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GYPSUM AND PHOSPHORUS IN IMPROVING BIOMETRIC AND
NUTRITIONAL ATTRIBUTES OF SOYBEAN/SECOND SEASON CORN
SUCCESSION!

GUILHERME FILGUEIRAS SOARES?*, SIMERIO CARLOS SILVA CRUZ?, TIAGO CAMILO DUARTE®, CARLA
GOMES MACHADO?, DARLY GERALDO DE SENA JUNIOR?

ABSTRACT - The objective with this work was to evaluate the effect of the agricultural gypsum, associated
with phosphate fertilization, on the nutrition, development and yield of soybean and corn in succession, under
no-tillage system. The experiment was conducted at Universidade Federal de Goids, Regional Jatai, in a
randomized blocks design 5x3 factorial arrangement, with 4 replicates. The first factor consisted of the gypsum
doses (0, 1, 2, 4 and 8 Mg ha-1) and the second the phosphorus doses (0, 50 and 100% of the recommended
dose). Leaf nutrient contents, leaf area index, SPAD index, dry plant mass, final plant population, one thousand
grain mass and grain yield were evaluated in the crops. In the soybean, the number of pods was also obtained
and in the corn the average ear length, number of rows per ear, number of grain per ear and number of ears.
Phosphorus doses increase leaf Mg contents in soybean and corn. The application of gypsum reduces the Mg
and K leaf contents and increases the Ca, S, and Mn contents in the two cultures. Gypsum provides increases in
the SPAD index in soybean plants. The unbalance of the N / K ratio in corn leaves, provided by the increase of
the gypsum doses, reduces the leaf area of this crop. Doses of P and gypsum do not influence the yield of
soybeans and maize.

Keywords: Glycine max (L.). Zea mays. Gypsum. Phosphate applications.

GESSO E FOSFORO NA MELHORIA DOS ATRIBUTOS BIOMETRICOS E NUTRICIONAIS DA
SUCESSAO SOJA/MILHO SAFRINHA

RESUMO - Objetivou-se com este trabalho avaliar o efeito do gesso agricola associado a adubagdo fosfatada,
sobre a nutrigdo, desenvolvimento e produtividadeda da soja e do milho em sucessdo, sob sistema plantio
direto. O experimento foi conduzido na Universidade Federal de Goids, Regional Jatai, com delineamento
experimental constituido de 15 tratamentos estabelecidos em blocos casualizados em esquema fatorial 5x3,
com 4 repetigdes. O primeiro fator correspondeu as doses de gesso (0, 1, 2, 4 ¢ 8 Mg ha™) e o segundo fator as
doses de fosforo (0, 50 e 100% da dose recomendada). Foram avaliados nas culturas os teores foliares de
nutrientes, indice de area foliar, indice SPAD, massa de plantas secas, populagdo final de plantas, massa de mil
graos e produtividade de graos. Ainda, na soja foi obtido o nimero de vagens e no milho o comprimento médio
de espiga, numero de fileiras de grios por espiga, nimero de graos por espiga e o nimero de espigas. As doses
de fosforo aumentam os teores foliares de Mg na soja e no milho. A aplicacdo de gesso reduz os teores de Mg e
K e aumentam os de Ca, S ¢ Mn nas duas culturas. O gesso proporciona incrementos no indice SPAD em
plantas de soja. O desbalanco da relagdo N/K nas folhas de milho, proporcionadas pelo incremento das doses de
gesso, reduz a area foliar desta cultura. Doses de P e de Gesso ndo influenciam a produtividade da soja e do
milho safrinha.

