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ABSTRACT: Humus fractionation and soil fertil-
ity from agroforestry, organic and conventional
coffee production systems from Brazilian Cer-
rado were studied. The objectives included the
investigation of the impact of different manage-
ments on the humus composition as well assess-
ing how the management affects the soil fertility.

KEYWORDS: Soil organic matter; Agroforestry
system; Organic system; Sustainability.

INTRODUCTION: Cultivation of coffee in conven-
tional systems affect soil organic matter (SOM),
decreasing the content of the most labile carbon
fractions. As a result, the impoverishment of al-
ready weathered soils is usually observed at the
Brazilian Cerrado. To reduce this effect, many
practices have been proposed. Agroforestry sys-
tems are structurally diverse compared to mono-
crops and improve the use of natural resources
by accessing different sources of light, water and
nutrients. Organic farming avoids the use of syn-
thetic fertilizers and emphasizes organic inputs for
nutrient supply. Humic substances (HS) are the
major components of stabilized SOM and its con-
tent and chemical characteristics have been used
as indicators of soil quality. Humic acids (HA) are
the part of the HS formed by an association of
hydrophobic compounds stabilized at neutral pH
by hydrophobic forces, and fulvic acids (FA) are
formed by the association of small hydrophilic
molecules with enough acid functional groups to
keep fulvic clusters dispersed in solution at any
pH (Piccolo, 2002). It has been proposed that the
greater participation of hydrophobic fractions (i.e.
HA) in agricultural lands represent better chemical
and fertility conditions to growing plants. Canel-
las et al. (2003) associated the highest carbon
content in HA and FA fractions (C,,/C_, ratio) to
greater availability of nutrients in a soil under long-
term (55 years) of non-burning management of
sugar cane. We studied the influence of agrofor-
estry and organic coffee systems, in comparison
to conventional plantation, on the humic fractions
distribution in an Oxisol from Brazilian Cerrado hy-

pothesizing that the adoption of these systems
rapidly increase the C_,/C_, ratio, with direct im-
pacts on soil fertility.

MATERIAL AND METHODS: The experiment was
established in 2007 at Embrapa Hortalicas (Brasil-
ia — DF). Agroforestry system consisted of Gliri-
cidia sepium and coffee plants (Coffea arabica).
The organic system cultivation used only fertilizers
permitted on organic productions. Both received,
during the planting, composts produced from cas-
tor meal (300 g plant’), lime (2 ton ha') and mag-
nesium thermophosphate (500 g plant’). Every 6
months, an organic fertilizer based on cattle and
chicken manure and castor meal (300 g plant’)
was applied. The conventional cultivation received
mineral fertilization (NPK) according to soil analy-
sis, mechanical and chemical weed control. Fifteen
soil sub-samples (Dystrophic Red-Yellow) were
collected to obtain a composite soil sample in each
treatment, at 0-0.05, 0.05-0.10 and 0.10-0.20
m depths. Organic matter fractionation was per-
formed according to Guerra and Santos (1999).
The soils were submitted to 2 mol L™ H,PO, solu-
tion which separated the light organic matter (LOM)
through density and also solubilized the free fulvic
acids (FFA) fractions. Thereafter, a 0.1 mol L™
NaOH solution (1:20) was used to solubilize the FA
and HA. The insoluble residue obtained was called
humins (HUM). The HA was separated from the
FA through precipitation in acid medium obtained
with the addition of concentrated H,SO, down to
pH 1-1.5. Carbon content in each fraction was de-
termined using dichromatometry. Analysis of the
soil pH (measured in water; 1:2.5 ratio), P and K*
contents (extracted by Mehlich-1 solution), Ca?*,
Mg2* and A" (KCI 1 mol L") and total organic car-
bon (TOC - modified Walkley-Black procedures).
All analysis were performed using three replicates
as described by EMBRAPA (1997).

