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ABSTRACT

Phosphorus fertilization and irrigation management are essential practices to increase coffee yields, though information
is scarce about the effect of these practices on organic matter fractions of soils of the ‘Cerrado’ (savanna-like
vegetation). The purpose of this study was to evaluate organic matter fractions of a clayey Oxisol under coffee with
split applications of phosphorus (P) and water regimes. The experimental design was a randomized block with 3 x 2
factorial arrangement with three split applications of P (P1: 300 kg ha™ P,O, applied annually of which 2/3 applied in
September and 1/3 in December; P2: 600 kg ha' P,O_applied at planting and every two years, and P3: 1800 kg ha' of
P,0, applied only at planting, corresponding to a 6-year requirement), two water regimes (with and without irrigation)
and three replications. Soil from the 0-5 and 5-10 cm layers was sampled. The total organic carbon (TOC), labile
carbon (LC), microbial carbon (Cmic), and carbon fractions of fulvic acid (FA), humic acid (HA) and humin (HU)
were determined. The irrigation regime of coffee increased the TOC, LC and Cmic levels and the humified fractions
of soil organic matter. In general, the form of P splitting had little influence on the fractions of soil organic matter.

Palavras-chave:
carbono labil
fertilizante fosfatado
substancias humicas

Fra¢des da matéria organica em Latossolo com cafeeiro
sob parcelamentos de fésforo e regimes hidricos

RESUMO

A adubagao fosfatada e o manejo da irrigagdo sdo essenciais para aumentar a produtividade do café; no entanto, ha
poucas informagdes sobre o efeito dessas praticas nas fragdes da matéria orgénica de solos de Cerrado. O objetivo
deste trabalho foi avaliar fragdes da matéria organica de um Latossolo cultivado com cafeeiro sob parcelamentos de
fosforo (P) e regimes hidricos. O delineamento experimental foi em blocos ao acaso em arranjo fatorial 3 x 2, com
trés parcelamentos de P (P1: 300 kg ha'' de P,O, por ano, sendo 2/3 aplicados em setembro e 1/3 em dezembro; P2:
600 kg ha'' de P,O,, aplicada no plantio e a cada dois anos e P3: 1.800 kg ha'' de P,O, aplicada somente no plantio,
necessaria para seis anos); dois regimes hidricos (com e sem irrigagdo) e trés repetigdes. A amostragem de solo
foi feita nas camadas de 0-5 e 5-10 cm. Foram determinados o carbono organico total (COT) carbono labil (CL),
carbono microbiano (Cmic) e o carbono das fragdes dcido fulvico (AF), acido humico (AH) e humina (HU). O
regime hidrico irrigado do cafeeiro aumentou os teores do COT, CL, Cmic e das fragdes humificadas da matéria
organica do solo. De maneira geral, a forma de parcelamento do P exerceu pouca influéncia sobre as fragoes da
matéria orgénica do solo.

‘Cerrado’ biome (Guerra et al., 2007). Moreover, the influence

INTRODUCTION

Coffee production in Brazil in 2013 was approximately
49.15 million bags of processed coffee (CONAB, 2014) of which
38.29 million bags were of Arabica coffee and 10.86 million
bags of coffee conilon, both grown in an area of approximately
2.01 million hectares. For coffee, water management is
essential to obtain high yields (Pedroso et al., 2009), besides
the synchronization of the development of the flower buds by
a controlled water stress, especially for the conditions of the

of irrigation is strongly dependent on climate and initial soil
organic carbon content (Trost et al., 2013).

The predominant soils in the ‘Cerrado’ are Oxisols. Due
to their high degree of weathering, these soils may have
low nutrient availability, mainly due to the adsorption and
precipitation of elements essential for plants. Thus, under natural
conditions, these soils are extremely poor in plant-available P,
making P fertilization indispensable (Valladares et al., 2003).
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The irrigated coffee responded to phosphate fertilization in the
production phase with gains of up to 138% in coffee yield by the
application of 400 kg ha™ P O, (Reis et al., 2011). In addition,
the organic matter, responsible for most of the cation exchange
capacity of these soils, is a key component to improve several
properties of weathered soils.

The fertilizer and irrigation management influences the
accumulation of soil organic matter in the more labile as well as
the more stable fractions, e.g., the humic substances (Carmo et
al., 2012). In the cultivation of perennial crops such as coffee, soil
management, water and mineral fertilizers are essential factors
for the input of organic waste and its humification (Partelli et
al., 2009; Costa et al., 2013).

