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Abstract

This study was carried out under field conditions with the aim of evaluating the period of time necessary for soil cover, dry
matter production and accumulation of nutrients by perennial herbaceous legumes with different phosphorus sources at
different levels. Four legumes were evaluated: calopo (Calopogonium mucunoides Desv.), forage groundnut (Arachis pintoi
Krap. & Greg.), siratro (Macroptilium atropurpureum (OC.) Urb.) and tropical kudzu (Pueraria phaseoloides (Roxb.)
Benth.). Each of these species received different phosphorus (P) sources and levels: no phosphate fertilization; 44 and 88 kg
of Pha™" applied as rock phosphate; and 44kg of Pha™' as triple superphosphate. Calopo, siratro and tropical kudzu
completely covered the soil surface 129 days before forage groundnut. Phosphate fertilization did not increase the dry
matter production of any species. The legumes forage groundnut, siratro and tropical kudzu showed desirable characteristics
that promote their use as cover crops, such as high dry matter production and shoot accumulation of nitrogen (N) and
potassium (K). Forage groundnut had the highest proportion of N derived from the atmosphere at the end of the rainy
season, while there were no significant differences between the legumes at the end of the dry season. There was an elevation
of soil pH and calcium+magnesium (Ca+Mg) contents, associated with a reduction of aluminum (Al) content, in the
surface soil layer (0—5cm) for siratro in relation to groundnut and tropical kudzu. Tropical kudzu promoted higher soil

organic C contents when compared to groundnut.
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Introduction

The use of cover crops is indicated as a strategy to improve
sustainability of agroecosystems, bringing benefits to both
soil and crops'. Gliessman? affirmed that some cover crops
may cause favorable impacts on soil structure, soil fertility
and pest control, reducing the use of external inputs in
agriculture. On the other hand, problems such as the
increase of certain pests, like nematodes, have also been
related to some cover crops™!. Some characteristics are
desirable for cover crops used in tree-based systems, such
as improvement of crop yields; reduction of soil erosion;
increase of soil organic matter, supply of nitrogen and
retention of other nutrients in the soil; inhibition of weeds
and suppression of pest organisms®>. Among the plant
species employed, perennial herbaceous legumes inter-
cropped with fruit trees present great potential for
improving plant production in orchards®.
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Perennial herbaceous legumes, which fix atmospheric
nitrogen biologically, represent a strategy to recuperate
degraded lands of farmers who cannot afford N fertilizers’.
Another advantage to soil fertility brought by these plants is
related to recycling of nutrients that have been leached to
deep soil layers'. These nutrients may be absorbed by
legume roots, becoming available to cultivated plants after
cutting of the cover crops.

Soil covered by perennial herbaceous legumes is
generally more protected against erosion®. This is due to
the mechanical protection promoted by these cover crops,
which reduces the direct impact of rain drops on the soil
surface. Besides reducing erosion, perennial herbaceous
legumes may also increase water infiltration in the soil’.

Weeds cause negative effects on agriculture in many
tropical areas, reducing yields. Cover crops may also allow
weed control by competing for light?, water and nutrient

resources'® or by allelopathic processes''. However,
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studies also indicate that some perennial herbaceous
legumes may compete for water and nutrients with fruit
crops, suppressing their yields'?.

Besides intercropping with fruit trees, perennial
herbaceous legumes have also been used successfully as
forage plants'*'*. According to this information, plants
cultivated as cover crops can also be managed by removing
residues for animal feeding. It is important to understand
the effects of this type of residue management on soil
fertility.

In spite of the described advantages, using inappropriate
species for certain soil and climatic conditions may
compromise the efficiency of cover crops. Problems such
as plant sensitivity to soils with low fertility are described
by several authors'®. Therefore, selecting legumes adapted
to soils of low fertility is important in many tropical areas.
It is equally important to consider the compatibility of the
species within diverse production systems.

The process of biological nitrogen fixation requires high
quantities of phosphorus (P)'®. Consequently, phosphate
fertilization represents a strategy to favor legume growth
and nitrogen accumulation if the soil is P limited.

