storage and release and
may also depend on the intensity of nutrient re-translocation under such
conditions. In five soybean cultivars, submitted to eight days of P deprivation,
the dry matter production and the contents of three phosphorus (P) forms inorganic (Pi), organic (Po), and acid-soluble total (Pts) of different plant organs
were determined. Pi release velocity (RSPi) was estimated as the tangent to the
equations obtained for Pi f(t) at the point t = 2 days (the mean point in the period
δPi/δ
δt expresses the rate of Pi release.
of greatest Pi decrease), considering that -δ
The internal Pi buffering capacity (IBCPi) was calculated as the inverse of the
RSPi. Cultivars’ differences in size of the non-metabolic Pi pool, RSPi, and the
ability to transport Pi from less to more actively metabolizing regions were
evaluated. The preferential Pi source and sink compartments under limited P
absorption conditions were also evaluated. The cultivar Santa Rosa showed the
highest Pi storage ability when the external supply was high, and a more intensive
release under low P supply conditions than IAC8 and UFV1. The cultivar Uberaba
was superior to Doko in its ability to store and use Pi. In all cultivars, upper
leaves and roots were the main sink of Pi stored in the middle and lower leaves.
Roots and upper leaves showed larger RSPi and lower IBCPi values than middle
and lower leaves.
Index terms: phosphorus, phosphate fractions, phosphorus deprivation,
nutritional stress.
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RESUMO: FRAÇÕES FOSFATADAS E CAPACIDADE TAMPÃO DE FÓSFORO
EM CINCO CULTIVARES DE SOJA
Diferenças inter e intra-específicas na habilidade de suportar períodos de estresse
nutricional podem dever-se à capacidade de armazenar e liberar íons dos vacúolos, e, ou, à
intensidade de retranslocação de nutrientes em tais condições. Neste trabalho, pretendeuse avaliar diferenças varietais quanto ao tamanho do “pool” não-metabólico de Pi; velocidade
de liberação do Pi previamente armazenado (VLPi), quando o P citoplasmático cai a um
valor limite; capacidade de transportar Pi de regiões menos ativas para aquelas mais ativas
metabolicamente e definir compartimentos que são preferencialmente fontes e os que são
preferencialmente drenos para o Pi, em condições de absorção limitada de P. Avaliaram-se
a produção de matéria seca e os teores internos de Pi, orgânico (Po) e total solúvel em ácido
(Pts), de diferentes órgãos de plantas dos cultivares de soja (Glycine max L. Merrill) Santa
Rosa, Uberaba, IAC8, Doko e UFV1, submetidos a oito dias de omissão do elemento. A
VLPi foi estimada como tangente às equações obtidas para Pi como função do perído de
omissão no ponto médio do período de omissão em que houve maior decréscimo em Pi (zero a
quatro dias de omissão de P), t = dois dias, considerando-se que -δPi/δt expressa a velocidade
de liberação de Pi. A capacidade interna de tamponamento de Pi (CTIPi) foi calculada como
o inverso da VLPi. O cultivar Santa Rosa apresentou maior capacidade de armazenar Pi,
quando o suprimento externo foi alto, liberando-o mais intensamente sob condições de baixo
suprimento de P que os cultivares IAC8 e UFV1. O cultivar Uberaba mostrou-se superior
ao Doko em sua habilidade de armazenar e utilizar o Pi. Folhas superiores mostraram ser
o principal dreno para o Pi armazenado em folhas medianas e inferiores, seguidas por
raízes e caules. Raízes comportaram-se como fontes ou drenos para o Pi. Raízes e folhas
superiores apresentaram maiores (VLPi) e menores valores de CTIPi que folhas medianas e
folhas inferiores, sendo o caule o compartimento com menor VLPi e maior CTIPi. Dentre as
variedades, as diferenças foram pequenas, destacando-se a maior VLPi e menor CTIPi do
cultivar Santa Rosa. O cultivar Doko apresentou a menor VLPi e maior CTIPi, enquanto
Uberaba, IAC8 e UFV1 ocuparam posição intermediária quanto a essas características.
Termos de indexação: fósforo, frações fosfatadas, omissão de fósforo, estresse nutricional.