RESULTS AND DISCUSSION: TOC was higher in
the agroforestry system at 0-0.05 m layer (Table
1). Conservation practices as leguminous cover
crop improve the plant biomass and contribute to
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greater amounts of residues added to the soil. The
presence of trees promoted frequent input of or-
ganic residues on soil, mimicking natural systems
by increasing residues returns and minimizing C re-
moval (Guimaraes et al., 2013). In Brazilian Cerra-
do, meanwhile, carbon mineralization is fast due to
the high temperature, rainfall and microbial activity
(Kaschuk et al., 2012) and only managements with
usual input of residues enable increase in the TOC.
In this way, the volume of compounds applied to
the organic system was not enough to promote
an increase when compared to the conventional
system. Conventional system presented the high-
est TOC at 0.10-0.20 m. Humus fractionation by
chemical procedures showed, however, that 88%
of the TOC present in that management (0.10-
0.20 m layer) was correlated to HUM fraction (Fig.
1), the most recalcitrant carbon form. Using the
average of the three depths, the participation of
HUM was: conventional (79% of the TOC) > or-
ganic (75%) > agroforestry (67%). Furthermore,
agroforestry showed the highest LOM content and
the average of the three depths showed that 13%
of the TOC in the agroforestry was associated
with LOM, while to organic and conventional sites
this fraction represented 5 and 2%. LOM fraction
decrease sharply with deep and no LOM was de-
tected after 0.1 m deep to conventional system
(Table 1; Fig. 1). In general, FA content increased
from the topsoil to the samples obtained at 0.05-
0.10 m and decreased at the 0.10-0.20 m layer,
showing a strong dynamic due the solubility of this
carbon pool in both alkaline and acid environment.
To HA, at the 0-0.05 m layer, only a slight dif-
ference was observed between conventional and
agroforestry systems. On other hand, organic sys-
tem was 38 and 15% richer in HA when com-
pared to conventional and agroforestry system,
respectively. At 0.10-0.20 m layer, agroforestry
and organic systems were, respectively, 150%
and 50% richer than the conventional system,
demonstrating a clear trend of enrichment in that
humic fraction with depth. Relationship between
the carbon in the HA and FA fractions (C_,/C_, ra-
tio) has been associated to the better chemical and
fertility environment achieved in soil managements
that preserve the SOM. In our study, meanwhile,
C,,,/C., ratio followed the sequence: convention-
al > agroforestry > organic system (Table 1) but
the results pointed to a poor and acid environment
in the conventional system (Table 2). Agroforest-
ry and organic systems decreased the soil acidity
(pH, H+ Al and APP*) at the 0-0.05 m layer. On
conventional system, the exchange complex was

saturated with APR* (mean of 15%) and the pH
was low, presumably due to the high doses of ni-
trogenous fertilizers in NH,* form. Conversion of
NH,* to nitrate forms is followed by the release of
H* ions. In fact, conventional system showed the
lowest values for pH, sum of bases, base satura-
tion and (Ca?* + Mg?*), whereas agroforestry and
organic showed the exchange complex occupied
by cations with alkaline character and low acidi-
ty, mainly in the top soil. Available P increased in
agroforestry systems at the top soil (Table 2). The
turnover of P forms accumulated in the vegetal
biomass produced in higher amounts by arborous
legume species contributed for this increment. De-
graded soils re-vegeted with Acacia mangium in-
creased the available P in a relatively short time
period (3 years) due a combined effect of nutrient
cycling and reducing P fixation that occurred be-
cause of the higher SOM content (Schiavo et al.,
2009). Agroforestry showed a marked decrease of
available P in the sample obtained at 0.10-0.20 m
probably due to the conversion of part of the inor-
ganic into organic P forms. The converted organic
P forms are not reached by the extractor used in
the P available analysis (Nelson et al., 1953). Lev-
els of organic P increases considerably in agricul-
tural soils when managements based on the pres-
ervation of SOM are adopted (Busato et al., 2005).

CONCLUSIONS: In our view, C_,/C_, ratio need
to be carefully considered when used to access
the quality of soils and managements in Brazilian
Cerrado since, in general, the classical indicators
of soil fertility (acidity, base saturation, TOC and
nutrients levels) were favorable in the soils under
agroforestry and organic management but its C_,/
C,, ratio showed the lowest values. Many works
have associated higher C_,/C_, ratios to greater
availability of nutrients and a better chemical en-
vironmental to growing plants, but most part of
the works used long-term managements, result-
ing in cumulative larger organic matter inputs. We
suggest that the relatively short-term of agrofor-
estry (b years) or the amounts of organic matter
applied to organic systems was sufficient to in-
crease the soil fertility, but not enough to increase
the C,,/C,, ratio. Also, to agroforestry in special,
the great LOM participation did not represent an
increase in the C_,/C_, ratio, pointing to a diffi-
culty in increasing the levels of more stabilized
fractions of the SOM. The chemical nature of the
residues from Gliricidia plants need to be deeply
explored to clarify the influence of this residue on
the humification process.
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Table 1. Carbon pools in different coffee production sys- REFERENCES
tems in the Brazilian Cerrado.
Crop system  Depth TotalC _LOM GC, C, GC, Cy Cin/Cey BUSATO, J.G. et al. Fésforo num Cambissolo
M s OKG o - .
cultivado com cana-de-acUcar por longo tempo.
Conventional , 230b 08b 06b 13b 07b 11.7b 19 | - Fraci . | é) B gC_ S f
Organic S 227b 15b 1.la 18a 17a 138a 1.1 - Fracionamento sequencial. R. Bras. ClI. Solo,
Agroforesty  — 26.1a 38a 09ab 1.5ab 09b 1156 17 v. 29, 935-944, 2005.
Conventional o 229a 04b 11b 14a 1.7ab 12.0b 0.8
Organic £ 202b 10b 13a 20a 22a 200a 09 CANELLAS, L.P. et al. Propriedades quimicas de
Q . . s
Agroforesty — 21.9ab 1.9a 10b 1.0b 14b 10.0b 0.7 um Cambissolo cultivado com cana-de-acucar,
Comentional _ 218a 00c 09b 06b 03b 121b 20 com preservacéo do palhico e adigdo de vinha-
3] .
Organic S 194b 05b 09ab 09a 08a 139a 1.1 ca por longo tempo. R. Bras. Ci. Solo, v. 27,
Agroforesty  © 19.4b 09a 12a 15a 12a 115b 13 935-944, 2003.