Palavras-chave: Glycine max (L.). Zea mays. Gessagem. Fosfatagem.
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INTRODUCTION

As widely known, the productive potential of
the cerrado soils is only reached due to the use of
limestone that corresponds to an agricultural input
that promotes pH correction and reduces soil toxic
aluminum. However, the sole use of this correction
practice is strongly questioned since superficial
liming without soil revolving (as recommended in
the no-tillage system) limits the corrective effect of
limestone to the superficial layers (CAIRES et al.,
2003). This situation requires the use of soil
conditioners, such as agricultural gypsum, to
neutralize aluminum and provide calcium in depth
(OLIVEIRA et al., 2009; ZANDONA et al., 2015).
The high levels of Al'® and the reduction of
exchangeable bases in the deeper soil layers was
indicated as limiting parameters of root development
and consequently a decrease in crop yield
(MATTIELLO et al., 2008; NORA et al., 2014).

Agricultural gypsum is a by-product of the
phosphate fertilizer industry that mainly contains
calcium sulfate and small concentrations of P and F
(CAIRES et al., 2003; SAVIO et al., 2011). It is used
as a source of Ca’” and as a soil subsurface
conditioner to reduce the toxicity of AI** (BROCH et
al., 2008; OLIVEIRA et al., 2009).

The conditions that can be expected with the
positive effects of gypsum application on crop
production continue to be unclear (CAIRES et al.,
2011). It is important to highlight that the use of
agricultural gypsum is not always associated with
high levels of AI’" in the subsoil. This is because
gypsum is used to supply calcium in conditions of
AP’" and Ca®"low concentrations, and this provides
better root growth in depth and allows for the
increased efficiency of the absorption of water and
nutrients (RITCHEY; SILVA; COSTA, 1982;
SORATTO; CRUSCIOL, 2008).

In studies by Zandona et al. (2015), gypsum
application allowed better soybean root development
in a no-tillage system and favored water absorption
from deeper soil layers and provided greater
tolerance to the water deficit.

1 Soybean sowing Soybeanhzn'is\q
T AR 50y !

As previously reported, responses to gypsum
application were more frequent with water deficit.
However, increases in corn yield by using gypsum
without water deficit were observed in studies by
Caires et al. (2011) and Zandona et al. (2015).
Nevertheless, several studies did not indicate
responses to gypsum applied in soybeans (CAIRES
et al., 1998; 1999; 2003; NEIS et al, 2010;
RAMPIM et al., 2011; MODA et al., 2013).

Thus, it is hypothesized that the increased
development of the crop root system provided by
agricultural gypsum as frequently reported in the
literature increases the absorption efficiency of plant
phosphorus due to the increased volume of soil
explored since the main factors that affect
phosphorus absorption by the crops correspond to
the root growth rate, P concentration in the soil
solution, and root mean radius (ROSOLEM; ASSIS;
SANTIAGO, 1994).

Given the fore-mentioned points, the
objective of this study involves evaluating the effect
of agricultural gypsum associated with phosphate
fertilization on the nutrition, development, and yield
of soybeans and second season corn in succession
under a no-tillage system.

MATERIAL AND METHODS

The experiment was performed in Jatai, GO,
growing season 2014/2015, at the Universidade
Federal de Goids - Regional Jatai experimental area
with coordinates corresponding to 17°55'32" S and
51°42'32" W, and altitude of 685 m. The soil of the
area was classified as LATOSSOLO VERMELHO
Distroférrico (LVdf) by using the Brazilian soil
classification system with a clayey texture
(EMBRAPA, 2006). The predominant climate in the
region corresponds to the Aw type based on the
Koppen classification that is typical of the savannas
with two well defined seasons, namely a dry and
cold season (autumn and winter) and a hot and
humid season(spring and summer).

The meteorological data collected during the
experiment conduction are presented in Figure 1.
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Figure 1. Rainfall (mm) and mean temperature (°C) in the experimental area from October 2014 to June 2015.
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Soil samples were collected at depths
corresponding to 0 to 20 cm and 20 to 40 cm
(Table 1) to enable soil correction, determination of
crop fertilization levels, and chemical and textural
characterization of the soil in the experimental area.

