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TITRODUCTION

The density of land surface cleared by guianese farters
p . appears to be high if one congiders the localimation of agricuitur
4 lots, chiefly situated along new roads which represent an attractive
B means of access. Clearing is done by = removing the undergrows: of %

{ foreot, cutting down %the big trees, and burning : tradi
\ . farpers prefer a moderate fire runwning along the surfa
\ ! a nZeavy one heabting up the soil QLTIAT a more or Lles
{

The mouent choosen for this operation is one of the gy o
f\ Jeasons, most often the end of the longest one {October / overber

§ - &8 soon as the soil has been cleared and burned, several fooc cIOoP
;i are sown or planted aMluat the c*wrreg remains of the forest. IThe

! *rlhutlon of those crops conforms with the degree of hydrc-
hism and with the uexture of tze sodils present on the field
¢1_ds meise, cassava, yam on the highet parts and dasheen, plan~
Y tains, bananas and vegetables on the lowow oneos in a certain sense
‘ this represents an empirical practice parallelling our notions of
soil chains oxr soil seguences,
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The trends toward settling and land-owmership and the
. correlated wish to improve yields of land and iabouw led us to
n

e
sider the evolution of soil fertility under traditional guiarese
cultivation, Though we di cpose of numerous data of this kind for
G regions of the world, it neveritheloss seems useful to specify
for french CGuiana in particular, how physico-chenical characters in
the superficial soil~1 ayer are modilfied when passing from the natursal
cquilibrium of forest-soils into +the new one realized by traditicnal
egricultural methods. Indeed, if one intends to have shifting cuiti-~
vation supplanted by some form of permanent agriculiture, methods »f
, clearing condition future yieids as well as re sponse to chenica’

. rtilizers and so directly affect fertility and soil comservation.
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CHARACTERISTICS OF STUDIED SPRE LTS , -

Qut of 34 speq1mens siudleﬂ 19 came from undisturkted

L e e =7

forest
scil and 15 fyom cleared plots, one to three months after clens’ng.,
\ “ As it is meaninglecss to coupare mean values from spnescinens
g collccted on hotorogoncous plotg,particularly after burning, wve
! <¢opecia 11ly studied significant aodifications of characbe istic reia-
1 Sions bdtween different clements conditioning soil fertilit v

1
\ Climate,-
. ] ial rain climate with two dry
Seasong, a short one in liarech and a longer ome froum uugust to Hnveme
ber, Yearly precipitation is sf ahous 70 dnches (2374 rm ).

-1

French Guiana has an egquator
&

o . Insolation is Zighes® in Septorther / Cctober, when farners
R clear of preference j; maxiuvun ovaporatior cc .°5 at the same tine.
f

(i) e greatly tiaxlt cur collegue ix OL“LAU povanist at the

Fa s . - e e e
- Layenne JTonmtor, JTor ko :aMSLat_ch.
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The following table resumes some climetologic data from
o Saidnt Laurent meteorologlcal station (1956 - 1965)
B " sl e lula {uwl{sg o] als |o N | B |Year

brezeipitation 216 184 174 | 218 {322 | 327 |233 | 164 | T6 79 162 | 219 {2374

1 o

Iraolation 156 181 1196 | 214 168 | 163 | 226 | 253 | 253 |263 223 | 181 | 2477
hours

_vaporation Pichd4l.l {57.8 [69.6]59.8 145.9[39.7 [49.5/60.9 {71.9 [75. 159.4 [1.5 |682.1

Cpecimens were taken from Septewber (first clearings) to Deceumber, ;

I+t should be stressed that during this period the bared soil j
undergoes strong insolation and maxirmum evaporation, : ’

Soil microclimate.~

LIVIQUD (1963), citing MITTOROLOGIE NATIONALE, gives
fragmentary data, of which we note the maxirun temperature at’
of about 3 {10 cm. ) at 2.00 p,id.s . o

- under forest vegetatlon s 2koC wi

Mo
Q
__U,.._;..@,‘ o

fieglifziblie vardiations

s

th
32°C with a maxiouan of 45°C

o0

-~ under grass.vegetaul on minica of

25° € to

35°C with 2 maximim of 50°C =
26° ¢,

- bare soil

lleasuring the increase of temperature uwnder fire was un-
feasible with the means at our disposal, HYE and GREZNLAND (1960)
note that 100° T at a depth of 5 ciia and 60° C at. 10 cm. may be
reached, but these measures ave very localized,

This neans that the soil is arffected superficially and that |

thae increasce of temperature has a direct effect on microbial life and
nirysicochenical soil characters. :
% [
i
The s0ils.=- f
The soils studied are lccated on'hﬁals - .7 they are /

Yerralitic, scantily saturated (less than 1 nmeq. of exchangeable
bases in the B~horizmon), moderately deep and feebly leacHed, with
a very thin layer of litter and a horison of humic impregnation

~

covering:/the upper 3 to 5 inches (10 to 15 cm.)