For each layer, averages followed by same letter in column are not different (Tukey test, p < 0.05).
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Conventional \ I nutrient pools under long-term non-burning
management of sugar cane. European Journal
Organic \ ] e of Soil Science, v.61, p.375-233, 2010.
Agroforestry | | EMBRAPA. Centro Nacional de Pesquisa de So-
3 20 a5 & 5 h los. Manual de métodos de analise de solo (2.
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| | | GUERRA, J.G.M.; SANTOS G.A. Métodos qui-
micos e fisicos. /n: Fundamentos da matéria

creae | [ ]~ organica do solo: ecossistemas tropicais e sub-
tropicais. Porto Alegre, 1999.
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oW w0 @ s 0 GUIMARAES, D.V. et al. Soil organic matter
pools and carbon fractions in soil under dif-
Conventional | | ferent land uses. Soil & Tillage Research, v.
126:177-182, 2013.
Organic \ [] <
KASCHUK, G. et al. Three decades of soil mi-
Agroforestry | ] crobial biomass studies in Brazilian ecosystems:
0 20 40 60 80 100 Lessons learned about soil quality and indica-
Humus composition (%) tions for improving sustainability. Soil Biology

Figure 1. Distribution of humidified fractions: 0-0.05 m (A), 0.05-0.010 m (B) and Biochemistry, v. 42:1-13, 2010.

and 0.10-0.20 m (C). 100 % = FFA + FA + HA + HUM + LOM, representing, re-

spectively, the carbon content present in the free fulvic acids, fulvic acids, humic B

acids, humins and low organic mater. NELSON, W. L. et fal. The development, evalu.a
tion, and use of soil tests for phosphorus avail-

Table 2. Soil fertility attributes in different coffee produc- ability. Agronomy, v. 4, 153-158, 1953.
tion systems in the Brazilian Cerrado.

. Effec-
OO oe g A M Tk e U5 s b om PICQOLO, A. The supramolecular structure of
CEC humic substances. A novel understanding of hu-
m HO ... mmol_dm? mg dm® % . . . . . . .
Conv. _ 53c 45a 805a 185c 59b 289c 1048b 244c 180b 156a mus chemistry and implications in soil science.
Agrof. < 6.0b 05b 59.0b 505a 35c 545b 113.0a 54.0a 229a 08b ! ! !
Conv. o 53c 40a 784a 188c 56a 283c 1027a 243c 176a 141a
Org. % 6.2a 00c 483c 400a 23c 423a 905b 423a 7.7c¢ 00c SCHIAVO, J.A. recovery of degraded areas re-
Agrof. 57b 1.0b 656b 33.3b 34b 37.7b 102.2a 367b 12.0b  26b . . :
Cowv. o 54b 40a 763a 17.3b 44a 257a 980a 217b 94a 156b vggeted V\_”th acacia mangium &.md eucalyptus
Og. 2 60a 05b 49.1c 250a 1.9b 27.4a 760c 2692 57h 18¢c with special reference to organic matter hu-
Agof. S 55b 43a 68.1b 135c 16c 198 831b 151c 26c 230a  mijfication. Scientia Agricola, v. 66, 353-360,

Sum of bases (SB) = Ca?*+Mg?* +K"; Effective cation exchange capacity = SB+AI**; Cation exchange capacity at pH
7.0(CEC,,,, ) = SB+(H+AI""); Aluminum saturation (m) = 100xAF*[t. For each layer, averages followed by same letter 2 OO 9 .
in column are not different (Tukey test, p < 0.05).
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