The experiment consisted of 15 treatments
established in a 5 x 3 factorial scheme randomized
blocks design with four replications. Each plot
corresponded to 11.25 m* (2.25 x 5.00 m), and the
useful area corresponded to the three central lines
excluding 1 m from each end. The first factor
corresponded to the gypsum doses (0 Mg ha’,
1 Mg ha”, 2 Mg ha, 4 Mg ha and 8 Mg ha™") and
the second factor corresponded to the phosphorus

doses (0 kg ha™, 40 kg ha™', and 80 kg ha™). These
P,0sdoses represent 0%, 50%, and 100% of the
recommended dose by Sousa and Lobato (2004).

Soil  correction was performed  with
3.0 Mg ha™ of dolomitic limestone (RTNP = 85%)
that was applied in the area three months prior to the
soybean crop seeding with a gravitational metering
system and gravity distribution equipment without
incorporation. The gypsum was manually and
superficially applied 30 days after limestone in the
area in each treatment dose. Agricultural gypsum
samples were collected for chemical characterization
by using the methodology described in the manual of
official analytical methods (Table 2).

Table 1. Soil characterization of the chemical and textural experimental area at depths of 0-20 cm and 20-40 c¢m prior to the

experiment.
Property
Depth. pH (gkg-1) (mg dm™) (cmol, dm™) V%
(cm) CaCl, O.M. P (mel.) K Ca Mg Al H+Al CEC ’
0-20 52 452 8.5 0.16 2.26 1.37 0.10 5.1 8.9 42.6
20-40 5.3 36.1 4.3 0.13 1.75 0.95 0.07 4.3 7.1 39.9
Depth. S Fe Mn Zn Cu Na o Texture (g dm™)
(cm) e (g dmM>)-mmmmmmmmmmmmeeeeee Alsat. (%) Clay Sand Silt
0-20 13.8 28.0 29.5 34 6.6 2.7 2.6
20-40 30.6 40.0 25.0 7.7 7.3 0.9 2.4 o83 240 175
Table 2. Chemical characterization of agricultural gypsum.
Ca S P,0; Cu Fe Mn Zn
%
23.56 18.64 0.70 0.014 0.25 0.012 0.005

According to Sousa and Lobato (2004), the P
and K recommended doses corresponded to
80 kg ha™ of P,Os and 80 kg ha” of K,O. Triple
super phosphate and potassium chloride were used as
sources for supplying P and K, respectively. The
phosphorus doses corresponding to each treatment
for the soybean crop were distributed in the planting
furrow during seeding. Potassium was manually
distributed in each plot on the soil surface and
corresponded to 60 kg ha”' of K,O 15 days after
sowing and the remaining 20 kg ha™ 10 days after
the previous application .

The soybean sowing was performed on
October 24, 2014 by using a 5-row tractor seeder
with an interval of 0.5 m between rows and
22 seeds planted per meter of the cultivar Anta
82 RR (medium cycle, 112 to 114 days and
semi-determined growth habit).

The second season corn was seeded on
February 24, 2015 after the soybean harvest with the
same seeder and distributed 2.8 seeds per meter of
the hybrid 2B587 PW RR (early cycle, 138 days).

According to Sousa and Lobato (2004), the
recommended doses of NPK to the second season
corn crop corresponded to 150 kg ha” of N and
80 kg ha! of P,Os and K,O. The sources of these

nutrients corresponded to urea, monoammonium
phosphate, and potassium chloride, respectively. The
phosphorous doses, corresponding to each treatment
for the corn crop were distributed at seeding in the
planting furrow. Nitrogen and potassium were
superficially manually distributed in each plot
15 days after sowing. Leaf samples were collected in
the soybean crop at the beginning of flowering
27 days after emergence (DAE) and the samples
were collected at full flowering for the corn crop,
and this corresponded to 60 DAE. The dry material
was submitted to chemical analysis to determine the
N, P, K, Ca, Mg, S, Zn, Mn, Al, B, Cu, and Fe
contents by following the methodology described in
a study by Malavolta, Vitti and Oliveira (1997).

