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ABSTRACT

The quantity of soil organic matter (SOM) was eated through the determination of soil organic aamt(SOC)
times a factor, which assumes that 58% of the SQ@sl farmed by carbon. A number of soil samples witle
range of SOC content collected in the state ofaRar Brazil were evaluated in the laboratory. S@@s
measured by Walkley-Black method and the total ®®Mss on ignition. The SOC was positively caited with
SOM. The SOM/SOC ratio varied from 1.91 to 5.08Hersoils. It shows that Brazilian SOM has greateidation
degree. Although, the SOM and SOC decreased wiitdegath the SOM/SOC ratio increased. It showed @M
in the subsoil contained more oxygen but less qathan the SOM in the upper soil surface. The CBC/%lso
increased with depth indicating that the functiogedups of the SOM increased per unity of carbon.
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INTRODUCTION Recently, considerable attention has been
dedicated to SOM research in Brazilian soils due
The soil organic matter (SOM) is a product fromto its relation with Ca transport into the soil
the decomposition of plant residues, roots, and sojMiyazawa et al.,, 2000a) and Mn solubility
organisms whether living or dead (Brady, 1974)(Andrade et al., 2002).
Organic matter has been termed as the lifeblood &oil organic matter is estimated by the
soil. It has tremendous impact on the chemicaletermination of soil organic carbon (SOC)
physical, and biological properties of soil. The soilcontent. The principal method used for the
organic matter consists of humic and fulvic acidgletermination of soil organic carbon is Walkley-
and humin, which contain functional groups suctBlack (Jackson, 1964) and the principal method
as R-COQ R-C=0, R-COH, R-SH, and others. used for the determination of soil organic matter is
These functional groups posses cation exchangee loss on ignition (LI), or gravimetric method
properties similar to those of clay particles andBall, 1964, Jackson, 1964, Ben-Dor & Banin,
adsorb metal cations on their surfaces. Th&989). The gravimetric method assumes that
difference is that the surface area and adsorptiwgeight lost upon ignition is due only to loss of
capacity of SOM are much greater than those afrganic matter. The following reaction occurs:
clay. Three macro plant food nutrients, nitrogenCsH120s (Organic Matter) + 6 9+ Heat— 6 CO,
phosphorus, and sulfur, are constituents of soit 6 HO.
organic matter (Brady, 1974). These nutrientd’he Walkley-Black (WB) procedure measures the
become available through decay activitiesactive, or decomposable organic matter in the soil
because plant residues and humus are oxidized,
* Author for correspondence while carbon present as graphite or charcoal is not.
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The principle of this method is that oxidizableloss by LI procedure and cation exchange capacity
matter in the soil is oxidized by £, and the (CEC)by the} Ca+Mg+K+H+AI.

reaction is facilitated by the heat generated when

concentrated (5O, is mixed with KCr,O; Partial oxidation of SOM

solution. The excess of €3> is determined by Three soils were selected from the States of
titration with standard FeSQOsolution and the Parana and one soil from the Santa Catarina State
quantity of substances oxidized is calculated fronand two soils from Japan with organic carbon
the amount of GO;* reduced. It is estimated that varying from 14 to 93 g k§ The SOM was
from 90 to 95% of the total carbon in soil ispartially oxidized with HO, 30% at 0/1, 1/1, 2/1,

oxidized and measured by this procedure. Thand 4/1 ratio (HO./soil — viw) (Schumacher,

following reaction takes place: 2002). The samples were dried, ground to pass
CeH1,05 (Organic Matter) + KCr,O; — 6 CQ + 1mm sieve and analyzed for the organic carbon by
Cry(SQy)s + KxSOy + 6 HO WB method, the mass loss by LI method and the

Percent of soil organic matter (%SOM) isCEC. Each determination was made in duplicate.

calculated as follows:

%SOM=10(1-S/B)xF

Where S = sample titration, ml ferrous solution, BRESULTS AND DISCUSSION

= blank titration, ml ferrous solution, and F =

factor. Jackson (1964) suggested a factor of 1.72Rable 1 shows the results of the organic carbon

for North America soils, Miyazawa et al. (2000b)content determined by WB and the mass loss by LI