The purpose of this study was to characterize the speed
with which four different perennial legumes covered the
soil, their dry matter production and accumulation of
nutrients in the shoot tissue, when fertilized with different
phosphorus sources and at different levels. Their N fixation
potential and effects on soil fertility were also evaluated, as
well as the impacts of different types of residue manage-
ment.

Materials and Methods

The trial was conducted on an Ultisol located at the
Embrapa Agrobiologia Experimental Station, in Seropédica,
Rio de Janeiro state, Brazil (longitude 43°41'W, latitude
22°45°'S, 33 m above sea level). Soil chemical properties
(020cm depth) were analyzed following Embrapa
methodology'’, showing pH (H,O)=5.6, exchangeable
aluminum (Al; titration against NaOH) = 0.0 cmol™® dm —,
exchangeable calcium (Ca; titration against EDTA) =3.0
cmol® dm ™, exchangeable magnesium (Mg; titration
against EDTA) = 1.4 cmol® dm >, available phosphorus
(P; Mehlich 1)=2.0mgdm >, exchangeable potassium
(K)=72mgdm 3. The annual means of temperature and
rainfall were 24.1°C and 1620 mm, respectively. The dry
season occurs from April to September.

A randomized complete block design was used, with
three replicates, in a factorial scheme 4 X 4 (4 legumes and
4 phosphorus sources and levels), in a split-plot experi-
ment. The main plots received legumes [calopo (Calopo-
gonium mucunoides Desv.), forage groundnut (Arachis
pintoi Krap. & Greg.), siratro (Macroptilium atropurpureum
(OC.) Urb.) and tropical kudzu (Pueraria phaseoloides
(Roxb.) Benth.)], and treatments with different phosphorus
sources and levels (no phosphate fertilization, 44 and 88 kg
of Pha~" applied as rock phosphate, and 44 kg of Pha ™' as
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triple superphosphate). The subplots received two different
types of residue management after legumes harvest: the
legumes were harvested and the plant material left on the
soil, or the plant parts were removed from the plots to
simulate situations where the legume was harvested
periodically as a fodder crop. According to the type of
plant growth, siratro and tropical kudzu are prostrate, with
a tendency to climb, while forage groundnut is a creeper
plant.

The legumes were planted in February of 1995.
Groundnut established poorly and had to be replanted at
75 days after trial installation. The speed at which the soil
was covered was evaluated by a photographic method,
using the software STARCS'®,

Calopo, siratro and tropical kudzu were harvested at 5
and 9 months after planting. As forage groundnut was
replanted in the dry season, it grew slowly, being cut for the
first time at 7 months after trial installation. Calopo had
problems after the first harvest, due to mite attack. The
remaining species continued to be cut at 12, 21, 24, 35 and
38 months after trial installation. In all, six cuts of
groundnut and seven cuts of siratro and tropical kudzu
were made.

At each cut, shoot samples were collected to determine
dry matter production and N, P and K contents. These
samples were oven dried at 65°C until they showed
constant weight. For N analysis the procedure of Bremner
and Mulvaney19 was followed, while P and K were
determined after nitric-perchloric digestion®’. P was
analyzed colorimetrically, and K by flame photometry'”.

At 24 months after planting, at the end of the rainy
season, shoot samples of the legumes that received triple
superphosphate were also collected, with the aim of
evaluating biological nitrogen fixation (BNF) by the "N
natural abundance method?!. At the same time, microplots
(2.0 x 1.0m) were demarcated in the subplots fertilized
with triple superphosphate, and plant residues were
removed. These microplots received 10kg of N ha™' as
ammonium sulfate with 10 atom % 15N, to evaluate BNF
by the "N isotope dilution method*?. As non-fixing control
plants, the grasses Panicum maximum Jacq. ecotype KK 16
and Brachiaria arrecta (Hack ex T. Durand & Schinz)
Stent were used. Legume and grass shoot samples were
collected 35 months after planting, at the end of the dry
season. The shoot samples were oven dried at 65°C,
weighed and analyzed for total N and "N by mass
spectrometry.

