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Abstract

In the humid tropics, the continuous use of the same area reduces nutrient availability and increases the incidence of weeds.
To circumvent these obstacles, farmers practice itinerant agriculture associated with slashing and burning with negative
effects on the local and global environment. In search for a suitable system for humid tropical agriculture, the objective of
this study was to investigate the performance of no-till alley cropping in conjunction with the use of annual legume crops
grown during the off-season. The experiment was implemented in a one-hectare alley cropping system in which the
leguminous tree clitoria (Clitoria fairchildiana R.A. Howard) was used. The experimental design consisted of randomized
blocks with four replications of the following treatments: Stylosanthis (Stylosanthis capitata), showey rattlebox (Crotalaria
spectabilis), sunn hemp (Crotalaria juncea), jack bean (Canavalia ensiformis) and a control with clitoria alone, without an
annual legume. In January 2007 and 2008, maize was planted in each alley. One hundred and twenty days after annual
legumes were sown, the total biomass was recorded. Weed incidence was assessed 35 days after maize planting. Analyses of
the C, N, P, K, Ca and Mg contents of the legumes were carried out. To assess soil organic matter (SOM), composite soil
samples from the surface 0—5 cm were collected from experimental plots. Two adjacent areas were also sampled for
comparison: a 10-year-old secondary forest and an area of conventional tillage. The SOM was fractionated using a
densitometric and a granulometric method. Conventional systems reduce the silt and free light organic matter fractions more
than no till. The use of annual legumes changes the composition of the weed community, replacing the more aggressive
types with those less competitive. The use of showy rattlebox (C. spectabilis) may be an effective strategy for reducing
weed density in the long-season crop. Furthermore, relative to the use of leguminous trees alone, higher yields of maize
can be obtained with the use of showy rattlebox (C. spectabilis) and sunn hemp (C. juncea) without the application of
additional N.
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accumulation of weed seed banks, which become in-
exorable if successive cultivation is used®. Approximately
80,000 ha are slashed and burnt every year in the pre-

Introduction

In the humid tropics, high temperatures and rainfall com-

bined with soils derived from clastic sedimentary rocks
result in unfavorable conditions for sustainable agrosys-
tems. In particular, continuous use of the same area reduces
the nutrient availability and may result in an increase of
weed pressure]’z. To circumvent these obstacles, farmers in
the pre-Amazon region practice itinerant agriculture associ-
ated with the slashing and burning of natural vegetation that
grows during the fallow periods between slash and burn
events. Under this system, the burnt ash increases nutrient
availability, while the shifting of cultivation prevents the
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Amazon region®.

Unfortunately, with the growing number of farmers and
the consequent reduction in fallow periods, this system no
longer offers economic and social benefits to offset its
negative effects on the local and global environment. In the
local environment, the demand for farmable area leads to
successive fires between ever-decreasing fallow periods,
eliminating the species most susceptible to fire and allow-
ing the most resistant species to predominate. This cycle
reduces biodiversity and impoverishes ecosystems”. At the
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global scale, biomass burning contributes up to 1.1 Pg of
carbon emissions each year, because approximately 95%
of the total carbon of the biomass is released by burning.
In Brazil (one of the five largest emitter countries), an
estimated 70% of total CO, emissions is derived from
uncontrolled burning of forests which emits approximately
69 tons of CO, for each hectare burned®. Thus, replacing
the slash and burn system in the pre-Amazon region is
justified first by the strong need to increase agricultural
productivity and second by the need to reduce the en-
vironmental impact of burning tropical rainforests.

Besides the traditional focus on production, agricultural
producers must also balance conflicting demands involving
social, political, economic, technological and environmen-
tal issues’. Therefore, it is apparent that a farming system is
needed, which does not rely on the application of fertilizers,
which has a low cost, is consistent with the socio-economic
and technological practices of the farmers and can sustain
production and maintain soil fertility®. Several authors have
recommended no-till farming of leguminous trees planted
in alleys as an alternative to slash and burn methods in the
humid tropics. Desirable characteristics of such a system
include its ability to recycle nutrients’, to improve soil
fertility indicators'® and to reduce weed incidence when
combined with the use of annual legumeSS. In addition, the
high capacity of such a system to produce plant biomass
makes it a viable alternative for increasing soil carbon
stocks and reducing greenhouse gases''.

