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An experiment was carried out in Kisangani (DR Congo) ona depleted Ferralsol to examine, faced with
the Slash-and-Burn system, to what extent and what degree the system of cultivation in "Plates under
Green Mat" would favorably affect the yield of rainfed rice and the restoration of fertility. A device with
12 complete randomized blocks, divided into 6 plots each, was chosen to test the factors "production
system" and "increasing microdoses of NPK fertilizer" (two-factors ANOVA x Duncan's test).
Green Mat system clearly showed gigantic performances:
✓
2.6 times higher yield both for paddy rice, overall production including crop residues and root
inputs (5.6 versus 2.2 t/ha, 44.7 vs 17.5 tMS/ha and 16.8 vs 6.5 tMS/ha, respectively);
✓
a significant reduction in the temperature of the surface soil and a very strong repression of
cropping weeds (from 32.2°C to 23.8°C and from 3.9 tMS/ha to 0.6 tMS/ha);
✓
a lifting of aluminum toxicity, after 2 years of eco-agriculture (integrated mineral-organic
fertilization), affecting 90% of the plots vs only 10% with Slash-and-burn.
The agronomic properties analyzed show, on average, a variance controlled at 80-95% by the factor
"production system", versus only 0.84-1.9% by the factor "microdoses of NPK fertilizer". The observed
performances are therefore not due to the fertiliser used but rater to the "Cropping in Plates Under
Green Mat" technological package.
Key Words: Cropping system, soil restoration, Fertility, Green Mat, Slash and Burn, Rain-fed Rice

INTRODUCTION
Rice produced in Africa, mainly rain fed, still depends
on the rudimentary system known as "shifting cultivation
on slash and burn" or simply "Slash and Burn". Peasant
practices do exist, however, aimed at shaping a soil
unsuitable for cultivation. This is the case in
Madagascar, where rice farmers engage in morphoedaphic transformation of the land (Roose, 2007),
cultivation history being more important (Yi et al, 2020).
Hundreds tons of clay or sand can be applied per
hectare to correct the texture, but it is above allmanure
which is applied a lot to pass from "Tany Manta" or "raw
soil" of the rice fields to "Tany Masaka” or “cooked soil ”,
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which produce more.
"Cropping in plates under green mat" (Green Mat),
presented in this article, is an eco-agriculture system,
using simultaneous gramino-legumeand herbaceousshrub fallows, ensuring the maintenance of lush
vegetation and of a narrow biogeochemical cycle under
agriculture. Sowing is carried out directly on partitioned
isohyets (cultivation plates), stabilized with dense
hedges of perennial fodder vegetation (green mat). Its
most elaborate version is therefore agro-sylvo-pastoral
that is prone to reduce net global warming potential
(Wang et al, 2019; Gong et al, 2021).
In addition, the intense production of organic inputs
and humus under meadows (green mat) greatly
reduces the capacity of the soil to block the available
phosphorus conveyed by fertilizers (Mullen, 2005; Kar

Pyame et al

194

et al, 2021). It also leads to desorption of insoluble P
linked to metal sesquioxides (Katiyar and Goel, 2004),
the complexation of Al3+ from the soil solution, therefore
the removal of the high toxicity of Ferralsols, and more
fixation of nitrogen by symbiotic /assymbiotic
germs(Huang et al, 2008). This improves the overall
chemical properties of the soil.
Furthermore, perennial root structures, through the
emission of exudates, organic acids and carbohydrates,
of which they are the object (Huang and Wang, 2005;
Huang et al, 2005; Martinez et al, 2008), constitute a
unique substrate which shelters and maintains trophic
chains, among the widest and most functional. These
embrace earthworms, nematodes, bacteria and
mycorrhizal fungi (Duffy and Cassells, 2003; Harrison,
2008).
The largest and most active mycorrhizo spheres are
thus reported in grassland ecosystems richly endowed
with legumes (Da and Deng, 2003; Nautiyal et al,
2010), which also are subject of ditch-buried straw
layers practice (Yang et al, 2020).
Direct seeding under permanent plant or mulch
cover (DMC), which is the reflect of innovative Green
Mat system, has been widely adopted in the Southern
United States of America, Canada and Australia
(Aulakh et al, 2012) but also in Latin America and
Madagascar (Neto et al, 2010) as well as in the
Mediterranean region where it contributes to a high
efficiency of fertilizer and rainwater recovery (Morell et
al, 2011; Bayat et al, 2013).
This, however, by resorting to occasional plowing
limited to the outermost layer of the soil (Delaune and
Sin, 2012; López-Fando and Pardo, 2012) or burying
different biochars in the field (Obia et al, 2020; Yang
and Lu, 2021).
However, the development of DMCs in tropical
peasant agriculture is very timid (Agbede, 2006; Lal,
2007).
The challenge for their adoption in sub-Saharan
Africa includes highlighting the pecuniary advantages
provided (Tueche et al, 2013) and setting up modalities
for an efficient incorporation of fallow-green manure and
biochar able of controlling cropping weeds (Rockström
et al, 2009) and soil humidity retention (Shen et al,
2021).
These are the most effective Conservation
Agriculture management strategies, like the Green Mat
system, thereby affecting the nitrogen, phosphorus and
potassium balance, which lead to high crop yields. This,
by minimizing multifaceted losses, by increasing the
mineral recycling index and the efficiency of fertilizer
use (Blaise, 2011; Rosolem and Calonego, 2013) and
by significantly lowering production costs (Farooq et al,
2011). According to Kodzwa et al. (2020), Mulching is
the most important of the three conservation agriculture
principles in increasing crop yield in the short term,
under humid and sub humid tropical conditions.The
research question, that is the common thread of this
study, is therefore formulated as follows:

"Given the unsustainable exploitation and the
restrictive occupation of the land under Slash-and-burn,
isn't it possible, as a technological design, to capitalize
and organize in alveolar spatial structures, all arable
surfaces slashed without fire(cropping plates), on the
one hand, and all perennial root formations, disposed to
provide cover and humus(green mat), on the other,
therefore forming an efficient system of eco-agriculture
(cropping in Plates under Green Mat)?"Tested in rainfed rice cultivation, does this system make it possible to
increase yields while restoring soil fertility?

