Systemes de culture et dynamiques
de la matiere organique : le semis direct

sur couverture permanente,
une révolution agricole o N O

Central CEP, 74001-970 Goiania GO, Brazil
lucien.seguy@cirad.fr

2- AGRO NORTE, Rua Col. Enio Pipino, n° 993 Setor
Industrial Sul, CP 405 CEP 78.550-000 SINOP MT, Brazil

© N. Chorier

n agriculture tropicale, le travail du sol accélére la destruction de la matiére

organique. Sa restauration est possible en quelgues années grace aux systémes

de culture sans travail du sol, en semis direct sur couverture végétale
permanente. Le choix des plantes de couverture est déterminant. Le taux de carbone
du sol peut atteindre alors celui des écosystémes naturels, méme en partant de
conditions dégradées. Grace au semis direct, I'agriculture agit comme stockeur net
de CO2 et non plus comme producteur net. Le CIRAD a travaillé sur de tels systémes
au Brésil, en Asie, & la Réunion et a Madagascar. Ce poster rapporte quelques résultats
obtenus au centre-ouest du Brésil (secteur tropical humide).

| Station d’expérimentation (Brésil).
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Le dispositif
La méthodologie est fondée sur la méthode de création-diffusion Stratégie de création — diffusion avec les agriculteurs,
des systéemes de culture. Des unités expérimentales sont gérées chercheurs et organisations professionnelles

par les chercheurs et les agriculteurs. Dans leurs fermes (dites

de référence), les producteurs volontaires appliquent plusieurs
systemes de culture en I'état ou en les réadaptant ; I'ensemble

des fermes refléte la variabilité régionale. Dans les unités
expérimentales, les systemes de culture sont organisés en matrices
sur des toposéquences représentatives du milieu. Les nouveaux
systemes sont élaborés en incorporant progressivement d’autres
facteurs de production. Les régles de construction des matrices
(Séguy, Bouzinac, Trentini & Cortes, 1996)' permettent
I'interprétation des effets directs et cumulés des composantes

des systemes au cours du temps. Les matrices et les fermes

de référence sont des lieux d'action, de création de I'innovation

et de formation. Elles constituent un laboratoires de veille, précieux
pour les scientifiques et un vivier de systémes de culture
(techniques de travail du sol, nouveaux systemes en semis direct
et systemes en semis direct plus élaborés—cultures diversifiées,
élevage, agroforesterie). Trois niveaux de fertilisation sont testés :

Répétitions de 2 systemes
(gradients fertilité)

minimum (exportation par grain) le plus représenté non limitant. 1. SEGUY L., BOUZINAC S, TRENTINI A. CORTES NA., 1996. L'agriculture brésilienne

. L. , o . ! des fronts pionniers : I. la méthode de création-diffusion agricole. II. La gestion de la
Ces dispositifs permettent d’améliorer les impacts fertilité par le systéme de culture. 111. Le semis direct, un mode de gestion agrobiologique
sur I'environnement avant de les diffuser & grande échelle. des sols. Agriculture et développement 12 : 2-62.

Comparaison des systémes de culture .
Dans les “Cerrados” du Brésil, le CIRAD a construit trois types les organes de reproduction végétative souterrains ; elle est

de systemes fondés sur différentes couvertures végétales maintenue en vie ralentie jusqu’a ce que la culture assure
permanentes. Dans les systémes avec couverture morte (mulch), un ombrage total ; aprés la récolte, la couverture vivante
celle-ci est issue des résidus de récolte et d’une culture couvre a nouveau le sol et peut étre paturée. Les systemes
ou interculture de renfort fournissant une importante masse mixtes comportent des successions annuelles avec une culture
végétale, implantée avant ou apres la culture principale ; principale et une seconde culture avec minimum d’intrants
elle est desséchée aux herbicides totaux avant le semis direct (apportant une récolte de grains et une masse végétale
de la culture. Dans les systemes avec couverture vivante importante), associée & une espéce fourrageére. Les cultures
permanente, cette derniére est une espéce fourragére pérenne sont récoltées a la saison des pluies et la culture fourragére
dont la partie aérienne a été desséchée tout en préservant permet une production animale en saison seche.
‘ - = SUCCESSIONS ANNUELLES = PRODUCTION DE GRAINS, FIBRES + PATURAGE
SAISON DES PLUIES ————————}—— SAISON'SECHE ——] ‘ ‘ -
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Soja cycle court, intermediaire
¥ » Soja cycle court
Mais + Brachiaria Soja sur Cynodon d.Tifton 85
(32t48that)® Pafurage saison séche (50-90 kg.ha™ viandg)
2 » Paturage saison séche
9.

Riz cycle court Mais + Stylosanthes g.
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Biomasse pErenne, Tifton 85 Coton sur Tiftqn 85 (2,6 + 4.8 tha )1 @)

(1) Fonction niveau technologique - SD = Semis Direct (1) Fonction niveau technologique -

Semis direct sur couverture morte et plante de couverture : Semis direct sur couverture permanente :
Systeme mixte avec une année de culture principale suivie d’un autre Production de grains et paturage temporaire durant la

culture associee avec une espece fourragere (2 exemples au Brgsfeument ob@htPELF 16 Sit& Cirat dlEres8 liCAtip: /lagroecologie.cirad.fr
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Dynamique du carbone et des cations

Apres six années de mesure, dans les trois cas, une perte

de 0,2 a 1,4 Mg C/ha/an est observée en agriculture conventionnelle
dans les horizons [0-10 cm] et [10-20 cm]. En semis direct

sur couverture végétale, le taux de carbone du sol augmente

de 0,83 & 2,4 Mg C/ha/an selon le lieu, les systemes et les especes

de couverture. Ces résultats s’accordent avec les expérimentations
de longue durée conduites aux Etats-Unis et au Brésil. L'évolution de
la capacité d’échange cationique suit celle du carbone. Les systemes
en semis direct créent un pouvoir de rétention des engrais
proportionnel a celui du carbone, limitant leur lixiviation.

Limportance de la séquestration du carbone dépend des systemes
de culture : les plus performants entretiennent en continu

la production d’une forte biomasse aérienne et racinaire dont

le rapport C/N et la teneur en lignine sont élevés, avec des systémes
racinaires trés développés jusqu’en profondeur pouvant utiliser
I'eau profonde et recycler les éléments nutritifs, méme en saison
seche, ce qui permet d’accumuler de la matiére organique.

Les racines les plus résistantes & la minéralisation comportent
d’épais manchons de microagrégats protégeant la matiére
organique, comme Eleusine coracana et Brachiaria sp. La recharge
en carbone intéresse d’abord et surtout I’horizon 0-5cm mais aussi
les horizons [0-10 cm] et méme [10-20 cm], avec les graminées
Eleusine sp., Brachiaria sp. associées au sorgho ou mil et utilisées
comme paturage temporaire.

