RESSALVA

Atendendo solicitacao do(a)
autor(a), o texto completo desta tese
seré disponibilizado somente a partir

de 21/06/2017.



AVA

A%y UNIVERSIDADE ESTADUAL PAULISTA ) FC A
u nesp 4ULIO DE MESQUITA FILHO” =\

Campus de Botucatu FACULDADE DE CIENCIAS AGRONOMICAS

ANTONIO CARLOS DE ALMEIDA CARMEIS FILHO

SOIL ACIDITY MANAGEMENT ON AN OXISOL QUALITY AND
WHEAT-COMMON BEAN GROWTH UNDER A LONG TERM NO-
TILLAGE SYSTEM

Botucatu
2016



ANTONIO CARLOS DE ALMEIDA CARMEIS FILHO

SOIL ACIDITY MANAGEMENT ON AN OXISOL QUALITY AND
WHEAT-COMMON BEAN GROWTH UNDER A LONG TERM NO-
TILLAGE SYSTEM

Thesis presented to Sdo Paulo State University,
College of Agricultural Sciences, to obtain
Doctor of Philosophy degree in Agronomy
(Crop Science).

Advisor:
Prof° Dr. Carlos Alexandre Costa Crusciol

Botucatu
2016



FICHA CATALOGRéFICA ELABORADA PELA SEGAO TECNICA DE AQUISIGAQ E TRATAMEN-
TO DA INFORMAGAO — DIRETORIA TECNICA DE BIBLIOTECA E DOCUMENTACAO - UNESP
— FCA — LAGEADO — BOTUCATU (SP)

C287m

Carmeis Filho, Antonio Carlos de Almeida, 1984-

Manejo da acidez na qualidade de um latossolo e no de-
senvolvimento de trigo-feijoeiro comum cultivados sob
plantio direto / Antonio Carlos de Almeida Carmeis Filho.
— Botucatu : [s.n.], 2016

153 f. : grafs., tabs.

Tese (Doutorado) - Universidade Estadual Paulista, Fa-
culdade de Ciéncias Agronbmicas, Botucatu, 2016

Orientador: Carlos Alexandre Costa Crusciol

Inclui bibliografia

1. Solos — Acidez. 2. Calcario. 3. Minerais na nutri-
cdo de plantas. 4. Produtividade agricola. 1. Crusciol,
Carlos Alexandre Costa. Il. Universidade Estadual Paulis-
ta “Julio de Mesquita Filho” (Cémpus de Botucatu). Facul-
dade de Ciéncias Agronbmicas. Ill. Titulo.

“Permitida a coépia total ou parcial deste documento, desde que citada a fonte”




&by UNIVERSIDADE ESTADUAL PAULISTA
e FCA

unesp™

Campus de Botucatu

CERTIFICADO DE APROVAGAO

TITULO:“SOIL ACIDITY MANAGEMENT ON AN OXISOL QUALITY AND WHEAT-COMMON BEAN
GROWTH UNDER A LONG-TERM NO-TILLAGE SYSTEM”

AUTOR: ANTONIO CARLOS DE ALMEIDA CARMEIS FILHO
ORIENTADOR: CARLOS ALEXANDRE COSTA CRUSCIOL

Aprovado como parte das exigéncias para obtengédo do Titulo de Doutor em AGRONOMIA
(AGRICULTURA), pela Comissao Examinadora:

—

Prof Dr C RLOS ALEXAND E C CRUSCI
Departamento de Produgéo e Melhoramento Vegetal / Faculdade de Ciéncias Agrondmicas de Botucatu

{ (ew ma W e—a EM)
Préf. Dr. DIRCEU MAXIMINO FERNANDES
olos e Recursos ientais / Faculdade de Ciéncias Agrondmicas de Botucatu

Prof. Dr. Jgéé@DO 07%0
s / FCAV / UNESP - Jaboticabal

Departamento de Solos e Adub

Prof. Dr. EDUARDO FAVERO CAIRES
Departamento de C,léﬁa do Solo e Eng. Agricola / UNIVERSIDADE ESTADUAL DE PONTA GROSSA

7%
Dr. ADRJANO STEPHAN NASCENTE
. W PA Arroz e Feijao

-

Botucatu, 21 de dezembro de 2016.

Faculdade de Ciéncias Agrondmicas - Campus de Botucatu -
Rua José Barbosa de Barros, 1780, 18610307, Botucatu - Sao Paulo
hitp:/iwww.fca.unesp brCNPJ: 48.031.918/0021-78.



I dedicate this thesis to my spouse Tais and all my family.



ACKNOWLEDGMENT

First of all, | would like to thank God.

