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Introduction

Venezuela imports every
year around 800,000 MT of
soybean that is used mainly
for feeding swine and poultry.
The largest area planted in
the country since 1986 has
been of 7,848 ha, in 1988,
with an average yield of
1,517 kg/ha in 11 years (Fig-
ure 1) and an average total
production of 3,760 MT. In
order to decrease the depen-
dency of Venezuela on im-
ports, some experiments have

been conducted in the central
and eastern plains, which are
regions with high potential
for soybean production (So-
lórzano, 1992).

Agricultural development is
in progress in Guárico State
and several crops have been
obtained, but the main con-
straint is the low natural fertil-
ity of the soils. Most of the
agriculture of the region is
based on fertilization programs
which begin with liming, to
decrease the acidity of the
soil, followed by applications

of macro and micro-elements
to supply the nutritional re-
quirements of the plant. Lime
application, 600-1,000 kg/ha,
is a traditional practice in the
region. However, the manage-
ment of acid soils has changed
while, at the same time, there
has been a continuous search
to find cultivars that will toler-
ate adverse weather conditions
and soil acidity. That is the
case of Palo Seco, with a soil
pH of 4.5 but low exchange-
able aluminum. When planting
for the first time, liming is a

practice that can be avoided if
another source of calcium is
used to supply plant require-
ments.

In these soils the main nu-
tritional limitations (Solór-
zano, 1992) are P, K, N and
Ca. Other nutrients, like Mg,
S and Zn, will become limit-
ing when the soil is planted
for several successive years,
due to crop removal. Soybean
responds to P and K applica-
tions when the soils have me-
dium to low levels of these
nutrients (Penas and Wiese,

SUMMARY

An experiment was conducted for two years at Palo Seco
(Guárico State, Venezuela) on loamy and acid (pH 4.5) soils with
high potential for soybean production and low to medium levels
of available P, K and Ca. The main objective was to obtain maxi-
mum soybean (FP-3 variety) yields by using increasing rates of P
(0-70 kg/ha) and K (0-135 kg/ha) fertilizers, and to study the ef-
fect of these nutrients on the mineral nutrition of the plant. The
experimental design used randomized blocks and the final plant
density was equivalent to 400,000 plants/ha, with 3 replications.
Seeds were inoculated with Bradyrhizobium japonicum, and N (30
kg/ha), Ca (300 kg/ha) and Mg (40 kg/ha) were applied. A com-

bined year yield analysis showed a linear response to P and K
fertilizers and therefore maximum yields were not obtained. How-
ever, higher yields were produced in the first year, with better
rainfall distribution, and lower yields, due to excess moisture,
occurred in the second year. The combination of 70 kg P/ha and
108 kg K/ha produced the highest soybean grain yields at 12%
moisture, of 2938 kg/ha for the first year and 2713 kg/ha for the
second year. In 1997, where P was not applied the leaf P concen-
tration was at the deficiency level, and the highest P concentra-
tion was reached with the rate of 60 kgP/ha. The 18 kgK/ha
treatment produced K leaf concentration within the sufficiency
range.
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RESUMEN

Se condujo un experimento por dos años en la localidad de
Palo Seco, Estado Guárico, Venezuela, en un suelo de textura
franca y ácido (pH 4.5), con un alto potencial para la
producción de soya y con niveles de P, K y Ca bajos a
medianos. El principal objetivo fue obtener máximos
rendimientos de soya (variedad FP-3) usando dosis crecientes
de P (0-70 kg/ha) y K (0-135 kg/ha), y estudiar los efectos de
estos nutrientes sobre la nutrición mineral de la planta. El
diseño del experimento fue en bloques al azar con 3
repeticiones y la población de plantas al final fue equivalente a
400.000 plantas/ha. Las semillas fueron inoculadas con
Bradyrhizobium japonicum y se aplicó N (30 kg/ha), Ca (300
kg/ha) y Mg (40 kg/ha). El análisis de los rendimientos

combinado en los años mostró una respuesta lineal al P y K y,
por lo tanto, no se obtuvieron máximos rendimientos. Sin em-
bargo, los rendimientos más altos se produjeron en el primer
año, con una mejor distribución de las lluvias, y los más bajos,
por excesos de humedad, ocurrieron en el segundo año. La
combinación de 70 kgP/ha y 108 kgK/ha produjo los más altos
rendimientos de granos de soya al 12% de humedad, 2.938 kg/
ha para el primer año y 2.713 kg/ha para el segundo año. En
1997, cuando el P no fue aplicado su concentración en las
hojas estuvo en el nivel de deficiencia y la más alta
concentración se alcanzó con la dosis de 60 kgP/ha. El
tratamiento de 18 kgK/ha produjo concentraciones de K en las
hojas dentro de los rangos de suficiencia.
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1996). Solórzano and Casa-
nova (1992) showed that soy-
bean responds to P and K ap-
plication in similar soils in
the eastern plains of Venezue-
la and it is expected that the
same response would be ob-
tained in the soils of Palo
Seco when these same nutri-
ents are applied.