Utilisation de couverture vive
fourragére (Brésil)

Paturage

Eleusine sp.
forage.
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Soja sur mulch
de pailles de
sorgho (Brésil)
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Soja sur mulch de
pailles de Brachiaria
(Brésil).
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Riz pluvial sur
mulch d’Eleusine
(Brésil)
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Récolte d’Eleusine

Coton, semis direct sur un mulch
de Brachiaria brizantha, 20 jours
aprées semis (Maeda, Brésil).

Soja : semis direct sur mulch
épais de pailes de sorgho.
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Racines de
Brachiaria
brizantha
(plante de

couverture et
fourrage)
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Racines d’Eleusine (plante de
couverture et fourrage)
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Performances des systemes

En zone tropicale humide du Brésil, la production
de matiere seche aérienne annuelle est passée
de 4-8 t/ha en 1986 a 25-28 t/ha en 2000.

Le rendement du soja est passé de 1 700 a 4 600 kg/ha
entre 1986 et 2000 et celui du riz pluvial de 1 800
48000 kg/ha.

Dans ces régions a I'’économie fluctuante, le semis direct
permet les résultats les plus stables : selon le niveau

de risque choisi, les colts de production varient entre
300 et 600 US $/ha et atteignent 1 300 US $/ha avec

la culture cotonniere ; les marges nettes varient entre 100
et 500 US $/ha, selon les prix payés au producteur.

La consommation de carburant, le parc de tracteurs

et de semoirs ont été divisés par deux. Dans le Centre-
Ouest du Brésil, le semis direct a permis de stopper
I'érosion, de produire 10 a 30 % de coton en plus

et de diversifier la production, tout en maitrisant la peste
végétale Cyperus rotondus.

© N. Chorier

Récolte de coton obtenu
en semis direct
(Maeda, Brésil)

© N. Chorier

Culture de coton : semis direct sur couverture morte ( Maeda, Brésil).

Cultivars de riz
pluvial de haute

technologie

Brésil (semis

direct sur Centre
couverture de coopération
permanente). internationale

en recherche
agronomique
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Diagnostic agronomiaue et développement

de techniques de semis direct

Systemes de culture fondeés sur le riz pluvial en zone
montagneuse du Nord Vietnam

O. HUSSONL, H. D. TUANZ, P. LIENHARD?,
L.Q. DOANH?Z, L. SEGUY?

Projet SAM (Systémes agraires de montagnes)
1. CIRAD, TA 74/09 Av. Agropolis,
F34398,Montpellier, France
2. VASI, Van Dien, Thanh Tri, Hanoi, Vietnam

Diagnostic agronomique

Dans les montagnes du Nord Vietnam, avec une population croissant rapidement,

la forte pression de I’élevage et I’évolution fonciéere, les systéemes traditionnels

de défriche-bralis ne sont plus durables et ont été bannis. Il est urgent

de proposer aux agriculteurs des pratiques agronomiques et des systémes de culture

durables, simples, peu exigeants en intrants et permettant une sédentarisation a plus

long terme aprés défriche de la forét. Un diagnostic rapide mais précis a été conduit

en 1998-1999. La plupart des types de culture et d’usage de la terre ont été identifiés.

Maisons et jardins sur Riz de bas
les terrasses les plus fonds dans
hautes Riz pluvial sur _ |

Mais sur sols bruns
Forét secondaire Manioc (apres riz développés sur calcaire
pluvial)

Patures et buffles

Les principaux facteurs limitants du rendement du riz pluvial ont été les bas niveaux d’activité biologique du sol.
identifiés et classés : entre les parcelles, les variations de rendement Ces facteurs traduisent, a différents niveaux, le seuil de régénération
du riz pluvial sont principalement expliquées par les précédents du sol (pendant les jachéres, limitées par un surpaturage
culturaux (ou le type de végétation défrichée) et le nombre d’années et des prélevements) ou la dégradation (particulierement I'érosion
de culture depuis la défriche-brdlis de la forét. Au sein pendant les cultures). A ces deux niveaux, les rendements sont aussi
d’une parcelle, les facteurs limitant le rendement du riz sont inversement proportionnels a la pression des adventices.
les caractéristiques physiques et chimiques du sol, en relation avec
-« Rendement du riz en fonction .-- Rendement du riz en fonction ... Rendement du riz en fonction

de la végétation précédente et ¢ de la compaction du sol : dela pre,ss,ion des adventices

du nombre d’années de culture : etdu précedent
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“' Type 3: 10- 20 ans de jachére modérément paturée ou de plus de 20 ans, surpaturée

Type 4: 10-20 ans de jachére non paturée, ou de plus de 20 ans modérément paturée °Typel »Type2 oType3 aTyped

Résistance

Type 5: Jachére de plus de 20 ans, non paturée eType5 oMoyenne par type
La pluviométrie et les caractéristiques Caractéristiques des sols Diagﬁostic agronomique :
physiques du sol déterminent sa réserve : pn _ S .
- > P : v—_——a/| Chimique facteurs limitants de la
en eau disponible. Les caractéristiques : A (Al, pH, M.O...) croissance et du
physiques et chimiques du sol affectent “ rendement du riz
le développement racinaire. En l .
conséquence, La réserve utile en eau Développement racinaire

(RU) est tres limitée. Outre une forte Physique

pression des adventices, cela conduit a : _
un faible développement des cultures. N

Les plantes chétives offrent également :

moins de résistances aux insectes et aux -
maladies. Le résultat est un rendement
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" DEVETOYPETEHEES §/5tmes de culture fondés
sur des techniques de semis direct

Les techniques de semis direct ont été adaptées aux conditions locales parce
gu’elles peuvent répondre aux causes actuelles des problémes rencontres,
et non pas uniquement aux symptémes percgus.

En premier lieu, elles ont été testées en petites parcelles d’expérimentation. Les systemes les plus
prometteurs ont été appliqués ensuite sur de grandes parcelles, respectant la toposéquence, dans
les conditions de culture des agriculteurs. Des solutions pratiques et économiques ont pu étre
proposées et développées avec les agriculteurs. Ces techniques sont fondées sur deux principes :
1. remplacer le labour mécanique par une amélioration biologique de la structure du sol,

2. toujours garder le sol couvert avec une couverture vive ou morte.

Amélioration de la structure du sol par des plantes
pourvues d’un fort systeme racinaire et favorisant
le développement de I'activité biologique

Brachiaria brizantha

Brachiaria humidicola :
Vers de terre et galleries

... Contrdle de I’érosion et production de mulch ........cccocceeeeee.

