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Zea mays This study aimed to evaluate the content of macronutrients and sodium in corn (Zea mays)
residue reuse plants as a function of different doses of cassava wastewater and ages of the plants after
mineral nutrition emergence. The experiment was conducted in a greenhouse in pots with capacity for 25

dm’ of soil, using a 5 x 3 factorial design with four replicates. The studied factors were doses
of cassava wastewater: 0; 12.6; 25.2; 50.4; 75.6 m? ha'', and plant age: 20, 40 and 52 days
after emergence (DAE). Potassium, calcium, magnesium, nitrogen, phosphorus, sodium
and sulfur contents were evaluated in leaves and stalks. Nutritional deficiency of calcium
was visible at 20 DAE. The increment in cassava wastewater doses increased N, P and K
contents in plant shoots, but decreased Ca and Mg absorption. The contents of N, P and
K in the leaves and N in stalks at 20 DAE were higher than at 40 and 52 DAE. The highest
contents of P and K in the stalks occurred at 40 DAE.

Palavras-chave: Teores de macronutrientes e sddio em plantas

Zea mays . . 1. . .
reaproveitamento de residuos de milho biofertilizadas com manipueira

nutri¢do mineral
RESUMO

Objetivou-se, com este trabalho, avaliar os teores de macronutrientes e sédio em plantas
de milho (Zea mays) em fungéo da aplicacdo de doses de manipueira e idade das plantas
apds a emergéncia. O experimento foi conduzido em casa de vegetagdo em vasos com
capacidade de 25 dm® de solo usando o esquema fatorial 5 x 3 com quatro repeti¢des. Os
fatores de estudo foram doses de manipueira: 0; 12,6; 25,2; 50,4; 75,6 m® ha' eidade das
plantas aos 20, 40 e 52 dias apos a emergéncia (DAE). Foram avaliados, nas folhas e no
colmo, os teores de nitrogénio, fésforo, potdssio, calcio, magnésio, enxofre e sédio. Aos 20
DAE as plantas apresentaram deficiéncia nutricional em célcio. O incremento das doses
de manipueira aplicadas no solo aumentou os teores de N, P e K na parte aérea das plantas
e reduziu a absor¢do de Ca e Mg. Os teores de N, P e K nas folhas e de N nos colmos das
plantas de milho, aos 20 DAE, foram maiores que aos 40 e 52 DAE. Os maiores teores de
P e K foram registrados nos colmos aos 40 DAE.
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INTRODUCTION

In agriculture, the use of properly treated organic residues
allows increasing the contents of carbon and nutrients in
the soil, increasing its cation exchange capacity and pH. In
this aspect, increments in the contents of organic matter and
nutrients in the soil, due to the use of these residues, improve
physical and chemical properties and, consequently, yield and
quality of products, decreasing production costs (Laufenberg
et al., 2003).

Cassava wastewater is one of the residues generated in the
processing of cassava (Manihot esculenta Crantz) for obtaining
the flour or starch. The reuse of this residue as an agricultural
biofertilizer, according to Silva Junior et al. (2012), is viable
due to the high content of organic matter and the presence
of various nutrients essential to plants, such as nitrogen,
phosphorus, potassium, calcium, magnesium, copper, zinc and
manganese; besides contributing efficiently to the reduction of
damages to the environment, because its composition has high
organic load and concentration of hydrocyanic gas, which are
potential environmental pollutants.

Studies related to the use of cassava wastewater in the
cultivation of other crops have also been reported by other
authors. Duarte et al. (2012), studying the effect of using
cassava wastewater on the lettuce crop (Lactuta sativa L.),
concluded that it served as source of fertilization for the crop;
however, adequate doses were necessary in order to avoid the
deleterious effect of some nutrients, especially potassium, the
ion found in highest concentration in the cassava wastewater.
In the study, these authors mention that the dose of 45 m’ ha!
promoted the best plant development. Similar responses were
obtained by Ribas et al. (2010) and Inoue et al. (2011).

In the evaluation of corn (Zea mays L.)fertigated with treated
cassava wastewater, Saraiva et al. (2007) observed increase in the
contents of organic matter, calcium and magnesium in the soil,
and phosphorus and zinc in leaf tissues and roots.

