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ABSTRACT

Theimprovement of tropical land-use systemsisan important task and still
further research is necessary to explore the influence of land use and soil
properties and environment. Measured soil properties down to 100 cm
under anatural forest and pastures cultivated for 7 years under Brachiaria
brizantha, 12 years under Panicum maximum, and 17 years under
Brachiaria humidicola, were analyzed using principal component analy-
sisin order to extract the correlation structures. Greatest changesfollowing
pasture establishment were noticed in the 0-10 cm layer, such as an in-
creasein C stock and in C-derived from pasture associated with the age of
pasture. However, there were some changes observed down to 40 cm depth
(adecreasein soil porosity and anincreasein clay dispersability). 44.7% of
the 26 analyzed variableswere explained by thefactor 1, and was correlated
with C and mainly its nature; 23.9% by the factor 2, which was positively
correlated with C content and stock and total porosity; 9.87% by the factor
3, which described the evolution of soil with depth; and by 7.2% by the
factor 4, which explained the total variability, describes the interrelation
between the storage and the residual porosity.
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IntheBrazilian Amazon basin, large-scal e céttle’s
ranching tendstofollow forest clearing®. Infact, more
than 70 million of nativevegetationinBrazil hasbeen
replaced by pasturesfor beef production'. Itiswell
known that the sustai nability of established pasturesin
thecleared areaswith inherently infertilesoil sisgener-
alylowt¥. Infact, cultivationinvolves severd changes
in soil physical, chemical and biological proper-

tiedl681214 including soil organic matter (SOM) quan-
tity or quality!*>7819_ A study of an Oxisol forest-to-
pasture chronosequencelocated in the eastern Brazil -
ianAmazon, hasshown tha changeinnatureand amount
of carbon occurred mainly inthetopsoil (0-10 cm)©2,
For instance, theincreasein soil C stock inthe 0-10
cm layer wasfollowed by adepl etion of C biological
stability inthe oldest pasturé*?. Theobjective of the
present study isto extract the correl ation structure of
soil property changesthat occurred after pasture es-


mailto:ls_koutika@yahoo.com

32 Role of C nature in correlation structure of soil

Current Ressarch Poper

tablishment using principa component anaysis ap-
proachintheforest and pasture chronosequencelo-
cated in eastern Amazonian, state of Para.

MATERIALAND METHODS

The studied area is located at 10 km north of
Paragominas (fazendaBosgue), |ocated inthe North-
east area(2°25' and 4°25'S-46°25" and 48°54' W) of
the State of Para. The mean annual temperature is
27.2°C and precipitation is 1750 mm. The period from
July to November is drier with less than 50 mm of
monthly precipitation™. The natural vegetationisa
tropical forest withalow proportion of pams, i.e., re-
sultinginforest soil (F). Three pasture (P) soilswere:
(2) soil under 7-year old Brachiaria brizantha (P7),
(2) soil under 12-year old Panicum maximum (P12),
and (3) soil under 17-year old Brachiariahumidicola
(P17). Thesoilsare Oxisolsdeveloped ontertiary sedi-
mentsbelonging to the Barreirasformationl*®l,

Soil sampleswere taken from four sides of four
pitsof 1L.5mwideand 1.5mlong, and 1.5mdeep, dug
inthesdlected representative areas. Samplingwas car-
ried out at depthintervasof 10 cm up 100cm. How-
ever, only six layersingtead of tenwere considered for
thestudy sincei.e., 0-10cm, 10-20cm; 20-30cm; 30-
40cm, 60-70cm and 90-100cm. Soil sampleswerethen
ar-driedandseveda 2 mm prior toanadysis. Thesoils
contain morethan 80% clay (mostly kaolinite), arerich
inironand auminium hydroxide, with cation exchange
capacity (CEC) lower than 10cmol kg! and base satu-
ration lessthan 2092, Measurementsof dispersible
claysand other particleswerecarried out usngthe Na
resin method described by Rouiller et al.*". Carbon
and N contentsof thewhole soil were determined by
combustion (Carlo ErbaNA 1500 A utoanal yzer). Soil
pH valueswere determined in water and 1.0 M KCl
(soil: solution ratio 2: 5 wt/wt). The CEC was mea-
sured by atomic absorption spectrometry. Bulk density
was measured by weighing soil previously dried at
105°C, sampled with 140cm? cylindrical soil cores.
Total porosity expressed in percent of porevolume/soil
corevolumeratio wasca cul ated, assumingamean bulk
density of 2.6 T. m?3. Poresizedistribution wasderived
using aCarlo Erba2000 Hg porosimeter on 4g sieved
soil (2 mm) after vacuum degasification for 2 hours.
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Proportions of water-stable-aggregates(WSA), i.e.,
with particle size>200um were determined according
tothemethod of Bartoli et a.[. The3*C valuesof soil
samplesweredetermined from CO, obtained by com-
pletedry combustion at 1050°C using a Finnigan Delta
Smassspectrometer. Carbon derived fromforest (Cdff)
and pasture (Cdfp), expressed in T.hat, and their per-
centagesin each soil layer fractionwere determined*2.