: Sol toujours couvert avec une couverture morte ou vivante :
: e empéche I'érosion

i« Accroit I'infiltration

i = Réduit I'évaporation

: = Tempeére les variations de température

: = Favorise le développement des micro-

: et macro-organismes .

: « Controle les adventices
: « Accroit les taux de matiere organique et des
: éléments minéraux disponibles

: Ecobuage ou cuisson.,

lente et controlée i
du sol, base d’une
amélioration rapide

Mais en intercalaire  ...... 1,7 t/ha, année 1
et B. ruziziensis sur sur des sols
dégradés, sans
fertilisation

des mini-terrasses
pour des fortes pentes

:-- Rotation de cultures
et diversification
Mais, soja,

Centre

Vietnam Srati
! d t
Pl arachide, etc. Agricultural o oooReeon
H Productions Sciences  on recherche
: : A Institute
S S S DoculTtt BB

/agroecologie.cirﬁ@}‘émque

développement
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Cropping svstems and organic matter

dynamics: direct seeding on plant cover,

an agricultural revolution

L. SEGUY?, S. BOUZINAC!, A.C. MARONEZZI?

1- CIRAD-CA-GEC, a/c Tasso de Castro, BP 504, Agencia
Central CEP, 74001-970 Goiania GO, Brazil
lucien.seguy@cirad.fr
2- AGRO NORTE, Rua Col. Enio Pipino, n° 993 Setor
Industrial Sul, CP 405 CEP 78.550-000 SINOP MT, Brazil

conditions. No-till cropping systems involving direct seeding on

T illage accelerates organic matter destruction under tropical agriculture
permanent plant cover enable short-term soil restoration. Cover plant

= choices are crucial. Soil carbon can thus be boosted to levels generally found in
- natural ecosystems, even when starting from degraded soils. Direct seeding

-

P o i

- |

Experimental unit (Brazil)

- systems promote net CO, storage rather than net production. CIRAD has been
working on such systems in Brazil, Asia, Réunion and Madagascar. This poster
reports some results obtained in central-western Brazil (hot humid tropical area).

Material aNd MELNOOAS seeeeeesecsecsceseasecsccsscsscsscossassassasssssssssssssssassassassans

Study design

Cropping systems can be regularly improved via the
“innovation-extension strategy”, while meeting the
requirements of researchers, agricultural professionals and
regional institutions (Séguy et al., 1998)%. This experimental
approach places upstream research in an in situ context. The
experimental units were managed by researchers and
farmers. Volunteer farmers—on their so-called “reference
farms”—implemented several different cropping systems as-
is or tailored them to meet their specific needs. The set of
reference farms was representative of the diversity of this
region. Cropping systems were set up in matrices on
representative toposequences in the experimental units.
New systems were developed by gradually including other
production factors. Based on matrix construction rules,
direct and cumulative effects of cropping system
components can be interpreted over a time course.
Reference farm matrices are sites of action, innovation and
training. They also provide a field-monitoring laboratory for
scientists, a cropping system vivarium where tillage
techniques, new and highly complex (diversified crops,
livestock production, agroforestry) direct seeding systems
can be showcased.

Comparison of cropping systems

Innovation-extension strategy with farmers, researchers
and agricultural professionals.

1. SEGUY L., BOUZINAC S., TRENTINI A. CORTES NA,, 1998. Brazilian frontier agriculture:
I. The agricultural innovation-extension method. 1. Managing soil fertility with cropping
systems. 1. Direct seeding, an organic soil management technique. Agriculture et
développement Special Issue, Cirad, Montpellier, France, 64 p.

In the “Cerrados” of Brazil, CIRAD has set up three types of

cropping systems based on different permanent plant covers.

Systems with dead cover (mulch) involve crop residue and a
high biomass producing support crop—it is wilted with
nonselective herbicides prior to direct seeding the crop.
Systems with permanent live cover involve perennial forage
species as cover crop, and the above-ground parts are wilted
but the underground vegetative reproductive organs are

Direct seeding on permanent mulch and plant cover:
mixed system with annual sequences with a main crop and
a subsequent crop, associated with a forage species

(two exemples from Brazil).

—= Rainy season —————»|«— Dry season —»|
[sTo[N[D[JTF[MTA[mM[J [J[TATS]
—
DS

1th

=»
Soybean (short cycle)
¥t
Maize + Brachiaria
oth » Dry-season grazing
Rice (short cycle) Maize + Stylosanthes g.

3.0103.8 tha' OV

35106.0 tha' [IETCE AL Meat

DS: direct seeding
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conserved—after harvest, the live cover recolonizes the field
and can thus be grazed. Mixed systems involve annual
sequences with a main crop and a subsequent crop requiring
minimal inputs (producing grain for harvest and high
biomass), associated with a forage species. Crops are
harvested in the rainy season and the forage crop can be
grazed by livestock during the dry season.

=

Direct seeding on permanent plant cover: grain production
and temporary dry-season grazings (two exemples from Brazil).

7 Rainy season —————»}«— Dry season —»]|

(s J0 INIB[JFImM [ATMII [ JATs]

1th

Soja cycle court

Soybean on Cynodon dactylon
(var. Tifton 86) Dry-season grazing (50-90 kg.ha ! meat)

oth

Permanent plant cover

3 Cotton on Tiftgn 86 (2.6 to 4.8 t.ha'l)
(C. dactylon var. Tifton 86)

2001
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After 6 years of analysis, in the three cases, 0.2-1.4 Mg
C/halyear was lost under conventional farming conditions
in the [0-10 cm] and [10-20 cm] soil horizons. With direct
seeding on plant cover, soil carbon levels increased from
0.83 to 2.4 Mg C/halyear, depending on the site, cropping
system and cover species. Similar patterns were noted in
cation and carbon exchange capacities. Direct seeding
systems were found to enhance fertilizer retention to a
level proportional to that of carbon, while reducing
leaching.

The most efficient systems enable continuous high aerial
and root biomass production, with a high C/N ratio and
lignin content, extensively developed root systems that
reach deep soil horizons, so plants can tap deep humidity
resources and recycle nutrients, even in the dry season,
thus enhancing organic matter accumulation. Roots most
resistant to mineralization have thick microaggregate
sheaths that protect the organic matter, e.g. Eleusine
coracana and Brachiaria sp.: carbon is recycled especially in
the [0-5 cm] horizon, but also in the [0-10 cm] and even [10-
20 cm] horizons, with the grasses Eleusine sp. and
Brachiaria sp. intercropped with sorghum or millet and
used for temporary grazing.