Soil samples were collected at 16 and 30 months after
planting, from depths of 0-5, 5-10 and 10-20cm, to
evaluate the effect of cover crops on the following soil
fertility parameters'’: pH in water, exchangeable Al,
exchangeable Ca, exchangeable Mg, available P, and
exchangeable K.

Data for all variables were subjected to ANOVA
procedures. Where significant differences were detected,
Tukey’s test was applied, at 0.05 probability level, to
separate means.
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Table 1. Percentage of soil covered by perennial herbaceous legumes in different periods of time.’

Percentage of soil covered at different times after trial installation

Legumes Planting date 39 days 67 days 106 days 135 days 168 days 198 days 230 days 264 days
(%)

Forage groundnut  May 1995 NE? NE 9 19 52 89 97

Calopo February 1995 16ab 80a 93b 100a 100a 100a 100a 100a

Siratro February 1995 22a 8la 94ab 100a 100a 100a 100a 100a

Tropical kudzu February 1995 11c 52b 97a 100a 100a 100a 100a 100a

! Values in the same column followed by different letters indicate significant differences (P < 0.05) according to Tukey’s test.

2 NE, not evaluated.

Table 2. Dry matter production by perennial herbaceous
legumes under two types of residue management over a period
of 4 years.’

Dry matter production

Residues
Residues left on removed from
Legumes the cultivated area the cultivated area
———————————————————— (Mgha ) P——

Ist year

Calopo 5.6Ca 5.6Ca

Forage groundnut 13.1Ba 12.6Ba

Siratro 12.3Ba 12.7Ba

Tropical kudzu 15.2Aa 15.3Aa
2nd year

Forage groundnut 15.0Aa 11.7Ab

Siratro 6.1Ca 6.2Ca

Tropical kudzu 9.4Ba 8.3Ba
3rd year

Forage groundnut 5.5Aa 4.1Ab

Siratro 3.7Ba 3.5ABa

Tropical kudzu 3.4Ba 2.8Ba
4th year

Forage groundnut 6.0Aa 4.0Ab

Siratro 4.0Ba 4.0Aa

Tropical kudzu 4.0Ba 3.4Aa

! Values followed by different capital letters (in the same column)
or by small letters (in the same line), for each year, indicate
significant differences (P < 0.05) according to Tukey’s test.

Results and Discussion

Periods of time necessary for complete soil cover by the
legumes varied from 135 days after planting of calopo,
tropical kudzu and siratro, to 200 days after the replanting
of forage groundnut (Table 1). Although after the first 135
days the first three legumes completely covered the soil
surface, calopo and siratro covered the soil earlier, and at
67 days after planting showed 27 and 29% greater cover,
respectively, than tropical kudzu. Groundnut was not
compared to other legumes because it was replanted during
the dry season, showing slower growth. Planting time
influences soil cover velocity of groundnut. According to
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Espindola et al.”, planting delayed from March to May, in
the southeast of Brazil, caused an increase in the time
necessary for complete soil cover from 130 to 190 days.

The periods of time for complete soil cover by the
evaluated legumes were considerably larger than those
values described for the annual legume velvet bean
(Mucuna pruriens) on the same soil and climate condi-
tions>, emphasizing the importance of controlling weeds
during the first months after planting for the perennial
legumes.

Higher values were observed for dry matter production
(Table 2) and accumulation of N, P and K (Table 3) in
tropical kudzu during the first year compared to the other
legumes. Forage groundnut overtook other legumes in dry
matter production and accumulation of N during the
following years. Considering the results during the first
year, tropical kudzu produced up to 72% more dry matter
than the other legumes, and it was superior to other species
by up to 115, 88 and 262% for accumulation of N, P and K,
respectively. The results described above were probably
influenced by the fact that groundnut was replanted at 75
days after trial installation, having less time to produce dry
matter and accumulate nutrients than the other species
during the first year.