MATERIALS AND METHODS
Site Location
The experiments were carried out in the research
station of the Faculty of Renewable Natural Ressources
Management of the University of Kisangani (Faculty of
Sciences concession) located in the Municipality of
Makiso, city of Kisangani.
The test site Is located at 404m altitude, 00° 30'05
"North latitude and 25° 12'41" East longitude. The slope
of the terrain, which is highly variable, is 8.5%
upstream, 3.6% downstream and 16.1% at mid-slope.
Also, the study undertaken extend from January 2008
to December 2012.
Vegetation
The vegetation of Kisangani is located in the central
forest sector of the Guinean region, characterized by
dense humid forests and various degradedvegetation
groups as a result of hu
man action (Mate, 2001). The hinterland of
Kisangani citywas initially made up of evergreen rain
forests which constituted its climax.
The experimental site had a previous crop marked
by the continuous cultivation of cassava associated with
maize. The short-lived fallow areas were covered by
Cynodon dactylon with sparse patches of Panicum
maximum,
Pueraria
javanicaand
Calopogonium
muconoides. The lowland area along the stream had
Pennisetum purpureum cover.
EDAPHO-CLIMATIC CONDITIONS
The soil of Kisangani (Fac. of Sciences, UNIKIS)
carrying the Agro-Forest evaluated presented, up
Stream, a heavy clay-silt-Sandy texture with 42%, 30%
and 28% of elementary particle content, respectively for
clay, silt and sand.
The texture, downstream, is more variable but
overall of a heavy to very heavy nature. Table 1 below
gives the chemical and physico chemical properties of
the soil at the start of the experiments.
The city of Kisangani enjoys an equatorial climate of
type Af according to the Koppen classification. It is a
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Tab. N°1. Characterization of the soil at the end of the preliminary phase (morpho-edaphic optimization), March 2011
Systèmes de
production

CO
(%)

P available Al3++H+
+ P organic (cmole
(mg/kg sol)
/kg)

Saturation
Al3+
(%)

Tapis vert
Abattis-brûlis
Champs voisins

4,5
1,5
0,3

86
37,2
25,0

5.2
15.6
17.6

47.3
87.6
90.8

Tapis vert
Abattis-brûlis
Champs voisins

1,1
0,4
0,2

26
19
13

17.6
19.8
23.0

91.6
94.3
96.0

Satura- Bases
K+
Na+ Ca2+ Mg2+
N
tion en totales cmol cmol cmol cmol (%)
bases % (cmol/kg e/kg e / kg e/ kg e/ kg
)
0-15cm depth soil strate
52.7
5.80
2.20 0.10 2.10 1.40 0,3
12.4
2.18
0.30 0.06 1.34 0.48 0,16
09.2
1.77
0.20 0.06 1.13 0.58 0,08
15-30cm depth soil strate
08.4
1.59
2.2
0.1
2.1
1.4
0,08
05.7
1.02
0.14 0.04 0.72 0.12 0,07
04.0
0.94
0.10 0.03 0.69 0.12 0,05

pH
au
Kcl

pH
à
H20

ECE
C
cmol
e/ kg

4,4
3,5
3,5

5.3
4.3
4.1

11,0
17,8
19,4

3,8
3,4
3,3

4.6
4.1
4.1

19,2
21,0
23,9

* The underlined values of the aluminum saturation are those which do express the aluminum toxicity, the threshold of which is set at 60%. CO
= organic carbon; ECEC = Effective cation exchange capacity
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2400 mm and the average monthly temperature
reaching 27-28°C (Pyame, op cit.). Figure 1 below
shows the essential climatic data during the test period.
EXPERIMENTAL APPARATUS

30

Temp_2008

Temp_2012

29
28

T° C

Pluie en mm

constantly hot and humid climate, thus identifying itself
with a very high ecological productivity.
The average annual precipitation is around 1800
mm, with average daily temperatures of 24-25°C.
However, a considerable increase has been observed
over the past 5 years, annual rainfall reaching 2000-
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Figure. 1 (A, B). Evolution of monthly average temperatures and rains at the experimental site, between 2008 and 2012 (data from the
first and last year of the study). Source: IFA, Department of Plant Science.
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The experimental device mounted in this study is given in figure. 2 below.

SHORT APPROACH
The procedures for carrying out this study took place in
the field, on the one hand, and in the laboratoryof soil
analysis, on the other. It all started with the
establishment of improved fallow land to restore soil
fertility.
Establishment of fallows-green
Mucuna-Pennisetum

manure

with

Fallow fields green manure using Mucuna-Pennisetum
were established on each of the plots of the device
reserved for the practice of the Green Mat system. The
first operation was slashing, carried out by clearingstumping technic at ground level with a machete.
Each plot was crossed by 8 lines of Pennisetum
purpureum, the latter being established at spacing of 50
x 50cm, thus observing a holy space of 25 cm on either
side. A line of Mucuna pruriens was then inserted,
established in pockets (2 grains) arranged with a hoe
every 100 cm.
Maintenance and fertilizing practices under fallowgreen manure
A bimonthly cutting regime was observed for
Pennisetum purpureum, thus making use of cut-clearing
technic with a machete, allowing to recycle all the
biomass.Mucuna pruriens was in free development until
the cut-clearing occurred at 6 months. Also, a stake
made of Pennisetum purpureum was carried out at 1
month for the training of the young plants of Mucuna
pruriens.
A first spreading of fertilizers at the rate of 10 t DM of
manure /ha, i.e. 12 kg /12m2 plot, associated with 2/3 of
the dose of NPK aligned per treatment was carried out
1 month after planting: this is the technic of "mineral