© N. Chorier
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In humid tropical areas of Brazil, annual aerial dry matter
production rose from 4-8 t/ha in 1986 to 25-28 t/ha in 2000.

Soybean yields increased from 1 700 to 4 600 kg/ha
between 1986 and 2000. Rainfed rice yields rising from
1 800 to 8 000 kg/ha between 1986 and 2000.

Direct seeding strategies can help stabilize incomes in
these regions of highly fluctuating economies: depending
on the risk level, production costs range from $US300 to
$US 600/ha to as high as $US 1 300/ha for cotton crops. Net
margins range from $US 100 to $US 500/ha, depending on
the producer price. Fuel consumption, tractor and seeder
fleets are cut by half. In central-western Brazil, the use of
direct seeding systems halted erosion, increased cotton
yields by 10-30%, enabled crop diversification, and control
of Cyperus rotondus weeds.

© N. Chorier
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Agronomic diagnosis and development
of direct sowing techniques

Upland rice-based cropping systems in mountainous
areas of Northern Vietnam

L.Q. DOANH?, L. SEGUY!

Projet SAM (Systemes agraires de montagnes)
1. CIRAD, TA 74/09 Av. Agropolis,
F34398,Montpellier, France
2. VASI, Van Dien, Thanh Tri, Hanoi, Vietnam

Agronomic diagnosis

In the mountains of Northern Vietnam, with the rapid population growth, the high pressure
of cattle and changes in land tenure, the traditional systems of slash-and-burn are no longer
sustainable and have been banned. It is extremely urgent to propose to farmers simple,
low-input, sustainable agronomic practices and cropping systems, enabling long-term
settlement on field after forest clearing. A rapid but sound and clear agronomic diagnosis
was conducted in 1998/1999. Major cropping situations and land use types were identified.

Houses and gardens Lowland rice
on high terrasses in valleys

Upland rice
on ferraliti

Maize on brown soils
Secondary forest Cassava developed on lime stone
(after upland rice)

Pasture and buffaloes

Main factors limiting upland rice yield (at various scales) were characteristics, in relation to poor biological activity. These factors
identified and ranked: Between fields, upland rice yield variations reflect, at various scales, the level of soil regeneration (during fallow
mainly are explained by preceding vegetation type and number of periods, but limited by intensive cattle grazing and extraction) or
years of cultivation after slashing and burning the forest. Within degradation (especially erosion during cultivation periods). At both
field, major factors limiting rice yield are soil physical and chemical scales, yield also can be put in relation to weed pressure.

- Rice yield as a function of preceding ... Rice yield as a function of soil .- Rice yield as a function of weed
vegetation type and number of cultivation i compaction : pressure and preceding vegetation type

2000
2000

< o o
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° < 1000 — =
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1 H : 500 ° ° LN 2
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H . A
5 3 Yearof : : °
Precedingtype ° 2 1 cultivation : 00 05 10 15 20 25 30 35

' Type 1: Old pasture (over 20 years) Weed infestation

. Type 2: Less than 10 years-old forest or 10-20 years-old forest, heavily grazed

I Type3: 10-20 y.0. forest moderately grazed or over 20 y.o. forest, heavily grazed oTypel oType2 oType3 aType4
Type 4: 10-20 y.o. forest not grazed or over 20 y.o. forest, moderatly grazed eType5 oAverage per type
Type 5: Over 20 years-old forest, not grazed

Rainfall and soil physical : Soil characteristics : P ;
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DR IGEET T Ero1bIng systems based
on direct sowing techniques

Direct sowing techniques were adapted to local conditions as they can
address the actual causes of the problems, not only the symptoms.
First, they were tested in small plots. Most promising systems were then
applied in large plots, across the toposequence, in farmers 'conditions. Practical
and economical solutions could be proposed to and developed with farmers. These techniques
are based on two main principles: 1. Replace mechanical ploughing by biological improvement
of soil structure, and 2. Always keep the soil covered with living or dead mulch.

Improvement of soil structure by plants with strong
root systems and development of biological activity

Brachiaria brizantha
Brachiaria humidicola

Earth worm and galeries

... Erosion control and mulch production ...........ccceceiiiiiinnie.

: Soil always covered with living or dead mulch:

i Prevents erosion

i = Increases infiltration

: = Reduces evaporation

: e Buffers temperature

i« Helps development of micro and macro organisms

.  Controls weeds :

: * Increases organic matter content and provides

: . Mucuna (Stizolobium aterinum)
: nutrients

.-Weeds control by a thick mulch

Ecobuage or slow
soil cooking for
rapid improvement

Inter-cropping maize... ' :
and B. ruziensis on 1.7 thha, first year, [B

M on degraded soil, |4
mini-terraces :

without fertiliser
for steep slopes

.. Crop rotation and
diversification

Centre

Maize, soyabean, Vietnam g cogpération
Agricultural ;niernationale
peanuts, etc. acionces

8 en recherche
Institute
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Conservation tillage effects on runoff
reduction In rainfed maize of semi-arid

zones of western Mexico

Direct sowing of maize into
partial-covering maize stubble,
using animal traction,

Mexico.

© A Findeing

E. SCOPEL?, A. FINDELING?

1. CIRAD-GEC/EMBRAPA-CPAC, Km18 BR020, Rodovia
Brasilia/Fortaleza, BP.08223, CEP73301-970 Planaltina DF Brazil
e-mail: eric.scopel@cirad.fr (corresponding author)
2. CIRAD-Agronomie, TA 40/01, Avenue Agropolis,

34398 Montpellier Cedex 5, France,
e-mail: findeling@cirad.fr

to quantify and to modelize the effects of conservation tillage

B etween 1994 and 1999, a series of studies were done to try

(direct drilling of seeds into a residue mulch-CT) and particularly
of a partial residue mulch on water dynamics in the soil-plant-
atmosphere system under semi-arid conditions of western Mexico.
They showed that with even a very minimal amount of residue

(1.5 t/ha), CT begins to give worthwhile improvements in productivity
(Scopel, 1994; Scopel et al., 1999), illustrating the important role of runoff reduction
(30% less than with traditional tillage) in explaining benefits of this technique. This study set out
to explain the mechanisms involved in this reduction of runoff losses, trying to separate the short term
effects on water movement on the soil surface and the long term effects on water infiltration capacity

(Findeling 2001).

Material and methods

This study was conducted in 1998 in a semi-arid zone (between
400 and 600 mm of rain per year) of western Mexico, on a silty-
loam soil with a 7% slope on average (Findeling 2001). On an
experiment with a complete block design with two replications
(each elementary plot was about 500 m?2) four treatments in
particular were studied (photo 1):

= zero tillage without mulch (ZT),

= conservation tillage with 1.5 t/ha of residue mulch (CT 1.5t),
= conservation tillage with 4.5 t/ha of residue mulch (CT 4.5t),
« traditional tillage with an offset at a depth of 10 cm (TT).