The recalcitrant organic matter fraction is formed by a
set of products of plant and microbial residue decomposition
that can be associated in supramolecular micelles (Dick et
al., 2009). The solubility of the humic substances in aqueous
medium, according to the pH, permits the separation into three
fractions: humin (HU), humic acid (HA) and fulvic acids (FA).
In agricultural soils under coftee, the HU fraction was found to
be predominant over the HA and FA fractions, due to its high
stability and resistance to microbial degradation (Partelli et al.,
2009; Rossi et al., 2011).

The labile soil fraction is represented by organic compounds
readily available for mineralization by soil microbes. The labile
carbon changes more than the total organic carbon content in
a shorter time interval and is a fraction sensitive to changes in
cropping systems (Rangel et al., 2008; Miiller et al., 2012). The
levels of labile C in coffee plantations represent on average 44%
of the organic C content in the soil (Rangel et al., 2008).

The microbial biomass is defined as the living part of the soil
organic matter, containing on average 2 - 5% of the organic C of
the soil and in agricultural systems, microbial biomass plays a
key role in nutrient cycling and can be changed by the input of
organic residues (Diogenes et al., 2013) and soil management
(Souza et al., 2010). The microbial biomass was high in coffee
production systems with high nutrient concentrations and soil
water availability (Costa et al., 2013).

There are only few studies on coffee that address the
influence of water and P management on the fractions of soil
organic matter. In this context, the purpose of this study was
to evaluate the influence of water and P management on the
organic matter fractions of soil under coffee in the ‘Cerrado.

MATERIAL AND METHODS

The study was carried out in an experimental field of
Embrapa Cerrados, in Planaltina, Distrito Federal (latitude
15°35'30"S, longitude 47 ° 42' 30" W; 1007 m asl). According to
the Koppen classification, the climate is CWh1, with an annual
precipitation of 1,460 mm and an average annual temperature
of 21.3 °C. The soil is classified as a clayey Oxisol horizon with
a moderate A horizon and 0.20 m thick.

Prior to the experiment, the chemical analysis of the soil in
the 0-0.20 m layer showed the following results: pH in water
5.2; AP’ (4.3 mmol_dm?); Ca’* (22.9 mmol dm~); Mg** (8.3
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mmol_ dm); H+Al (76.0 mmol_ dm™); P (1.4 mg dm?); K
(61.2 mg dm™); aluminum saturation (12%). The average clay,
silt, coarse sand, and fine sand contents are 601, 116, 47, and
236 g kg'!, respectively.

Before the installation of the experiment, the area was
covered by ungrazed brachiaria (Brachiaria decumbens). In
December 2007, the experiment was initiated by planting
coffee (Coffea arabica L. cultivar IAC144), with a spacing of
3.50 m between rows and 0.70 m between plants. At planting,
fertilization consisted of 120 g triple superphosphate (T'SP), 50
g termalphosphate (Yoorin ®) and 24.5 g fritted trace elements
(FTE) per planting hole. Liming was 2 Mg ha™! of lime to raise
base saturation to 50%, half applied before plowing and the rest
before harrowing.

In the year after planting, the crop was fertilized with
61.25 g N per hill, in the form of urea, corresponding to 136
g fertilizer. Similarly, 61.25 g K,O was applied, in the form of
potassium chloride (KCI), corresponding to 102 g fertilizer per
plant. In both cases, the doses were split into four applications
in the period from September to February. In the other years,
following the same form of splitting, annual doses of 272 g
urea and a maximum of 204 g KCI were applied per hole, and
KCl varied according to the soil K reserve, determined by the
chemical analysis. A micronutrient fertilizer was applied, when
necessary, with the FTE fertilizer. All fertilizer doses were
applied manually, under the coffee canopy.

The experimental design was a randomized block with
three replications in a 3 x 2 factorial arrangement, with three P
rates (P1, P2 and P3) and two water regimes (R: rainfed and I:
year-round irrigation).