I would also like to express my sincere gratitude to my advisor, Prof® Dr. Carlos Alexandre
Costa Crusciol for supporting and teaching throughout my Ph.D. study. | am thankful for
his patience, enthusiasm, trust, and knowledge.

Besides my advisor, | would like to thank Prof® Dr. Juliano Carlos Calonego for all
assistance and collaboration.

I am very thankful to Sdo Paulo State University, College of Agricultural Sciences,
especially to Crop Science and Soil and Environmental Resources Departments, for
opportunity and all necessary support to conduct this research.

I am very grateful to Sdo Paulo Research Foundation (FAPESP) for scholarship and all
financial support (Processes: 2013/18462-0 and 2014/16712-2).

My sincere thanks also goes to Prof® Dr. Chad Penn for having me as a Visitor Scholar at
Oklahoma State University for a year and helping and encouraging me with my research.

I would like to thank Oklahoma State University, especially Department of Plant and Soil
Sciences for opportunity and support, and all friends and collaborators that give me support
to end my research project, especially Michal Kress, Josh Bradley, Samuel Zoca, Saif
Alharbi, Karina Souza, Kendal Henderson, and Prof® Dr. Justin Quetone Moss.

I am very thankful to my friends and interns Lucas Oshiro, Nayos Coelho, and Beatriz
Fabretti.

I am very grateful for all support and friendship, Célio Ricardo, Milton Mateus, Casemiro
Alves, Antonio Camargo, Cidao, Ciro Oliveira, Dorival Arruda, Valéria Giandoni, Vera
Cereda, Eliane Silva, Sonia Siono, and Maury da Silva .

| thank the collaborators, Prof® Dra. Maria Helena Moraes and Prof® Dr. Dirceu Maximino
Fernandes for also giving me support during the development of my Ph.D. project.

I thank my co-workers and friends Danilo Silva Almeida, Jayme Ferrari Neto, Claudio
Hideo Martins, Gabriela Ferraz, Tiara Guimardes, Mauricio Mancuso, Jorge Martinelli,
Katiugca Sueko, Letusa Momesso, Luiz Jorddo, Bruno Aires, Jader Nantes, Fernando



Guidorizzi, Murilo de Souza, Tiago da Silva, Jodo Paulo Rigon, Kassiano Rocha, Marco
Sarto, Breno Kennedy, Cristiano Pariz, André de Castilho, and Leontino de Oliveira.

I am grateful to committee members, Prof® Dr. José Eduardo Corda, Prof°® Dr. Eduardo
Favero Caires, Dr. Adriano Stephan Nascente, Prof® Dr. Carlos Alexandre Costa Crusciol,
and Prof° Dirceu Maximino Fernandes.

I would like to thank my wife Tais for motivation, love, and standing beside me all time.

Last but not the least, my special thanks to all my family members, Vera Lucia, Antonio
Carlos, Luciana, Samir, Maria José, Jose Carlos, Teresinha, Carlos Roberto, Ivone,
Haroldo, Danielli, Dean, Vanessa, lan, Hermides, Iracema (in memoriam), Roberval,
Cristina, Lais, Jodo, Roberval Junior, Célia, Luiza, and Helena.



ABSTRACT

Soil chemical and physical disorders are among major limiting
factors to improve productive potential of tropical agriculture. The low productive capacity
has been associated especially to soil acidity and macronutrient deficient, thus the
development of strategies that improve production capacity of tropical acid soils are
required. Lime and phosphogypsum (PG) are materials commonly used to improve soil
chemical condition, but there is few information about the long-term effects of these
products, applied superficially, especially on Oxisol physical properties and organic matter
pools. Therefore, this research aimed to evaluate the effect of surface application of lime
and PG on the soil chemical and physical attributes, root growth, plant nutrition, yield
components, technological characteristics and yield of wheat and common bean, and soil
organic matter (SOM) pools considered critical to make agricultural tropical systems
sustainable and productive. A randomized complete block design was used and treatments
were replicated four times. Four treatments were carried out: control (without lime and
gypsum application); PG (2.1 Mg ha™); lime (2.0 Mg ha™); and a combination of lime and
PG (2.0 and 2.1 Mg ha™, respectively). Since the experiment was established in 2002, the
amendments rates have been applied three times (2002, 2004, and 2010). Superficial liming
alleviated Oxisol acidity in the surface and subsurface layers after twelve years under soil
acidity management, with positive results of PG associated to lime on soil pH, Ca** and
Mg®" levels, and base saturation in the topsoil layers (0-0.10 m). The surface application of
lime is effective to improve root growth in subsurface layers, crop nutrition and wheat and
common bean grain yield. The high correlation between soil chemical attributes and
organic carbon pools shows that the soil organic matter (SOM) input was favored mainly
by high levels of Ca and Mg and low levels of exchangeable Al in the soil. The
combination lime and PG improved the SOM quality, increasing the formation and
stabilization of humic substances in the soil. The use of both soil amendments combined
also provided significant improvements on soil physical properties, manly in the formation
and stabilization of large aggregates (>1.0 mm). This condition provided better physical
protection of SOM, inducing higher organic carbon accumulation in these structures.
Consequently, it was observed a better soil structure, resulting in greater macroporosity as