3.72for State of Parana soils, and Conceicéo et amethods for the 45 soil samples from the State of

(1999) 3.18 for the State of Rio de Janeiro soilsParana. The organic carbon determined by WB

This state of confusion in the factor used for thearied from 1.6 to 65.8 g Kgand the weight lost

calculation of SOM is probably because of thepy ignition varied from 7.2 to 189.0 g kg

higher oxidation degree of the SOM molecules iMhe WB procedure was positively correlated with

the tropics than in the temperate conditions. the LI procedure (Figure 1). This confirmed the

The objective of this work was to study thehigh correlation between the two methods

relationship between the mass of organic mattatorroborating data presented in previous study

and carbon in Brazilian soils. with Brazilian soils (Miyazawa et al., 2000b).
Table 1 also shows the SOM/SOC ratio varying
from 1.9 to 5.1. These data were higher than that

MATERIAL AND METHODS reported by Jackson (1964), who found a value of
1.724 for North American soils. The difference in
Soil samples the factor used for estimating the organic matter

Forty five soil samples were selected in the Stateontent in Brazilian and North American soils was
of Parand, Brazil (from 22° 30’ S to 26° 30'S andprobably due to greater oxidation degree of the
from 48° 30" W to 54° 30" W) with wide variation organic matter of the soils from the State of
in the organic carbon content (from 1.5 to 65.0 dParana. Thus, the factor used for estimating the
kg™h). Soil samples were collected from the 0 — 2660M from organic carbon determination for
cm horizon. The organic carbon content wagropical soils must to be higher than that currently
determined by WB procedure (Jackson, 1964) andsed by the Brazilian soil laboratories. Raij &
mass loss by the LI (380 during 1.5 h) procedure Quaggio (1983) and Silva et al. (1999)
(Ball, 1964). The mass loss was assumed to be thecommended for Brazilian soil the same factor

loss of SOM. 1.724 as suggested by Jackson (1964) for North
American soils.
Evaluation of SOM in the soil profile Table 2 shows the results of SOC determined by

Another six different soils were selected in thethe WB, the mass loss by LI (SOM), and CEC in

agricultural areas of the State of Parané being twihe soil profile. As expected, the SOC and the
soil types from Campo Mourao city. Soil samplesSOM decreased with the depth. The higher SOM
were collected from the 0-10, 10-20, 20-40, 40-60content in the uppers soil layers was the result of
and 60-80 cm horizon, dried at°@Dfor 24 h, considerable plant residues deposited on the soil
passed through a 1 mm sieve, and analyzed for thy the Brazilian agricultural systems. One

organic carbon by WB procedure and the masimteresting result presented in Table 2 was that
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although the SOM content decreased thexplanation was reasonable because high oxidized
SOM/SOC ratio increased considerably with theorganic molecule had polar behavior enhancing its
soil depth. Assuming that the upper soil layersnobility in the soil profile. Table 2 also shows the
were higher aerated than the lower soil layers, &EC values in the soil profile. Following the same
decrease in the SOM/SOC ratio was expectedrend of the SOM concentration in the soil profile,
However, SOM/SOC ratio increased with thethe CEC also decreased with increasing the soil
depth, which was probably the result of increasinglepth.

the mobility of high oxidized organic molecules

from the surface to subsurface soil layers. This

240 -
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Figure 1 - The correlation between organic carbon measured/Bymethod and the total mass
loss by LI method