It is important to point out that high values observed in
the first year for dry matter production and nutrients
accumulation, compared to the second year, are related to
the greater number of cuts made during that period (three in
the first year against two in each of the next years).

From the second year onwards, prejudicial effects of
removing plant residues were detected on dry matter
production (Table 2) and nutrient accumulation (Table 3).
There were different results between the evaluated
legumes, with only forage groundnut being affected by
residue management. Considering nutrient recycling, the
two types of residue management have different effects on
the sustainability of agroecosystems, with removal after the
cut contributing to a higher exportation of nutrients.
Natural leaf fall was observed in tropical kudzu and siratro
in both the harvested and unharvested plots, which would
reduce the effect of residue removal on soil nutrient supply.
Consequently, residue removal of forage groundnut for
agricultural practices such as hay production would only be
viable if limiting soil nutrients are replaced by fertilization.
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Table 3. Nitrogen, phosphorus and potassium accumulation by perennial herbaceous legumes under two types of residue management
over a period of 4 years.’

N accumulation P accumulation K accumulation

Legumes Retained’ Removed® Retained’ Removed’ Retained’ Removed®
(kgha™ b
Ist year
Calopo 139.7Ca 139.7Ca 11.4Da 11.4Da 45.0Da 45.0Da
Forage groundnut 354.9Ba 341.4Ba 22.5Ca 21.9Ca 93.7Ca 87.4Ca
Siratro 358.7Ba 349.4Ba 26.7Ba 26.7Ba 141.6Ba 128.4Ba
Tropical kudzu 438.9Aa 421.4Aa 32.8Aa 30.6Aa 208.1Aa 170.9Aa
2nd year
Forage groundnut 406.0Aa 320.0Ab 27.1Aa 20.0Ab 92.2Aa 63.7Ab
Siratro 187.0Ca 178.6Ba 12.2Ba 11.9Ba 57.2Ba 58.5Aa
Tropical kudzu 270.6Ba 233.1Ba 17.4Ba 16.1ABa 79.8ABa 66.2Aa
3rd year
Forage groundnut 179.7Aa 129.8Ab 10.4Aa 7.3Ab 42.3Aa 23.5Ab
Siratro 109.6Ba 102.9Ba 6.0Ba 5.6Aa 32.3Aa 28.6Aa
Tropical kudzu 98.2Ba 77.9Ca 5.9Ba 4.8Aa 25.6Aa 18.9Aa
4th year
Forage groundnut 181.5Aa 123.5Ab 12.9Aa 10.4Ab 52.8Aa 23.5Ab
Siratro 121.5Ba 115.8Aa 9.0Ba 8.5ABb 52.7Aa 48.5Aa
Tropical kudzu 129.0Ba 102.7Aa 9.0Ba 7.2Bb 44.9Aa 30.8Aa

! Values followed by different capital letters (in a column) or by small letters (between ‘Retained’ and ‘Removed’ within each
species), for each year, indicate significant differences (P < 0.05) according to Tukey’s test.

% Retained = residues left on the cultivated area.

 Removed = residues removed from the cultivated area.

Table 4. Delta '>N values (8'°N), proportion of N derived from biological nitrogen fixation (BNF; % Ndfa), and amounts of N fixed
by perennial herbaceous legumes, estimated using the natural abundance of '’N method with two different non-fixing control plants,
at the end of the rainy season (24 months after planting). The legumes had been fertilized with phosphorus (44kgha ' as triple
superphosphate).”

% Ndfa Amounts of N fixed
Legumes/control plants 3 °N P. maximum B. arrecta P. maximum B. arrecta
(To)=mmrmmmmmmemmeme e (kgha™") -memeeeeee

Forage groundnut 0.40c 90.8a 88.6a 159.9a 158.0a
Siratro 1.69a 68.7c 59.8¢ 70.5a 61.9a
Tropical kudzu 0.88b 84.2b 78.5b 107.9a 100.2a
Control plants

P. maximum 5.12 - - - -

B. arrecta 4.18 - - - -

! Values in the same column followed by different letters indicate significant differences (P < 0.05) according to Tukey’s test.