Stati stical analyses such as notched-and-whiskers
box plotsand one-way andysisof variance (ANOVA)
were carried out using the Stat graphi cs program pack-
age (version STCc’s software products) using an IBM
PC computer. Only factorswith an explained inertia
greater than 5% were selected in thisstudy using prin-
cipal component analysis. Plots of the corrdation (not
shown inthisstudy) between theinitial variablesand
the newly computed factors can helpin demonstrating
possiblelinear correlationsamong theinitia variables
(correlationcircle), whilethe construction of the scatter
diagramsfor the PCA can reveal relationshipsor clus-
tersamong observations. Statistical parameters(mean,
standard deviation, and mode) and scatter diagrams
were used to study rel ationshi ps between the soil vari-
ables, depth, and evolution through time. Systematic
statistical testswere used to compare similarity to or
variationsfrom samplesof topsoil, organic-rich hori-
zon, or minera horizon and those of another.

RESULTS

Organic or total C content varied between 3.33%
(forest soil) and 2.92% (pasture of 12 years) and de-
creased with depth in the four studied soils. Carbon
stock under pasture soilswas similar to or 10-20%
higher than that under the forest soil. The CEC was
higher under pasturein the 0-10cm layer than under
forest. According to physical properties, WSA were
higher than 66 % inthetopsoil (0-10cm), and decreased
with depth (TABLE 1).

A decreasein soil porosity, mainly in the surface
layers, hasbeen observed in pasture ecosystems com-
pared totheforest (TABLE 2). Thequantity of C stock
and C-derived from pasture (Cdfp) increased from the
P7-toP17,i.e,from12.5%t037.8 % and from 11,8
%10 32,3 %, respectively in thetopsoil. Cdfp (%) was
higher inthe WSA ascompared tothenon water-stable
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TABLE 1: General soil characteristicsunder forest (F) and pasturesof 7(P7), 12(P12) and 17(P17) years

ECEC B.density C WDC
Name Depth (cm) Ages(years) Clay(%) C(%) N(%) ApH (cmol.kg) (Mg.m®)  (T.ha?) (%)
F-1 0-10 - 83.9 333 025 019 438 0.9 28.1 18.7
F-2 10-20 - 86.5 1.96 0.17 0.07 3 1 194 16
F-3 20-30 - 88.3 1.48 0.13 0.14 3 12 16.6 16.6
F-4 30-40 - 91.6 101 009 017 2.6 1 9.7 55
F-5 60-70 - 92.7 057 005 016 2.6 12 6.8 0
F-6 90-100 - 93.1 045 0.04 0.1 2.2 11 51 0
P7-1 0-10 7 81.7 294 029 035 5.8 1 29.6 18.1
pP7-2 10-20 7 85.1 1.55 0.15 0.34 6.4 12 173 23
pP7-3 20-30 7 87.9 1.16 0.12 0.28 5.6 11 13 23.2
P7-4 30-40 7 90.1 1.07 0.1 0.21 29 13 135 2338
P7-5 60-70 7 92 073 007 o011 5.9 12 9 0.7
P7-6 90-100 7 91.8 049 004 017 3.7 12 5.8 0
P12-1 0-10 12 83.7 2.92 0.26 0.7 84 11 321 16.1
pP12-2 10-20 12 88.8 1.38 0.14 0.41 4.7 13 15.9 20.3
P12-3 20-30 12 87.9 1.02 0.09 0.37 44 13 133 16.9
P12-4 30-40 12 89.9 0.86 0.07 0.16 44 13 10.9 0.6
P12-5 60-70 12 92 0.57 0.05 0.06 23 13 7.3 0
P12-6 90-100 12 92.6 0.47 0.04 0.05 3 12 5.7 0
P17-1 0-10 17 81 3.17 0.26 0.51 7.1 12 378 21.2
P17-2 10-20 17 85.4 1.46 1.03 0.48 4.6 13 195 26.9
P17-3 20-30 17 87.7 1.09 009 037 3.7 13 14.6 27
P17-4 30-40 17 89.4 096  0.09 0.3 34 12 12.8 32.2
P17-5 60-70 17 91 058 0.05 0 21 13 8.1 0
P17-6 90-100 17 915 047 0.04 -0.06 2.1 14 6.6 0