The assay was designed for an experimental monitoring
period of six years, after which all treatments had received the
same amount of P. The fertilization was applied as defined for
each treatment, beginning in the second year after planting.
Treatments were defined based on a basic annual module of 300
kgha'of P,O,, corresponding to treatment P1, in which annually
117 g TSP was applied per plant, 78 g (2/3), in September, and
39 g (1/3) in December. In treatment P2, 600 kg ha' P,O,, two
fertilization modules were applied at once, equivalent to 233
g TSP per plant in September, repeated every two years. In
treatment P3, 1800 kg ha™* P O,, the complete fertilization for six
years was applied at once, corresponding to 700 g TSP per plant.
Thus, at the time of soil sampling, treatments P1 and P2 had
received 66.6% of the P scheduled for six years and treatment
P3 100% of the requirement.

In the irrigated management, water was applied by a center
pivot, according to the level of the monitored soil water content
(Theta probe soil moisture sensor, type ML1, Delta-T Devices).
Irrigation was applied when the soil moisture at 0.10 m depth
corresponded to the consumption of 50% of available soil water.

Soil samples were collected in April 2013 in the fruiting
period, below the coffee canopy, in the layers 0-5 and 5-10 cm,
resulting in a sample of five subsamples per plot in each soil
layer, water regime and for each P rate. Then, the samples were
homogenized, packed in plastic bags and stored in a refrigerator
for about 10 days at 4 °C, until microbiological analysis. For



chemical analysis, the soil was air-dried and sieved (2 mm
mesh).

In soil total organic carbon (TOC) was determined by
wet oxidation with potassium dichromate in the presence of
sulfuric acid with no external heat source (Nelson & Sommers,
1982). The microbial biomass carbon (MBC) was determined
by extraction irradiation, according to Islam & Weil (1998), at
a K, factor of 0.33.

The carbon of humic fractions of organic matter (fulvic
acid, humic acid and humin) was determined according to the
methodology described by Mendonga & Matos (2005). 1 g
of air-dried fine soil sample was placed in 50 mL centrifuge
tubes with a lid and 20 mL of 0.1 mol L'! NaOH (ratio 1:20) was
added as extractant. The fulvic acid fraction was obtained from
the soluble portion of the alkaline extract, humic acid fraction
of the precipitate in acid and humin fraction in the precipitate
after centrifugation in alkaline extractor. After extraction, the
carbon of the humic fractions was quantified by oxidation with
potassium dichromate C (Nelson & Sommers, 1982).

The content of labile C in the samples was determined by
sample oxidation with 0.033 mol L potassium permanganate
and the reading of the extracts in a spectrophotometer at 565
nm (Mendonga & Matos, 2005).

The data were subjected to analysis of variance (ANOVA)
and the means compared by Tukey’s test (p < 0.05), using the
statistical program Assistat (Silva & Azevedo, 2002). Pearson’s
linear correlation analysis was also used to group the data of P
rates, layers and water regimes.

The data for all variables together were subjected to principal
component analysis (PCA), based on linear combinations of the
original variables on independent orthogonal axes. This analysis
was performed to identify which factors (water regime and P
rate) most affected the clustering of the variables (CBM, TOC,
labile C and humic fractions of organic matter), using software
XLSTAT 2013.

RESULTS AND D1SCUSSION

Analysis of variance showed significant effects of the factors
split applications of P and water regime, and of their interactions
on total organic carbon (TOC), microbial carbon (Cmic), labile
carbon (LC) and humified organic matter fractions, fulvic acid
(FA), humic acid (HA) and humin (HU) in both soil layers
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(Table 1). All properties evaluated were affected by the factor
water regime.

The effect of water regime on all fractions of soil organic
matter (SOM) was strong, regardless of the form of splitting P
fertilization. The levels of labile and humified organic matter
were highest in the irrigated system in both soil layers (Table
2). Coffee biomass increased by irrigation (Perdond et al., 2012;
Evangelista et al., 2013), with a consequent increase in SOM,
leading to the accumulation in its different fractions (Loss et
al., 2013).

In the 0-5 cm layer effect of irrigation was observed on
both Cmic and humified fractions of SOM (FA, HA and HU).
The increase in microbial biomass is determined by the water
and nutrient availability in the soil, mainly by the presence
of the organic substrate (Didgenes et al., 2013) and plays an
important role in mineralization and humification of organic
matter (Figueiredo et al., 2012). Matei et al. (2012) found that
water availability in the soil favors growth and diversity of the
microbial population and also the quantity and quality of fulvic
acids (FA) in the soil surface horizons.