Table 1.0rganic carbon by WB, total mass loss by ignitib,(and LI/WB ratia

soil soc  som SO seil soc  som U el soc  som SO
n° gkg' gkg' ratio n° gkg' gkg? ratio n° gkg' gkg* ratio
1 1.6 7.2 4.6 16 11.9 29.9 2.5 31 36.2 135.4 3.7
2 1.9 7.6 4.1 17 13,0 54.6 4.2 32 36.5 100.1 2.7
3 2.9 7.6 2.6 18 14.4 54.5 3.8 33 37.1 125.5 3.4
4 3.5 11.8 3.3 19 14.7 74.6 51 34 37.6 105.7 2.8
5 4.2 13.2 3.1 20 14.7 36.3 2.5 35 38.1 153.3 4.0
6 4.9 154 3.1 21 15.8 30.2 1.9 36 40.2 147.0 3.7
7 6.0 14.3 2.4 22 19.1 46.8 2.5 37 40.8 145.1 3.6
8 6.1 21.2 3.5 23 27.0 71.6 2.7 38 42.7 114.1 2.7
9 6.0 15.2 2.5 24 27.9 129.5 4.6 39 43.8 153.6 3.5
10 6.1 18.2 3.0 25 29.7 89.4 3.0 40 45.2 123.9 2.7
11 6.0 22.8 3.8 26 29.9 113.4 3.8 41 45.3 115.5 2.6
12 6.1 24.6 4.0 27 30.7 93.7 3.1 42 46.2 163.1 3.5
13 8.9 19.4 2.2 28 32.6 91.6 2.8 43 46.9 158.5 3.4
14 9.1 39.1 4.3 29 33.6 91.7 2.7 44 54.2 136.2 2.5

15 10.3 20.5 2.0 30 34.2 135.2 4.0 45 65.8 189.0 2.9
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It is well know that the CEC of the Brazilian soils the HO,/Soil ratio from O to 4 decreased the mass
is highly dependent on the SOM content. Exceplibss and the organic carbon contents and increased
for the soil from Tamarana, the CEC/SOC raticconsiderably the SOM/SOC ratio and the
increased with the depth. Again, reinforced theCEC/SOC ratio. The increase in SOM/SOC ratio
theory of the mobility of high polarized organic with increasing soil oxidation was higher for the
molecules. It was likely that soil organic matter insoils from warmer climate (Londrina and Maua da
the subsoil layers contained more O but less Gerra) than those from cooler climate (Mafra and
than the soil organic matter in the soil surfaceJapan). The annual mean, minimum, and
which meant that the humic fraction dominated immaximum temperatures in the State of Parana,
the upper soil layers and fulvic fraction dominatedBrazil, are 21, 16 and 27.2°C, respectively. The
in the lower soil layers. This hypothesis was basednnual mean rainfall in Parana is 1605 mm. The
on the analytical characteristics of the humiannual mean, minimum and maximum
substances where humic acid contained 56.4%t@mperatures in Kawatabi and Utsunomia, Japan
and 33.9%0 while fulvic acid contained 50.9%Care 13.4, 7.9, and 18.9°C, respectively. The annual
and 44.8%0 (Schnitzer, 1991). The total aciditymean rainfall in Japanese Cities is 1283.3 mm.
and COOH content of the fulvic acid wereThese again showed that the organic matters of the
appreciably higher than those of the humic acidvarmer climate were more oxidized than cooler
(Schnitzer, 1991). Thus, the increase in thelimate.

CEC/SOC ratio with soil depth indicated that the

functional groups content of SOM increased per

unit of carbon. Table 3 presents data on the effects

of H,O, in the partial oxidation of soils. Increasing
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Table 2.0rganic carbon by WB, mass loss by LI, and CEChmgoil profile.