Considering all the cuts made of forage groundnut,
tropical kudzu and siratro, it is significant to note their high
potential for dry matter production and shoot accumulation
of N and K. Forage groundnut produced 36 Mg of dry
matter ha ' and accumulated 1018 kg of N and 240 kg of K
ha™', while tropical kudzu and siratro produced 31 and
26 Mg of dry matter ha™', respectively, and accumulated
886 and 762 kg of Nha~!, and 323 and 274kg of K ha_l,
respectively.

There were no significant differences between types of
residue management for biological nitrogen fixation (BNF),
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evaluated using the '°N natural abundance method obtained
at the end of rainy season (Table 4). The results showed
higher proportion (88.6-90.8%) of N fixed for forage
groundnut, which was superior to other species by up to
28%. All the legumes presented high amounts of N fixed
per hectare, varying from 62 to 160 kg of N ha™". Since P is
supposed to increase N fixation, the obtained results should
be observed with caution, because they were measured
only in the plots fertilized with triple superphosphate,
and therefore do not represent BNF of legumes without
fertilization.
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Table 5. Atom % '°N atoms in excess, proportion of N derived from biological nitrogen fixation (BNF; % Ndfa) and amounts of N
fixed by perennial herbaceous legumes estimated using the '°N isotope dilution method, with Brachiaria arrecta as the non-fixing
control plant, at the end of the dry season (35 months after planting). The legumes had been fertilized with phosphorus (44kgha™" as

triple superphosphate).’

Legumes/control plant I5N atoms in excess % Ndfa Amounts of N fixed
(Fo)-mmrmmmmmmemmmmmmemeeee e (kgha ') ------
Forage groundnut 0.045a 67.5a 100.4a
Siratro 0.018a 86.8a 100.6a
Tropical kudzu 0.047a 66.6a 49.3a
Control plant
B. arrecta 0.139 - -

’ Values in the same column followed by different letters indicate significant differences (P < 0.05) according to Tukey’s test.

Table 6. Chemical properties [(a) pH, exchangeable Al, Ca+Mg; and (b) organic C, available P and K] of the soil covered by
perennial herbaceous legumes, at three different depths (0-5, 5-10 and 10-20cm).’

(a)
Perennial herbaceous legumes
Forage groundnut Siratro Tropical kudzu
Depth (cm) pH Al Ca+Mg pH Al Ca+Mg pH Al Ca+Mg
- (cmol® dm %) ---- - (cmol® dm™3)---- -~ (cmol® dm™3) ----
0-5 4.5Ab 0.13Cb 4.2Ab 5.0Aa 0.01Bc 4.7Aa 4.5Ab 0.15Ba 4.1Ab
5-10 4.3Ba 0.20Aa 3.5Bb 4.5Ba 0.16Ab 3.9Ba 4.5Aa 0.16Ab 3.8Ba
10-20 4.5Aa 0.15Bb 3.5Ba 4.5Ba 0.16Aa 3.6Ca 4.5Aa 0.14Cc 3.6Bb
(b)
Perennial herbaceous legumes
Forage groundnut Siratro Tropical kudzu
Depth (cm) Organic C K Organic C P K Organic C P K
(gkg™ (mgdm™)-— (gkeg™ (mgdm™)-— (gkg™) (mgdm™)-—
0-5 7.0Ab 5.8Aa 53.0Aa 7.7Aab 4.9Aa 57.0Aa 8.1Aa 5.6Aa 59.0Aa
5-10 6.9Bb 4.5Ba 28.0Ba 7.1Bab 4.1Ba 27.0Ba 7.2Ba 4.4Ba 40.0Ba
10-20 5.1Cb 4.0Ca 21.0Ba 5.3Cab 3.9Ca 25.0Ba 6.0Ca 3.9Ca 30.0Ba

 Values followed by different capital letters (in a column) or by small letters (between species for each soil parameter) indicate

significant differences (P < 0.05) according to Tukey’s test.