well as lower soil bulk density and penetration resistance. Lime rate estimated to increase



the base saturation in the topsoil (0-0.20 m) to 70% was considered appropriate for surface
liming recommendation in a tropical Oxisol under no-tillage system, but the combination
with phosphogypsum provides major benefits on soil chemical and physical attributes and
SOM quality.

Keywords: lime, phosphogypsum, plant nutrition, root growth, grain yield, grain quality,
soil aggregates, organic carbon, humic substances.



RESUMO

Os disturbios quimicos e fisicos do solo estdo entre os principais
fatores que restringem o potencial produtivo da agricultura tropical. A baixa capacidade
produtiva tem sido associada principalmente a acidez do solo e deficiéncia de
macronutrientes, portanto, € fundamental o desenvolvimento de estratégias que ampliem a
capacidade de producdo de solos &cidos tropicais. O calcario e 0 gesso agricola (PG) séo
materiais comumente empregados na agricultura para melhorar as propriedades quimicas
do solo, mas existem poucas informacdes sobre os efeitos da aplicacdo superficial desses
produtos nas propriedades fisicas dos Latossolos e nas diversas fracdes da matéria organica
do solo (SOM). Diante destes aspectos, este trabalho objetivou avaliar o efeito da aplicacéo
superficial de calcario e PG sobre os atributos quimicos e fisicos do solo, crescimento
radicular, nutricdo de plantas, componentes de producdo, caracteristicas tecnoldgicas e
produtividade de trigo e feijdo e sobre as diversas fracbes de SOM, as quais sdo
consideradas criticas para tornar os sistemas agricolas tropicais sustentaveis e produtivos. O
delineamento experimental foi em blocos casualizados com quatro repeticdes. Foram
estabelecidos quatro tratamentos: controle (sem aplicacdo de calcério e gesso); PG (2,1 Mg
ha™); calcario (2,0 Mg ha™); e uma combinacéo de calcario e PG (2,0 e 2,1 Mg ha™,
respectivamente). Desde a instalacdo do experimento em 2002, as doses de calcario e PG
foram aplicadas trés vezes (2002, 2004 e 2010). A calagem superficial reduziu a acidez do
solo nas camadas superficiais e subsuperficiais, com resultados positivos de adi¢éo de PG e
calcério no pH do solo, teores de Ca®* e Mg** e saturacéo de bases nas camadas superficiais
do solo (0-0,10 m). A aplicacdo superficial de calcario é eficaz para aumentar o
crescimento radicular do trigo e feijdo nas camadas subsuperficias, além disso, favoreceu 0s
aspectos nutricionais e rendimento de grédos de ambas as culturas. A alta correlagéo entre os
principais atributos quimicos do solo e as diversas fragdes da SOM demonstra que a adigdo
de Ca e Mg e a reducdo na toxicidade do Al no solo sdo fundamentais para favorecer o
acimulo de SOM. A combinacdo de calcario e PG melhorou a qualidade da SOM,
aumentando a formagdo e estabilizacdo de substancias himicas no solo. Além disso, a
associacdo de ambos os produtos também proporcionou melhorias significativas nas
propriedades fisicas do solo, induzindo maior formacao e estabilizacdo de macroagregados

(> 1,0 mm). Esta condicéo proporcionou melhor protecdo fisica da SOM, induzindo maior



acumulo de carbono organico nessas estruturas. Consequente, foi observado uma
significativa melhoria na estrutura do solo, resultando em maior macroporosidade, bem
como menor densidade do solo e resisténcia a penetragdo. A dose de calcério calculada para
aumentar a saturacdo de base no solo (0-0,20 m) a 70% foi considerada adequada para a
recomendacdo de calagem superficial em um Latossolo tropical conduzido sob sistema
plantio direto, porém a combinacdo com PG proporciona maiores beneficios nos atributos

quimicos e fisicos do solo e qualidade da SOM.