With respect to the flowering of the two
crops, the SPAD index, leaf area index, and dry plant
mass were also evaluated. The SPAD index was
determined by using a chlorophyll meter
(ClorofiLOG® model CFL 1030) that was operated
based on the manufacturer's instructions. The leaf
area index was obtained with an Accupar®
ceptometer that measured the active
photosynthetically radiation under and above the
canopy to determine the LAI with five readings in
the useful area of each plot. The dry plant mass was
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determined by cutting five plants close to the soil
and subsequently drying the same in an air
circulation oven by maintaining a temperature in the
range of 65 °C to 70 ° C.

The following components were evaluated at
the soybean harvest: final plant population, number
of pods, one thousand grains mass, weighting eight
replicates of 100 seeds, and grain yield corrected to
13% moisture. With respect to the corn, the final
plant population, number of ears, number of grain
rows per ear, number of grains per ear, one thousand
grains mass, and grain yield corrected to 13%
moisture were determined.

The data were submitted to variance analysis
at 5% and 1% of probability by the F test, and the
Tukey test was used to compared the means referring
to the P doses. The gypsum doses data were
submitted to regression analysis calculated for linear

and quadratic equations with an acceptance level
corresponding to a significance level of 5% of
probability with the F test.

RESULTS AND DISCUSSION

With respect to the soybean crop, significant
interaction was not observed between the doses of
phosphorus and gypsum for any of the evaluated
variables. Only the Mg leaf content varied based
on the phosphorus doses (Table 3). Additionally,
the Mg increased and corresponded to 3.53 g kg™
in the treatment with the recommended dose
of P corresponding to 80 kg ha'. The values
corresponded to 3.45 g kg and 3.28 g kg™ when the
P dose was reduced to 40 kg ha™” and 0 kg ha™,
respectively.

Table 3. Summary of variance analysis: block, gypsum, phosphorus, and its interactions for leaf analysis as determined in

the full flowering stage of the soybean crop.

Variation Causes N P K Ca Mg S Zn Mn Fe Al
Block 10117 8427 1.71™  1.69™ 237™ 423™ 988 803  1.60™ 3.68°
Gypsum 132™ 1.66™ 513" 1785 16.67" 486" 827" 2847 157™ 157™
Phosphorus 037™ 1.02"™ 299™ 277™ 389" 0.11™ 090™ 049™ 1.00™ 0.65™
Gypsum x Phosphorus ~~ 1.44™ 037" 0.80™ 0.67™ 048™ 1.52™ 138™ 042™ 115" 169™

Polynomial Regression

Equation N P K Ca Mg S Zn Mn Fe Al
Linear 200™ 220" 13.127 7096 65.67 14717 30227 8.67 051" 247™
Quadratic 0.15™ 0.01™ 027™ 002™ 001™ 211™ 281™ 023™ 201" 159™

**Significant at 1% probability (p < 0.01). * Significant at 5% probability (0.01 =< p < 0.05).

(p >=0.05).

A reason for the increase in the Mg leaves
contents with increases in the doses of P is that the P
availability is an important factor for the
mobilization, absorption, and translocation of Mg to
the plant (ZHONG; SCHOBERT; KOMOR, 1993).
Thus, an application of 100% of the recommended P
dose increased the access of the plant to the nutrient
and consequently increased the absorption of Mg
when compared to the lower doses of P.

With respect to the gypsum dose variation
factor, the K, Ca, Mg, and S macronutrients contents
were adjusted to a linear regression equation (Table
3). The Mg and K contents decreased with increases
in the gypsum doses (Figure 2A and 2B) and
indicated that the application of high doses of
gypsum reduces the concentration of these ions in
soybean leaf at levels below those that are considered
critical (MARTINEZ; CARVALHO; SOUZA, 1999).