-

Their texture is rather well~balaiiced, either of the sandy '
7,

clay to clayish sand type (on granites) or of +the clay to clayish
sand type (on migumatites). pH is markedly acid (4,5 to 5,5).
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Vegetation cover,-
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ANALYTIC DATA

Analyzed elements.-

°

~ miechanical analysis by granulonetry (Robinson pipettg) H
dispersion by sodiun pyrophrosphate,

-~ organic matter : carbon by ihe WALRKILZY-BLACK method, nitrogen
by the KIJZLDAHL~method, humic matter extracted with sodiun
pyrophosphate 0,1 N,Separation of humic acids and fulvic acids
by raw sulphuric acid - titration by oxidation of dry matster
with potassiun bichromate.

-~ exchangeable bases : extraction with normal. and neutral amro-
niun acetate, Titratiocn of different elements by photometry
and colorimetry. (lig).

~ exchange capacity : modified PAREZR!s method ; percolation
with normal and neutral argioniun acetate, washing with alcohol

and exhaustion with potassium chlorate, Distillation and titra-

tion of amrmonia.

Y

- pH : with a pi-neter. - )

~ structural instability index ¢ method of 5, HINIIl -~ deternina-
tion of the ratic of stable aggregates with and without
preceding treatments with alcohol and benzéene, Determination
of fine elements and coarse sand in the same conditions.

Results of analyses.~

++ Organic nmatter,

e . vm e e we e e
The horizon in question does show no significant differences
in organic matter contents before and after burning. There are
more observations of this phenomencn ¢ e.gs RIQUIZR (25 HYE and
GREZHLAND, 1960), who notes - ladagascar - a marked decrease of
organic matter contents in very superficial specimens only, and

ept

nothing but tiny differences at a depth of 4 inches (12 cm.)

One should not forget that all forest litter disappears by
burning. This does not appear frou: our specimens, covering the
fLil=horizon only, Of course, these organic matter reserves are
not available any more in soils alrcady under cultivation.

For the whole of our specimens, the well-lImown and classic
relation between fine elements (O - ZOLJ) and organic matter
contents holds true : ’ ’

r

Soils richer in fine elements also are richer in organic matter:
burning does not change this connection.
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++ Total hunus ng ~ figure 2.

Lfter clearing and burning, there is a significant increase of total
huwmus contents : we may speak of a trend toward humification of the
organic fractions. Ve found :

It
i

under forest vegetation 1@

a7 (¢°/o0) = 0.163 10 {C°/o0) + 0,26 mean HT

6,66 r

i

0.750

i}
i}

after clearing and burning ¢

H
n

BT {C°/00) = 0,147 10 (C°/oo) + 2,067 nean H 9,0k r = 0,946

The difference between the two is significant. Desides, in the
hurus itself, rates of humic and fulvic acids increase in about
the same proportions. It may seem that humic acids then contain
a larger polymeric fraction, but we are not as yet able to prove
this to be significant (figure 3). -

++ Mitrogen and_ the 3/H ratio.

Titrogen contents in cleared soils are slightly raised. This siows
in a small decline of the ¢ / 1T ratio after burning i 14 6 dinst

of 15,3 in forest soils. ) N

s Aoocrblxg complex,
- ewT e e

ma,

The value of this complex results from nuumerous factors affecting
the argilo~humic complex.

=

Organic matter (190) and cation exchai anFe capacity (CiE.C.)
figure 4,

A comparison of values shows that in forest soils

== CZC (me) = 0,241 10 (C°/co) ~ 2 ,03 sr-=.0,é05 P 0,01

and that after agricultural preparation :

it

== CZC (me) = 0,068 10 (€°/co) + 3.310 = = 0,546 P { 0,05

The differences between those two values are highly significant.

Cation exchange capacity increases with organic matter contents,

but to a much lesser degree if we consider organic matter after

clearing and burning. Its level then is lower than before these

treatnents. ’ _

1 Clay % and fine silt - O to 20p - (A+Lf), and cation exchange
capacity (CIC) figure ’

forcst soils

C3C (me) = 0.287 (A+Lf) % + 2,1L7 r = 0.747

and that after clearing end burning. ..

find that in

wed
bl
o

1]
i}

i
il

K
1l

cIC (me) = 0,230 {(A+Lf) % + O &k 635

This means that cation exchange capacity is systematically lower
in soils after burning.