 Starling et al., 1998, Afza
et al., 1987 and Wood et al.,
1993, reported that although
soybean obtains N through
symbiotic fixation, application
of a N starter fertilizer has re-
sulted in increased vegetative
growth and grain yield. Fur-
thermore, foliar fertilization
with small amounts of N
could increase yields without
delaying the onset of the N

2
fixation mechanism (Mazhar,
1998). Soybean grown on
soils without rhizobia popula-
tion will use available soil N,
but if soil N levels are low
due to soil type and heavy
rains, N deficiency symptoms
will be evident (Afza et al.,
1987). The symptoms are
lighter green leaves in parts
of fields planted with the
same variety (Elmore, 1996).

In order to obtain informa-
tion, which can improve the
soybean fertilization program
of Guárico State, a field ex-
periment was conducted dur-
ing the rainy seasons of 1997
and 1998 to evaluate the ef-
fect of rates of P and K on
soybean yield and mineral
nutrition of the plant. This
study is part of the project
“Maximum soybean yield of
Venezuela” financed by the

Potash and Phosphate Insti-
tute of Canada.

Materials and Methods

The experiment was con-
ducted on a farm located at
Palo Seco, Guárico State,
Venezuela, on an Haplustox
soil, during the growing sea-
sons of 1997 and 1998.

The nutrient additions were:
a) P: 0, 5, 10, 20, 30, 40,

50, 60, 70 kg/ha as triple su-
perphosphate (TSP), with fixed
amount of KCl: 108 kg K/ha.

b) K: 0, 9, 18, 36, 54, 72,
90, 108, 135 kg/ha as KCl,
with fixed amount of P: 60
kg/ha.

Soybean seeds were inocu-
lated at planting with Bradyr-
hizobium japonicum, as rec-
ommended by Williams and
Mayorca (1982), and urea was
applied (30 kg of N/ha) at
planting to insure adequate
supply of this nutrient while
the nodules were active. There
was a basic application of cal-
cium (300 kg/ha as lime) and
magnesium (40 kg/ha as
Mg

2
SO

4
, 7H

2
0). All the fertil-

izers were applied before
planting by broadcasting and
incorporating them in the first
15 cm.

A randomized field block
design with three replications
was used. Each plot was 10 m
x 10 m with 20 rows of plants
per plot, each separated by 50
cm. The plant density was
400,000 plants/ha. In each ex-
perimental plot, rows 1 to 3
and 17 to 20 were border rows,
rows 4 to 6 and 14 to 16 were

used for plant sampling, and
rows 7 to 13 for grain yield
determination. The soybean
planted was the FP-3 variety
and harvest was carried out af-
ter 115 days. In the R2 plant
reproductive stage of growth,
which is a critical stage for
soybean nutrition (Solórzano,
1992), leaves samples (upper
most trifoliate leaves) were
taken to evaluate the P-K nutri-
tional status of the plant, for
comparison with the published
sufficiency levels described by
Small and Ohlrogge (1973).
Plant samples were dried,
ground and digested in sulfuric
acid and hydrogen peroxide, P
was determined colorimetri-
cally, and K by means of a
flame photometer. Grain yield
at a moisture content of 120 g
kg-1 was measured at harvest

time. Duncan Multiple Range
Test was used to evaluate sta-
tistical significant differences
between treatments. The statis-
tical analyses were performed
using the Statistical Analysis
System (SAS).

Results and Discussion

Some of the most important
properties of the soil used in
this experiment are presented
in Table I.