- A macro-fauna inventory was
made. Inflltra_tlon tests were
CTast CTist MSist BS conducted with the Beer-Kan
method at depths of 0, 2 and 50 cm
for each treatment (Findeling
2000a).

Close to and under the same
conditions as the main
experiment, 20 m? runoff plots
were established (photo 2).
Four treatments in particular were studied:

= bare uncropped soil (BS),

= uncropped mulched soil with 1.5 t/ha of residue (MS 1.5t),
* CT 1.5t

* CT 4.5t

Datalogger

~<—Outlet )
Drum

Results

Runoff was studied for 21 events distributed between
07/02/1998 and 10/11/1998, during the crop season. In every
case, runoff coefficients on cumulated data were greater
without mulch (ZT), significantly reduced with a light 1.5 t/ha
mulch (30 to 50% less), and lowest with a 4.5 t/ha mulch

(50 to 80% less) (fig. 1).

Fig. 1. Effect of treatment on cumulated runoff for 21 rainfall
events distributed over the 1998 maize cycle.

m CTA45t

Runoff coefficient (-)

Photo 1. Description of the four treatments of the main plots.

Traditional Tillage (TT). Zero tillage, no residue (ZT).

Conservation tillage, 1.5 t/ha (CT 1.5t). Conservation tillage, 4.5 t/ha (CT 4.5¢).

Total runoff and runoff hydrograms were recorded for several
rainfall events (Findeling 2000b). Velocity of runoff and friction
factor were estimated for these plots during a specific
experiment with artificial and constant flows of water.

The tortuosity of runoff trajectories was then estimated directly,
comparing the direct distance and real length of the trajectory
between two points.

On analysing all the hydrograms (fig. 2), it appears that mulch
generally acts in two different ways explaining the differences
between the treatments on cumulated runoff:

= by delaying the start of runoff after the beginning of the rain,
= by decreasing its intensity (lower slope for cumulated runoff
in time).

Fig. 2. Effect of treatment on runoff dynamics during rainfall
event 36 (08/11/1998).

5

4 Rainfall
BS

MS 1.5t
CT 1.5t
CT 4.5t

3

2

. F

Rainfall or runoff (mm)
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Photo 3. Experimental observation
of the mulch elements dam effect
on runoff (CT 4.5t).

ReSults (fOlIOWING) ceeeeeeecrereeeenrenrenrinciariaciececnscnecnccnccncons

Part of this effect can be explained by the role of successive
barriers played by small residue heaps, even with very little
residue on the soil (photo 3). This is clearly illustrated by the
differences between treatments in the tortuosity of the runoff
pathways (photo 4), which increases with the amount of
residue (table 1). The effects of mulch on runoff velocity and
on friction factor (linked to superficial roughness) are also
significant, but are more significant with 4.5 t/ha than with

1.5 t/ha of residue.

Table 1. Effect of treatment on tortuosity and friction factor.

Plot Mulch biomass (t/ha)  Tortuosity Friction factor
TT 0 1.09 0.49
zZT 0 1.09 0.27
MS-1.5t 15 1.28 0.38
CT-1.5t 15 1.28 0.38
CT-4.5t 45 1.46 1.15

Significant differences in infiltration velocity have been
observed on the surface between treatments (fig. 3), with
higher infiltration rates for mulched treatments after five years
of conservation tillage. A major difference is created by the
hydraulic conductivity of the 0-2 cm top layer, which tends to
encrust without mulch, even in TT where the soil has been
prepared mechanically at the beginning of the season.

Fig. 3. Effect of treatment on infiltration rate, after five years.
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Photo 4. Experimental comparison
of runoff pathways tortuosity of
two contrasted treatments.

The practice of conservation tillage, with no tillage for several
years and returning part of the organic biomass on the soil
surface, activated the total macro-fauna population (fig. 4),
whose constant activity and exchanges with the litter
maintained high surface porosity (photo 5). At the same time,
the intimate mixture of semi-degraded crop residue with soil in
the first 2 cm helped to protect this favourable surface
structure. Both phenomena explain this effect of the mulched
treatments on surface hydraulic properties.

Fig. 4. Effect of treatment on total soil volumetric macro-fauna
content (including earthworms, termites, and different
Coleoptera larvae).
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Photo 5. Experimental observation of
macrofauna activity under the mulch.

CONCIUSION teteeeeeeeseeessccossccnssccssccassccssecasssenssessseenssecnssessscenssaanssasnss

This study confirmed the significant effects of very partial
mulch on runoff reduction in conservation tillage systems, as
already observed in previous studies (Scopel, 1994; Scopel et
al., 1998; Steiner, 1994). We demonstrated both a physical
barrier effect of residue heaps and the maintenance of a high
infiltration rate, by preventing crust formation on the soil
surface (Findeling 2001). The first effect is continuous, which is
probably why, in this context, very good yields of rainfed maize
can be obtained with this technique, right from the very first
years of CT application (Scopel, 1994). The second probably
increases with time, accentuating the beneficial effect of
mulched treatments on water storage year after year.

This mechanistic approach allowed us to better understand the
benefits of CT for such semi-arid zones and opened up new
prospects for modelling the effects of a partial mulch on runoff
in a less empirical way than has been done before
(Scopel et al., 1998).
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Direct seeding on plant cover

with "'soil smouldering" techniques

R. MICHELLONY, L. SEGUY?
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Hilly area of Madagascar:
volcanic soils of Betafo.

he soils in hilly and densely populated areas in the “Hautes-Terres”
T region of Madagascar are mainly ferrallitic and thus fragile, relatively
infertile and prone to erosion. In addition, under low temperature

conditions, organic matter breaks down very slowly and traps nutrients that
are essential for crops. Direct seeding systems on plant cover offer a broad
range of benefits, including erosion control and soil fertility enhancement.

However, yield improvements are low because farmers —focusing chiefly
on their immediate survival— apply very little fertilizer. Facing these
constraints, soil smouldering, associated with direct seeding on vegetal cover, should allow
a sustainable improvement of the production, with minimum inputs.

@ 0. Husson

© O. Husson

Material and MethodS eeeeeeeeeeeeereeeeeeeeeanenns

“Soil smouldering* involves sluggishly Soil smouldering
burning plant matter (fuel) covered with a techniques
10 cm layer of soil in a 20 cm deep trench, o | -

with air outlets spaced every metre.
Several fuels for this purpose can be
obtained in fallowed fields (e.g. dried
grasses, Aristida sp., and Acacia mearnsii
branches), in addition to barley straw and
rice husks.