~
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Considering cation exchange capacity as a simultaneous

function of two variables we find that, in forest scils 3
- ‘ “ ~ - A T n 3

== o3¢ (we) = 1.72 10 (C %) + 0,278 {A + LT) % - 2,86
and that, after clearing and burning i
= o3¢ (me) = 6,358 1O (S %) + 0.203 (& + Lf) % - 0,585,
mhe coefficients are highly significant : organic matter plavys a
very important part in catiom exchange of fores st scdls, buv its
shere is very rmuch reduced after clearing and burning.

The evolution of relations Thotween cation exchange capacity

in soils under shifting cultivation 1is

and the argilo-humnic coimplex
pracvice climatic dnfluences on

srought about by agricultural

9
[ote s

the bared soil. These Tactors occagion a strong decrease of cavion
exchange possibilities by their infiucnce upon organic matter
This conclusiocxn has been reached by many authors consid -
ering soil evolution under culvivation (e.g, DOCQUIZ)D 1959).
However, it appears here, that wder gulaneoe conditions the
menon is very prompt and ocours ediately after clearing
and burning,. ‘
_++ Ixchangeable elemeonts (figure 5)

S

HeterogeneLus distribution of elements in the ashes is
the essential dlfflcvlty hampering exact appraisal of changes in
-the upper horizon after burning.
' He note a coumparatvively 1u?0ftdnt 1_cr°age in Ca-,
and Ila~ content of +the soil, especially accentuated for Ca and
On the average, we can swy that Ca, g and I pass frowm a dig
. 7 " > od - .
th% of respectively 59 %, 3k % and 27 % in forest soils to
338 % and 10 % after clearing and burning, The Ca / 1z ratic
froui O,L4 =~ 3,7 in forest scils to 0.6 - 2,3 inm clearcd omcs.
A quick comparison of the noxv resulto, Tor tie pooreT
soils:
millicquivalents @ Ca g K Ka O CZ  Saturation %
. o . . . ) A e e RTlme b B s e - e 0 - P ce o e L -
forest seils ¢ 0,15 0,10 0.12 C,07 0.4k 3.8 11.6
burned soils 't 0,79 0,41 0,11 0,05 1,37 5.k 25 .4
i s and for the richer ones :
3 ¢ )
. milliequivalents ¢ Ca lig X ila & 0T  Saturation %
forest scils : 0.53 0.37 6,21 6,12 1.23 12,2 10,1
© strned,soils : 3.90 3,02 0,38 0,18 7.48 9.80 78.3
gives the mean itrends of chemical fertility under traditional
guinnese cultivation :
Jariations in forest soils in burmed soils
o 0.11 =~ 0.73 0.79 =~ 2.90 {
i c.10 - 0C.k0 o1 -~ 4,10
:I‘ e .
: - : milliequivalonts
o C.11 =~ 0,21 0.11 - 0.46 < "
et .03 -~ 0.20 0,05 - L18

TI1”
s

1 mppeur to be ele"ﬁﬁto WﬁlCQ vO

POL,'}, ‘_,or :LLJ"‘\ are iu

STe SUuoDLLed
less o

C.L_AC‘

el




probably leached ocut by +

)
in forest soils tC L,3 ~ 8.1 in burned ones.

++ Structural stability;

The upper horizon shows a merkedly granular structure after clearix
e dis t cx & e~

ca
d burning. In fact, we found a reage of stable aggr
ates after these practices :

£l

|=8

% aggregates(alcohol) &agsregates (benzene) water
Torcst soils 82.5 735 775
Dorned SOil: 85'08 ?’5 .85 ' 79095
Foxr aggregates without ccarse sand tihese values are the following .
omess - :

N
R
»

()

Ut

LW @

o O
foet
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O
i)

20.97

Torest soils
oil 25,12 30,2¢

tirned s

++ Phosphorus
W s e e e ea

Je noted a slight increase of total nhosphorus contents : fron
0.6 o/co to 0,59 o/00.