A reason for these results is related to the
occurrence of competitive inhibition between K and
Mg (MALAVOLTA; VITTI; OLIVEIRA, 1997) in
relation to the elevation of Ca levels in soybean plant
tissue (Figure 2C). This occurs when increases in ion
concentration causes a partial and reversible decrease

329

" not significant

in the absorption of another element that combines
with the same charger site to cross the membrane
(MALAVOLTA, 2006). This behavior may also be
related to the leaching of these nutrients in the soil
profile due to the use of high gypsum doses as
observed in studies by Caires et al. (1999), Caires et
al. (2003), and Nava et al. (2012).

The Ca and S contents increased with
increases in the gypsum doses (Figure 2C and 2D).
The increase in Ca and S in the leaf contents was
expected since this corrective is a source of these
nutrients. Increases in Ca and S concentrations in
soybean leaves were also observed in other studies
(CAIRES et al., 2003; CAIRES; JORIS; CHURKA,
2011; GELAIN et al., 2011).

The Zn and Mn leaf contents also increased
with increases in the gypsum doses (Figure 2E and
2F). This increase is related to the presence of these
micronutrients in gypsum (Table 2) since significant
amounts of these micronutrients are added when high
doses of the fertilizer are applied.

The reduction in the P,Os dose did not
influence vegetative development and grain yield of
the soybean crop (Table 4).
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Table 4. Summary of variance analysis: block, gypsum, phosphorus, and its interactions for leaf area index (LAI), SPAD
index (SPAD), dry plant mass (DM), final plant population (PP), number of pods (NP), thousand grain mass (TGM), and

soybean grain yield (YIE).

Variation Causes LAI SPAD DM PP NP TGM YIE
Block 3.947 10.127 468 5837 4427 237™ 1.62™
Gypsum 0.58 ™ 344" 0.19™ 0.33™ 1.68 ™ 2.04™ 1.38™
Phosphorus 0.36 ™ 0.09 ™ 031™ 1.25™ 0.84 ™ 0.06™ 0.78 ™
Gypsum x Phosphorus 0.80 "™ 0.44 ™ 0.78 ™ 029" 0.44 "™ 0.77 "™ 1.84™
Polynomial Regression
Equations IAF SPAD MS PP NV PMG PROD
Linear 0.10™ 10357 0.04™  023™  043™ 027" 0.01™
Quadratic 0.86 ™ 3.24 ™ 0.51"™ 0.26 ™ 291" 435"™ 237"
Phosphorus IAF SPAD MS PP NV MMG PROD
0% 2.67a 42.19a 3223a 5645a 27.13a 11.37a  3187.33a
50% 2.61a 4229 a 31.78a  54.55a 2878a 11.31a 299330a
100% 249 a 4231 a 30.75a 53.45a 27.63a 11.30a 3097.49a
MSD 0.51 0.72 4.69 4.66 3.16 0.53 378.13
VC 25.88 2.21 19.33 11.08 14.80 6.04 15.92
**Significant at 1% probability (p < 0.01). *Significant at 5% probability (0.01 =<p < 0.05). ™ not significant
(p >=0.05).
The lack of response of phosphate (PAVINATO; CERETTA, 2004). The critical level

fertilization potentially occurred due to the adequate
P soil levels at the time of sowing the soybean crop.
Thus, the soil capacity factor provided the nutrient to
the soil solution and made it available to the plants.
When phosphorus levels exceeded the critical level,
the probability of crop response is very low or absent

Rev. Caatinga, Mossoro, v. 31, n. 2, p. 326 — 335, abr. — jun., 2018

for clay soils on the Cerrado region corresponds to
8 mg dm™ for rainfed systems (SOUSA; LOBATO,
2004). The P level in 0-20 cm of a soil layer in the
experimental area prior to the experiment
corresponded to 8.5 mg dm™, and this justifies the
lack of response of the soybean crop to phosphate
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fertilization.