If an agrosystem is to become established for use in
humid tropical conditions, it must not only be environmen-
tally appropriate but also attractive to farmers for its
environmental and agricultural functions, such as reducing
the incidence and aggressiveness of weeds, producing a
sufficient quantity of residues for soil coverage and in-
creasing the availability of soil nutrients and organic carbon
through recycling'?. In the search for a suitable system for
humid tropical agriculture, the objective of this study was
to investigate the performance of no-till alley cropping in
conjunction with the use of annual legume crops grown
during the off-season. Specifically, we sought to assess the
ability of the system to increase the fractions of soil organic
matter (SOM), suppress weeds that produce seeds at the end
of the rainy season and sustain maize productivity in a
dystrophic Plinthosol in the pre-Amazon region.

Materials and Methods

The experiment was conducted between 2006 and
2008, encompassing two annual crop harvests in north-
central Maranhdo state (3°36” south latitude, 45°24" west
longitude) at an altitude of 60 m. The local soil was
classified as a typical silty and loamy dystrophic Plinthosol
with the following characteristics in the 0-20 cm
layer: K=2.7 mmol, dm™3 Ca=11.0 mmol, dm™3; Mg =
7.0 mmol, dm™; (H+Al) (a proxy for total acidity)=
56.0 mmol, dm™. Sand =230.0 g kg™ '; silt = 680.0 g kg™ ";
clay=90.0 g kg™'. pH (H,0)=4.3. BS (percent base
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saturation) = 27.0%; P =8.0 mg dm’3; bulk density =
1.3 Mg m™>. The experiment was implemented in a one-
hectare alley cropping system in which the leguminous tree
clitoria (Clitoria fairchildiana R.A. Howard) was planted at
a spacing of 2.60 m x 0.50 m. During 6 years prior to the
experiment, the clitoria plants were pruned at the beginning
of the rainy season and its branches were applied between
the rows of the annual crops of cassava, maize or rice.

The experimental design consisted of randomized blocks
with five treatments and four replications. Each block
consisted of two alleys with a row of C. fairchildiana in the
center and five plots of 5.2 m x5.0 m planted with the
following treatments: Stylosanthis capitata (stylosanthis),
Crotalaria spectabilis (showy rattlebox), Crotalaria juncea
(sunn hemp), Canavalia ensiformis (jack bean) or a control
(clitoria alone, without an annual legume).

The annual legumes were sown in continuous rows with
0.5-m spacing between plants at a rate of 7.7 g¢ m ™~ for the
stylosanthis, showy rattlebox and sunn hemp. The jack bean
was sown at a spacing of 0.50 m x 0.30 m, with three seeds
per hole. Sowing took place in June 2006 and 2007, a
period coinciding with the planting of off-season crops, in
order to suffocate weeds that grow during this phase and
that produce seeds that germinate at the same time as the
main crop in the following year.

In January 2007 and 2008, at the beginning of the rainy
season, four rows of maize (Zea mays L.), cultivar AG
5020, were planted in each alley at a spacing of 0.70 m x
0.30 m, with two seeds per hole. Maize seedlings were later
thinned to five plants per linear meter. Fertilizer was
applied during maize planting (20 kg ha™' N, 80 kg ha™"
P, 60 kg ha™' K and 2 kg ha™' Zn), according to the
most commonly used Brazilian fertilizer handbook13; side-
dressing fertilization was not applied.

One hundred and twenty days after annual legumes were
sown, their total biomass was cut and applied on the soil
surface. Weed incidence was assessed 35 days after maize
planting. Weed species of the family Commelinaceae were
evaluated separately during the second year only. To assess
weeds and legumes, samples were taken using a 50 x 50-cm
iron square at four random locations per plot. Thirty days
before maize planting, clitoria branches were pruned at a
height of 0.50 m, weighed and evenly distributed on the
soil in each plot mixed with residues of the annual
leguminous crops. A sample of leaves and twigs was
removed for chemical analysis. The weed, annual legume
and clitoria samples were dried in a forced-air ventilation
oven at 60°C until a constant weight was attained.

Analyses of the C, N, P, K, Ca and Mg contents of the
legumes were carried out according to methods described in
Tedesco et al.'*. Lignin analysis was performed according
to the methodology of Van Soest (1967)". Phenolic com-
pounds were analyzed using hot water and the Folin—
Ciocalteu reagent. Polyphenol levels were expressed as
gallic acid equivalents. The plant residue quality index
(PRQI) of Tian et al.'® was calculated using the formula
PRQI=[1+(axC/N+bxL+cxP)]x100, where a, b
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Table 1. Nutrient contents and residue quality of the leguminous species used; average of 2 years.