COITCLUSION o =

Our results show a marked influence of methods of clea
and burning upon the cation exchange capacity of the absorbing -com~

Plex, Before and after agricultural practices, no difference i .
oxrganic matter contents of the upper soil layer (1/2 to 4ydinches ;
1 to 12 cm,) can be observed ; vet tae share of this organic matter

in the absorption complex is drasticaily roeduced. This phenomencn

is well - know for soils evolubting during several gub§equeHt Vésrs

of shifting cultivation, but it should be stressed that it occurs

irriediately after clearing, However the reduction in cation excihan-

ge capacity should not be attributed to treatment by fire

wve kxnow that this treatment does not cover the soil surface entively
&

and we should also impute this reduction, at least parti

strong imsolation acting abruptly upon the bared soil., The effect

is further stressed by the liberation of elenments liable to saturase

.'.,) - . . -

vhe argilo-Zwumic complex deeper doiri.

s

[S]

Pronowiced humification, an amelioration of structural stability

and an increase of nutrient content anid saturation rate, thoug

+ Tem = a1 - LR S
In itself, the enrichuent

Anyway, after clearing and burning once observes a rior
o

this last effect proves very irregular,
is =0t negligible , but it risks 1o upset the nutritional equili-
briuwa by its balanced nature, :



But it is obvious that thesc momentameous improvements
are ephemeral and limited to a short cultivation cycle (BERGER,1964)
Afbervrards, the soil, abandoned to climatic actiom, undergoes a
physicochenical degradation accompanied by erosion.

If we consider substitution of some form of permanent agri-
culture to shifting cultivation it will be necessary to improve the
‘soil in order to obtain anm optimal physicochemical balance, During
the first phase of clearing, we siould steer clear of the cited
evolution of organic matter and that of the absorbing complex, Tiiis
can De done in different ways, e.g. Dy a rapid eutabllsq:ent of
cover crops and subsequent application of manure or compost, by
introduction and rotation of grarvineous cover crops, the eIfoCtS
of which are near-equivalent tc soil improvement by natural secon-
dary vegetatlon, or finally by a form of exploitation combining
agriculture and cattle~breeding (ef. JURION and HENRY, 1967).

Regeneration of and enrichment by organic matvter do seex
ndispensable in order to raise the absorption level of the argiilo-
huiic complex, thus immroving the response to the appllcaulon of
fertilizers,

== ok = o+ o= 4 o= b o= o=
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Sommaixre

DEFORESTATION ET PREPARATION DU SOL PAR 3RULIS
MOD;FICATIONS T35 CARACTIRED PrYSICO-CEIIIQUIS DZ
L1HORIZON SUPERIEUR DU S0L
J-F, TUREHNZ
Office de la Recherche Scientificue et
Technique Cutre~lier
Centre O.ReS.T.0.14 de Cayenn

Sans le systénme traditionnel de culiure itindrante en Guyane

Frangaise, le sol aéfricné par nettoyage de 1a forst et briilis subit
cts cette opération dtimportants changements. A c6té alune amiliora-
rion de la stabilité structurale, dtune humification plus élevie, et
atun apport nétérogéne atéidments minéraux aprés 1le défrichenent, il
faut noter la modification radicale dejla capacité dtéchange du com-
plexe argilo-hunique, avec une trés forte. baisse des possibilités
atéchange de la matiére orgarnigue., Les 41éments échangeables &ppoxr-
tés subsictent avec dominance do Ca et 1:g.

n4 1tom envisage de passer 3 une forme de culture peruanente,
ie mode de défrichement traditionnel sur leguel on doit stlappuyer
conditionne le devenir de la plantation et -la réponse auvX fertili~
sants qui pourront &tre apportés. Dans ce cas la régénération et
ltapport de natiére organigue semblent impérativement nécessaires.

~

Summary
CLEARTIIG and BURWIIIG as SOIL PREPARATION,
ODIFICATIONS OF PHYSIC AUTD CHEMIC CHARACTERS OF THEZ UPPIL SOLL
HORIZOHS.

ing cultivation systems of Frencx

Treditional shifting
prepare the soil by clearing and burning the forest, subd
to important changes subseguent to this operation. -
Zesides an increase of structural stability and humifico-
nutrients, ome notic
Q

tion as well as a heterogenbus addition of mnu 5
of the organic clay ¢C pleX.

+he drastic change in excnannge capacity
tant decrease of oxrganic

Thisg change is partially due to an impor
exchange ceapacity. ~dded sutrients remain in the soil, but Ta and

s

g are the most persistent ones.

: Phs traditional forms of agriculture are fundanental To any
tpansition to permenent agriculiture, and condition the future oF
plantations and their responss to fertilizers., In such cases, sodl
regeneration and enrichrent by addition of organic matter scem to

e absolutely necessary.