INTRODUCTION
Nutrition and growth can differ among species
and cultivars even under similar soil fertility
conditions. Better nutritional and growth status
may be a result of a more efficient nutrient absorption
and, or, use by a cultivar. This variable nutritional
behavior was reported to be genetically controlled
(Raghothama, 1999). The involved processes are
related to the plant and to the root-soil interface.
Among the intrinsic plant mechanisms, internal
allocation and use of nutrients in the metabolism
and growth, which are dependent on re-translocation
and re-use under stress conditions, play a
fundamental role. Another very important factor is
the release of ions from the vacuoles under
nutritional stress (Bieleski & Ferguson,1983).
Several papers report differences in P absorption
and use by plants. In soybean, differences were
observed in relation to the soil capacity
characteristics, with highest accumulation of
inorganic P (Pi) in vacuoles of plants cultivated in
soils which provided high P concentration in solution
(Muniz et al., 1985). When the P supply is high, the
plant is able to accumulate Pi in the vacuoles. On
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the other hand, when the supply is limited either by
nutrient insufficiency or by low soil moisture (limited
transport), the previously accumulated Pi is released
to the metabolic pools to meet P demands (Bieleski
& Ferguson, 1983; Lee & Ratcliffe, 1983, 1993;
Ratcliffe, 1994; Raghothama, 1999). Under adequate
supply, 80 to 95 % of the cellular P is found in the
vacuole, and only 5 to 15 % make up the metabolic
or cytoplasmatic pool (Glass & Siddqi, 1984).
According to Raghothama (1999), a minimum
concentration of P in the cytoplasm is critical to
maintain the normal plant metabolism. Therefore,
a strong tendency to maintain a constant P
concentration in the cytoplasm is observed, in spite
of the great variation in the external availability
(Glass & Siddqi, 1984).
Based on these considerations, it is believed that
the size of the non-metabolic pool and the plant
species/cultivar’s ability to translocate this pool from
one compartment to another certainly affect its
adaptability to and survival under nutritional stress
conditions. The present study was carried out to
evaluate the size of the non-metabolic (vacuole Pi)
P pool, and in the capacity to release Pi when the
cytoplasmatic P falls to a limiting value by soybean

PHOSPHATE FORMS IN PLANT AND THEIR INTERNAL BUFFERING IN FIVE SOYBEAN...

cultivars. A further aim was to determine which
organs are preferentially sources and sinks of Pi
under limited P absorption conditions.

MATERIAL AND METHODS
Seeds of soybean (Glycine max L. Merrill) ‘Santa
Rosa’, ‘Uberaba’, ‘IAC8’, ‘Doko’ and ‘UFV1’ cultivars
were germinated in washed sand. Seven-day old
seedlings were transferred to 9.5 L plastic pots
containing a complete full strength Clark’s nutrient
solution (Clark, 1975) with a modified P concentration
(0.08 mmol L-1 of P) where they grew for 22 days.
After this period, the plants were transferred to pots
of equal volume containing Clark’s nutrient solution
with high P (0.5 mmol L-1 ) for 48 h. They were then
transferred back to pots containing a nutrient
solution with low P (0.08 mmol L-1), and after 2 h in
this solution they were transferred to Clark’s
nutrient solution with no P. On this occasion, four
plots were collected to determine tissue P
concentrations. These samples corresponded to zero
days of P omission. The other tissue samples were
extracted 1, 2, 4, and 8 days after transferring the
seedlings to no P nutrient solution.
The nutrient solutions were continuously
aerated, and the pH was measured daily and
maintained between 5.0 and 5.5 by addition of HCl
or NaOH. The nutrient solutions were always
renewed when K and, or, P decreased to a value that

