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DYNAMICS OF ORGANIC MATTER UNDER SAVANNA GRASS IN FRENCH GUYANA

J. F. Turenne
Pedologist, Office de la Recherche Sclentifique et Technique Outre-Mer
Cayenne, French Guyana

INTRODUCTION

The 01d Coastal plain forma in French Guyana a narrow belt of about 1,500 ag. km.,
parallel to the coast, between swamps and mangrove on the coast in the north, and pre-
cambrian ghield in the south. It is a landscape of savammas, traversed by humid forest
galleries, formed on a clay fine sands deposit of old coaatal shores (pleistocene).

Two kinds of soils domim te in these savannas: podzols et sols podzoliques (french
classification) - spodoscls (USDA) sols ferralitiques fortement désaturés lessiveés hydro-
morphes (USDA plinthic or ochric Tropudult) (11).

The climate of the Coastal Plain presents several perticular characteristics; namely
the extreme variability of rainfall, the existence of an ecological dry season less than
30 om of monthly rainfall, these characteristics producing a aubstancial dry seaaon with
8 high hydric deficic,

The meteorclogical station of Sinnamary shows, following 12 years (1955 - 1966) 0
to 5 months with a monthly rainfall inferior to 30 mm, 1 to 4 months from 30 to 100 mm,
and 5 to 9 months up te 100 mm. Data from Meteorolozical Setation of Kourou (1956 - 1965
2,421 mn.) are used in this study.

From the calculation of ETP according to Perman formmla, (albedo 0.25) we cen define
for the period 1969 - 1970, certain important climatic events: starting from the moment
when the increasing rainfall equals half the ETP, (R = 0,5ETP) (6)* the humid period
begins; thias one goes on up to the moment when RTP becomes superior to tha rainfall.
Starting from this point, the post humid season ie eatablished and then the dry aeaacn,
The prehumid season goes from the point vhen the rainfall equals 0.5 ETP, to the point
when rainfall = ETP.

We can then distinguish dynamic phases:

-By Cy poat humid period drying up Rainfall « ETP
-Cy Ay dry period desiccation

-h Cy ralny season

-Az By prehumid pericd moistening rainfall <& ETP
-B] By humid period saturation rainfall > ETP

Figure 1 shows the differents periods during summer 1969, which represents the analysis
of differents climatic elements during ten days period.

MATERIAL AND_METHODS

The analysis concern A; horizon soil samples from ferrallitic soils under savannaa,
taken at regular periods, at the end of last decade of each month. They are distributed
in differents sites (Matdti, Corossony, Bordelaise, Combi) at the rate of 3 samples for
each sampling site. Soil moisture is determined at the sampling moment.

On the air dryed semplea (9) we determine cerbon in accordance with Walkley Black
method, nitrogen by medified Kieldahl method; humic acids are extracted by Na pyrophosphate
0.1 M, fulvic acids and humic acids are separated with sulphuric acid; dosage ie done on
dry matter by oxydation with potassium bichromate; separation of moving humic acids and
non moving humic acids is done using electrophoresis (potential differemce 7 volta/em.)

* FRANQUIN gquotes HUTCHINSON and alter: bare eoil evaporation in the beginning of dry season
0.33 Eo; SLATYER (1966) during drying up sesson with showeras = 0,30 Eo; observing thet
Eo is usually calculated with albedo 0,05, FRANQUIN estimates that 1/3 Ec 1s near 0.5
ETP calculated with albedo 0.25. TURC (1961, 1953) shows in the conditions of this field
work that bare soll restores its reserves when monthly rainfall goes up to 0.5 ETP,
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Structural stability is meapured according to Henin (7) {(determinatiom of stable
agregates, without pretreatment, with benzene and alcohol pretreatmentg).

The relemse of carbonic gas is measured by incubation (7 days 30°C) in a closed
recipient, of re-humected aemples (3).

Characteristics of aoill samples at sempling sites (end of December 1969)
vegetation: grass savanna with schyzachirfum and trachypogon

Sempling ' Soil ' Carbon 'Nitrogen C/H ' pH ' Clay ' Silt ' Fine ' Coatrse
' )

site ' moiature' % % ' ratio ' % ' % 'sand % 'eand %

Bordelaise 6.6 15.2 .90 16.9 4.9 8.5 11.0 75.7 1.0

Matiti 14.3 12.1 .73 16.6 5.2 5.7 14.0 77.3 .2

Combi 5.0 14.7 .94 15.6 5.1 8,0 7.6 74.3 6.0

Corossony 8.6 11.3 .10 16,1 5.1 6.6 7.0 69.3 14.8
RESULTS*

They are represented on figures 2 and 3,

The soll moisture of upper horiezom of the soill appears sa commected with difference
rainfall-ETP for the dynamic phases of drying up, diying, rehumecting period, the difference
being calculated with last decade data, preceeding the sampling moment. (fig. 2b, 2c¢.)