Using the enriched "N isotope dilution method, at the
end of dry season, there were no significant differences
between legumes for proportions or amounts of N fixed per
hectare when Brachiaria arrecta was used as the non-fixing
control (Table 5). Negative results were obtained with the
use of Panicum maximum ecotype KK 16, suggesting that
this species is not a good reference plant for use with the
legumes evaluated by the °N isotope dilution method (data
not shown). This may be related to differences in rooting
patterns or in N uptake between the nitrogen-fixing plant
and the non-fixing reference plant**. Comparing the '°N
natural abundance method with the >N isotope dilution
method, Giller and Wilson?* observed that, as the variation
in 8'°N of available soil N with depth is usually small, the
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closeness with which the rooting patterns of the legumes
and non-fixing controls need to be matched is not as critical
in the '°N natural abundance method as when using '°N

isotope dilution.

The results presented for nitrogen fixation in the plots
where P was added to the soil are consistent with other
reports’2*, indicating the potential of the legumes evalu-
ated in this study for adding large amounts of nitrogen to
agroecosystems. However, some agricultural practices may
affect the benefits of BNF. Successive cuts of perennial
herbaceous legumes followed by removing plant residues
temporarily reduce nitrogen fixation, due to the competition
for carbohydrates between plant regrowth and nodule
maintenance®. On the other hand, intercropping with
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non-legume plants reduces the prejudicial effects of cutting
perennial legumes on nitrogen fixation, since those species
act as a sink of N fixed**.

The different levels of phosphate fertilization did not
increase dry matter production of any legume (data not
shown), demonstrating that the evaluated species are
adapted to soils with low P fertility. Forage groundnut is
indicated in the literature as a species capable of exploiting
available P of the soil, even at high aluminum contents?®.
The tolerance of herbaceous legumes to soils with low
available P is related to processes such as symbiosis with
arbuscular mycorrhizal fungi?’ and secretion of phytase
from plant roots*®, among other mechanisms.

Soil fertility evaluation, 16 months after planting,
revealed significant interactions between legumes and soil
depths for pH values, and exchangeable Al and Ca+Mg
contents (Table 6a). Siratro presented higher pH values and
Ca+ Mg contents, associated with lower Al contents, in the
0-5cm layer, when compared to forage groundnut and
tropical kudzu.

Tropical kudzu promoted an accumulation of organic C
in the soil statistically higher to forage groundnut at all the
evaluated layers (Table 6b). A similar effect of tropical
kudzu on soil organic matter has been reported?’,
corroborating the benefit of this species to soil fertility.

Regarding plant residue management, an increase of
exchangeable Ca+Mg and K contents was observed in the
surface layer of the soil (0-5cm) in the subplots where
residues were cut and left on soil surface, contrasting with
subplots where residues were cut and removed (data not
shown). Consequently, residue management may also
affect soil fertility, improving soil nutrient contents in the
areas where residues are left on soil surface.

Results related to the second soil fertility evaluation,
made at 30 months after planting, were similar to those
formerly presented, and the data are not shown here.

Further understanding of the interactions between the
evaluated perennial herbaceous legumes and fruit trees,
involving aspects such as yield, mineral nutrition, pests,
tolerance to shade and plant management, is required to
ensure that appropriate cover crops are recommended for
use in orchards.

Conclusions

Calopo, tropical kudzu and siratro covered the soil surface
faster than other legumes, indicating that these species may
contribute to protect soil against erosion and reduce the
necessity of controlling weeds after planting.

Forage groundnut, tropical kudzu and siratro demon-
strated high potential for dry matter production and shoot
accumulation of N and K, being superior in this respect
when compared to calopo, which suffered from mite attack.
Such problems may limit the use of this cover crop in
orchards.