Frozen plant tissue
About 1,000 mg fresh wt
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was 30 % lower than the initial one. Each
experimental plot consisted of one 9.5 L pot with two
plants. The experiment was carried out in a
glasshouse at the Soil Science Department of the
Viçosa Federal University, in Viçosa (MG), Brazil.
The treatments were a 5 x 5 factorial (five soybean
cultivars and five P omission periods) in a
randomized complete block design, with four
replicates.
At the end of each P omission period, the plants
of four plots were collected and sampled. For tissue
sampling, the leaves of one plant per plot were
divided in three equal parts (upper leaves (UL),
middle leaves (ML) and lower leaves (LL)). Stems
(S) and roots (R) were also collected. These plant
parts were washed in distilled water, dried at 70 °C
and weighed. The second plant of the plot was
similarly divided, and samples of about 1 g of fresh
matter of each component was collected, weighed,
placed in test tubes containing 2 mL of HClO4
(0.2 mol L-1) and immediately frozen. These samples
were later macerated in HClO4 (0.2 mol L-1) at 4 °C,
centrifuged at 5,000 xg, and used for the
determination of the phosphate fraction (Pi), soluble
in acid, in the supernatant (Figure 1). The total acidsoluble phosphate (Pts) was obtained after nitroperchloric digestion of a 10 mL aliquot of the extract
obtained by maceration. The acid-soluble organic P
(Po) was calculated by the difference between the
Pts and Pi contents, based on Hogue et al. (1970).
All tissue P concentrations were determined
colorimetrically by reduction of the phosphomolibdate
complex by ascorbic acid.

Residue
Wash with 2 mL
0.2 mol L-1 HClO4

Residue
Discard

Soak and homogenize with
20 mL 0.2 mol L-1 HClO4
Centrifuge at
5,000 x g

Centrifuge at 5,000 x g

Supernatant
Complete to 25 mL with
0.2 mol L-1 HClO4

Filter

Analyse Pi
colorimetrically

Figure 1. Inorganic P (Pi) fractionation scheme in soybean tissue. Based on Hogue et al. (1970)
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Inorganic P and Po concentration values, as
dependent variables of the days of P omission in the
nutrient solution, were submitted to variance and
regression analyses. The highest degree model was
chosen based on the F test and on the determination
coefficient. When no significant treatment effect was
detected or no model fitted the data, it was
considered that the Pi and Po concentration did not
vary as a function of time (t) of P omission. A
constant estimated by the mean of the observed
values was then obtained.
Considering that -δPi/δt expresses the velocity
of Pi release and that the greatest reduction of the
Pi content in all plant parts occurred between 1 and
4 days of P omission, Pi release velocity (RSPi) was
estimated as being the tangent to the equations
obtained for Pi f(t) at the point t = 2 days (the mean
point in the period of greatest Pi decrease). The
internal Pi buffering capacity (IBCPi) was calculated
as the inverse of the RSPi. Plant organ mean values
of RSPi and IBCPi were obtained as arithmetic
average among cultivars (Novais &.Smyth, 1999).
Data of leaves, stems, shoot, root, and whole plant
dry matter were submitted to analyses of variance
and the means were compared by the Tukey’s test
to assess cultivar differences.

metabolic to the metabolic pool was initially more
intensive in UL, LL, and R. As the omission period
persisted, there were higher percentages of Pi
reduction in the stems. However, the role of the
stems as Pi source is doubtful in view of their small
initial reserve compared to other plant parts,
especially R and UL (Figures 2 to 4).
Higher Pi contents in R and UL of plants under
adequate P supply show that young tissues have a
greater storage capacity. Also, their greater
metabolic activity could make them stronger sinks
for the absorbed P. This causes higher cytoplasmatic

Pi
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Ŷ = 474.16 – 108.09 t + 8.55 t2*** R2 = 0.944
Ŷ = 480.05 – 136.85 t + 10.95 t2*** R2 = 0.984
Ŷ = 565.64 – 135.95 t + 10.06 t2*** R2 = 0.981

IAC 8

Ŷ = 554.67 – 134.09 t + 9.80 t2*** R2 = 0.983
Ŷ = 587.62 – 172.69 t + 13.88 t2*** R2 = 0.972

UBERABA
SANTA ROSA
(a)
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PHOSPHORUS CONCENTRATION, mg kg-1 fw