Soil smouldering was carried out in fallow

1000000000000 00000000000000 0

The control treatment was carried out
on bare soil after ploughing prior to
sowing the crop. Another treatment,
comparable to the ploughed control,
was conducted with an initial
application of ash (4 t.ha) produced
by open-air combustion of the same
quantity of Aristida sp. as that used
for the soil smouldering operation.
The experimental conditions were

fields after mowing, on ferrallitic soils
(Ibity), or ploughing subsequent to the
harvest of food crops on volcanic soils

identical in all cases: split-plot design
(with 3 replications), combining the
main treatments, i.e. the fuels (and

© O. Husson

(Betafo). Fields where soils had been
smouldered were subsequently cropped
using direct seeding procedures on
mulch (Aristida sp., 7 t.ha').

The effects of the different fuels were
assessed relative to four fertilizers
adjusted according to the type of soil
and crop:

- Fy N, fertilized

- F; Manure alone

- F, Manure + chemical fertilizer

- F; Manure + chemical fertilizer
+amendment.

controls), with the fertilizers on

13.5 m? plots.

Rice (cvs FOFIFA 133 or 152) and
soybean (cv FT10) were sown in seed
holes with 10 cm spacing on pairs of
rows (30 cm between paired rows),
with 50 cm spacing between pairs of
rows.

Crops are conducted with plowing

or with direct seeding and muich.
© A. Chabanne

3. Firing the outlets.

© A. Chabanne

ReSUItS e@ecccccccccccccccccccccccccccccccccncoe [jg 1 Effectsof the type of fuel used for soil smouldering on rainfed rice yield.

In the first year, the soil smouldering technique had spectacular
effects, i.e. boosting rainfed rice yields to levels that could be
achieved with high chemical fertilizer inputs—to which farmers
have no access for financial reasons (Fig. 1). On the two types of
soil, mean yield gains of 1-2 t.ha'! were obtained, depending on
the fuel, as compared to the ploughed control treatment,
without any effect of the fertilization level.

The type of material used for fuel affected crop yields, with rice
husk fuel giving the best results on ferrallitic soils.

Lower yield gains were achieved when applying ash produced by
open-air combustion of the same quantity of Aristida sp. as that
used for the soil smouldering operation, i.e. 0.5 t.ha’l of rice on
ferrallitic soils, but this input had no effect on volcanic soils.

A residual effect was observed on soybean yields in the year
following the soil smouldering operation—this effect was more
substantial on volcanic soils (Fig. 2).

Treatments ranked by the Newman and keuls test
(5% threshold)
CV fuels= 21%; CV Fertilizers= 15%,
respective SDs= 580 and 428 kg.ha'l

Treatments ranked by the Newman and keuls test
(5% threshold)
CV fuels= 18%; CV Fertilizers= 11%,
respective SDs= 469 and 283 kg.hal

Fuel dose in tha* d.m.: acacia 39, aristida 54,
rice husks 50, barley straw 19

Fig. 2. Residual effects of the type of fuel used for soil smouldering on soybean yield. -
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Trophic control of tillering rate of three rice cultivars

(Oryza sativa L. and O. giaberrima Steud.)

under different drought levels

illering capacity of rice depends on the genotype, on
r esour ces

T

available for gronth and the level of physiol ogical stresses. The
aimof this work is to examine tillering dynamcs of three geneti -

cdly

contrasting rice cultivars: | ACA7 (upl and-adapted, Q sativa, japo-
nica, lowtillering), Javaé (I owandadapted, Q sativa, indica,
high-tillering) and G3l4 (broadly adapted, Q gl aberrina, high-

(] Material and methods

The experiments involved three genetically contrasting rice cultivars:

- IAC47, a traditional, O sativa, japonica, upland type;

- Javaé, a semidwarf, O sativa, indica, type grown in lowland and irrigated ecosys-
tems;

- CG14, a traditional,
Q gl aberrima type.

upland and lowland adapted, photoperiod-sensitive,

[1 Greenhouse experiment. Conducted in 1997 on the EMBRAPA Research Experiment
Farm (16.28° S, 49.17° W, and 823 m als), near Goiania. Randomised complete block,
using 3 cultivars, 3 water regimes with 18 replicates. The soil was a latosol. One day
before sowing, a pre-mixed fertiliser and micronutrients was applied to each pot. At
about panicle initiation, 85 mg N.kg-1 dry soil as ammonium sulphate was applied.
Plants were thinned to 6 per pot at emergence, 2 per pot at the appearance of the 3rd
leaf and 1 per pot at the appearance of the 7th leaf on the main stem.

Three water regimes were imposed: continuous watering to field capacity or reduced
watering (moderate stress = - 0.025 MPa and severe stress = - 0.060 MPa matrix poten-
tial) from the appearance of the 3rd leaf to the appearance of the flag leaf on the main
stem. The soil was kept at a constant bulk water content, weighing and watering of pots

Phenological analysis
B g y

Significant differences in tiller number between cultivars under well-watered conditions
were observed from 40 DAE onwards, corresponding approximately to the appearance
of the nineth leaf. Javaé and CG14 significantly produced more tillers than IAC47 in all
treatments. Drought effects on tillering were small during the period of exponential
growth (until ca. 40 DAE) but became very pronounced thereafter. The relative reduc-
tion in tiller number for the moderate (severe) drought treatment at the stage of flag leaf
appearance was 23% (43%) for CG14, 5% (48%) for Javaé and 35% (35%) for IAC47.

Control Maderate crought Severe drought
10— —_—
80 T
Flag leaf’
= il
5
2w
S
£ 40
2 Fig. 1. Changes in number of emerged tillers
for isolated plants, three drought treatments
and three cultivars (2 1AC47; 0 Javaé;
o A CG14). Error bars indicate the standard
O 40 ® 1201600 40 B0 120 1600 40 &0 120 60 errors (SE) for means of four to six
Days after emergence replications
Patterns of individual leaf blade area for the primary tillers showed a strong relationship
with that of the main stem for all cultivars and drought treatment. Area of subsequently
blades increased during vegetative development and then decreased. Drought had no
effect on these relationships between culms. The first leaves of the tillers were more
similar in size to those of a seedling.
Control Moderate drought
125 . )
| | —o— Main stem I
—5— Tiller | ‘
~ —v— Tiller 3
= 100 - —o— Tiller4
2
E 75 -
B
(=Y
g 50
5
g Fig. 2. Area of fully expanded leaves for the
w25 main stem (a) and the first primary tillers (b)
as a function of leaf position for control and
o moderate drought treatments on IAC47.
0 4 8 12 16 0 4 8 12 16 Error bars indicate standard errors for
Leaf position on main stem means of three to twenty-six replications
depending of developmental stage.
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Photo 1.
IACA47, low-tillering
type.