For rainfed systems and irrigation regimes, the HA fraction
accounted for 16.53 and 20.92%, the HU fraction for 23.81
and 23.37% and LC for 8.37 and 7.91% of TOC, respectively,
in the 5-10 cm layer. Irrigation increased the percentage of the
HA fraction and decreased the percentage of HU in relation

Table 2. Total organic carbon (TOC), microbial carbon
(Cmic), labile carbon (LC) and carbon in fulvic acid
(FA), humic acid (HA) and humin (HU) fractions in
two soil layers under coffee crop with split phosphorus
fertilization rates and water regimes

Rainfed Irrigated
(g kg) % TOC (g kg) % TOC
0-5cm
TOC 2183 b - 3279 a -
Cmic 018 b 0.82 0.28 a 0.87
FA 237 b 10.87 362 a 11.05
HA 389 b 17.86 6.84 a 20.81
HU 6.02 b 27.59 8.07 a 24.61
5-10cm

TOC 2111 b - 30.69 a -
LC 176 b 8.37 243 a 7.91
HA 349 b 16.53 6.42 a 20.92
HU 502 b 23.81 717 a 23.37

Means followed by the same letter in the row do not differ by Tukey’s test (p < 0.05)

Table 1. Summary of the analysis of variance of the effects of water regimes, phosphate fertilization of soil under
coffee on total organic carbon (TOC), microbial carbon (Cmic), labile carbon (LC), and carbon in the fractions fulvic
acid (FA), humic acid (HA) and humin (HU) in the 0-5 and 5-10 cm layers

FV DF T0C Cmic LC FA HA HU

0-5cm

WR 1 450.8229™ 65.873" 59.240™ 33.277" 86.2135™ 12.989™

PS 2 0.4250" 3.2339™ 2.8472 0.5197m 0.0664 0.5119™

WR x PS 2 3.3735™ 0.2805"™ 5.5144" 0.4737™ 0.2360 " 0.3753"™
5-10 cm

WR 1 245.6118" 118.759" 65.101" 95.172™ 132.759" 28.294™

PS 2 41575 2.0491m 1.433™ 0.9677" 0.0953 " 3.0097"

WR x PS 2 3.7880™ 7.2204" 1.286™ 6.7019" 1.7073 ™ 0.4896™

SV - Source of variation; DF - Degrees of freedom; WR - Water regime; PS — Phosphorus splitting; *,**Significant at 0.05 and 0.01, respectively, by the F test; "Non significant

R. Bras. Eng. Agric. Ambiental, v.18, n.10, p.1017-1022, 2014.



1020

to TOC. Campos et al. (2013) reported higher humification
rates of organic matter added to the soil in the conventional
tillage system in the dry than in the rainy season, however in
the no-tillage system, the humification rates were lowest in the
dry period. The results obtained showed that the soil and water
regime management are important factors in the humification
of soil organic matter.

In the 0-5 cm layer, irrigation induced higher labile carbon
(LC) contents under P3 (Table 3) than P rates. In this layer,
irrigation promoted increases of 1.69, 1.32 and 1.2 times the LC
contents under P3, P2 and P1 rates, respectively. The increasing
levels of P in the soil stimulated coffee root growth (Matsumoto
et al., 2008; Martins et al., 2013). Thus, the increase of the root
system favors an increased aggregation rate of the soil and
consequently, improves the protection of organic matter and
contributes to an increase in soil LC (Miiller et al., 2012).

Compared to the rainfed system, irrigation promoted higher
levels of LC at all split applications of P, as similarly observed
for the FA fraction in the 5-10 cm layer. Irrigated agricultural
systems with frequent additions of organic material to the soil
tend to build up higher proportions of carbon in the labile
fraction, at the expense of the recalcitrant fractions (Rangel
et al., 2008). In irrigated coffee, soil P application caused, in
general, an increase in bioavailable P fractions (Reis et al., 2011).

The contents of Cmic in the 5-10 cm layer were higher
under irrigation than in the rainfed system, regardless of the
split application of P. In this layer, there was no difference in
Cmic between P rates under irrigation, while in the rainfed
system Cmic was higher at the annually applied rate of 300 kg
ha'P O, (P1).

The adsorbability of phosphate ions to the colloids
of electropositive soils process is high (Valladares et al.,
2003), making the nutrient unavailable for crops and soil
microorganisms (Gatiboni et al., 2008). Thus the supply of a
high amount of P to coffee in a single application can affect the
Cmic levels, due to the unavailability of this nutrient to the soil
microorganisms in the years after fertilization.