RESULTS AND DISCUSSION
The soybean plants not submitted to P omission
stress presented estimated Pi concentration values
varying from 284 to 666 mg kg-1 of fresh matter in
the various analyzed parts (Figures 2 to 4).
Roots were the compartment with highest Pi
concentration, followed by the upper and middle
leaves; lower leaves and stems were the
compartments with the lowest Pi concentrations.
Inorganic P concentration in all plant parts
decreased in a quadratic form, with a more drastic
reduction at the beginning of the P omission period
(0 to 4 days). After one day of P omission, there was a
high percentage reduction of Pi concentration (24, 21,
and 23 %, respectively) in UL (533 to 406 mg kg-1),
LL (364 to 287 mg kg-1), and R (600 to 465 mg kg-1).
After four days of omission, the Pi reduction in R
(600 to 171 mg kg-1) and UL (533 to 153 mg kg-1) was
higher than that in LL (364 to 129 mg kg-1: 72, 71 and
65 % on average, respectively). After eight days of P
omission, the greatest percentage of Pi reduction was
found for the roots (average of 600 to 45 mg kg-1,
93 %), followed by S (360 to 45 mg kg-1), UL (533
to113 mg kg-1) LL (364 to 91 mg kg-1) and ML (430
to 106 mg kg-1), averaging 88, 79, 75, and 75 %,
respectively, in relation to the plants not submitted
to the stress (Figures 2 to 4).
Based on the variations of the P fractions in the
plant parts during the period of P omission, it is
possible to infer that the Pi release from the non-
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UFV 1

0
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Figure 2. Inorganic P (Pi) and organic P (Po)
concentration in fresh matter of the upper
leaves (a) and middle leaves (b) of five soybean
cultivars as a function of the P omission period.
(*, **, ***: Significant at 10,5 and 1 %, respectively).
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Ŷ
Ŷ
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After the elimination of P influx from the external
solution to the roots (zero day of P omission), it is
plausible to suppose that all subsequent growth was
due to the mobilization and use of stored Pi. Thus
the sharp drop of Pi contents in R, S and UL was
caused by the release of Pi and by the growth of
new young tissues with a very small P reserve. For
ML and LL, the release of the reserves must have
been the determining event in the drop of the stored
Pi concentrations. R, S and UL were, in this order,
the preferential sinks for the stored Pi under
conditions of interrupted P absorption. Alves (1994)
observed that roots are the strongest Pi and sugars
sinks in maize plants under omission of this element.
Bieleski & Ferguson (1983) stated that most of
the P moves towards the young growing leaves,
flowers, fruits, or buds. Raghothama (1999) reported
that this behavior may be altered during plant
growth under P stress, and that compartments
which are sources can become sinks. In moderately
stressed potato plants exposed to Pi, the transport
to the shoot increased, while in severely stressed
plants, Pi was retained in the roots (Cogliatti &
Clarkson, 1983). Martinez et al. (1993a) and Alves
(1994) found that the shoot and not the root was the
main sink in soybean and maize plants submitted
to 8 and 12 days of P omission, respectively.
Under conditions of continuous P supply the
Santa Rosa and Uberaba cultivars generally showed
the highest Pi concentrations and UFV1 the lowest

750

500

Pi

DOKO

Ŷ = 606.06 – 138.32 t + 8.57 t2 *** R2 = 0.999

UFV 1

Ŷ
Ŷ
Ŷ
Ŷ

IAC 8

250

UBERABA
SANTA ROSA
IAC 8

Po
0
2

4

6

8

OMISSION PERIOD, day

Figure 3. Inorganic P (Pi) and organic P (Po)
concentration in fresh matter of the lower
leaves (a) and stems (b) of five soybean
cultivars as a function of the P omission period.
(*, ***: Significant at 10 and 1 %, respectively).

P concentrations and triggers the mechanisms that
operate at the tonoplast level and provide regulation
for the cytoplasm-vacuole and vacuole-cytoplasm
fluxes (Glass & Siddqi, 1984 and Clarkson, 1985).
According to Glass & Siddqi (1984) and Clarkson
(1985), fluxes are mediated by adjustments in the
turnover rate or in the quantity of active carriers.
Raghothama (1999) reported that this transport is
ATP-dependent and that the existence of a specific
Pi channel or of a symport-type transport
mechanism cannot be disregarded.