With respect to gypsum doses, it was possible
to adjust a positive linear regression equation for the
SPAD index of soybean plants (Figure 3). The
increase based on the gypsum doses is associated
with the increased addition of S to the soil that
increases its availability and absorption in plants.
The SPAD index increased because the nutrient
participates in chlorophyll synthesis as a component

43.0 1
*

SPAD index
'~
[
(]

of ferrodoxins and thioredoxins (MALAVOLTA,
2006).

The gypsum doses did not influence other
variables including soybean crop yield. Similar
results were found in studies by Caires et al. (1999),
Neis et al. (2010), Caires, Joris and Churka (2011),
Rampim et al. (2011), Moda et al. (2013), and
Pauletti et al. (2014).

y =41.939+0.0001%%x R*=0.47

0 1

2 4
Gypsum doses (Mg ha'!)

8

Figure 3. SPAD index based on the gypsum doses. (**Significant at 1% probability).

Interaction between gypsum and phosphorous
was not observed in the macro and micronutrients
contents for the corn crop (Table 5). The P doses
were evaluated in isolation, and it was observed that
they influence the Mg and Zn leaf contents (Table 5).
The results verified that the Mg levels in corn
presented behavior similar to that observed
in the soybean crop. The Mg contents increased
(2.29 g kg™") in the treatment with the recommended
doses of P (80 kg ha” of P,Os). A decrease in the
doses led to values of 2.13 g kg™ and 2.10 g kg™ with
respect to the 40 kg ha' and 0 kg ha™ doses,
respectively. An explanation for this behavior is the
same as that used for soybean crop in which higher
Mg levels in corn leaves were observed in the plots
that received phosphate fertilization due to increased

availability of P to the plants since phosphorous is an
important factor for mobilization, absorption, and

translocation of Mg into a plant (ZHONG;
SCHOBERT; KOMOR, 1993).
The Zn corn leaf contents responded

negatively to the P doses, and thus the Zn contents
decreased (20.65 mg kg™) in the treatment in which
80 kg ha' of the nutrient were applied. Values
increased and corresponded to 21.23 and
22.21 mg kg when the dose was halved and when
the dose was absent, respectively. The use of high P
doses could impair the assimilation of the Zn
micronutrient (MUNER et al., 2011) wherein the
deficiency is relatively common mainly due to the
low amount in the cerrado soils (VENDRAME et al.,
2007).

Table 5. Summary of variance analysis: block, gypsum, phosphorus, and its interactions for leaf macro nutrients

determined at the full flowering stage of the corn.

Variation Causes N P K Ca Mg S Zn Mn Fe Al
Block 269"  0.42%  0.87™ 5297 375 827 1.27 140 0.05" 411
Gypsum 0.05™  1.63™  2.06™  26.66™ 5337 9897 0.05™ 292" 0.99™ 1.55™
Phosphorus 0.63™ 037"  0.31™ 248™ 359" 173" 584" 0.74™  0.74™  0.40™
Gypsum x Phosphorus ~~ 0.55™  0.46™  0.74™ 117" 1.72™  1.80™ 1.52™ 2.08™ 0.54™ 147"
Polynomial Regression
Equation N P K Ca Mg S Zn Mn Fe Al
Linear Reg. 0.02™  1.92"  229™ 102517 18.46 36.387 0.01™ 11.09° 0.19™ 3.15™
Quadratic Reg. 0.13™  1.56™ 027" 293 2.06™ 2.44™ 0.08™ 055 0.86™ 1.84™

**Significant at 1% probability (p < 0.01). *Significant at 5% probability (0.01 =<p < 0.05). "not significant (p >= 0.05).
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The applied gypsum doses did not
vsignificantly affect the corn N content. This result
agrees with those obtained by Caires et al. (2011)
that evaluated the gypsum effects on corn nutrition
and yield and did not observe the effect of this
product on the corn N content. The Mg and K
contents decreased with increases in the gypsum
doses (Figure 4A and 4B), and indicated that high
doses of gypsum reduced the concentration of these
elements in the corn leaf. This behavior was similar
to that observed in soybean leafs and is explained by
the same reasons.