Two principal components (CP1 and CP2) were generated,
which were used as tools to distinguish the effects of irrigated

Table 3. Interaction between water regime and
phosphorus on labile carbon (LC), microbial carbon
(Cmic) and carbon in fulvic acid fraction (FA) in two
layers of soil under coffee

P3 P2 P1
(9 ko)

LCO0-5¢cm
Rainfed 1.77 DA 2.23 DbA 2.09 DA
Irrigated 3.00 aA 2.94 aAB 249 aB

Cmic 5-10 cm

Rainfed 0.15 bAB 013 bB 0.19 DbA
Irrigated 025 aA 0.27 aA 025 aA

FA 5-10 cm
Rainfed 219 DbAB 2.38 DbA 1.84 bB
Irrigated 2.94 aA 3.09 aA 3.36 aA

P1 =300 P,0, kg ha", applied annually — 2/3 of the dose in September and 1/3 in December;
P2 = 600 kg P,0, ha', reapplied every two years; P3 = 1800 kg P,0, ha"', applied only at
planting; Means followed by lowercase letters in the column and uppercase letters in the row,
do not differ by Tukey’s test (p < 0.05)

R. Bras. Eng. Agric. Ambiental, v.18, n.10, p.1017-1022, 2014.

and rainfed water regimes, considering the TOC, LC, Cmic
and humified fractions of soil organic matter (FA, HA and
HU) together, for the layers 0-5 cm (Figure 1A) and 5-10 cm
(Figure 1B).
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Figure 1. Ordination diagram based on principal
component analysis of scores of P rate and water
regime treatments. 0-5 cm (A); 5-10 cm (B)

Similar patterns were observed in both soil layers. The
distribution of selected variables showed cumulative variance
of 87.49 and 92.40% for the sum of the principal components
PC1 and PC2 in the 0-5 and 5-10 cm layers, respectively. In both
layers, the CP1 axis separated two groups: irrigated and rainfed.
This means that, considering all properties together, irrigation
had a prevailing effect, forming distinct environments for the
soil microbiota and for the accumulation of TOC, LC and
humified SOM fractions. Similar results were obtained by Costa
et al. (2013), who described the water regime as determinant
for the distribution of the variables Cmic, TOC and oxidizable
SOM fractions. An improved water supply leads to an increased
biomass generation and therefore to a higher input of carbon



into the soil in the form of roots and dead plant material (Trost
etal., 2013).

The correlation of the LC and FA and HA fractions with
Cmic and TOC was positive and highly significant (Table 4),
indicating a close relationship between the more labile SOM
fractions and the activity of soil microorganisms. These results
corroborate those of Cunha et al. (2011), who observed a
positive correlation between TOC and Cmic. High levels of
Cmic reflect the presence of a high amount of active organic
matter in the soil, which can maintain a high mineralization
rate of plant residues (Stone et al., 2013).

Table 4. Pearson correlation between properties of
organic matter in an Red Latosol with coffee under
three phosphorus rates and two water regimes, in

two layers
Variables HU  Cmic LC FA HA TOC

HU 1 0.708** 0.684** 0.637** 0.767** 0.705**

Cmic 1 0.722** 0.720** 0.801** 0.839**
LC 1 0.770** 0.808** 0.861**
FA 1 0.883** 0.857**
HA 1 0.927**

TOC 1

HU - Humin; Cmic - Microbial carbon; LC - Labile carbon; FA - Fulvic acid; HA - Humic acid;
HU - Humin; TOC - Total organic carbon; *Significant at 0.05 by the F test

The TOC was also positively correlated with the fractions
FA (0.85), HA (0.92) and HU (0.70), demonstrating the high
participation of humified fractions in SOM, especially of the
less humified fractions (FA and HA). Higher proportions of
these fractions improve the chemical quality of soils. Partelli
et al. (2009) found a positive correlation between the humified
SOM fractions and cation exchange capacity in soils of various
organic management systems.

CONCLUSIONS

1. Irrigation of coffee grown in the ‘Cerrado’ promoted
increase in levels of total organic carbon, microbial carbon,
and of the labile and humified fractions of soil organic matter.

2. In general, the form of P splitting had little influence on
the fractions of soil organic matter. Only the rate of 1800 kg ha™*
of P,O, under irrigation increased the levels of labile carbon.

3. Regardless of the soil layer, the water regime and split
applications of P, microbial carbon showed strong interactions
with the content of total organic carbon and labile carbon and
with the humic acid and fulvic acid fractions of soil organic matter.
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