To establish an adequate nutrition for plants, the knowledge
on the amount of nutrients, relationship between nutrients and
normal patterns of accumulation in the dry matter and over
the cultivation time is of fundamental importance, because
it will allow the quantification of the nutrients necessary for
production, as well as the period of highest demand, the organ
each with the highest amount of the nutrient, the amount
exported by the harvest and the amount to be replenished to
the soil in order not to deplete it (Damasceno et al., 2012).
However, the amount and proportionality of nutrients
absorbed by plants are a function of intrinsic characteristics of
the plants and the external factors that condition the process.
The capacity of the species to remove nutrients from the soil
and the required amounts vary not only with the cultivar, but
also with the existing degree of competition. Variations in the
environmental factors, such as temperature and soil moisture,
may considerably affect the contents of mineral nutrients in
the leaves. These factors influence both the availability and the
absorption of these nutrients by the roots and shoot growth. On
the other hand, the accumulation and distribution of mineral
nutrients in the plant depend on its development stage (Goto
et al., 2001).
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In turn, corn plants have fast and continuous growth, with
accumulation of nutrients and dry matter in all reproductive
stages. There is a great demand in the supply of water and
nutrients to meet plant requirements, because crop production
and yield are associated with the number of grains per row in
each ear, whose maximum length is conditioned by the good
availability of water and nutrients (Magalhaes, 2013).

Crop nutritional requirements are determined by the amount
of nutrients that plants are able to extract from the soil (Ueno
etal,, 2011). This extraction depends on the obtained yield and
the accumulation of nutrients in the grains and in other plant
parts. Thus, its knowledge is of fundamental importance to
subsidize strategies to define the amount of fertilizations and
the minimum amounts that must be replenished to the soil, in
order to maintain the fertility (Pinho et al., 2009).

This study aimed to evaluate the contents of macronutrients
in corn plants as a function of the application of doses of
cassava wastewater and collection periods.

MATERIAL AND METHODS

The experiment was carried out in pots with capacity for
25 dm’ of soil from November 2011 to February 2012, in a
greenhouse, at the Department of Agricultural Engineering
of the Federal Rural University of Pernambuco, Recife-PE,
Brazil. The soil used in the experiment was collected at the
Agronomic Institute of Pernambuco (IPA), in the municipality
of Itambé-PE, in the layer of 0-20 cm, and the texture was
characterized as clay loam.

Before incorporating the cassava wastewater, three
individual soil samples were collected to form a composite
sample, which was air-dried, pounded to break up clods
and sieved through a 2-mm mesh, for the determination of
physical and chemical characteristics (Table 1) according to
the methodology proposed by EMBRAPA (2009).

The cassava wastewater used in the experiment came from
a flour mill located in the municipality of Pombos-PE and its
physical and chemical composition (Table 2) was determined
at the Laboratories of Environmental Engineering and Quality
(LEAQ) and Soil Mechanics and Residues Use of UFPE and
UFRPE, respectively. Physical and chemical parameters were
determined according to the methodology proposed by APHA
(1995).

Each pot used in the experiment was filled with 20 kg of
soil. In order to allow the drainage of the excess irrigation
water, a 5-cm-thick layer of crushed stone (n° 0) was added

Table 1. Soil physical and chemical characteristics before
the experiment

Parameters Content
Sand (g kg) 660.0
Silt (g kg") 36.8
Clay (g kg™") 303.2
ECse (dS m™) 0.30
pH in water 5.50
Phosphorus (mg dm?) 12.68
Potassium (cmol, dm-®) 0.27
Calcium (cmol, dm3) 1.65
Magnesium (cmol, dm3) 1.25
Sodium (cmol, dm™®) 0.03
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Table 2. Physical and chemical characteristics of the
cassava wastewater

Parameters Content
COD (mg L) 119,220.40
Electrical conductivity (dS m™) 9.61
pH 6.83
Potassium (mg L) 4,793.90
Phosphorus (mg L) 286.40
Magnesium (mg L") 1,588.20
Sodium (mg L) 742.00
Calcium (mg L) 241.90

CDO - Chemical oxygen demand

to each pot and covered by a geotextile (Bidim®), to avoid
possible soil losses.