1 J 1 1 T L) T L] 1 J. N 1 T
Months , 1‘;63 , Aug. , Sept, , Oct. , Wov. , Dec. , 1';‘.;0 , Feb, | March
Soil moisture 7  16.52 8.65 3.87 3,15 11.20 8.62 17.51 21.5 21.69
ETP Penman mm,.
lat decade 40.4 45.2 45,0 53.6 47.9 37.8 27.5 38,5 28.1
2nd decade 43.6 44,5 49,6 46.1 49.1 38,7 28,1 40.6 47.1
3rd decade 47.3 52.5 49.7 54,6 38.4 60,9 43.3 25.3 3.3
Total 131.3 142.2 144.3 154.3 135.4 137.4 98.9 104.4 106.5
Rainfall mm
lat decade 48.0 25,0 22.5 0.0 0.0 42.0 181.5 77.5 616.0
2nd decade 26,0 24,0 0.0 22.0 30.5 79.0 107.0 120.5
3rd decade 43,0 1.5 1.5 0.5 14,0 30.5 52.0 168.5 125.0
Total mm 117.0 50.8 24.0 22.5 15.5 103,0 322.5 353,0 257.5

Organic matter {fig. 3 a,)expressed In Carbon 7 begins by accuaing a light decrease from the
start of poat humid period; this rate afterwards goes up for the most of the semples to reach
the first maxlmum during the desiccation period, this meximm maintaining ita value, or
elightly increaaing up to tha end of dry season,

* We gresatly thank our collagues Mr. J. L. Thiais and G, Laplanoche, Soil Analysis laboratory
in the Cayenne OBSTOM Center for these resultas.
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ANALYTICAL DATA

fJul 1 T ) . [) [ 1
Months '195; . Aug. | Sept. [ oct. | Nov. . Dec. | '113?6 | Peb.  March
5011 moisture % 16.52 8.65 3.87 3.15 11.20 8.62
. . . - . . 17.51 21.58 21.6
Carbon % 10.84 9,74 12,17 12.64 13.63 13.33 11.52 12,17 12.8
Nitrogen % .76 .67 .83 .81 .88 .81 .78 .82 -4
C/N ratio 14,2 14,5 14,7 15,6 15.5 16.5 14.8 14.8 16.0
Humic acid C % 1,92 1.85 1.85 1.62 1.67 1.79% 1.78 1.65 1.5
E\Jivict:cid c 7 . 42.57 1.60 1.97 1,77 1,92 1.65 1.93 1.66 1.5
xtraction rate % 1.42 35.82 31.38 26,81 . . %
g Hon 26.33 25,80 22,20 27,19 24,4
Humic acid 1.38 0.86 1.08 1.08
Mineralization of 1 0-%2 i 1z
carbon
c (COZ) Matiti 3.3 2.6 2,0 1.9 1.7 1.7 1.8 1.8 1.6
T Total Combi 3. 2.2 1.8 1.6 1.7 1.7 1.8 1.5 2.0
Bordelaipe 2,6 3.1 1.9 1.8 2.0 2,3 2,2 1.9 1.9
Non moving humic acida
(%Z humic acid) 36.204 48.27 52.92 47.77 47,82 50.80 4 45.92 45.64 44,1
Benrene agregatea % 24,31 17.51 17,86 18.76 18,61 16.27 13.9

* glgnificent difference between these values

During the pre-humid period, total amount of organic matier decresaes from 13.4 7 to
11.4 %. This last velue, doea not change or increases slightly later (start of humid pericd
it will reach a second maximum at the end of humid period.

Nitrogen (fig. 3 a): ite variations follow that of total carbon, excepted in march
(rehumectation, beginning of humid period) where it decreases, while carbon increases or
remaine consetant.

Fulvic acids: are in high quantities when the post humid period starts; their minimm
is connected with higher values of carbon (december) and with the beginming of leaching by
rainwater at the end of pest humid period,

Humic ecids (fig. 3 b) non moving humic ncide at electrophoreais, increase during post
humid period; they decrease when desiccation goes om; & rain falling in the 3rd decade of
november, which involves a change in soll moisture from 3 to 117, seems apparently to have
only a slight effect on a non-moving humic ecids smount; but it {s important to notice
that during the following month (december) the slight drying up appearing involves an
increasing of the amount of non moving humic acid,

Less than the level of soll moisture existing in the soil, it 18 the sense of variation
of the soll moisture (rehumectation followed by drying up) which appears to act on amount
of non moving humic acids. These phenomenon showing a reaction to the enviromment variations

in remarkable.

Therefore, the emount of non moving humic acida is differemt, as one considers rehumecte
tion periocd or drying up period, with the same value of soil moisture; during rehumectation
period, there le a well marked depolymerisation, but the amount still remaine high,

Thia ph won of r ce 1la Temarkable, considering the inertia to envirooment
variatione represented by {it.

When prehmid and humid periods appear, non moving humic acide decrease: phases of
polymerisation or depolymerization can be diatipguished, following climatic variatioms.