= 636.71 – 114.21 t + 5.18 t2 *** R2 = 0.998
= 666.13 – 169.50 t + 11.58 t2 *** R2 = 0.948

Ŷ = 314.83 + 27.83 t - 6.00 t2 *

R2 = 0.916

1.000

PHOSPHORUS CONCENTRATION, mg kg-1 fw

0

= 567.61 – 166.88 t + 12.55 t 2 *** R2 = 0.995
= 526.35 – 137.48 t + 9.48 t2 *** R2 = 0.999

750

500

250

0
0

2

4

6

8
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Figure 4. Inorganic P (Pi) and organic P (Po)
concentration in root fresh matter of five
soybean cultivars as a function of the P
omission period. (*, ***: Significant at 10 and
1 %, respectively).
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ones. The IAC8 and Doko cultivars had Pi
concentrations in-between and not significantly
different from these two groups (Table 1).
The estimated values of Po concentration in fresh
matter of plant components well-supplied with P
varied from 133 in roots to 708 mg kg-1 in upper
leaves and showed an increasing order for R, S, LL,
ML, and UL (Figures 2 to 4).
Organic P was the fraction with the smallest
variation during the eight days of P omission, stable
in the UL of all cultivars ( Ŷ = Y = 627 mg kg-1 for
‘Santa Rosa’; Ŷ = Y = 708 for ‘Uberaba’; Ŷ = Y = 631
for ‘IAC8’; Ŷ = Y = 637 for ‘UFV 1’ and Ŷ = Y = 474
for ‘Doko’), ML of ‘Uberaba’ ( Ŷ = Y = 434) and ‘Doko’
( Ŷ = Y = 280), LL of ‘Uberaba’( Ŷ = Y = 399),
‘UFV 1’( Ŷ = Y = 404) and ‘Doko’ ( Ŷ = Y = 279), and S
and R of ‘Santa Rosa’( Ŷ = Y = 301; Ŷ = Y = 288),
‘Uberaba’(yc = yt = 299; yc = yt = 318), ‘UFV 1’( Ŷ = Y
= 267; Ŷ = Y = 308) and ‘Doko’( Ŷ = Y = 178; Ŷ = Y =
133). The greatest mean relative reduction were 36
and 32 % for ML and LL, followed by reductions of
20 and 12 % for S and R, respectively (Figures 2 to 4).
UL and R compartments, with the highest metabolic
activity, showed a greater stability of Po content,
probably at the expense of their own and also of Pi
content in the ML, LL, and S compartments.
The observed behavior of Po corroborates
previous discussions on the Pi concentration. The
root Po was proportionally less reduced than Po in
S, although that in R was observed to represent a
weaker sink for the Pi released by ML and LL than
the S. This can be explained by diverting greater
initial Pi reserve in R tissues, which was used to
maintain the root cytoplasmatic pool, instead of

exporting it to the shoot. This agrees with Bieleski
& Ferguson, (1983) and Clarkson, (1985) who
pointed out that when absorption is limited, a small
Pi influx is retained by the roots, maintaining their
growth at the expense of other plant parts and of
the reduction of the shoot:root ratio. Under stress,
the S compartment retained proportionally more Pi
than the amount that was translocated to the R, thus
representing a stronger sink than the R. Bieleski &
Ferguson (1983) reported that 32P applied to a P
deficient leaf was retained to a greater extent than
exported. Clarkson (1985) suggested that the
highest retention in roots under conditions of limited
absorption was due to the fact that the roots lie closer
to the supply source. Raghothama (1999) argued
that the stress intensity could mould the plant
response, altering the source-sink relationship.
Before P omission began, Po concentration in the
UL, the plant organ that had the highest metabolic
activity, was the highest (mean of 615 mg kg-1), and
it was the lowest in S (mean of 302 mg kg-1) and R
(mean of 272 mg kg-1), with ML (mean of 456 mg kg-1)
and LL (mean of 427 mg kg-1) showing intermediate
concentrations (Figures 2 to 4). After 8 days of P
omission, the UL continued with higher Po contents
(mean of 615 mg kg-1) than those of the remaining
organs (means of 289, 290, 243, and 240 mg kg-1 for
ML, LL, S, and R respectively), while the Po of ML
and LL were close to that of S and R. It is important
to note that the whole root system was analyzed,
and the observed Po contents were therefore average
concentrations that include parts with a high
metabolic activity, such as new and thin tips, and
parts with low metabolic activity, such as mature
and thick parts of roots.