The reduction in K levels that was observed
in the present study led to an increase in the N-K
ratio and made it adverse for crop development
(Figure 4F). It should be noted that the K leaf
contents are in the range that are considered adequate
for the corn crop as indicated by Martinez, Carvalho

Mg (gkg'h)

y =2.3243-5E-05**x R*=0.99

1.85 r r 3
20.5 4B
P
-
20
b
19.04 *
y =20.362-0.0002%*%x R2=0.83
18-5 L] L] L] L] L] L] L] L]
4C
4.1 J
o 37
-
=z 3.3 4 *
]
29 J
55 T y =2.8808+0.0001**x R*=0.98
0 1 2 4 8

Gypsum Doses (Mg ha!)

and Souza (1999). However, the N contents
exceeded the level that is considered as adequate.

The Ca and S adjusted to positive linear
equations based on the gypsum doses. Their corn leaf
contents increased with increases in the gypsum
doses (Figure 4C and 4D). The increase in foliar
contents of these elements was expected since this
corrective is a source of these nutrients. This result
agreed with those obtained by Caires et al. (1999) in
which it was observed that an increase of in S leaf
content of corn crop was observed with gypsum
application.

Additionally, Mn contents also increased with
the application of gypsum doses (Figure 4E). The
increase in corn leaf tissue follows the same
explanation reported in the case of the soybean crop,
which is related to the residuals of the element in
agricultural gypsum.

S gkg)

y =2.208+ 3E-05%*xR?=0.99
2154 v T v T v r r \
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Figure 4. Foliar contents of Mg (A); K (B); Ca (C) S (D); Mn (E), and NK ratio (F) of corn crop based on gypsum doses

(**Significant at 1% probability).
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With
components
components,
phosphorus

respect
of corn,

were not

to the

morphological
and the yield and
interaction between gypsum and
observed (Table 6). A

its

In the treatments in which phosphorus was

not applied, the soil provided this nutrient to the
plants. However, the relative absorption of P from
soil and fertilizer may differ as a function of the

significant difference was observed for the P,0s
doses only for ear length (EL), number of rows (NR),
and number of grains per ear (NGE). The treatments
that received 40 kg ha' and 80 kg ha” of P,Os
exhibited higher values for variables EL, NR, and
NGE when compared to the treatment that did not
receive phosphate fertilization (Table 6).

plant type and stage of development (GRANT et al.,
2001). Results with respect to wheat indicated that
the phosphorus absorption rate from the soil
increased during the growth period from four to six
weeks and that soil phosphorus increased with an
expansion in the volume of the roots.

Table 6. Summary of variance analysis: block, gypsum, phosphorus, and its interactions and means related to the P doses
for the following: leaf area index (LAI), SPAD index (SPAD), dry plant mass (DM), final plant population (PP), ear length
(EL), ear number of rows (NR), number of grains per ear (NGE), number of ears per hectare (NE), mass of a thousand
grains (MTG), and grain yield (YIE).