pre-absorption by fallow-green manure" exploited as the
first strategy of mineral capitalization.
Subsequently, clearing-stumping-chopping at ground
level was carried out 6 months after planting, thus
sparing the permanent green mat ensuring the
honeycombing of the ground. The exploitation of this
impressive biomass after cutting was done by
compilation with a layer of manure (10 t DM /ha)
followed by spreading on the surface of the soil. Care
was therefore taken to integrate the remaining third of
the dose of NPK included in the various treatments: this
is "transient microbial immobilization of fertilizers", used
as a second mineral capitalization strategy in the Green
Mat system.
This ultimately produced "the raw mulch-compost
fertilizedin situ" which is the backdrop for the "rhizo-bioorganic mat", used as a third strategy of mineral
capitalization maintaining a rapid set-up and continual
mineral recycling. Root profile samples allowed an
evaluation of root production by treatment plot.
Maintenance care and fertilizing practices during
the cultivation phase
Light weeding took place on the blocks of the Green
Mat cultivation system, while two particularly laborintensive operations were required in Slash-and-Burn
cultivation. A clear cut of the herbaceous green mat
was carried out monthly, its biomass being evaluated
and integrated into the overall production of biomass
(total plant mass) under cropping. The mass of weeds
obtained after weeding was recorded as dry matter per
plot. The overall productivity of the entire fallow-crop
cycles including total rice production was carefully
assessed.
On the areas under Slash-and-Burn, the two
fractions of the fertilizer dose were applied at once
before sowing, associated with the corresponding dose
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of manure for each plot. Manure under fallow and
clearing, in the form of raw mulch-compost, thus
integrates the Green mat technological package.
Harvesting, processing and evaluation of yields
The harvest was carried out from block to block, from
one system to another and from plot to plot. The
bundles of panicles corresponding to the 1m2 plot
samples were carefully labeled according to the
numbering of the plots, weighed on the field, the dry
paddy yield (DM) being deduced using an index
calculated in the laboratory and the paddy plot yield
immediately recorded in the notepad (kg/12 m2).
The straw harvest and the evaluation of root
production were carried out systematically on all the
plots, following a rate of progression similar to that of
paddy. Calculated indices made it possible to go from
root density (g/100cc) to root productivity (t/ha) and to
the "soil-root interface" or RLD (cm/cm3).
Evaluation of texture, root density and soil-root
interface (RLD)
The texture was determined using composite samples
addressing the soil slice 0 to 15 cm deep. It was
determined by the successive sedimentation method,
according to Baert and Van Ranst (1998), using sodium
hypochlorite for the removal of organic matter. The
textural triangle of the GEPPA (Group for the Study of
Applied Pedology Problems) was used for this purpose.
A wave of analyzes on bulk density and root density
on the crop profile, and across the different plots, also
followed the same rate of progress as the paddy and
straw harvest. The two investigations were coupled.
The same 100cc Koppéky cylinder mounted on an
auger was thus used, at the same time, to take the soil
and the rice roots distributed over the 4 slices of soil,
namely 0 to 5 cm, 5 to 10 cm, 10 to 15 cm and 15 to 20
cm deep. Root extraction and weighing were performed
after evaluation of AD.
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aliquot of 5g was taken per sample and diluted in a
flask containing 50g of peptone water. From the stock
solution thus formed, therefore representing the 1/10
dilution, decimal dilutions were made up to obtaining 1 /
10,000. The actual count followed the operative path
carried out by Kazadi (2012).
Determination of the mycorrhizal potential of the
soil
A global operating mode, according to Vierheilig et al.
(1998), served as our guide. However, it required many
adaptations in terms of concrete operational modalities.
At the end of the microscopic observations related to
the detection of mycorrhizae, a summary of the results
was obtained concerning the pots in which the soybean
stalk is declared infected with mycorrhizal fungi or not.
They were therefore noted positive (blue coloration of
the tissues of the root invaded by structures of the
fungus) or negative (all the tissues remaining
transparent).
Consulting the microbial abundance probability tables
allowed us to estimate the most probable number of
propagates per series of 4 decimal dilutions, then per
gram of soil sampled.
Statistical analyzes
The data collected on cards, in the various tests
described below, were organized and processed first on
Excel software sheets. The statistical processing that
followed made use of Statgraphics software. The
majority of parameters that have been studied in this
device have recourse, in turn, to the two-factor ANOVA,
for the significance of the differences between
treatments, coupled with the Duncan's test for their
discrimination.

RESULTS AND DISCUSSION
Crop yield

Chemical analyzes of the soil
The soil samples were taken in December 2010, thus
taken for analyzes in Belgium. The current analyzes
used are: pH in water and in Kcl, total nitrogen, carbon
and organic matter, cation exchange capacity,
exchangeable bases (calcium, magnesium, potassium,
sodium), total exchangeable acidity, exchangeable
aluminum,
organic
phosphorus
and
available
phosphorus. These analyzes were carried out in the soil
laboratory of the University of Ghent according to
Pauwels et al. (1992).
Enumeration of aerobic microbial organisms.
Samples were taken from the topsoil (0–15cm) of the
plots in the experimental area. In the laboratory, an

It emerges from these figures that the cropping in
Plates under Green Mat, facing Slash and Burn, leads
to a yield 2.6 times higher (p <0.0001) both as regards
the yield of paddy, the production overall including crop
residues than that of root inputs (5.6 vs. 2.2 t/ha, 44.7
vs. 17.5 tMS/ha and 16.8 vs. 6.5 tMS/ha, respectively).
This last property is of paramount importance
because, despite the exports of above-ground biomass,
the incorporated and well-distributed roots, in particular
on degraded land, constitute both a net supply of
nutrients and a reliable agent for the elaboration of root
galleries and structural stability for subsequent
cultivation.
•
The paddy yields obtained at 5.6 versus 2.2
t/ha, confronting the Green Mat system with Slash-andburn, under the conditions of our trials, are higher than
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Figure :3 (A,B,C) below give respectively the yield of paddy rice, the overall yield including crop residues and the yield of root inputs.