Photo 2.
CG14,
high-tillering type.

every day.

[ Field experiments. In 1997 at the EMBRAPA research experiment farm. Sowing during the
cold dry season (10 April) and the hot dry season (22 July) in a randomised block design with
4 replicates. Plots surface area was 22 m2, Plant density: 120 plants.m-2 (cold dry season)
and 85 plants.m-2 (hot dry season). The soil was a latosol. Fertiliser application according to
local recommendations and plots were kept weed free. Sprinkler irrigation was used to keep
the soil at field capacity.

[J Sampling. For the greenhouse experiment, at each sampling, 4 to 6 plants were separated
into roots and shoots, the shoot into individual tillers, and tillers into separate visible leaves
(green and dead part of leaf blades), sheaths and internodes. Destructive measurements were
carried out 4-5 times on field experiments on 4 sub-plots of 0.5 m2 per cultivar.

[J Number of tillers and genealogy. Emerged tillers were counted on all plants and their
genealogy was determined.

Growth analysis
] y

In order to compare effects of growth stage (a), drought treatment (b) and cultivar (c), regres-
sions were performed on data bulked according to these factors. A stable and uniform, linear
relationship was found between RTR and RGR for two sources of variation (drought and cul-
tivar). The intercepts on X and the slopes of the first three stages differed from the fourth stage
at the 0.001 probability level.

The intercept on X for the overall regression line (RTR = - 0.014 + 0.619*RGR, R2 = 0.84)
was 0.023 g.g-1.d-1, indicating that no positive tillering occurred at RGR below that value. At
any developmental stage, RGR of Javaé and CG14 were at least 10% higher than that of
IAC47.

Cultivars

Developmental stages Drought treatments

Fig. 3. Relationships between relative tillering rate
and relative growth rate based on developmental
stage (a: ¢ stage 1, dotted; Ostage 2, short dash;

A stage 3, long dash; v stage 4, solid line), drought
treatments (b: © control, solid line; Dmoderate, short
dash; A severe, dotted) and cultivars (c: ©1AC47, solid
Relative growth rate (g.g”.d") line; Javad, short dash; CG24, dotted).

Lines indicate linear regressions.
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Simulation of tiller production, using a cultivar specific relationship RTR vs RGR, gave a reaso-
nably good fit with observations for the vegetative growth phase (from the seedling emergence
to 40 days after emergence) in two-independant, well-watered, field trials. Consequently, this
relationship RTR vs RGR is valid for both isolated plants and field crops.

Fig. 4. Two experiments
(white and black symbols)

L - - 1000

a conducted under field
conditions in Goiania
— 500 - (Brazil). (»IAC47; Javaé;
£ s A CG14 (means of four
~ 400 = ot
4 > replications).
g 00 = a) Number of tillers per
“é % plant. Lines indicate simula-
2 oD 2 tions using a relative tillering
g T (RTR) vs relative growth rate
& % & (RGR) relationship taken
from greenhouse-based
® & observations (solid line,
¢ 10 20 30 40 50 0 200 400 600 800 1000 IACA7; dotted line, CG14;
. Centre
Days after seedling emergence  Observed tillers (m?) short dash, Javag). P
b) Predicted versus observed | de coopération
tiller numbers. internationale
en recherche
Conclusion agronomique
. pour le
. . . développement
[Leaf appearance is synchronized across tillers.
0 New tillers repeatedly ‘catch-up® with the mainstem
in term of leaf size but not number.
[ Tillers number depends on biomass growth and not
on bud num
I
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Plant covers, soill macrofauna

and geranium

Geranium cropping
on straw mulch. I

cropping
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n the highlands of western Réunion, the abandonment of fallowing,
the use of monocropping and crop rotations under bare soil conditions,
and excessive application of pesticides has led to physical, chemical and

biological soil degradation. The technical and socioeconomic performances

of farms with geranium (Pelargonium x asperum) as main crop have been
markedly affected by these trends. They have also had a detrimental effect
on the environment—already weakened by serious natural constraints.
Cropping over plant covers could enhance the sustainability of such farms

© A Chaban®

Material and methods 000000000000000000000000000000000000000000000000000000000000000000000000 0

On a highly eroded andosol plot, an experimental block design
was used with six replications. The tests were carried out by
farmers over an 18-month period. Two types of cover were
tested: a sugarcane (Saccharum officinarum) straw mulch

under these adverse conditions.

derived from crop residue (especially leaves) obtained after
sugarcane harvests; a live Stenotaphrum secundatum cover
planted in a geranium field, kept alive and controlled with
low-dose selective herbicide treatments.

ReSUltS 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

As compared to a control geranium crop grown on bare soil,
the sugarcane straw mulch treatment led to significantly higher
production of green above-ground biomass (Fig. 1).

S. secundatum only had a significant positive effect on crop
yields after 1 year of cropping.

Fig. 1. Geranium green above-ground biomass production (t.ha™).

Vertical bars represent the standard error.
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a, b, c: The same letter for the same date indicates that the difference was not significant
(Newman-Keuls test; p< 0.05).

Since essential oil yields were not significantly affected by the
different treatments, the resulting overall production showed
the same patterns. In one crop year involving five harvests,

80 I.ha! of essential oil was yielded when cropping over
sugarcane straw mulch, compared to 35 .ha-! when cropping
on bare soil.

With both treatments involving plant cover, a study of mean
soil macrofauna densities (Fig. 2) revealed a biodiversity
renewal, especially with straw mulch (13 taxa), and a substantial
increase in the number of diplopods and earthworms per
square metre.

A study of mean biomass (Fig. 3) revealed that two groups
markedly benefitted from the plant covers (especially the straw
mulch), i.e. earthworms and diplopods, which feed on the
litter layer.

Fig. 2. Mean density of the different soil macrofauna taxa.
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Fig. 3. Mean biomass of the different soil macrofauna groups.
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On eroded soils, sugarcane straw mulch cover quickly increased essential oil yields.
The fact that soil macrofauna diversity was renewed and taxa density and biomass were

increased indicated enhancement of biological soil fertility.