After preparing the pots, as previously described, three
pots were saturated through capillarity and daily weighed until
constant weight, in order to estimate the container capacity.
Then, the mean weight of the three pots with soil at container
capacity was determined.

Since all the pots used in the experiment were filled in
the same way, the volume of water necessary for each plant
was obtained by the difference of the mean weight with soil
at container capacity and the weight of each one of these
pots containing one plant, which were measured every day.
Irrigation was performed based on the container capacity and,
for this, tests of weighings of the pots were carried out.

The tested crop was corn, hybrid AG 1051 from Agroceres,
which was developed for the production of green corn and
silage, and has semi-early cycle, on average, 115 days for
ensilage and 144 days for grain harvest, high production of
grains and fresh matter with good digestibility.

Sowing was performed 20 days after the cassava wastewater
was applied in the soil. In each pot, three seeds were planted at
the depth of 1 cm. After germination, thinning was performed,
leaving one plant per pot. Cultivation lasted for 52 days, a
period in which, according to Fancelli & Dourado Neto (2000),
the plant has ten pairs of fully expanded leaves and precedes
the emergence of the tassel.

The experimental design was completely randomized, in 5 x
3 factorial scheme with four replicates, totaling 60 experimental
plots. The studied factors were: cassava wastewater doses, 0; 12.6;
25.2; 50.4; 75.6 m® ha!, and collection periods, 20, 40 and 52
days after emergence (DAE). The doses of cassava wastewater
were determined taking into consideration the potassium
content in the soil, its concentration in the cassava wastewater
and its requirement by the corn crop, 20 kg ha’, according to
IPA (2008). Liming was not necessary and, in order to evaluate
only the effect of using cassava wastewater on the crop, mineral
fertilization was not used during the experiment.

For each studied period, 20, 40 and 52 DAE, plant
shoots were collected, divided into leaves and stalk, placed
in previously identified paper bags and dried in a forced-air
oven at 65 °C for 72 h. The dried samples were ground in a
Wiley-type mill and subjected to sulfuric digestion for the
determination of nitrogen (N) and nitric-perchloric for the
determination of phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), sulfur (S) and sodium (Na), according to
Bezerra Neto & Barreto (2011).
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The data were subjected to analysis of variance and, when
effects of treatments were observed, also subjected to linear
regression analysis, both at 0.05 probability level.

RESULTS AND DI1SCUSSION

The mean contents of N, P, K, Ca and Mg in corn shoots
at 20, 40 and 52 days after emergence (DAE), as a function of
doses of cassava wastewater applied to the soil are shown in
Figures 1 to 5. At 20 DAE, N contents in the leaves (Figure 1A)
and in the stalk (Figure 1B) showed similar behavior in relation
to the applied doses of cassava wastewater, and this behavior
diverged at 40 and 52 DAE, compared with the behavior at 20
DAE (Figures 1A and 1B).

At 20 DAE, N contents in corn leaves and stalks showed a
positive quadratic response; the lowest N contents, 10.99 g kg™
in the leaves and 4.33 g kg™ in the stalks, were observed for the
absence of cassava wastewater (0 m*ha) and the highest N
contents, 44.06 g kg in the leaves (Figure 1A) and 36.73 g kg™
in the stalks (Figure 1B) respectively, at the doses of 52.5 and
48.1 m’ha™! of cassava wastewater.

Very important to plants, N is an essential constituent
of aminoacids and one of the main components of proteins,
besides participating in cell division and chlorophyll production
(Malavolta et al., 1997). According to these authors, there is an
intense participation of N in physiological processes and metabolic
activities of plants, in the initial development stage, corroborating
the responses found in the present study for 20 DAE.