Effects of agrosystems on
the response of rice to NPK
fertilizer

6
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Biomass paddy in t / ha

7

Root inputs produced
under rice cultivation

Global rice production
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4
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2
1

10

17.5

20

16.8
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C

Figure. 3 (A, B, C). Average rice-paddy yield (A), overall production including all residues (B) and production of root inputs (C) in rainfed
rice cultivation opposing green mat cropping and slash-and-burn systems. PA = 0.0000, PB = 0.0000; PC = 0.0000.

4.0 versus 1.8 t/ha found by Roose (2007), on depleted
land at Madagascar, comparing the DMC system in
slash and burn. Séguy et al. (2002) report 6 and 5 t for
DMC practiced in Brazil and Madagascar. The main
asset here is Green Mat management strategies.
•
Concerning the implication of the different yield
factors, several authors evoke the combined effect of
zero tillage with Mulching and mineral fertilization
(Mazonchini et al, 2011; Melero et al, 2011; Smith et al,
2011).
•
Others underline the high production of organic
inputs by the fallow-green manure gramino-legume, the
contribution of minimum tillage (Saito et al, 2010), the
specific effect of Mucuna pruriens as a substitute for
chemical herbicides, nitrogen fertilization and irrigation

(Roscoe and Buurman, 2003) or straw incorporation
that significantly altered crop yield, soil organic C and
total N in the North China Plain ( Liu et al, 2021).
•
Mention is made of (1°)"incorporation of manure
into treatments", the latter thus releasing NH4+ ion which
promotes a more spread “mineral supply-demand”
synchronization (Chen et al, 2007; Bandyopadhyay et
al, 2010) and (2°) "integrated nutrient management"
resulting in high N use efficiency (Mohanty et al, 2020).
•
Co-incorporation of green manure and rice
straw improves rice production and soil health (Zhou et
al, 2020).
Effects of fallow systems on soil temperature and
weeds

The related data is illustrated by Figures 4 below.

Temperature reading under the fallow litter
31 32 32 32 33
33 32.2
23 23 24
24
24
25 23.8
20

Production of cropping weeds

0
Site 1 Site 2
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4
2
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A

Biomasse (t de MS/ha)

Température du sol en °C

40
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Green Mat Slash and Burn

0.6

0

Production Systems

B
Figure. 4 (A, B). Soil temperature under the fallow litter (A) and production of crop weeds (B) in rainfed rice cultivation between systems of
cultivation under green cover and slash-and-burn cultivation. The statistical probability being PA = 0.0000; PB = 0.0000.
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Figures 4A and 4B show a significant reduction in the
temperature of the surface soil and a very strong
repression of cropping weeds (p <0.0001), the average
temperature and cropping weeds on all the soils
dropping from 32.2°C to 23.8°C and 3.9 tMS/ha to 0.6
tMS/ha, respectively.
This is explained by the "sunscreen effect": the dense
gramino-leguminous fallow forms a three-tiered mat
(vegetation, litter and root systems) shielding solar rays,
tempering the soil atmosphere, and drawing almost all
hydro-mineral resources to the detriment of the
metabolism of cropping weeds at ground level. Weber
(2003) and Baghel et al (2020) found a similar effect on
soil temperature and cropping weeds respectively.
The repressive effects are attributed either (1) to the
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establishment, within the framework of precision
agriculture, of food plates, cultivation beds or ridges
filled with organic inputs (Usman et al, 2010; FloresDelgadillo et al, 2011) or (2) to the effect of dense
fallow-green manure gramino-legumes (Saito et al,
2010), or (3) to the use of conservation agricultural
practices, especially those permanently establishing a
thick mulch of living plants and crop residues (Gruber et
al, 2012; Mishra and Singh, 2012; Almoussawi et al,
2020), or finally (4) to the synthesis by certain fallow
species of bacterial isolates called “weeds-suppressors"
(Vakali et al, 2011; Soane et al, 2012).
Removal of aluminum toxicity by Green Mat and
Slash-Burn systems

The related data is illustrated by Figures 5 below.

10

Toxicité aluminique
Aucune toxicité

10

90

90

Green Mat

Slash and burn

A

Toxicité aluminique
Aucune toxicité

B

Figure. 5 (A, B): Removal of aluminum toxicity by the system of culture in plates under green carpet (ATV) and the system of culture on
slash and burn. The statistical probability related to the interaction between the 2 factors is P = 0.0000 .

It emerges from Figure 5 (A, B) above that the lifting of
aluminum toxicity, after 2 years of eco-agriculture
(integrated mineral-organic fertilization), affected 10%
and 90% of the plots, respectively for the slash-andburn and Green mat (ATV) cultivation. It is therefore
more efficient (p <0.0001) in the latter case. This is
mainly explained by the complexing action, on free

aluminum, of the organic matter and VAM networks
(Walder et al, 2012; Johnson and Gilbert, 2014; Alvarez
et al, 2020) developed under the "Green Mat" system
versus "Slash and burn".
Overall efficiency of the Cropping in plates under
green mat
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The related data is illustrated by Figures 6 below

Figure. 6 (A, B). Relative contribution of each of the two factors, namely "production systems" and
"increasing doses of NPK fertilizer" to the variance of the various agronomic properties analyzed.