Parameter Stylosanthis Showy rattlebox Sunn hemp Jack bean Clitoria
Nitrogen (g ha™") 31.52 (£2.90) 32.28 (£3.12) 33.63 (£ 3.00) 26.81 (£2.53) 27.81 (£ 2.40)
Phosphorus (g ha™') 1.33 (£ 0.14) 1.57 (£ 1.20) 1.85 (£ 0.20) 2.20 (£0.23) 1.07 (£ 0.13)
Potassium (g ha™") 4.48 (£ 0.47) 7.53 (£ 0.61) 4.06 (+£0.32) 2.08 (£0.19) 2.67 (£0.32)
Calcium (g ha™") 3.95 (£ 0.45) 4.45 (£0.39) 2.11 (£0.15) 1.77 (£ 0.12) 2.31 (£0.25)
Magnesium (g ha™") 0.46 (£ 0.05) 0.56 (£0.43) 0.51 (£ 0.04) 0.25 (£ 0.03) 0.47 (£0.03)
C/N ratio 9.38 (£ 1.10) 9.19 (£ 0.86) 8.59 (£ 0.64) 9.00 (£ 0.86) 9.03 (£ 1.20)
Lignin (%) 8.16 (£ 0.89) 10.27 (£ 0.96) 8.57 (£ 0.69) 6.75 (£ 0.52) 15.87 (£ 1.70)
Polyphenols (%) 0.64 (£ 0.07) 0.54 (£0.08) 0.28 (£ 0.03) 047 (£0.53) 1.282 (£ 0.30)

13.27 (+ 1.46)

11.92 (£ 1.50)

13.50 (+ 1.40)

14.78 (£ 1.65)

9.76 (+0.89)

Plant residue quality index

Figures in parenthesis indicate standard deviation.

and c are coefficients of the content contribution of each
compound, represented by the values 0.423, 0.439 and
0.138, respectively; C/N = Carbon/Nitrogen ratio and L and
P = percentages of lignin and polyphenols, respectively.
The residue quality measurements of each annual legume
species used are shown in Table 1.

For soil analysis, samples were collected with a duty
auger, from a 0 to 20 cm layer. Soil samples were analyzed
for pH (0.01 M CaCl, suspension, 1 : 2.5 soil/solution, v/v),
P and exchangeable K, Ca, Mg (resin) and H+ Al (SMP
method), according to standard methods used by the
Agronomic Institute of Campinas'’. CEC was determined
as: K+Ca+Mg+H+ Al Sum of bases (SB) were calcu-
lated as: K+ Ca+Mg and base saturation percentage (BSP)
as SB/CEC x 100. We collected soil samples for the
determination of soil bulk density with 100 cm® volumetric
cylinders, with three replicates per plot. Each replicate was
a core sample from O to 15 cm depth. The soil from each
cylinder was dried in a lab oven at 105 °C. Bulk density
(ps) was calculated as w/v, where w is the soil weight in the
dried sample and v is the core volume.

To assess SOM, soil samples were collected using an
Eijkelkamp Edelman sand auger at a depth of 0-5 cm at the
end of the maize cycle in the second year. In each plot,
three composite samples, each made up of ten individual
samples, were collected. For comparison, two adjacent
areas were also sampled: a 10-year-old secondary forest
and an area of conventional tillage where rice and corn had
been cultivated for 2 years. Within these areas, 21 indi-
vidual samples were collected using a zigzag pattern, from
which four composite samples were obtained. After col-
lection, the samples were air dried, broken up, homo-
genized and passed through a 2.0-mm sieve.

The SOM was fractionated using two methods: a den-
sitometric method using a 1.8 g cm™ sodium iodide
(Nal) solution and a granulometric method described by
Machado'®. Wet oxidation with potassium dichromate was
used for carbon analysis of each soil fraction (Cy) follow-
ing the method described by Embrapa'®. The C stocks were
estimated as follows: Csf (Mg ha™')=carbon content
(g kg™") x bulk density (g cm™>) x 5 cm depth/10.

One hundred and thirty days after planting for two
consecutive years, the maize was completely harvested
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from all plots and placed in the open air to dry. The
harvested maize was weighed when its moisture content
reached 16%.

Data were analyzed using the Statistica software®.
Analysis of variance was performed, and means were
compared using the Tukey test (P <0.05).