In the other two periods, 40 and 52 DAE, the trend observed
for N contents in the leaves and stalks was contrary to that at 20

Y =10.99 + 1.26x- 0.012x2 R2=0.86 (20 DAE)
Y =25.05-0.26x + 0.003x2 R2=0.65 (40 DAE)
Y =19.63-0.38x + 0.005x2 R2=0.60 (52 DAE)

0 T T T T T 1

Y =4.332 +1.347x-0.014x2 R?=0.86 (20 DAE)
Y =9.014 +0.106x RZ=0.83 (40 DAE)
Y =151 +0.324x - 0.004x2 R2=0.73 (52 DAE)

Stalk N content (g kg™")

252 378 504 63
Doses of cassava wastewater (m? ha™')
Figure 1. Mean content of nitrogen (N) at 20, 40 and 52
days after emergence (DAE) in corn leaves (A) and stalks
(B) as a function of doses of cassava wastewater applied
to the soil

0 12.6 75.6
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DAE; there were lower contents of the elements in both plant
parts and regression models differed from those at 20 DAE. At
40 and 52 DAE, a negative quadratic effect was observed for
the N contents in the leaves as a function of the increment in
the doses of cassava wastewater applied to the soil. At 40 DAE,
in the absence (0 m*ha™) and presence of the highest doses of
cassava wastewater (75 m*ha'), the N contents in the leaves
were 25.05 and 20.61 g kg™, respectively. However, the lowest
N content (20.51 g kg!) was obtained at 50.4 m’*ha of the
residue. At 52 DAE, the trend was the same as in the previous
period, with the lowest N content in the leaves (13.31 g kg™)
at 50.4 m*ha'.

As to the N contents in the stalks as a function of the
applied doses of cassava wastewater at 40 DAE, the data
showed positive linear response, while at 52 DAE, the response
was positive quadratic (Figure 1B); at 40 DAE, N content in
the stalks, for the highest doses of cassava wastewater, was
17.08 g kg! and, at 52 DAE, the application of 53.06 m*ha
of cassava wastewater promoted the highest N content in the
stalks (7.52 g kg™).

The decrease in N contents in the leaves and stalks occurred
at 40 and 52 DAE, in relation to 20 DAE, is probably associated
with the formation of masculine inflorescence, because in this
period the nutrients stored in the stalk are distributed to the
leaves, which make them available for the development of
flower organs (Magalhdes, 2013).

At20 DAE, the observed leaf N contents were considered as
adequate; on the other hand, at 40 and 52 DAE, such contents
remained below the values considered as adequate for the
corn crop (27.5 to 32.5 g kg'), according to IPA (2008). In
spite of that, no visual symptoms of deficiency were observed
in the plants.

Evaluating the effect caused by the application of treated
cassava wastewater on corn development, Ribas et al. (2010)
observed that the N content in the leaf tissues of plants that
received cassava wastewater was superior to that in the control
treatment, at 37 DAE, but these contents remained below those
considered as adequate for the corn crop, according to IPA
(2008), which was also observed in the present study. On the
other hand, Inuoe et al. (2011) reported no increase in leaf N
content in corn plants due to the increment in the doses of
treated cassava wastewater.

Working with other residues, Costa et al. (2012) applied
increasing doses of domestic effluent and obtained increase in
the N contents in the leaves, which indicates the efficiency of
domestic effluent as a source of N to plants. Similar response
was obtained by Gomes et al. (2007) in the cultivation of corn
fertilized with sewage sludge, but these authors point out that
this residue, despite promoting higher N absorption by plants,
did not provided good nutritional condition.

According to the regression models that best fitted to the
data of P contents in the leaves and stalks (Figures 2A and 2B),
except for leaf P contents at 40 DAE, the trend showed by this
nutrient, both in leaves and stalks, was similar to that of N.

The application of cassava wastewater to the soil promoted
positive quadratic effect on P contents in the leaves at 20 DAE,
increasing linear effect at 40 DAE and negative quadratic effect
at 52 DAE (Figure 2A). The maximum P content in the leaves,
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A.
Y =0.34531 + 0.137x - 0.0014x2 R2=0.99 (20 DAE)
Y =0.594 +0.01786x R2=0.95 (40 DAE)
Y =0.896 - 0.019x + 0.00034x2 R2=0.70 (52 DAE)
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Doses of cassava wastewater (m3 ha™)
Figure 2. Mean contents of phosphorus (P) in corn leaves
at 20, 40 and 52 days after emergence (DAE) (A) and in
stalks at 20 and 40 DAE (B) as a function of doses of cassava
wastewater applied to the soil

at 20 DAE, was 3.69 g kg™, which was obtained at 48.93 m*ha .
Values of 1.94 and 1.38 g kg™ were observed, respectively, at 40
and 52 DAE, due to the application of 75.6 m*ha™* of cassava
wastewater. This shows high exportation of this nutrient by
plants during the development period.