Table 1. Inorganic P (Pi) and organic P (Po) concentration in upper, middle and lower leaves, stems, and
roots of soybean cultivars grown in complete nutrient solution for 31 days
Phosphate
fraction

Plant part

Santa Rosa

Uberaba

___________________________________________________________________ mg

Pi

Po

IAC 8

kg -1 fresh mattter

UFV 1

Doko

___________________________________________________________________

Upper leaves (UL)

622 A

579 AB

584 AB

502 B

505 B

Middle leaves (ML)

455 AB

483 A

397 AB

374 B

477 A

Lower leaves (LL)

446 A

388 AB

356 B

369 B

397 AB

Stems (S)

416 A

363 AB

394 AB

383 C

334 BC

Roots (R)

724 A

615 AB

525 B

583 B

599 AB

Upper leaves (UL)

640 ABC

698 AB

797 A

527 BC

425 C

Middle leaves (ML)

527 A

539 A

505 A

536 A

345 B

Lower leaves (LL)

500 A

436 A

554 A

520 A

305 B

Stems (S)

347 B

354 B

467 A

318 B

172 C

Roots (R)

297 AB

383 A

339 AB

251 B

121 C

For each variable, means followed by the same letter in the same line did not statistically differ by the Tukey test (P < 0.05).
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The results discussed above show that the
younger shoot and root tissues of the studied
cultivars had a higher ability to store the excess of
Pi absorbed under adequate supply. On the other
hand, when the supply was interrupted, R, S, and
UL were the main sink for the released Pi.
Without P deprivation, in general, the Uberaba
and IAC 8 cultivars showed the highest Po
concentrations, followed by Santa Rosa. UFV 1 and
especially Doko cultivars, showed the lowest Po
concentrations (Table 1).
The concept of plant IBCPi was enunciated by
Novais & Smyth (1999) in analogy to what occurs in
soils. According to these authors the Pi content as a
function of the period of P omission may be
considered a measure of the IBCPi. The IBCPi will
be higher as the slope of the equation that expresses
this relationship is lowered. In this study the R was
the compartment with highest RSPi and lowest
IBCPi values, followed by UL (Table 2). This
confirms the observation that these compartments
are, concomitantly, important sources and sinks of
Pi. The ML and LL showed lower RSPi and higher
IBCPi values than UL and R, while the S had the
lowest observed RSPi and highest IBCPi values.
‘Santa Rosa’ had the highest Pi reserve (Table 1) at
the beginning of P omission and also the lowest
internal P buffering, that is, the highest Pi release
velocity from its compartments in order to keep the
metabolic pools. Under short intervals of nutritional
stress, this can represent an adaptive advantage of
this cultivar. ‘Uberaba’ had a similar Pi reserve as
‘Santa Rosa’, but its capacity to release reserves to
the metabolic pool immediately after starting the
stress was lower. ‘IAC 8’, in spite of a lower Pi

255

reserve than ‘Uberaba’, presented similar RSPi and
IBCPi values to ‘Uberaba’ and to ‘UFV 1’. The Pi
reserve of ‘UFV 1’ was the smallest among the
studied cultivars. ‘Doko’ had an intermediate Pi
reserve, but the greatest buffering capacity and the
smallest RSPi value compared to the others,
especially in the UL and S compartments (Tables 1
and 2). Novais & Smyth (1999) presented the IBCPi
of two eucalyptus species: The IBCPi of Eucalyptus
cloesiana, a species originating from fertile soil and
high annual rainfall regions of Australia, was
0.0060 kg day mg-1 (RSPi = 166,67 mg kg-1 day-1),
while that of E. camaldulensis, which is found in
semi-arid regions with low annual rainfall, was
0.0472 kg day mg-1 (RSPi = 21.19 mg kg-1 day-1).
This suggests that internal buffering is, even when
accompanied by growth restriction due to limited
supply, a mechanism that guarantees survival under
low P availability.
The analysis of dry matter accumulation
(Table 3) revealed that at the beginning of P omission
there were no significant differences between the
cultivars for any of the plant parts or even in the
whole plant. At the end of the 8 th day of P
deprivation, ‘Doko’ presented less leaf, shoot and
whole plant dry matter accumulation than ‘Santa
Rosa’, and less root dry matter than ‘UFV 1’, which
was accompanied by a slower Pi release and higher
internal buffering for Pi, resulting in a greater
growth loss due to P omission (Table 2). ‘Santa Rosa’
presented the highest RSPi value and largest whole
plant dry matter production at the end of the eightday period of P omission stress. The latter value
was not significantly different from those of ‘UFV 1’,
‘Uberaba’ and ‘IAC 8’ (Tables 2 and 3).