Results and Discussion
Residue quality and nitrogen recycling

In humid tropical agrosystems, the quality and quantity of
cover residues strongly affect the rate of decomposition and
the time during which the soil is covered. In turn, the
availability and the N and K use efficiency rely heavily on
the time of soil coverage which enhances the soil root-
ability'®. In this experiment, the annual legumes that
produced the greatest quantities of biomass were jack bean
and sunn hemp, followed by showy rattlebox. In conditions
of water stress (during the first year), jack bean out-
performed the Crotalaria species, but in the second year,
the Crotalaria species were more productive. The pruning
of clitoria at the end of the rainy season in the first year
decreased its productivity in the following year. On the
other hand, all species except for stylosanthis had higher
growth in 2008 than in 2007. This finding is probably due
to the greater intensity and more uniform distribution of
rainfall at the end of the second year. The highest biomass
of the annual legumes compensated for the lower produc-
tion of the clitoria biomass and increased the quality of
residues in the second year compared to the first year
(Table 2). In the second year, the clitoria and clitoria+
stylosanthis treatments did not provide enough biomass for
soil coverage.

Soil coverage buffers sudden changes in temperature and
humidity in this region. This is important because the local
soils have a fragile structure and are generally prone to
cohesion. Thus, moisture retention makes the soil less hard
and improves rooting ability and nutrient use efficiency'’.
The levels of recycled nitrogen followed the normal
trend in biomass production. However, potassium recycling
was highest with Crotalaria species. The efficient use of
nitrogen and potassium under humid tropical conditions
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Table 2. Dry biomass, nutrient contents and residue quality of the mixture (clitoria + annual species) and of the clitoria, applied to each

treatment; average of 2 years.

Parameter Stylosanthis Showy rattlebox Sunn hemp Jack bean Clitoria
Year I
Dry biomass (Mg ha™") 6.20 (£ 0.58) 6.90 (£ 0.86) 7.70 (£ 0.65) 8.51 (£0.91) 5.61 (£0.65)

Nitrogen (kg ha™")
Potassium (kg ha b

174.85 (+ 6.90)
17.41 (£ 1.89)

197.34 (£ 12.91)
24.65 (+ 3.00)

C/N ratio 9.03 (£ 1.23) 9.11 (£ 0.87)
Lignin (%) 15.00 (£ 1.17) 14.84 (£ 1.20)
Polyphenols (%) 1.25 (£ 0.15) 1.16 (£ 0.12)
Plant residue quality index 9.33 (£ 0.10) 955 (x1.11)
Year II

Dry biomass (Mg ha™!) 2.03 (£0.19) 5.50 (£0.76)
Nitrogen (kg ha™") 57.05 (£4.98) 173.16 (+ 16.87)
Potassium (kg ha b 5.84 (£0.62) 34.27 (£2.98)
C/N ratio 9.17 (£ 1.09) 9.07 (£ 1.32)
Lignin (%) 14.58 (£ 1.56) 11.84 (£ 1.43)
Polyphenols (%) 1.26 (£ 0.12) 0.83 (£9.23)
Plant residue quality index 9.74 (£ 1.43) 10.92 (£ 1.56)

225.61 (+19.32)

17.71 (£ 1.90)

233.72 (£ 18.85)

155.70 (£ 13.90)

20.43 (+2.54) 14.61 (£ 1.51)

8.97 (£0.78) 9.05 (+ 1.00) 9.09 (+1.10)
13.94 (£ 1.45) 12.73 (£ 1.30) 15.76 (+ 1.45)
1.00 (+0.98) 1.13 (£ 0.08) 1.30 (£ 0.15)
10.21 (£ 1.50) 10.53 (£ 0.98) 9.24 (+0.12)
6.90 (£ 0.71) 5.15 (£ 0.47) 1.65 (£ 0.11)
187.74 (£ 16.78)  138.76 (+ 12.43) 44.96 (+3.70)
25.25 (+2.58) 11.27 (£ 1.42) 4.07 (+0.56)
8.66 (£ 1.11) 9.04 (+0.87) 9.05 (+0.83)
10.37 (£ 0.98) 9.77 (+£0.74) 15.24 (£ 1.23)
0.58 (£ 0.61) 0.79 (+0.86) 1.23 (£ 1.71)
12.14 (£ 1.15) 12.34 (+1.35) 9.17 (+ 1.00)

Figures in parenthesis indicate standard deviation.

depends on optimal root functioning and the availability of
these nutrients during the growth period®"*2. In a region
where rainfall can reach 1200 mm during the crop growth
period, nutrient availability is reflected in resistance to
vertical movement of surplus water. Therefore, the best
coverage treatments for growing crops are those that
provide the best rooting conditions and greatest N and K
recycling and uptake from residues'®.