As to the P contents in corn stalks, the behavior was similar
to that of P in the leaves; however, at 20 DAE, the P contents in
the stalks was lower than in the leaves, and the response was
inverted at 40 DAE (Figure 2B); at 20 DAE, the minimum and
maximum P contents in the stalks were equal to 0.34 and 1.71
g kg for the doses of 0 and 59.55 m*ha’’, respectively, which
evidences an increase of 80.1% due to the increment in the
doses of the residue (Figure 2B). The fact that P contents in
the stalk were lower than those in the leaves can be related to
translocation in the plant during the development period. At
40 DAE, higher amount of P was removed by plants, because
the highest doses of cassava wastewater applied to the soil
(75.6 m*ha') promoted the highest content of this nutrient
(2.29 m*ha™) in the stalks. This probably indicates that corn
does not demand large amounts of phosphorus during this
stage of development.

The P contents in plant leaf tissue were considered as
adequate only at 20 DAE. According to IPA (2008), adequate
P contents in the leaf tissue of corn plants must range between
2.5and 3.5 gkg".

Evaluating the development, yield and contents of
macronutrients in millet and Sudan grass, subjected to the
application of doses of whey in the soil, Morrill et al. (2012)
obtained P values superior to those in the control, and adequate
for corn (2.5 to 3.5 g kg') and sorghum (4.0 to 8.0 g kg™),
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according to IPA (2008). Erthal et al. (2010), studying the
application of cattle-raising wastewater in the soil, observed
that the P contents in the evaluated forages (Tifton 85 grass
and black oat) was superior to that obtained in the control.
However, Inoue et al. (2011) evaluated the contents of nutrients
in corn plants fertilized with biofertilizer (cassava wastewater
and cassava hulls) and observed no significant difference in
the total P content in the shoots, although the concentration
of P in the biofertilizer was 10 times higher than that used in
the present study.

The potassium contents, in the first 20 days of crop develop-
ment, increased as the applied doses of cassava wastewater
increased (Figure 3A), and the ideal estimated dose was
43.83 m* ha!, which is equivalent to a content of 54.83 g kg,
decreasing from this dose on.

At 40 DAE, the application of cassava wastewater to the
soil promoted increasing linear effect on leaf K contents
(Figure 3A), with 31.59 and 39.22 g kg™ for the absence
and presence of the highest dose of cassava wastewater,
respectively. At 52 DAE, leaf K contents did not differ
significantly between treatments.

In the same period, plants cultivated in the soil that received
the highest dose of cassava wastewater (75.6 m* ha') showed
low germination and burn on the tip of the leaves, indicating
that there might have been intolerance to the high content of
this nutrient, reflecting in a toxic effect to plants. Thus, it is
expected that a longer rest period for the residue could possibly
have promoted a more efficiency germination.

In the stalks, at 20 DAE, the trend observed for K contents
was similar to that in the leaves (Figure 3B) and the maximum

A.
Y =10.65 +2.016x - 0.023x2 RZ=0.93 (20 DAE)

Y =31.59+0.101x R?=0.96 (40 DAE)

0 T T T T T )

Y =10.06 + 0.964x - 0.009x2 R2=0.98 (20 DAE)
Y =28.12 + 1.355x - 0.009x2 RZ=0.93 (40 DAE)
Y =26.84 +0.318x R2=0.83 (52 DAE)

25.2 37.8 50.4 63 756
Doses of cassava wastewater (m3 ha™')

Figure 3. Mean contents of potassium (K) in corn leaves

at 20 and 40 days after emergence (DAE) (A) and stalks at

20, 40 and 52 DAE (B) as a function of doses of cassava

wastewater applied to the soil

0 12.6
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value (35.86 g kg!) was obtained at the dose of 53.55 m® ha™!
(Figure 3B).