It emerges from fig. 6A that the 5 agronomic properties
analyzed display on average a variance controlled at
79% by the production system factor versus only 0.84%
by the factor "increasing doses of NPK fertilizer". A
similar situation is observed when analyzing the 5 other
agronomic properties (figure. 5B), the production
system factor largely outweighing the doses of fertilizer
with 95.6 versus 1.9% of influence.
Thus, the performances observed in improving
treatments for rainfed rice relate, about 90%, to the
effects of the "Green Mat" cropping system and its
management practices.
For example, the generalized aluminum toxicity
under natural cover must be removed beforehand,
through appropriate cropping practices (soil-plant
interactions), regardless of the quality and level of the
associated fertilizer (Fasinmirin and Reichert, 2011)!
We thus note several performance factors of the Green
Mat system as a whole:
•
hedges of perennial grasses, just like the
microbassins and superficial depressions developed
during cropping period, play an effective role in
reducing water, ions and soil losses under cultivation
(Vanden Bygaart et al, 2002; Xiao et al, 2012; Hubbard
et al, 2013; Page et al, 2019; Zhao et al, 2020);
•
the integration of mulch from crop residues in
mineral fertilization and in the rotation of legumes,
greatly contributes to improving nitrogen status and
productivity on degraded soils (Álvarez-Mozos et al,
2011);
•
valorization of fertilizers, in which labile and
organic P (Rodrigues et al, 2021), ensured by the
perennial rhizo-structure sharing the occupation of the
land, such as P. purpureum (López- Bellido et al, 2013);
•
an already established mycelium (permanent
green mat) has, versus inoculated propagates, a
stronger potential for colonization of the roots of plants,
even non-mycotrophic species (Püschel and Rydlová,
2007).
•
straw recycling in rice paddy can be seen as a
trade-off between greenhouse gas emission and soil

carbon stock increase (Mi et al, 2019 ; Lee et al, 2020 ;
Singh et al, 2020).
•
Co-incorporation of green manure and rice
straw which improves rice production, soil chemical,
biochemical and microbiological properties (Chen et al,
2019 ; Li et al, 2019 ; Zhou et al, 2020)

CONCLUSION
Cropping on plates under green mat is proving to be
very interesting as an eco-agricultural technology, in the
context of the equatorial and inter-tropical climatic zone.
Faced with slash and burn, it clearly shows gigantic
performances:
•
2.6 times higher yield (p <0.0001) both for
paddy rice, overall production including crop residues
and that of root inputs (5.6 versus 2.2 t/ha, 44.7 versus
17.5 tMS/ha and 16.8 versus 6.5 tMS/ha, respectively);
•
a significant reduction in the temperature of the
surface soil and a very strong repression of cropping
weeds (p <0.0001), the average temperature and
cropping weeds on all the soils dropping from 32.2°C to
23, 8°C and from 3.9 tMS/ha to 0.6 tMS/ha;
•
a lifting of the aluminum toxicity, after 2 years of
eco-agriculture (integrated mineral-organic fertilization),
affecting 90% of the plots versus only 10% for Slashand-burn.
The agronomic properties analyzed show on average a
variance controlled at 80-95% by the factor "production
system", versus only 0.84-1.9% by the factor
"increasing doses of NPK fertilizer". The observed
performances are therefore due not to the fertiliser used
but rater to the "Cropping in Plates under Green Mat"
technological package.
THANKS
The author thanks VLIR-UOS which, through the
Sustainable Agriculture Project, funded the activities on
the ground. The same thanks are also sent to UNIKIS

201

who provided us with technicians for data collection.

REFERENCES
Agbede TM (2006). Effect of tillage on soil properties
and yam yield on an Alfisol in southwestern
Nigeria.Soil and Tillage Research; 86, 1: 1–8
Almoussawi AJ, Lenoir F, Spicher F, Chabrerie O,
Closset-Kopp D, . Brasseur B, Kobaissi A, Dubois F,
Decocq G (2020). Direct seeding associated with a
mixture of winter cover crops decreases weed
abundance while increasing cash-crop yields. Soil &
Til. Res.Vol. 202, June 2020, 104622
Alvarez RA, Gimenez F, Pagnanini V, Recondo D,
Gangi M, Caffaro JL, De Paepe G, Berhongaray
(2020).Soil acidity in the Argentine Pampas: Effects of
land use and management. Soil & Til. Res.Vol.196,
Feb. 2020, 104434
Álvarez-Mozos J, Campo MÁ, Giménez J, Casalí U,
Leibar (2011).Implications of scale, slope, tillage
operation and direction in the estimation of surface
depression storage. Soil and Tillage Research; 111,
2: 142–153
Aulakh MSJ, Manchanda SAK, Garg S, Kumar, Dercon
G, Nguyen ML, (2012). Crop production and nutrient
use efficiency of conservation agriculture for
soybean–wheat rotation in the Indo-Gangetic Plains
of Northwestern India. Soil and Tillage Research;
120, 4: 50–60
Baert G, Van Ranst E, (1998). Exchange properties of
highly weathered soils of the Lower Congo. Malaysian
Journal of Soil Science2:31-44.
Baghel JKT, Das K,Pankaj, Mukherjee i, Nath Cp,
Bhattacharyya R, Ghosh S, Raj R C2020). Impacts of
conservation agriculture and herbicides on weeds,
nematodes, herbicide residue and productivity in
direct-seeded rice. Soil & Til. Res.Vol. 201, July 2020,
104634
Bandyopadhyay K, Misra AK, Ghosh PK, Hati KM,
(2010).. Effect of integrated use of farmyard manure
and chemical fertilizers on soil physical properties and
productivity of soybean. Soil and Tillage Research;
110, 1: 115–125
Bayat H, Neyshaburi MR, Mohammadi K, NarimanZadeh N, Irannejad M (2013). Improving water
content estimations using penetration resistance and
principal component analysis. Soil and Tillage
Research; 129, 5: 83–92
Blaise D (2011). Tillage and green manure effects on Bt
transgenic cotton hybrid grown on rainfed Vertisols of
central India. Soil and Tillage Research; 114, 2: 86–
96
Chen B, X. Xiao, Zhu G, Smith FA, Xie ZM, Smith SE,
(2007). The arbuscular mycorrhizal fungus Glomus
mosseae gives contradictory effects on phosphorus
and arsenic acquisition by Medicago sativa Linn. Sci
of the Total Environment, 379, 2-3: 226-234