TABLE 2: Soil physical propertiesunder forest (F)and pass TABLE 3: SOM dynamicsunder forest (F) and pasturesof 7
turesof 7(P7), 12 (P12) and 17 (P17) years

(P7), 12 (P12) and 17 (P17) years

Total Micro- Storage Residual Dept 13 o®c o%C Cdfp Cdfp
NameD(Sﬁ]t)h (Ae%ri) V\{,/SA porosity porosity porosity porosity ~ Name h (?e?arﬁs) f()(yc): C(:(Sof )p WSA Nwsa WSA nWS
Y (%) (%) (%) (%) (%) (cm) " (%) (%) %) A(%)
F-1 0-10 - 718 68 52 28 24 F-1 0-10 - -278 00 -279 -2737 O 0
F-2 10-20 - 68.8 63 55 33 22 F-2 10-20 - -272 00 -272 -2694 O 0
F-3 20-30 - 52.6 53 53 31 22 F-3 20-30 - -26.3 00 -26.7 -2657 O 0
F-4 30-40 - 49.9 63 55 32 23 F-4 30-40 - -265 00 -256 -2493 O 0
F-5 60-70 - 36.2 56 48 19 29 F-5 60-70 - -254 00 -253 -2571 O 0
90- 90-
F-6 100 - 30.8 58 50 26 24 F-6 100 - -256 00 -252 -2605 O 0
P7-1 0-10 7 811 62 49 23 26 P7-1 0-10 7 -259 125 -26.1 -25.61 11.7 118
P7-2 10-20 7 61.1 57 48 22 26 P7-2 10-20 7 -26.1 75 -26 -2597 81 6.7
P7-3 20-30 7 62.3 58 52 19 33 P7-3 20-30 7 -265 00 -26 -2631 44 18
P7-4 30-40 7 48 52 48 20 28 P7-4 30-40 7 -26.1 22 -263 -2614 O 0
P7-5 60-70 7 58.1 54 55 21 34 P7-5 60-70 7 -257 00 -249 -2569 31 02
P7-6 fg(') 7 464 57 53 23 30 P7-6 38(') 7 254 17 -251 -2537 09 5
P12-1 0-10 12 66.7 60 47 15 28 P12-1 0-10 12 -225 346 -221 -2315 373 282
P12-2 10-20 12 49.7 54 52 27 25 P12-2 10-20 12 -25.6 113 -251 -2554 141 96
P12-320-30 12 494 52 55 27 28 P12-3 20-30 12 -251 83 -258 -2569 64 6.2
P12-4 30-40 12 46.3 51 57 30 27 P12-4 30-40 12 -257 55 -261 -2572 O 0
P12-5 60-70 12 419 54 56 25 31 P12-5 60-70 12 -255 00 -255 -2563 O 0.6
PI26 [0 12 472 56 53 19 34 PI26 0 12 25 503 -248 -2492 34 83
P17-1 0-10 17 76.8 56 43 24 19 P17-1 0-10 17 -22 378 -224 -2254 352 323
P17-2 10-20 17 49 53 47 26 21 P17-2 10-20 17 -243 200 -24.7 -25.13 16.6 125
P17-3 20-30 17 41 51 48 21 28 P17-3 20-30 17 -252 82 -246 -2534 144 8.7
P17-4 30-40 17 414 54 50 25 29 P17-4 30-40 17 -2562 94 -25 -2534 44 0
P17-560-70 17 29.2 51 51 22 29 P17-5 60-70 17 -2565 00 -258 -2553 O 14
90- 90-
P17-6 100 17 471 51 55 26 25 P17-6 100 17 -2563 15 -251 -2506 0.7 7.3

W SA=water-stable aggregates

Cdfp=C derived from pasture; WSA=Water-stable aggregates;
nWSA=non water-stable aggregates
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TABLE 4: Repartition of PCA factor safter pastureestablish-
ment in easter n br azilian amazon basin

Factors/parameters F actor 1 Factor 2 Factor 3 Factor 4

4469% 22.96% 9.87%  7.20%
Depth -0.602 -0594  0.407 -0.05
Age 0464  -0.644 -0.27 0.254
C 0.679 0.683 0.085  -0.012
Bulk density -0.015 -0.812  -0.305 0.34