Studying the effect of the increasing KCI doses on corn
germination and initial growth, Sangoi et al. (2009) also
observed reduction in germination and initial growth,
because the cultivated soil shows low K buffering power
(KBP), low cation exchange capacity (CEC) and low content
of organic matter, due to the high content of sand and low
content of clay, which decreased the electrostatic adsorption
of K due to the low CEC.

At 52 DAE, K content in the stalks (Figure 3B) showed
response similar to that in the leaves at 40 DAE; in the absence
of cassava wastewater the mean content was 26.84 g kg and, in
the presence of the highest dose of the residue (75.6 m® ha'), the
mean content was 50.89 g kg™'. At 40 DAE, the effect caused on
K contents in the stalks was positive quadratic. The K content
in the stalks at 40 DAE was superior to those found in the other
periods and the maximum content of the nutrient (79.12 g kg™)
was obtained with the application of the maximum physical
efficiency dose of 75.27 m® ha' of cassava wastewater in the
soil.

The results corroborate the observations of Ueno et al.
(2011), who reported that maximum K absorption by corn
plants occurs in the period of 30 to 40 days after germination,
even if its absorption exceeds the absorption of N and P, which
suggests higher K requirement in the initial development stage
of corn plants. The decrease in K contents in the stalks, between
40 and 52 DAE, is probably related to the redistribution of the
nutrients used for the development of flower organs.

According to Rodrigues et al. (2014), K has great impact
on the quality of the corn crop, with positive influence on
the individual mass of grains and number of grains per ear,
which evidences that the increase in crop yield depends,
among other factors, on the increase in the absorption of the
nutrient. Still according to the previously mentioned authors,
after N, K is the element absorbed in highest amount by corn
and 30% is exported in the grains, which would explain the
observed decrease. Evaluating the accumulation, extraction
and dynamics of absorption of macronutrients by the corn
crop, Borin et al. (2010) observed higher K accumulation
in the first 30 days of plant development and the increasing
accumulation occurred until 45 days after sowing, followed by
a decrease caused by the redistribution to the ear.

According to IPA (2008), the K content in the leaf tissue of
corn plants considered as adequate must be between 17.5 and
22.5 gkg. Thus, it is inferred that the content of this nutrient
in the leaf tissue of plants cultivated in this experiment was
superior to those considered as adequate, evidencing the great
supply of K from the cassava wastewater applied to the soil.

The responses observed in the present study differ from
those found by Saraiva et al. (2007) and by Inoue et al. (2011),
who reported that K from treated cassava wastewater was not
sufficient to maintain adequate levels of this nutrient in the
leaf tissues of the plants, which is justified by the fact that part
of the K contained in the cassava wastewater was lost when
the residue was treated. In addition, this nutrient was found
at concentrations much lower than in the cassava wastewater
used in the present study (Table 2). Unlike the response of K,
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the increase in the cassava wastewater doses promoted decrease
in the Ca contents in plant shoots in the three studied periods
(Figure 4A) and in the stalk, at 52 DAE (Figure 4B).

For the Ca contents in the leaves, the maximum values
occurred in the absence of cassava wastewater in the soil,
with values of 1.27, 1.37 and 1.48 g kg at 20, 40 and 52 DAE,
respectively. However, the application of doses equal to
75.6 m*® ha! at 20, 40 and 52 DAE promoted the respective
decreases of 30% at 20 DAE and 14% at 40 DAE. The dose
of 54.67 m® ha! of cassava wastewater promoted the lowest
Ca contents in the leaves (0.68 g kg') at 52 DAE (Figure 4A).

As to the Ca contents in the stalks, at 20 DAE, the trend
was similar to that in the leaves in the same period; however,
at 40 DAE, the increase in the doses promoted a positive
quadratic effect on the Ca content. At 20 DAE, the maximum
and minimum contents of Ca in the stalks were equal to 0.36
and 0.21 g kg™, obtained at the doses of 0 and 75.6 m*ha’,
respectively.

At 20 and 52 DAE, the Mg contents in the leaves of corn
plants showed a decreasing linear response, while at 40 DAE
the trend was contrary to that at 20 DAE (Figure 5).