It takes time to establish live S. secundatum plant cover. This involves forming a litter layer
sufficient to reactivate biological processes, especially with respect to bioregulatory cycles.
The results of this field test highlighted the technical and economic benefits of the tested
proposals. Farmers are appreciative of the reduction in their labour time and herbicide

inputs. Despite the phase required to establish live plan cover ai
necessary to maintain it, this is an efficient way of buildi goﬁmlﬁ
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Impact of cultivation practices (cover crops)

on soil macrofauna in Réunion
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ost farming practices are detrimental to soil organic matter reserves, leading

to a significant decrease in biological activity and an increased risk of erosion.

Soil invertebrate populations (macrofauna) are also sharply reduced in annual
crop systems. The role of macrofauna in pedological processes and in the regulation of
microbial activity has been fully described (Lavelle et al., 1999). Some agroecological
practices and especially plant covers—straw mulch or perennial plants intercropped with
annual crops—can enhance the sustainability of tropical cropping systems (Séguy et al.,
1996). This study was aimed at assessing the effects of two plant covers (greater bird’s food
trefoil, Lotus uliginosus, and oat, Avena sativa) on soil macrofauna populations in Réunion
(Indian Ocean).

Material and Methods
. 1000

800

Figure 1. Mean total soil
) macrofauna density.
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The same small letter = a significant
difference (p< 0.05) between three
treatments for the second sampling (2000).
The same number * = a significant
difference (p< 0.05) between the two
sampling dates for the same treatment.

In parentheses = the number of taxa.

Using an experimental block design with five
replications, soil macrofauna was first sampled 600
in 1999 prior to sowing the maize crop in the test
plots:
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The second sampling was done at the end
of the maize crop cycle (in 2000) with three
treatments:

Figure 2. Mean total soil | ;. qm2
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] Results
Conclusions and Discussion

Cropping generally leads to a decrease in soil
macrofauna. The use of perennial plant covers
(trefoil) and mulch (oat straw) helps to restore soil
macrofauna by increasing their densities, biomass
and diversity.

Some of these macrofauna taxa, are more sensitive
to the type of plant cover used, e.g. earthwormes,
whose mean biomass represents more than 50%

of the total macrofauna biomass, and diplopods
(phytophages, saprophages). Diplopods seem to be
characteristic of trefoil since they were found in high
densities under this cover. These taxa have a direct
and indirect impact on fresh organic matter (litter)
and on soil organic matter. Other studies have

[0 The results of the first sampling (1999) before
sowing the maize crop, just before mowing the oat
crop and under 3 month-old trefoil cover, revealed
no significant differences between the three
treatments with respect to soil macrofauna population
density and mean total biomass (Figures 1, 2).

[ At the end of the maize crop cycle (5 months,

in 2000), a second sampling was carried out

and a significant increase in soil macrofauna density
was noted under trefoil and oat cover as compared
to the control on bare soil (Figure 1). A significant
increase in mean biomass was only noted under
trefoil cover (Figure 2).

[J For the same treatment, a comparison between

2001

the two sampling dates highlighted a significant
increase in macrofauna density and biomass under
trefoil (Figures 1, 2), but only in density under oat
cover (Figure 1).

[J For the taxa studied (14), there was a substantial
increase in biological diversity under both plant covers
(Figure 1).

highlighted the effects of earthworms on soil
nutrient dynamics and soil structure.
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Effects of direct seeding technigues on

soll fertility indicators under equatorial

climatic conditions

Maize in Mucuna mulch.

Material and MethOQS sceecesccsccsccceccsccsccssccsccsscsscssscsscsssscces

Test site
The experiment has been carried out for 4 years in a large crop

plot (24 ha) on ferrallitic soil. Cropping systems were compared

in 0.3-1 ha subplots.

Treatments
Three crop management sequences:
* Two crops per year and one mouldboard ploughing
(maize/soybean-ploughing sequence)
* Maize with direct seeding into Calopogonium mucunoides
mulch (DS-Calopogonium sequence)
= Soybean with direct seeding into mulch of millet or guinea
sorghum (DS-cereal sequence)
.. overlaid with two fertilization levels:
« High corrective fertilization (HC)
= Progressive corrective fertilization (PC).

Results and diSCUSSIONS weeeevecccsecccnscocsne

Chemical parameters

Plough tillage induced a slight drop of organic matter by
0,2-0,3 %lyear at the soil surface (Fig 1). This drop was more
pronounced under HC fertilization. Mechanical redistribution
in the first 30 cm by ploughing and deep lixiviation reduced
the efficiency of mineral inputs on acidity and nutrient
availability (Figs 2, 3,4 and 5).

Direct seeding induced pronounced improvements of
chemical parameters on top soil horizon [0-10 cm] compared
with ploughing and initial status:

« the organic matter level and the cationic exchange capacity
stabilized and even increased (greater extent under cereal
straw mulch, Figs 1 and 3);

= sharp drop in soil acidity (Fig 2);

= higher exchangeable base saturation rate (Fig 4);

= higher exchangeable phosphorus level (Fig 5).

Soil bulk density

The initial soil bulk density was around 1.3. The density
fluctuated around this value with ploughing. However,
sequences with plant cover induced a decrease, which was
greater under cereal cover: the mean soil bulk density in the
[0-30 cm] horizon reached 1.09, close to levels noted under
natural cover (range 0.9-1).

Conclusion

The differentiation of soil profile under ploughing and direct
seeding in plant cover are quite different:

 ploughing induced a drop of organic matter, a slight decrease
in nutrient availability, which could be temporarily offset by
more important inputs application; despite soil tillage physical
conditions remained a constrain;

« direct seeding in plant cover had beneficial improvements
for chemical indicators in top soil horizon which became more
favorable for plant mineral nutrition; progressive

improvements of physical conditions allowed deep ro?)tocument obte

system development.
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n the Boumango agroindustrial area (2°S, 13°E)
of Gabon, 2000 ha has been intensively cropped since 1980 under mechanized
conditions, with an annual sequence of maize and soybean. New alternative
cropping systems are now required to solve the cultivation problems that have arisen.
Experiments were carried out to test systems involving direct seeding on plant cover
that were initially developed in central-western Brazil. Several soil fertility indicators
were monitored over a 3-year period, their evolution under three different crop
management sequences and two fertilizer levels are reported.

Measurement

Chemical parameters: soils were
sampled and analyzed twice: before
setting up the treatments and at the
end of the 3-year test period.

Soil bulk density: it was measured
at the end of each first cropping
cycle in the PC subplots at 10-cm
intervals in the [5-45 cm] horizon
and under the initial natural cover
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Fig. 1. Soil organic matter level (%) according to depth - PC (left), HC (right) corrective fertilization.
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Fig. 4. Exchangeable base saturation (%) according to depth - PC (left), HC (right)
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Fig. 5. Exchangeable phosphorus (ppm) according to depth - PC (left),
HC (right) corrective fertilization.
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