In relation to biological nitrogen fixation, special
attention should be given to forage groundnut, which
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showed a higher proportion of N fixed at the end of the
rainy season, with P application. This characteristic allows
reduced nitrogen fertilizer use in orchards. Different levels
of phosphate fertilization did not increase dry matter
production for any legume, indicating that the evaluated
species are adapted to soils of low fertility. Besides, legume
cultivation had an impact on soil chemical properties.
Siratro increased soil pH and Ca+Mg contents, and
reduced Al contents in the surface layer of the soil
(0-5 cm) when compared to groundnut and tropical kudzu.
Tropical kudzu promoted higher soil organic C contents
when compared to groundnut. The results obtained suggest
that both legumes improve soil fertility in orchard
production systems.

According to this study, the use of forage groundnut,
tropical kudzu and siratro as cover crops, with residues
retained in the cultivated area, is an agronomic practice that
furnishes high quantities of organic material and nitrogen to
the soil and contributes towards sustainability in orchards.

References

1 Altieri, M.A. 1995. Agroecology: The Science of Sustainable
Agriculture. 2nd ed. Westview Press, Boulder, Colorado.

2 Gliessman, S.R. 2000. Agroecology: Ecological Processes
in Sustainable Agriculture. Lewis Publishers, Boca Raton,
Florida.

3 Rhoades, H.L. 1980. Relative susceptibility of Tagetes patula
and Aeschynomene americana to plant nematodes in Florida.
Nematropica 10:116-120.

4 Resende, I.C., Ferraz, S., and Conde, A.R. 1987. Efeito de seis
variedades de mucuna (Stizolobium spp.) sobre Meloidogine
incognita raga 3 e M. javanica. Fitopatologia Brasileira
12:310-313.

5 Bryan, H.H., Abdul-Baki, A.A., Reeves, J.B. III, Carrera,
L.M., Klassen, W., Zinati, G., and Codallo, M. 2001. Perennial
Arachis spp. as a multipurpose living mulch, ground cover and
forage. Journal of Vegetable Crop Production 7:113-136.

6 Hartwig, N.L. and Ammon, H.U. 2002. Cover crops and living
mulches. Weed Science 50:688-699.

7 Thomas, R.J., Asakawa, N.M., Rondon, M.A., and Alarcon,
H.F. 1997. Nitrogen fixation by three tropical forage legumes
in an acid-soil of Colombia. Soil Biology and Biochemistry
29:801-808.

8 Busscher, W.J., Reeves, D.W., Kochhann, R.A., Bauer, P.J.,
Mullins, G.L., Clapham, W.M., Kemper, W.D., and Galerani,
P.R. 1996. Conservation farming in southern Brazil: using
cover crops to decrease erosion and increase infiltration.
Journal of Soil and Water Conservation 51:188-192.

9 Fernandez Medina, B. and Leite, J.A. 1985. Influéncia de trés
sistemas de manejo e duas coberturas vegetais na infiltracdo de
agua em um Latossolo Amarelo em Manaus-AM. Pesquisa
Agropecudria Brasileira 20:1323-1331.

10 Bradshaw, L. and Lanini, W.T. 1995. Use of perennial cover
crops to suppress weeds in Nicaraguan coffee orchards.
International Journal of Pest Management 41:185-194.

11 Hedge, R.S. and Miller, D.A. 1990. Allelopathy and
autotoxicity in alfalfa: characterization and effects of
preceding crops and residue incorporation. Crop Science
30:1255-1259.


https://doi.org/10.1079/RAF200492

62
12

13

14

15

16

17

18

19

20

Johns, G.G. 1994. Effect of Arachis pintoi groundcover on
performance of bananas in northern New South Wales.
Australian  Journal of Experimental Agriculture 34:
1197-1204.

Corley, R.N., Wolderghebriel, A., and Murphy, M.R. 1997.
Evaluation of nutritive value of kudzu (Pueraria lobata) as a
feed for ruminants. Animal Feed Science Technology 68:
183-188.