Int. J. Agric. Food Sec.

Chen Q, Liang Y, Gong Y, Kuzyakov M, Fan AF, Plante
(2019). Reduced tillage and increased residue
retention increase enzyme activity and carbon and
nitrogen concentrations in soil particle size fractions in
a long-term field experiment on Loess Plateau in
China. Soil & Til. Res.Vol.195, Dec. 2019, 104296
Criquet S, Braud A (2008). Effects of organic and
mineral amendments on available P and phosphatase
activities in a degraded Mediterranean soil under
short-term incubation experiment. Soil and Tillage
Research; 98, 2: 164–174
Da H N, Deng SP, (2003). Survival and persistence of
genetically modified Sinorhizobium meliloti in soil.
Applied Soil Ecology; 22, 1: 1–14
Dang KLY,. Dalal RC, Reeves S, Thomas G, Wang
W, Thompson,JP
(2019). Changes in soil water
storage with no-tillage and crop residue retention on a
Vertisol: Impact on productivity and profitability over a
50 year period. Soil & Til. Res.Vol.194, Nov. 2019,
104319
De Laune P, Sin JW, ( 2012). Impact of tillage on
runoff in long term no-till wheat systems.Soil and
Tillage Research; 124, 2: 32–35 Duffy E, M. et A. .
Cassells C (2003). Mycorrhizae. National University
of Ireland, Cork, Ireland Copyright 2003, Elsevier Ltd
Flores-Delgadillo L, Fedick LS, Solleiro-Rebolledo E,
Palacios-Mayorga S, Ortega-Larrocea P, Sedova S,
Osuna-Cejac E, (2011). A sustainable system of a
traditional precision agriculture in a Maya
homegarden: Soil quality aspects. Soil and Tillage
Research; 113, 2: 112–120
GaoJY, Wang J, Huang, Kumar M, Zeng X,
(2019)..Influence of green manure and rice straw
management on soil organic carbon, enzyme
activities, and rice yield in red paddy soil. Soil & Til.
Res.Vol.195, Dec. 2019, 104428
GongY.P, Sakagam LINi, Komatsuzak Mi, (2021). Notillage with rye cover crop can reduce net global
warming potential and yield-scaled global warming
potential in the long-term organic soybean field. Soil &
Til. Res. Vol. 205, Jan. 2021, 104747
Gruber SC, Pekrun J, Möhring W, Claupein (2012).
Long-term yield and weed response to conservation
and stubble tillage in SW Germany.Soil and Tillage
Reseach; 121, 2: 49–56
Harrison RB, (2008). Composting and Formation of
Humic Substances. Encyclopedia of Ecology: 713719, University of Washington, Seattle, WA, USA
Huang PM, Wang MC (2005). Mineral–Bioorganic–
Microbial Interactions. National Chung Hsing
University, Taichung, Taiwan M.K. Wang, National
Taiwan University, Taipei, Taiwan. Elsevier
Huang PM, Wang MK, Chiu CY, (2005). Soil mineral–
organic matter–microbe interactions: Impacts on
biogeochemical processes and biodiversity in soils.
Pedobiologia, 49, 6 : 609-635
Huang Yi, LI T, Ji Huang Y, Fei
(2008).
Ectomycorrhizal Fungus-Induced Changes of Cu and