Table 2. Inorganic phosphorus release velocity (RSPi) and internal Pi buffering capacity (IBCPi) in upper
(UL), midlle (ML) and lower leaves (LL), stems (S), and roots (R) of soybean plants cultivated in
nutrient solution

Cultivar

Unit.

UL

ML

LL

S

R

Santa Rosa

RSPi (mg kg -1 day -1)
IBCPi (kg day mg -1 )

58.59
0.017

33.72
0.030

38.68
0.026

33.26
0.030

61.59
0.016

Uberaba

RSPi (mg kg -1 day -1)
IBCPi (kg day mg -1 )

47.44
0.021

35.27
0.028

29.65
0.034

25.54
0.039

46.74
0.021

IAC-8

RSPi (mg kg -1 day -1
IBCPi (kg day mg -1 )

47.85
0.021

30.55
0.033

28.01
0.036

27.30
0.037

49.78
0.020

UFV-1

RSPi (mg kg -1 day -1)
IBCPi (kg day mg -1 )

46.52
0.021

29.56
0.034

28.01
0.036

24.82
0.040

58.34
0.017

Doko

RSPi (mg kg -1 day -1)
IBCPi (kg day mg -1 )

36.94
0.027

34.06
0.029

22.52
0.044

19.02
0.053

52.02
0.019

Mean

RSPi (mg kg -1 day -1)
IBCPi (kg day mg -1 )

47.47
0.022

32.63
0.031

29.37
0.035

25.99
0.040

53.69
0.019
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Table 3. Dry matter production by leaves, stems, shoots, roots, and whole plant of five soybean cultivars
cultivated for 31 days in complete nutrient solution or submitted to 8 days of phosphorus omission

Plant part

Omission
period
day

Cultivar
VC
Santa Rosa

Uberaba

IAC8

_____________________________________________________________________________ mg

plant - 1

UFV1

Doko

_____________________________________________________________________________

%

Leaves

0
8

1695 A
5030 A

1307 A
4182 B

1450 A
4047 B

1577 A
4607 AB

1435 A
4120 B

15.2

Stems

0
8

730 A
3002 A

685 A
3015 A

790 A
2985 A

847 A
3002 A

682 A
2682 A

17.1

Shoot

0
8

2425 A
8032 A

1992 A
7197 AB

2240 A
7032 AB

2425 A
7610 AB

2117 A
6802 B

15.3

Root

0
8

472 A
1460 AB

395 A
1455 AB

397 A
1260 B

460 A
1607 A

405 A
1272 B

16.8

Whole plant

0
8

2897 A
9492 A

2387 A
8652 AB

2637 A
8292 AB

2885 A
9217 AB

2522 A
8075 B

14.7

For each variable, means followed by different letters in the line are statistically different by the Tukey test (P < 0.05).

Martinez et al. (1993b,c) studied responses of
‘Santa Rosa’, ‘UFV 1’’, and ‘Doko’ cultivars to
different internal P levels. They observed that all
cultivars showed increases in Imax when cultivated
in nutrient solution with low P concentration.
Besides, UFV1 had a smaller kinetic adjustment
than the two other cultivars. Moreover, ‘Santa Rosa’
and ‘Doko’ showed sharper decreases than ‘UFV 1’
in the shoot:root ratio, as well as greater P transport
to the shoot. Such comparative results showed that
the RSPi value was more important for the Pi
homeostasis than adjustments in the kinetic
parameters, the shoot:root ratio, and the P transport
from the roots to the shoot for the studied soybean
cultivars.

CONCLUSIONS
1. The size of non-metabolic P pools varied among
cultivars; under P omission Po was maintained at
the expense of Pi, and the main sinks for the released
Pi were the roots and upper leaves when the P
supply was interrupted.
2. Main internal P sources at the initial stress
stage were upper and lower leaves and roots; at a
later stage, roots became the main internal P source.
3. Under stress conditions, the cultivars differed
in terms of the velocity of Pi release (RSPi) and
internal buffering ability (IBCPi). The reduction in
growth was directly related to IBCPi and inversely
related to the RSPi.
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