The nutritional status of the
soybean was determined at
R2 stage of growth before
pod formation began by tak-
ing the uppermost developed
trifoliate leaves without the
petiole. The P and K concen-
trations were compared to the
sufficiency ranges reported by
Small and Ohlrogge (1973)

RESUMO

Foi conduzido um experimento por dois anos na localidade
de Palo Sedo, Estado Guárico, Venezuela, em um solo de
textura franca e ácido (pH 4.5), com um alto potencial para a
produção de soja e com níveis de P, K e Ca baixos e médios. O
principal objetivo foi obter máximos rendimentos de soja
(variedade FP-3) usando doses crescentes de P (O-70 kg/ha) e
K (O-135 Kg/ha), e estudar os efeitos destes nutrientes sobre a
nutrição mineral da planta. O desenho do experimento foi
aleatoriamente em blocos com 3 repetições e a população de
plantas ao final foi equivalente a 400.000 plantas/ha. As
sementes foram inoculadas com Bradyrhizobium japonicum e foi
aplicado N (30 Kg/ha), Ca (300 kg/ha) e Mg (40 kg/ha). A
análise dos rendimentos combinado nos anos mostrou uma

resposta linear ao P e K e, portanto não obtiveram máximos
rendimentos. Sem embargo, os rendimentos mais altos foram
produzidos no primeiro ano, com uma melhor distribuição das
chuvas, e os mais baixos, por excessos de umidade, ocorreram
no segundo ano. A combinação de 70 kgP/ha e 108 kgk/ha
produziu os mais altos rendimentos de grãos de soja ao 12% de
umidade, 2.938 kg/ha para o primeiro ano e 2.713 kg/ha para o
segundo ano. Em 1997, quando o P não foi aplicado sua
concentração nas folhas esteve no nível de deficiente e a mais
alta concentração se alcançou com a dose de 60 kgP/ha. O
tratamento de 18 kgK/ha produziu concentrações de K nas
folhas dentro das categorias de suficiência.

TABLE I
SOIL ANALYSIS AT PALO SECO, GUÁRICO STATE,
VENEZUELA, BEFORE TREATMENT APPLICATION

(1997).

Sand 51.6%
Silt 29.2%
Clay 19.2%
Soil Texture Loam
Available Phosphorus 22 mg/kg (low –medium)
Available Potassium 38 mg/kg (low)
Available Calcium 10 mg/kg (low)
pH 4.5 (acid)
Organic Matter 0.13 gkg-1 (low)
Electrical Conductivity 0.0097 S/m

Qualifications (in brackets) according to “Métodos de Análisis de Suelos y
Plantas Utilizados en el Laboratorio General del Instituto de Edafología”
Cuadernos Agronomía, Año 1 (6):1-89, Universidad Central de Venezuela, 1993.
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TABLE II
SOYBEAN P AND K CONCENTRATIONS IN A CRITICAL

LEVEL STUDY FIELD EXPERIMENT AT PALO SECO,
GUÁRICO STATE, VENEZUELA.
AVERAGE OF 3 REPLICATIONS.

  Treatments (kg/ha)      Concentration (%) 1

  P   K   P   P   K   K
 1997  1998  1997  1998

  0  108   0.23   0.28
  5  108   0.26   0.35
 10  108   0.44   0.35
 20  108   0.44   0.57
 30  108   0.46   0.51
 40  108   0.46   0.40
 50  108   0.44   0.35
 60  108   0.50   0.35
 70  108   0.50   0.38
 60   0   1.51   2.27
 60   9   1.58   2.87
 60   18   2.34   2.64
 60   36   2.36   2.54
 60   54   2.66   2.64
 60   72   2.62   2.62
 60   90   2.71   2.70
 60  108   2.25   2.65
 60  135   2.21   2.61

1 Sufficiency ranges (%): P (0.26 – 0.50); K (1.71 – 2.50 ) at R
2
 growth

stage, upper most trifoliate leaves. Numbers in bold type are the highest P
and K concentrations.

for temperate countries and
the data for 1997 and 1998
are given, as percentages, in
Table II. The P concentration
was higher in 1998 than in
1997. It tended to increase
linearly with the increase of P
fertilizer applied in 1997 and
reached a maximum in 1998,
decreasing with additional
rates of applied P. In 1997,
where P was not applied the
P concentration of leaves was
at the deficiency level. The
highest P concentration was
reached with the rate of 60
kgP/ha in 1997 and with 20
kgP/ha in 1998. This might
be related to the rainfall dis-
tribution (Figure 2) which
was adequate for plant growth
in 1997, while excess moisture
occurred in 1998. The K con-
centration in leaves was defi-
cient with the first two treat-
ments in 1997; only 18 kgK/
ha produced values within the
sufficiency range. In 1998 all
the treatments produced K
concentrations within the suffi-
ciency range, reaching the
highest concentration at the
same rate (90 kgK/ha) as in
1997. These concentrations in
1998 might be due to the
higher soil moisture content,
which could have had substan-
tial effects on K transport in
soil to the roots. These results
suggest that the sufficiency
range used to establish the
plant nutritional status (Small
and Ohrlogge, 1973) is prob-
ably not appropriate for the
tropical conditions and varie-
ties used in Venezuela. There-
fore, it would seem necessary
to conduct research in order to

define the critical levels for
soybean growth in Venezuela,
taking in consideration the
growth stages and the dynam-
ics of leaf content.