Total porosity 0.054 0.799 0.357 -0.294
Micro-porosity -0.725 0.027 0.022 0.046
Storage porosity -0.36 0.472 -0.049 0.668
Residual porosity -0.302  -0495 -0.089 -0.719
Clay -0.776  -0.551 0.15 -0.058
WDC (%) 0.552 0318 -0.683 0.024
ApH (PHpi20-PHK ) 0.895 0086  -0.212  -0.093
CEC 0.796 0223  -0.003 -0.36
WSA 0.541 0.666 0.068  -0.217
C storage 0.81 0.537 0.031  0.049
R ® 0773 -0524 028  0.122
Cdfp (%) 0971  -0079 0125 0.12

5C-WSA 0711  -0.552 0.345 -0.04
Cdfp-WSA (%) 0972 -0064 0118 -0.001
5¥C-nwsA 0735  -0.461 0408  0.076
Cdfp-nWSA (%) 0.931 -0.11 0.265  0.065

aggregates ("W SA) inthetopsoil of P-12 and P-17.

TABLE 4 showsthat thefactor 1 explains44.7%
of the 26 anayzed variables (but only 19 were shown
in TABLES 1, 2 and 3). The factor 2 (23.9%) was
positively correlated with C content, C stock and total
porosity, depth and age of the pasture. The factor 3
describesthe evol ution of soil with depth (TABLE 4).
It represents9.87% of thetotal variables, and wasnege-
tively correlated with the quality of C andto alarge
extent withthephysical properties. Thefactor 4which
explained 7.2% of thetotal variability, describesthe
interrel ation between the storage and theresidual po-
rosity (TABLE4).

DISCUSSIONAND CONCLUSIONS

Thefactor 1ispositively corrdated with (i) param-
etersrdlated to thequality of C (A®*C vauesand Cdfp
percent in the whole soil, as well in the WSA and
NWSA), and (ii) the physicochemical characteristics
(ApH, CEC and WDCltota clay, (WDC/C). How-
ever, this factor is also negatively correlated with
microporosity. It istherefore clear from the PCA ap-
proach that thekey soil property changesdueto forest
clearing and pasture establishment with increasing age
inthe current study are: (i) C nature; (ii) interrelated
phys cochemicd properties, and (iii) clay fabric poros-
ity. Infact severa studieshaveshown anincreaseinC
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stock and the change of its nature after pasture estab-
lishment(”812, |nfact, at NovaVidaagood opportu-
nity to study the conversion of forest to pasturelocated
inthewestern Amazonian, Cerri et d.¥ found that the
0-30 cm layer contained 53 % more C than forest soil
after 88 years of pasture, and that after 80 years of
pasture 90 % of organic matter inthetop 20 cm was
pasture derived®.

Thefactor 2 controlsmainly thetota porosity, WSA
percentages, and C stock. Anincreasein C stock to-
gether with adecrease in the total porosity was ob-
served with theincreasing age of the pasture. Thissug-
geststhat thefactor 2 control sthe depl etion of physical
propertiesafter pastureestablishment by decreasng tota
porosity probably dueto trampling effect, particularly
inthe0-20 cm layer, i.e., thereisadecreasein water
infiltration and soil aeration with depth. A negative cor-
relation isa so observed between thefactor 2 and the
quality or natureof C. Thissuggeststhat themainmodi-
ficationsin C after pasture establishment have aninflu-
enceon physica propertiesalong asoil profile, even
though agreater impact isreported inthetop layers.
Other studiesinthe Brazilian Amazon basin havere-
ported aswel | changesin physicd propertiesmainly an
increasein bulk density inthe surfacelayerd®s.

Thefactor 3mainly explainsthe effect of C nature
and physica properties, and suggeststhe deterioration
of theformer and depl etion of thelatter with depth. The
factor 4 explainstheinterrelation of storage and re-
sidud porosities. However, thispoint remainsunclear,
but autocorre aionsbetween thes zes of thesetwo types
of porescould possibly berelated to anincreaseinthe
hydrophilic-hydrophobic balance on organic surfaces
(decrease of short-range adhesionforcesduring drying
processes) ad ong theforest-to-pasture chronosegquence,
particularly within theupper soil layers.

Therefore, using PCA approach in aforest and
pasture chronosequence located in eastern Amazon
basin, stateof Para, we could extract structure correla-
tionand show that thekey soil property changesdueto
forest clearing and pasture establishment with increas-
ing age mainly occurred by the changein C stock, and
mainly thechangeinitsnatureasfound by other sudies
inseveral part of Brazilian Amazon!*7819, The PCA
also showsthat C nature wasinterrel ated with other
occurred changes, mainly the physicochemical proper-
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ties(tota, storageand residual porosities).
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