Pyame et al

202

Cd Speciation in the Rhizosphere of Chinese Pine
Seedlings. Pedosphere, 18, 6, Dec.:758-765
Hubbard RK, Strickland T, Phatak s (2013). Effects of
cover crop systems on soil physical properties and
carbon-nitrogen relationships in the coastal plain of
southeastern USA. Soil and Tillage Research; 126, 1:
276–283
Johnson D, Gilbert L (2014). Interplant signalling
through hyphal networks. New Phytologist, 205(4):
1448-1453.
JT, Reichert JM (2011). Conservation tillage for
cassava (Manihot esculenta Crantz) production in the
tropics. Soil and Tillage Research; 113, 1: 1–10
Kar SB, Pramanick K, Brahmachari, G, Saha BS,
Mahapatra A, Saha A, Kumar (2021). Exploring the
best tillage option in rice based diversified cropping
systems in alluvial soil of eastern India. Soil & Til.
Res. Vol. 205, Jan. 2021, 104761
Kazadi MZA. (2012). Contribution à l’étude de la qualité
et de la gestion de l’eau de boisson dans la région de
Kisangani. Thèse de doctorat. Inédit, Fac.Sci. UNIKIS
Kodzwa JJJ, Gotosa J, Nyamangara (2020).. Mulching
is the most important of the three conservation
agriculture principles in increasing crop yield in the
short term, under sub humid tropical conditions in
Zimbabwe. Soil & Til. Res.Vol.197, March 2020,
104515
Lal R, ( 2007). Constraints to adopting no-till farming in
developing countries. Soil and Tillage Research; 94,
1: 1–3
Lee JH, Lee JG, Jeong ST,HS, Gwon,PJ, Kim,G.W.
Kim,2020. Straw recycling in rice paddy: Trade-off
between greenhouse gas emission and soil carbon
stock increase. Soil & Til. Res.Vol. 199, May 2020,
104598
Li J, Li H, Zhang Q, Shao H, Gao C, Zhang X, (2019).
Effects of fertilization and straw return methods on the
soil carbon pool and CO2 emission in a reclaimed
mine spoil in Shanxi Province, China. Soil & Til.
Res.Vol.195, Dec. 2019, 104361
Liu Z, Liu J, Yu Z, Yao Q,LiY, Liang A, Zhang W, Mi G,
Jin J, Liu X, Wang G, (2020). Long-term continuous
cropping of soybean is comparable to crop rotation in
mediating microbial abundance, diversity and
community composition. Soil & Til. Res.Vol.197,
March 2020, 104503
López-Fando C, Pardo TM, (2012). Use of a partialwidth tillage system maintains benefits of no-tillage in
increasing total soil nitrogen.Soil and Tillage
Research; 118, 1: 32–39
Martínez E., J-P. Fuentes, P. Silva, S. Valle, E.
Acevedo, 2008.Soil physical properties and wheat
root growth as affected by no-tillage and conventional
tillage systems in a Mediterranean environment of
Chile.Soil and Tillage Research; 2: 232–244
Mate M, (2001). Croissance, phytomasse et
minéralomasse des haies de légumineuses
améliorantes en culture en allées à Kisangani. Thèse
de doctorat. U.L.B. Bruxelles.

Mazzoncini M, Sapkota T, Antichi D, Risalitia R
(2011). Long-term effect of tillage, nitrogen
fertilization and cover crops on soil organic carbon
and total nitrogen content. Soil and Tillage Research;
114, 2: 165–174
Melero S, López-Bellido R, López-Bellido L, MuñozRomero V, Moreno F, Murillo JM (2011). Long-term
effect of tillage, rotation and nitrogen fertiliser on soil
quality in a Mediterranean Vertisol. Soil and Tillage
Research. 114, 2: 97–107
Mi W, Sun Y, Gao Q, Liu M, Wu L, (2019).. Changes in
humus carbon fractions in paddy soil given different
organic amendments and mineral fertilizers. Soil & Til.
Res.Vol.195, Dec. 2019, 104421
Mishra JS, Singh VP, (2012). Tillage and weed control
effects on productivity of a dry seeded rice–wheat
system on a Vertisol in Central India.Soil and Tillage
Research; 123, 2 : 11–20
Mohanty S, Nayak SK, Swain CK, Dhal BR, Kumar A,
Kumar U, ripathi R, Shahid M, Behera KK,(2020)
Impact of integrated nutrient management options on
GHG emission, N loss and N use efficiency of low
land rice. Soil & Til. Res.Vol. 202, June 2020, 104616
Morell FJ, Lampurlanés J, Álvaro-Fuentes J, CanteroMartínez C, (2011). Yield and water use efficiency of
barley in a semiarid Mediterranean agroecosystem:
Long-term effects of tillage and N fertilization. Soil
and Tillage Research; 117, 12: 76–84
Mullen MD ( 2005). Biological Interactions. University
of Kentucky, Lexington, USA 2005, Elsevier Ltd.
Nautiyal PSC, Chauhan R, Bhati (2010). Changes in
soil physicochemical properties and microbial
functional diversity due to 14 years of conversion of
grassland to organic agriculture in semiarid
agrosystem. Soil and Tillage Research; 109, 2.: 55–
60
Neto M, Scopel EM, Corbeels A, Cardoso J, Douzet C,
Feller M, Piccolo C, Cerria M, Bernoux (2010).Soil C
stocks under no-tillage mulch-based cropping
systems in the Brazilian Cerrado: An on-farm
synchronic assessment. Soil and Tillage Research;
110, 1: 187–195.
Obia A, Cornelissen G, Martinsen V , Smebye AB,
Mulder J (2020). Conservation tillage and biochar
improve soil water content and moderate soil
temperature in a tropical Acrisol. Soil & Til.
Res.Vol.197, March 2020, 104521
Püschel E, Rydlová J (2007). The development of
arbuscular mycorrhiza in two simulated stages of
spoil-bank succession. Applied Soil Ecology; 35, 2:
363–369
Pyame ML, ( 2015). Propriétés agronomiques et
potentiel d’atténuation des changements climatiques
d’une agroforêt de type "Culture en Assiettes sous
Tapis Vert" en restauration des sols dégradés, à
Kisangani (RD Congo). Thèse de doctorat, inédit,
Université de Kisangani
Rockström JP, Kaumbutho P , Mwalley J, Nzabid AW,
Temesgene M, Mawenya L, Barron J, Mutua S,