Effect on soil organic matter

SOM levels were reduced by the soil management in alley
cropping systems with annual legumes relative to the
secondary forest area, but the decrease in SOM was even
greater in the conventionally tilled area. The largest
reductions in the conventionally tilled area were in the
clay and silt fractions, with the latter reduced by more than
five fold compared to annual legume treatments and by
more than eight fold compared to the conventional tillage
(Fig. 1). According to Feller and Beare™, changes in
carbon stocks in agriculturally managed soil are dependent
on soil texture. In silty soils such as those found in this
experiment, greater changes are expected to occur in the silt
fraction.

The light fraction supposedly represents an intermediate
pool between non-decomposed residues and humified SOM
and therefore is not only the less stable fraction, but also the
most sensitive to changes in management practices mainly
in humid tropical conditions®*. Several authors®*>*® have
reported the high sensitivity of the light fraction to changes
caused by management of tropical soils. On the other hand,
according to Christensen”’, variations in the light fraction
depend primarily on factors that alter the balance between
the production and decomposition of residues. Soil tillage
in the conventional system and biomass quality in annual
legume treatments decreased the SOM light fraction levels
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in this experiment. The free light fraction is important in
tropical silty and loamy soils because of its effect on what
Shepherd et al.® called the ephemeral stability of aggre-
gates, which is reflected in improved physical indicators
such as infiltration rate and aeration capacity. These effects
can be extremely important in the humid tropics, especially
during periods of higher levels of rainfall, when excess
water limits plant growth®’. There were no differences
in humified organic matter among any of the treatments.
Environmental factors, such as the ready availability of
water, oxygen, nutrients and high temperatures, all of
which were present in this experiment, can eliminate the
differences that varying systems of soil management have
on these fractions of organic matter".

Capacity to suppress weeds

The lack of effective weed management practices is widely
reported to be a major constraint in alternative agricul-
ture’!. Under Brazilian humid tropical conditions, no-till
farming without herbicides is feasible only if farmers can
reduce the incidence of weeds that grow from May to
August after the long-season crop is harvested. The high
growth of the weeds in this period might produce seed
banks that infest the crops sown at the beginning of the next
rainy season’. In this experiment, the presence of annual
legumes sown in the first year was not enough to reduce
weed incidence in the primary crops in the following year
(Table 3). The lack of rain, which discourages the growth of
the legumes and the high coefficient of variation, may have
been the primary causes of the lack of significant dif-
ferences between weed biomasses from areas with residues
versus the control area.

Several other factors may contribute to the variation of
weeds in alley cropping systems, including shading of the
area during tree growth, which reduces the abundance of
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Table 3. Density and biomass of monocotyledons and dicotyledons, years I and II, and ratio biomass of Commelina sp.:total year II in the
treatments the mixture (clitoria+ annual species) and clitoria alone 30 days after sowing.

Showy Sunn Jack
Stylosanthis rattlebox hemp bean Clitoria

Year I
Monocotyledons

Density (plant m™2) 335 25.5 52.5 25.2 25.8

Biomass (kg ha™") 1352 822 1398 982 1692
Dicotyledons

Density (plant m™2) 68.0 25.0 52.0 15.2 19.8

Biomass (kg ha™') 560 525 495 505 385
Total

Density (plant m™2) 101.5 50.5 104.5 40.5 455

Biomass (kg ha ') 1912 1348 1892 1488 2078
Year II
Monocotyledons

Density (plant m~?) 70.0 44.0 51.0 46,5 103.0

Biomass (kg ha_l) 485 440 415 490 740
Dicotyledons

Density (plant m™2) 51.0 a 16.0 b 25.0 ab 23.5 ab 34.0 ab

Biomass (kg ha™h) 190 100 80 110 60
Total

Density (plant m™2) 121.0 ab 60.0 b 76.0 ab 70.0 ab 137.0 a

Biomass (kg ha™") 675 540 495 600 800
Ratio Commelina sp.:total

biomass (%) 62.2 583 70.7 61.6 53.1

Different letters indicate significant differences calculated by Tukey test (P < 0.05).