Palavras-chave: calcario, gesso agricola, nutricdo de plantas, crescimento radicular,
produtividade de gréos, qualidade de gréos, agregados de solo, carbono organico,

substancias hiimicas
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Introduction

Soil acidity is one of the major limiting factors for crop
production in several locations around the world, occurring mainly in tropical areas
dominated by Ultisols and Oxisols. Among the main consequences of acid soils are the
high toxicity of elements such as AI** and Mn** and the low availability of macronutrients,
which affect severally root growth, water and nutrient uptake by plants, and consequently
the crop yield and farm profitability.

In order to neutralize soil acidity and improve soil fertility, liming is
the most common practice used by farmers due to low economic cost, in addition, is
considered an important source of Ca and Mg for soils with low natural levels of
exchangeable bases. Because of the chemical properties, lime has low solubility in water,
reducing the mobility of the product down the soil profile. In conventional management
systems, lime is usually incorporated into the soil during tillage processes, however,
plowing and disking severally impact the physical, chemical, and biological attributes of
soil, inducing transformations which contribute for land degradation.

The losses on productive capacity and soil health due to intensive
tillage have affected drastically their capacity to sustain food production. As a result, in the
last decades a massive conversion of conventional tillage to conservative ecosystems has
occured, it minimizes the environmental impacts and increases soil capacity to produce
food, fiber, and fuel, making the agricultural production more ecologically sustainable.

No-tillage (NT) system is the main conservative agricultural
ecosystem spread and adopted in Brazil, however, the impact of soil acidity has restricted
the benefits of the system in improving crop production. Due to environmental
sustainability concepts, practices such as plowing and disking, commonly used for acidity
amendments incorporation, are not recommended, thus lime is only applied superficially,
which theoretically may limit limestone reaction below the point of placement.

Following up on this research, several long-term studies were
conducted in subtropical areas, attesting the viability of lime applied superficially in NT
system due to the greater accumulation of soil organic matter (SOM), which induces

several physical and chemical mechanisms involved on lime action in subsurface layers. On
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the other hand, limited information is available for tropical conditions, where rainfall
distribution, soil physical attributes and SOM content are distinct compared to subtropical
soils. Dry winter, high decomposition rates of SOM, frequent dry spells, and dense soil
profile are important characteristics of tropical areas, which can affect the lime reaction
applied superficially.

High acidity and low fertility of subsoils have been limiting crop
production in several countries located in the tropics due to the chemical effect on root
development of crops, limiting the growth and water and nutrient uptake by plants.
Following up this information, further studies are required to evaluate the long-term effect
of surface liming on tropical soil profile.

In order to improve root growth to subsurface layers severally
affected by chemical disorders, the phosphogypsum (PG) can be an important strategy for

improving lime reactions. The higher solubility, the capacity to neutralize AI**

toxicity and
increase the levels of basic cations (BC) at subsoil layers makes this by-product a possible
complement to liming. In addition, the effect on improving root development may affects
some soil attributes that can enhance lime reaction applied superficially.

The Brazilian Cerrado region has great potential to increase wheat
and common bean production in Brazil, but Al toxicity and soil acidity has been considered
one of the most important yield-limiting for both crops. Given these facts, liming has been
recommended to improve crop production, but there is restrict information about the long-
term effects of surface application of lime and PG combined on wheat and common bean
growth, especially in tropical Oxisols managed under NT system.

We hypothesized that surface liming with PG addition play a
crucial role in improving subsoil chemical attributes, SOM pools and soil physical
attributes, being an important strategy to increase the crop production in regions with dry
winter and frequent dry spells during rainy season. However, for tropical condition, there is
restricted scientific information involving the long-term effects of surface application of
lime and PG combined on SOM pools and soil physical attributes, considered critical
factors to make agricultural tropical systems sustainable.

Therefore, this research aimed to evaluate the effect of surface

application of lime and PG on the soil chemical and physical attributes, root growth, plant
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nutrition, yield components, technological characteristics and yield of wheat and common
bean, and soil organic matter pools considered critical to make agricultural tropical systems
sustainable and productive.
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3.6. Conclusions

Surface liming is considered an important tool to increase SOM
input in tropical acid soils conducted under long-term NT systems. The maintenance of
high concentrations of basic cations (such as Ca and Mg) and low levels of exchangeable
Al in soil solution demonstrated high correlation to quantity and quality of SOM. Although
PG had no effect on plant growth, the combination of PG with lime increased the formation
and stabilization of humic substances, mainly as fulvic and humic acids, which can be
attributed to soil fertility improvement and the higher input of organic residues. Therefore,
surface application of lime and gypsum, associated with conservative practices, are
considered key factors to improve soil health and consequently the sustainability of

agricultural systems in tropical regions.
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