203

Damgaard-Larsen
(200).
Conservation
farming
strategies in East and Southern Africa: Yields and
rain water productivity from on-farm action research.
Soil and Tillage Research; 103, 1: 23–32
Rodrigues M, Withers PJA, Soltangheisi A, Vargas V,
Holzschuh M, Pavinato PS (2021).). Tillage systems
and cover crops affecting soil phosphorus
bioavailability in Brazilian Cerrado Oxisols. Soil & Til.
Res.Vol. 205, Jan. 2021, 104770
Roose E., (2007). Restauration de la productivité des
sols tropicaux. IRD, Montpellier cedex 5, France.
Actes des JSIRAUF, Hanoi, 6-9 novembre 2007.
Roscoe R, Buurman P C2003). Tillage effects on soil
organic matter in density fractions of a Cerrado
Oxisol. Soil and Tillage Research; 70, 2: 107–19
Rosolem CA, Calonego JC (2013). Phosphorus and
potassium budget in the soil–plant system in crop
rotations under no-till. Soil and Tillage Research; 126,
2: 127–133
Saito K, Azoma K, Oikeh S, (2010). Combined effects
of Stylosanthès guianensis fallow and tillage
management on upland rice yield, weeds and soils in
southern Benin. Soil and Tillage Research; 107, 3:
57–63
Séguy L, Bouzinac S, et Quillet JC (2002).. Et si l’on
avait sous-estimé le potentiel de séquestration pour le
semis direct ? Quelles conséquences pour la fertilité
des sols et la production ? Dossier séquestration du
carbone.http://agroécologie.cirad.fr
Shen H, Zhang Q, Zhang X, Jiang X, Zhu S, Chen A,
Wu Z, Xiong Z, (2021). In situ effects of biochar fieldaged for six years on net N mineralization in paddy
soil. Soil & Til. Res.Vol. 205, Jan. 2021, 104766
Singh S, Nouri A, Singh S, Anapalli S, Lee J, Arelli P,
Jagadamma S (2020). Soil organic carbon and
aggregation in response to thirty-nine years of tillage
management in the southeastern US. Soil & Til.
Res.Vol.197, March 2020, 104523
Smith MK, J.P. Smith JP, Stirling GR, (2011).
Integration of minimum tillage, crop rotation and
organic amendments into a ginger farming system:
Impacts on yield and soil born diseases. Soil and
Tillage Research; 114, 2: 108–116
Soane BD, Ball BC, Arvidsson J, Basch G, Moreno
F, Roger-Estra J, (2012). No-till in northern, western
and south-western Europe: A review of problems and
opportunities for crop production and the
environment. Soil and Tillage Research; 118, 1: 66–
87
Tueche JR, L. Norgrove L, Hauser S, Cadisch G,
(2013). Tillage and varietal impacts on tomato
production on an ultisol in central Cameroon. Soil and
Tillage Research; 128, 2: 1–8
Usman K, Khalil SK, Khan AZ, Khalil IH, M.A. Khan,
(2010). Tillage and herbicides impact on weed control
and wheat yield under rice–wheat cropping system in
North western Pakistan. Soil and Tillage Research;
110, 1: 101–107

Int. J. Agric. Food Sec.

Vakali C, Zaller JG, Köpke U (2011). Reduced tillage
effects on soil properties and growth of cereals and
associated weeds under organic farming. Soil and
Tillage Research111, 2: 133–141
Vanden Bygaart AJ, Yang XM, Kay BD, Aspinall JD,
(2002).Variability in carbon sequestration potential in
no-till soil landscapes of southern Ontario.Soil and
Tillage Research65, 2: 231–241
Vierheilig H, Coulghlan AP, Wyss U, Piché Y, (1998).
Ink and vinegar, a simple staining technique for
Arbuscular-Mycorhizae
Fungi.
Applied
and
Environmental Microbiology, 64, 12: 5004-5007
Walder, Niemann F, Natarajan H, Lehmann M, Boller
MF, Wiemken T, A (2012). Mycorrhizal networks:
Common goods of plants shared under unequal terms
of trade. Plant Physiology , 159(2): 789–797
Wang H, Xu J, Liu X, Zhang D, Li L, Li l, Sheng L,
(2019)..Effects of long-term application of organic
fertilizer on improving organic matter content and
retarding acidity in red soil from China. Soil & Til.
Res.Vol.195, Dec. 2019, 104382
Weber MG, (2003) Forest soil respiration after cutting
and burning in immature aspen ecosystems. Forest
Ecology and Management, 31, 1-2 : 1-14.
Xiao B, Wang Q, H. Wang, J. Wu, D. Yu, (2012). The
effects of grass hedges and micro-basins on reducing
soil and water loss in temperate regions: A case study
of Northern China. Soil and Tillage Research; 122, 2:
22–35
Yang CD, Lu SG, (2021).. Effects of five different
biochars on aggregation, water retention and
mechanical properties of paddy soil: A field
experiment of three-season crops
Yang H, Xu M, Li Y, Xu C, Zhai S, J.Liu J (2020). The
impacts of ditch-buried straw layers on the
interfacesoil physicochemical and microbial properties
in a rice-wheat rotation system. Soil & Til. Res.Vol.
202, Aug. 2020, 104656
Yi J, Qiu W, Hu W, Zhang H, Liu M, , Zhang D, Wu T,
Tian T, Jiang Y (2020). Effects of cultivation history in
paddy rice on vertical water flows and related soil
properties. Soil & Til. Res.Vol. 202, June 2020,
104613
Zhao Z, Cao L, Sha Z, Deng J, Chu C, Zhou D, Wu S,
Ly W, 2020.Impacts of fertilization optimization on N
loss from paddy fields: Observations and DNDC
modeling case study in Shanghai, China. Soil & Til.
Res.Vol. 199, May 2020, 104587
Zhou G, Gao S, Lu Y, Liao Y, Nie J, Cao W (2020). Coincorporation of green manure and rice straw
improves rice production, soil chemical, biochemical
and microbiological properties in a typical paddy field
in southern China. Soil & Til. Res.Vol.197, March
2020, 104499
Zhou H, Chen C, Wang D, Arthur E, Zhang Z, Guo Z,
Peng X, Mooney SJ (2020).Effect of long-term
organic amendments on the full-range soil water
retention characteristics of a Vertisol. Soil & Til.
Res.Vol. 202, Aug. 2020, 104663