Grain yields under different
treatments are given in Table
III for the two years. The re-
sponse to P is clearly evident
as plants without or with
small rates of P application
had very low grain yields. A
linear response was obtained
with the increase of applied P
and the statistical analyses
showed significant differences
between treatments in the two
years. The maximal response
occurred in 1997, with 2,938
kg/ha for 70 kgP/ha and 108
kgK/ha. The same tendency, a
linear increase of the yields
with increase of K, was ob-
served, reaching yields of
3,164 kg/ha with 60 kgP/ha
and 108 kgK/ha, in 1997.
High yields in 1977 are re-
lated to the highest P leave

Figure 1. Soybean yield and planted area in Venezuela from 1986 to 1996.
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concentration and a K con-
centration within the suffi-
ciency range. However, this
was not the case in 1998,
with the highest yield pro-
duced at the same P and K
rates as in 1997 but at a
lower P leaf concentration,
within the sufficiency range.
This was probably due to a
different soil-plant-climate re-
lationship and to the P and K

dynamic in the soil under
these conditions.

No critical levels (Dow and
Roberts, 1982; Engel et al.,
1998) for P and K in the soy-
bean leaves, related to the
higher yields, could be estab-
lished in 1997 and 1998 be-
cause the yield response was
linear with the P and K rates
applied. Tisdale et al., 1993,
defined the critical level as

Figure 2.  Rainfall (mm/day) distribution in Palo Seco, Guarico State, Venezuela, during  the P-K Soybean Experi-
ment, 1997-1998
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the nutrient concentration in
the plant below which a yield
response to added nutrients
occurs. These levels vary
among plants and nutrients,
but occur somewhere in the
transition between nutrient
deficiency and sufficiency,
and in most cases is located
at the 90% maximum yield.

Conclusions

Soybean yield showed a
positive linear response to P
and K fertilization. The treat-
ment combination with the
rates of 60 kgP/ha and 108
kgK/ha in 1997 produced the
best grain yield (3164 kg/ha).
High yields in 1997 were re-
lated to the best P leaves con-
centration and with a K con-
centration within the suffi-
ciency range.

It is very important to work
with the Bradyrhizobium ja-
ponicum as a N fixing bacte-
ria and only apply a small
amount of N at planting time
to assure the adequate supply
of N for the plants while the
rhizobium is active. An effort
has to be done in Venezuela
to produce commercially this
innoculum to satisfy the needs
for an increasing surface of
soybean planted.

No critical levels for P and
K in the soybean leaves re-
lated to the higher yields
could be established in either
year, since the yield response
was linear with the P and K
rates applied. The results sug-
gest that the sufficiency range
used to establish the plant nu-
tritional status is probably not
appropriate for the tropical
conditions and the varieties
used in Venezuela. It is also

suggested that it is necessary
to conduct research in order
to define the critical levels for
soybean growth in Venezuela.

The practical implications
of this research suggest that
the fertilization and mineral
nutrition data have to be
taken in consideration by soy-
bean farmers of the region. It
is also important to emphasize
that when these soils are used
for agriculture production
year after year, soil fertility
changes, and therefore it is
required to test the soil before
planting in order to determine
the required fertilizers.
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TABLE III
SOYBEAN GRAIN YIELDS (kg/ha) AFTER P AND K
FERTILIZATION AT PALO SECO, GUÁRICO STATE,

VENEZUELA. AVERAGE OF 3 REPLICATIONS

Treatments (kg/ha)     Yields (kg/ha)1

P K

1998 1997

0 108 615 f 700 f
5 108 814 e 890 ef
10 108 826 e 960 e
20 108 925 e 1,338 d
30 108 1,188 d 1,667 c
40 108 1,585 c 2,433 b
50 108 2,443 b 2,731 a
60 108 2,598 ab 2,814 a
70 108 2,713 a 2,938 a
60 0 914 e 1,180 c
60 9 973 ed 1,280 c
60 18 1,092 c 1,299 c
60 36 1,188 d 1,320 c
60 54 1,559 d 2,236 b
60 72 2,294 ab 2,725 ab
60 90 2,246 b 2,773 ab
60 108 2,544 a 3,164 a
60 135 2,520 a 2,815 ab

1 Yields with the same letter (a to f) are not statistically different
at 5% level of significance by Duncan’s Multiple Range Test.
Numbers in bold type are the highest yields obtained.