Variation Causes LAI SPAD DM PP EL NR NGE NE MTG YIE
Block 0.10™ 14957 10.527 6.99°  2.41™  1.19% 1.58™  3.04 1.44™  3.99™
Gypsum 1.78™ 0.51™ 0.03™ 0.67"  1.52™  0.64™ 040" 041" 1.55™  0.14™
Phosphorus 1.10™ 0.28™ 0.06™ 1.73™ 8.18" 6.557 11297  1.00™ 0.64™  0.89™
Gyspsum x P 0.20™ 0.82" 031" 0.89™  0.73™®  1.62™ 1.90™  0.78™ 1.36™  0.81™
Polynomial Regression
Equation LAI SPAD DM PP EL NR NGE NE MTG YIE
Linear Reg. 526 0.73™ 0.01™ 1.84™  0.08™  1.24™  0.70™  0.46™ 2.62% 0.40™
Quadratic Reg. 1.74™ 1.20™ 0.01™ 0.09" 062" 0.19" 0.84™  0.61™ 0.06™ 0.03™
Phosphurus LAI SPAD DM PP EL NR NGE NE MTG YIE
0% 4542 1040.50a 5807.96a 2.59a 15.02b 16.00b 50647b 23.50a 285.36a 6719.97a
50% 466a 1048.98a 5930.16a 2.58a 16.01a 16.43a 550.07a 23.35a 282.63a 7181.00a
100% 476a 1043.26a 5873.83a 249a 1566a 1644a 53743a 22.55a 289.84a 6895.00a
MSD 0.37 27.21 855.09  0.16 0.60 0.33 22.92 1.75 15.67  846.34
VC% 10.40 3.39 18.97 8.26 5.05 2.64 5.62 9.85 7.14 15.90

**Significant at 1% probability (p < 0.01). *Significant at 5% probability (0.01 =<p < 0.05). ™not significant (p >= 0.05).
The means followed by the same letter do not differ statistically by the Tukey test at 5% probability.

A potential explanation for inferior results at
zero phosphorus doses is the occurrence of a nutrient
deficiency during ear formation (V6 and V7) as a
function of the difference in the relative phosphorus
absorption from the soil when compared with that
from the fertilizer. This deficiency of this element in
the plant may decrease the size of the ear and
consequently decrease grain number per ear
(GRANT et al., 2001). However, these production
components differences were insufficient to promote
an increase in grain yield.

4.9
48%
4.7
4.6
4.5
4.4
43

Leaf Area Index

With respect to the gypsum doses, it was
possible to adjust linear regression equations for the
leaf area index (Figure 5). It is observed that an
increase in gypsum doses decreased leaf area index
values. According to Fancelli (1994), photosynthetic
rate reduction after flowering may be caused by
drought, excess rainfall, prolonged cloudiness, and
an unfavorable N - K ratio in which excess nitrogen
typically contributes to the imbalance.

y =4.8253-6E-05*xR*=0.93

0 1 2

2 4
Gypsum Doses (Mg ha'!)

oo -

Figure 5. Leaf area index based on gypsum doses. *Significant at 5% probability.
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Leaf N contents did not change based on the
applied gypsum doses (Table 5). However, the K leaf
content decreased linearly with increases in the
gypsum doses (Figure 4B). This reduction in K
contents results in an increase in the N-K ratio and
makes it adverse for the development of crops as
previously mentioned.

It is important to note that the K leaf levels
observed in the study when compared to the results
obtained by Martinez, Carvalho and Souza (1999)
are in the range considered adequate for the corn
crop although the N contents are excessive. This
justifies the negative behavior of the leaf area index
with respect to an increase in gypsum doses.

The expected effect of an improvement in the
distribution of soil profile cations and higher Ca and
S concentrations in depth promoted by the gypsum
are insufficient to provide increases in corn yield in
the first cultivation year.

This lack of response in corn crop yield based
on gypsum doses could be related to the good rainfall
distribution during crop development (Figure 1) and
the adequate soil nutrient levels for corn
development and yield (Table 1).

CONCLUSIONS

The soil and climate conditions in which the
experiment was conducted indicated that the
phosphorus doses increase Mg foliar contents in
soybean and corn. The application of gypsum
reduces Mg and K foliar contents and increases Ca,
Z, and Mn contents in the two crops. Gypsum
increases the SPAD index in soybean plants. The
increase in the gypsum doses leads to a N - K ratio
unbalance in corn leaves and reduces the crop leaf
area. Doses of P and gypsum do not influence yields
of soybean and corn crops.
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