M Free light fraction M Intra-agreggate fraction M Sand fraction O Clay fraction M Silt fraction [ Humic fraction
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T —
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Figure 1. Carbon fraction quantities of the soil under the mixture (clitoria+annual species), clitoria alone, secondary forest and
conventional tillage, at a depth of 0-5 cm. Different letters indicate significant differences calculated by the Tukey test (P <0.05).

ns = not significant.

species that are sensitive to shade. Also, the improvement
in soil fertility indicators resulting from the decomposition
of residues applied over time alters the competitiveness of
the crop and the composition of weeds>2. The change in the
composition of the weed community in this experiment
is evident by comparing these results to those of Aratjo
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et al.>. The previous study took place in the same location
in 2004 and found more than 60% dominance of weedy
Poaceae species, especially Leptochloa virgata and Pani-
cum laxum. Four years later, in the second year of this
experiment, Commelina species predominated, comprising
more than 58% of weed species in all treatments and
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Figure 2. Maize yield in the years I and II and in the treatments
the mixture (clitoria+ annual species) and clitoria alone. Different
letters indicate significant differences by the Tukey test (P < 0.05).

reaching as much as 70% in the C. juncea treatment.
Changes in species composition often occur when manage-
ment practices and crop rotation systems are altered.
Organic carbon levels and nutrient availability are the pri-
mary factors that influence the changes in species compo-
sition of weeds in cultivated fields™.

During the second year, although there was greater
growth of legumes, the overall weed density was reduced
only in the C. spectabilis treatment. With this treatment,
weed density was reduced to less than half that of the
control (Table 3). The impact of soil coverage on weed
density is probably related to biological effects of allelo-
pathic products derived from residue decomposition and the
physical weed barrier brought about by the presence of
the material used for covering the soil surface. The inhi-
bitory effect of Crotalaria species on weeds has also been

shown®*.

Maize productivity

Despite the low productivity of the annual legumes, used
as the green manure, only the residue application of sunn
hemp affected maize productivity during the first year
(Fig. 2). Productivity increased during the second year in all
treatments, but the highest yields were attained with
Crotalaria. According to Moura et al.'®, the productivity
of maize under the conditions of this experiment is
determined by the efficiency of absorption and remobiliza-
tion of N and K, which depend on their availability and the
rooting ability conditions provided by soil coverage.
Because side-dressing fertilization was not used, the
differences in productivity in this experiment can only be
explained by the greater nutrient availability and nutrient
use efficiency derived from the annual legumes. In a study
in the same region’, different coverage residues were com-
pared. Those authors concluded that for maize productivity,
the application of greater quantities of N and K from high-
quality leucaena residues was equivalent to long-term
coverage with low-quality residues for the leguminous trees
Inga edulis and C. fairchildiana, both of which produced
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48% more than the control treatment without residue ap-
plication.

Over the 2 years of this experiment, the Crotalaria
treatments produced more biomass, N and K and produced
30% more grain than control treatments. This indicates that
soil covered with lower-quality clitoria residue was less
productive than the mixture of residues. Some studies''
have reported that an appropriate combination of different
quality residues can improve uptake from N recycling and
that the combination of leucaena (higher quality) with
Acacia mangium (low quality) grown in alleys can produce
up to four times more grain of maize than soil without
residues. In this experiment, mixtures of residues with sunn
hemp and showy rattlebox performed better in the second
year, even with the low quantities of clitoria, because they
provided greater quantities of N and six times more K than
the control.

Conclusion

Under humid tropical conditions, soil used for farming
experiences rapid decreases in total levels of organic matter
relative to areas of secondary forest, primarily by decreas-
ing levels of silt and clay fractions. However, the use of
legumes in no-till systems may be more environmentally
appropriate for compensating for these decreases than
conventional systems that reduce the silt and free light
organic matter fractions of the soil. Moreover, the soil
management in this system changes the composition of the
weed community, replacing the more aggressive types
(such as the Poaceae species) with those less competitive
(such as the Commelina species).

From an agronomical point of view, the use of C. spec-
tabilis sown at the end of the rainy season seems to be an
effective strategy for reducing weed density in the long
season crop. Furthermore, relative to the use of leguminous
trees alone, there is some evidence that higher yields of
maize can be obtained with the use of showy rattlebox and
sunn hemp without the application of additional N. In order
to design an agrosystem that is appropriate for humid
tropical conditions, further research that addresses the
sustainability of the beneficial effects of various systems is
needed.
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