Undi, M., Kawonga, K.C., and Musendo, R.M. 2001. Nutritive
value of maize stover/pasture legume mixtures as dry season
supplementation for sheep. Small Ruminant Research
40:261-267.

MacKay, A.D., Caradus, J.R., and Wewala, S. 1991.
Aluminium tolerance of forage species. Developments in
Plant and Soil Science 45:925-930.

Engels, K.A., Becker, M., Ottow, J.C.G., and Ladha, J.K.
1995. Influence of phosphorus-potassium fertilization on
biomass and dinitrogen fixation of stem-nodulating green-
manure legume Sesbania rostrata in different marginally
productive wetland rice soils. Biology and Fertility of Soils
20:107-112.

Embrapa. 1997. Manual de Métodos de Analise de Solo.
Embrapa Solos, Rio de Janeiro, Brazil.

Jorge, L.A.C. and Crestana, S. 1996. SIARCS 3.0: Novo
aplicativo para analise de imagens digitais aplicado a Ciéncia
do Solo. In Congresso Latino Americano de Ciéncia do Solo,
13. Sociedade Brasileira de Ciéncia do Solo, Aguas de
Linddia, Brazil. (CD-ROM)

Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen total. In
A.L. Page (ed.) Methods of Soil Analysis. Part 2. 2nd ed. Soil
Science Society of America, Madison, Wisconsin. p. 595-624.
Bataglia, O.C., Furlani, A.M.C., Teixeira, J.P.F., and Gallo,
JR. 1983. Métodos de andlise quimica de plantas. Instituto
Agrondmico, Campinas, Brazil.

https://doi.org/10.1079/RAF200492 Published online by Cambridge University Press

21

22

23

24

25

26

27

28

29

J.A.A. Espindola et al.

Shearer, G.B. and Kohl, D.H. 1986. N,-fixation in field
settings: estimations based on natural '°N  abundance.
Australian Journal of Plant Physiology 13:699-756.
McAuliffe, C., Chamblee, D.S., Uribe-Arango, H., and
Woodhouse, W.W. 1958. Influence of inorganic nitrogen or
nitrogen fixation by legumes as revealed by '°N. Agronomy
Journal 50:334-337.

Espindola, J.A.A., Guerra, J.G.M., and Almeida, D.L. 1997.
Adubagido Verde: Estratégia para uma Agricultura Sustentavel.
Embrapa Agrobiologia, Seropédica, Brazil.

Giller, K.E. and Wilson, K.J. 1991. Nitrogen Fixation in
Tropical Cropping Systems. CAB International, Wallingford,
UK.

Souza, E.S., Burity, H.A., Oliveira, J.P., Figueiredo, M.V.B.,
and Lyra, M.C.C.P. 1996. Fixacdo de N, e crescimento do
calopogonio (Calopogonium mucunoides Desv.) e da cunhd
(Clitoria ternatea L.), apds sucessivos cortes. Revista da
Sociedade Brasileira de Zootecnia 25:1036-1048.

Rao, .M. and Kerridge, P.C. 1994. Mineral nutrition of forage
Arachis. In P.C. Kerridge and B. Hardy (eds). Biology and
Agronomy of Forage Arachis. Centro Internacional de
Agricultura Tropical, Cali, Colombia. p. 71-83.

Arias, 1., Koomen, 1., Dodd, J.C., White, R.P., and Hayman,
D.S. 1991. Growth responses of mycorrhizal and non-
mycorrhizal tropical forage species to different levels of soil
phosphate. Plant and Soil 132:253-260.

Li, M., Osaki, M., Rao, .M., and Tadano, T. 1997. Secretion
of phytase from the roots of several plant species under
phosphorus-deficient conditions. Plant and Soil 195:
161-169.

Koutika, L.S., Hauser, S., and Henrot, J. 2001. Soil organic
matter assessment in natural regrowth, Pueraria phaseoloides
and Mucuna pruriens fallow. Soil Biology and Biochemistry
33:1095-1101.


https://doi.org/10.1079/RAF200492