Na Pyrophosphate non extractible fraction

The composition of this fraction 1s complex; for the fraction non extracted by alcalin
reagents, Perraud (8) finds one part of humic compound highly polymerized and stromgly
bound to winerals (humine surévoluée), one part coming from direct insolubilization of
vegetal material, after more or lesa elaborated transfermation, and one part of fresh
organic matter remaining locked up in mineral matter (humine sequestrée). The maximm of
organic matter (13.3 C % o) runs in commection with the maximmm of non extracted fraction.
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VARTATIONS IN COMPONENTS % OF ORGANIC MATTER WHILE SOIL MOISTURE VARIES

Months , ‘;‘;zg , Aug. | Sept. . Oet. : Nov. : Dec. : ‘;;;‘u : Feb, : March
Soll Molisture ’
Variation' 16.52 8.65 3.87 3.15 11,20 8,62 17.51 21,58 21,69
Non extreit 58.61 x 64.47 67.83 w 73.24 73.81 74,41 x 67.41 x 72.84 75.49
Non moving )
Humic Acid 6,29 x 9.19 8.11 x 6,18 5.94 6,75 7.10 6.10 5.42
Moving Humic
Acid 11,14 9.92 x 7.32 5.73 6.53 6.56 x B.41 7.38 6.91
Fulvic acid 23,95 x 16,40 16.70 13,90 13,70 12,28 x 17,07 x 13,66

x significant differerse between these valuee

Ueing the elementary scheme of the division of organic matter (Fulvic acids - moving
humic scida - non moving tnmic acide - non extractible fractiom) which we sre conaidering
in thie first approach, as going towarde an increasing polymerization, the repartition and
the variationa of these fractions in % of total carbom, ahow dynemic phases of organic
matter evolution.

The part of different fractiona varies according to the season (fig. 4) end comsidering
significant differencea, we can altuate two main momente in the variation of soil mo:l.st\:lre:

In post humid periods & significant decrease of fulvic acids part, a decresse of moving
acids part, and when drying up accentuates, a decrease in the non moving hmic acid amount
appesrs, then we note the significant increseine of the nom extracted fraction "humin®. An
increase of total carbon (10.8 % to 12.6 % and 13,6 %) ia connected to this varistion. In
prehumid period a significant decrease of Na Pyruvphoaphate non extracted fraction gives &
significent increase of electrophoresis moving humic acida and of fulvica acide. A decresse
in carbon smount (13,6 % to 11.5 %) follows thie variation. We emphaeize the possibility
of passage during polymerization or depolymerization phaees between the differents fractione
forming organic matter.

Carbon mineralization coefficient (fig. 3 c) The relationship between cerbon from CO;
relessed In aya by 100 g, of rehumected soil (24%), and the total amount of carbon in the
pemple, shows a high coefficlent vslue at the beginning of the post humid period: this

fact can explain that in spite of polymerization phaae there {s a decrease of organic
matter at this period.

This coefficient decreases up to the end of post humid pericd and the renewal of COz
releage shows 8 certsin delay comparison with the prehumid period.

Structural etability

I1f we conpider agregates amount in the eoil we find a maximum of this smount et the
moment when the percentage of non moving humic acids is higher, and a minimum when thia
percentage is minimm (march). The relationship we observed by the past (10) between non
moving humic acids and structural instability is here verified et the point of etable
agregstes after benzene pretreatment.

% agregetes (benzene) = 30,08 + 2,579 non moving humic acida
(n = 118, P &£ /0.01)

DISCUSSION AND CONCLUS ION

Stsrting from the analysis of French Guyana Coastal Plain climate it seems poasible
to define a certain number of dynamic phaaes in organic matter evolution; sn analyels,
of the cIimate following decad ta be sdequate in order to precise the minimm
climatic peried vwhich can influence soil evolution in savannae.

We have only considered here the means of monthly semples, but a more detsiled study
should separate the sites of samplings and wot to compare them ome another, except
considering soil moisture values equala or approximately equal defining dynamic moments;
these momenta do not obligatory appear a: the same moment for the 4 sites. The same occure
to the organic matter level which vary according to the site.

The definition of post humid, dry, prehumid, humid perfod is &n fmportant fector of
the Imowledge of a soil and ite potentialities., Going to the extreme, we could not accept
in tropical conditions any dsts sbout eavanna-like soil sample without soil moiature at
the moment of sampling and the position of this vaiue in comnection to preceeding or follow-
ing values during the periocd.
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Although different In carbon amount, in the amplitude and in the date of variations
of goil moigture, A} horizons studied here tend all towerds an identicel dynamics.

¥e ahow here how the organic matter react very rapidly at the variations of environ-
ment; the different factors of guyenese cIlimate applied to homogeneous material lead to
biological and phyaico-chemicsl processea which act rapidly on quantity, quality, and
chemical properties of humic compounda, It even seems that besides eoll molsture valuea
vary, it ia the sense of variation (increaese or decrease) rather than the abeolute value
of the soil meoisture which induces the phenomens of polymerization or depolymerization.

Fugacity of polymeric or mon polyweric fractions of orgenic matter is characteristic
of A; soil horizon subjected to important variation of climatic conditions,

One must conaider this fugacity as soon a4s it 18 a question of reconstltuating atock
of organic matter or improving exceasive or insufficient soil drainage.
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