Location  Soil depth SOM soc SOM/SOC CEC CEC/SOC
cm g kg* g kg* ratio cmol kg™* ratio
0-10 54.5 21.8 2.5 5.4 0.3
10 - 20 31.9 10.6 3.0 3.0 0.3
ﬁgﬂ‘rgg 20 - 40 29.1 5.5 5.3 2.2 0.4
40 - 60 41.2 5.9 7.0 2.5 0.4
60 - 80 51.8 7.2 7.2 2.7 0.4
0-10 58.0 22.6 2.6 9.6 0.4
10 - 20 24.9 7.6 3.3 3.9 0.5
ﬁ?ﬂlgg 20 - 40 22.1 4.5 4.9 2.8 0.6
40 - 60 27.9 5.2 5.4 3.7 0.7
60 - 80 34,7 4.1 8.4 5.7 1.4
0-10 103.9 43.3 2.4 8.2 0.2
10 - 20 67.4 22.1 3.1 4.5 0.2
Ortigueira 20 - 40 64.8 15.1 4.3 3.4 0.2
40 - 60 57.5 10.4 5.5 2.6 0.3
60 - 80 54.8 9.3 5.9 2.1 0.2
0-10 80.2 21.4 3.8 10.7 0.5
10 - 20 81.5 20.0 4.1 10.2 0.5
Tamarana 20 -40 7.7 16.3 4.8 7.1 0.4
40 - 60 715 11.4 6.3 2.4 0.2
60 - 80 68.0 9.6 7.1 1.7 0.2
0-10 67.9 25.4 2.7 3.3 0.1
, 10 - 20 61.3 21.7 2.8 2.6 0.1
Mggf‘r;a 20 - 40 58.3 19.5 3.0 2.1 0.1
40 - 60 54.7 17.5 3.1 1.9 0.1
60 - 80 54.3 15.9 3.4 2.2 0.1
0-10 89.3 23.7 3.8 12.2 0.5
. 10 - 20 86.4 19.0 4.6 11.0 0.6
Londrina 20 - 40 80.3 16.7 4.8 9.1 0.5
40 - 60 74.6 11.8 6.3 7.2 0.6
60 - 80 70.6 10.8 6.6 6.6 0.6
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Table 3.Partial soil oxidation with kD,

Soil H,O./Soll SOM SOocC SOM/SOC CEC/SOC
Location v m* ratio g kg™ g kg* ratio ratio
Londrina 0.0 68.5 23.9 29 2.6
Parana 1.0 44.9 5.9 7.6 12.6

Brazil 2.0 41.1 5.3 7.8 15.0
4.0 40.1 3.9 10.3 25.2
Mafla 0.0 131.0 60.1 2.2 1.7
St.Catarina 1.0 60.2 22.1 2.7 5.2
Brazil 2.0 53.9 155 3.5 6.4
4.0 49.5 15.3 3.2 7.9
M. Serra 0.0 42.2 14.2 3.0 14
Parana 1.0 19.8 1.45 13.6 15.2
Brazil 2.0 18.1 0.8 24.1 32.8
4.0 17.9 0.7 25.6 33.3
0.0 184.6 93.7 2.0 0.6
Kawatabi 1.0 125.1 27.2 4.6 4.6
Japan 2.0 93.1 34.3 2.7 4.2
4.0 57.8 14.5 4.0 8.3
0.0 183.9 91.3 2.0 0.6
Utsunomiya 1.0 133.5 38.6 3.5 3.0
Japan 2.0 121.7 324 3.8 4.9
4.0 76.8 21.4 3.6 6.3

CONCLUSIONS carbono. Amostras de solos apresentando grande

variagdo no teor de COS foram avaliadas no
The soils from the State of Parand had greatéaboratério. O COS foi determinado pelo método
oxidation degree than North American soils. Thele Walkley-Black (WB) e a MOS pela perda de
SOM/SOC ratio increased with soil depth as thénassa por ignicdo (PMI). A MOS foi
result of increasing the mobility of hitgh oxidized positivamente correlacionada com o COS. A
organic molecule from the surface to subsoil. relagdo MOS/COS variou de 1,91 a 5,08. Este
resultado mostra que a MOS brasileiros
apresentam maior grau de oxidacdo. Embora a
AKNOWLEDGEMENT MOS e o COS tenham diminuido a relagéo
MOS/COS aumentou com a profundidade do solo.

The first author wishes to thank CNPq for theESte resultado demonstrou que a MOS da
award of the scientific initiation scholarship. subsuperficie contem mais oXxigénio € menos
carbono que a MOS da superficie do solo. A

relacdo CTC/COS também aumentou com a
profundidade, indicando um aumento nos grupos

RESUMO funcionais da MOS por unidade de carbono.

O teor de matéria organica do solo (MOS) é
estimado pelo conteudo de carbono organico do
solo (COS) vezes um fator, decorrente do
pressuposto de que 58% da MOS é formada por
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