During the first 20 DAE and in the absence of application
of cassava wastewater in the soil, the maximum Mg content
in the leaves was 3.03 g kg!' and the minimum content in
the same period was 1.44 g kg™, which was observed at
75.6 m*ha™! of cassava wastewater (Figure 5). On the other
hand, at 52 DAE and in the absence of cassava wastewater
application, the maximum Mg content in the leaves was
2.96 g kg! and the minimum content in the same period
was 2.01 g kg™, observed with the application of the cassava
wastewater dose of 75.6 m*ha™'. As to the Mg contents in the

A.
Y =1.277 +0.01130x R2=0.85 (20 DAE)
Y =1.379-0.0011x R2=0.85 (40 DAE)
Y =1.481-0.029x + 0.0002652x2 R2=0,81 (52 DAE)
.20
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2
g 1.2 4
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0.0 T T T T T 1
B.
Y =0.357 - 0.002x R?=0.93 (20 DAE)
Y =0.511 +0.0104x - 0.00013x2 R2= 0.81 (52 DAE)
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0 12.6 252 37.8 50.4 63 75.6

Doses of cassava wastewater (m? ha™)
Figure 4. Calcium (Ca) contents in corn leaves at 20, 40 and
52 DAE (A) and stalks at 20 and 52 DAE (B) as a function
of the applied doses of cassava wastewater
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Y =2.9591 - 0.0125x R? = 0.88 (52 DAE)
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Figure 5. Magnesium (Mg) contents in corn leaves at 20,

40 and 52 days after emergence (DAE), as a function of

the applied doses of cassava wastewater

stalk, no significant effects were observed for this variables
as a function of the studied treatments.

It is important to observe that the highest Mg content in
the leaves occurred at 40 DAE, as observed for the K content.
However, in general, Ca absorption decreased in all the
evaluation periods, evidencing that the increase in cassava
wastewater doses harmed Ca absorption by plants. The high
concentration of K and Mg in the cassava wastewater (Table
2) probably contributed to the low absorption of Ca due to
the competition between these nutrients during the process
of absorption, as mentioned by Andreotti et al. (2000), which
promoted antagonism between the nutrients.

Imbalance in the absorption of Ca and Mg was also
observed by Salvador et al. (2011), who reported that the
absorption of nutrients by soybean plants was compromised
by the excessive presence of the other. These authors comment
that the Ca:Mg relationships most favorable to maintaining
these nutrients in the plants were 1:1 and 3:1; on the other
hand, the Ca:Mg relationships most harmful to Ca absorption
were 0:1 and 1:10, corroborating the responses obtained in the
present study, whose Ca:Mg relationship was equal to 1:8, thus
very close to that found by the previously mentioned study.

Studying the effect of cassava wastewater on corn
fertilization, Ribas et al. (2010) also observed that the
application of the organic residue caused inhibition in the
absorption of Ca and Mg by the plants during the initial
development stage.

Simonete et al. (2003), evaluating the effect of another
organic residue on corn growth and nutrition, reported that the
amounts of Ca and Mg accumulated by plants increased with
the application of the residue; however, the complementation
with K fertilization decreased the absorption of Ca and Mg
by plants, thus evidencing, as observed in the present study,
the antagonism of K when in high concentrations in relation
to the absorption of Ca and Mg by corn plants. According
to Malavolta et al. (1997), high K concentrations in the soil
solution may inhibit competitively the absorption of Ca, and
especially Mg, by plant roots. As to Na, despite the significant
effect observed only for the isolated factor (age of plants
after emergence), no regression model fitted to the data. This
behavior of Na contents in the leaves and stalks of corn plants
as a function of cassava wastewater doses applied in the soil was
probably due to the high contents of K (4,793.90 mg L") and
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Mg (1,588.20 mg L!) contained in the cassava wastewater used
in the present study (Table 2), compared with the low content
of Na (742 mg L") in the residue (Table 2) and, consequently,
the lower Na absorption by plants.

CONCLUSIONS

1. The increment in the cassava wastewater doses applied
to the soil increased the contents of N, P and K in plant shoots
and decreased the absorption of Ca and Mg.

2. The contents of N, P and K in the leaves and K in the
stalks of corn plants, at 20 DAE, were higher than those at 40
and 52 DAE.

3. The highest contents of P and K in the stalks were
observed at 40 DAE.
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