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Abstract

The soil under intensive cultivation and low addition of crop residues is exposed to erosion and reduction of
organic matter. Increases in soil organic matter, cation exchange capacity (CEC) and nutrient availability may
occur in no-till systems with legumes and with large additions of organic residues. Nevertheless, some legumes
may increase soil acidification through the carbon and nitrogen cycles. An experiment was carried out over 10
years, with 10 cropping systems on a Dark Red Podzolic soil (Paleudult) to evaluate the effect of no-till cropping
systems on soil chemical characteristics. Legume cropping systems resulted in the greatest soil organic C gain and
the highest ECEC to a depth of 17.5 cm. The increase was greatest at 0 - 2.5 cm layer. Clover systems resulted in
the highest soil acidificationat 2.5- 7.5and 7.5 - 17.5 cm depths. Therate of soil pH decreaseat 2.5 - 7.5 cm depth
under clover+ Spergula/maize system was 0.1 unit year—!. Differences in soil acidification affected soil ECEC.
Soil exchangeable cation data indicate that nitrate leaching increased soil acidification. Maize yields were greatest

in legume systems dueto increased N supply.

Introduction

The common practice of plowing the soil, associated
with the lack of sufficient soil cover results in deteri-
oration of soil physical, chemical and biological char-
acteristics. The decline of soil organic matter content
is an indicator of this process, and may affect other
important soil characteristics, such as cation exchange
capacity (Silvaetal., 1994). Thedecrease of soil organ-
ic matter deserveseven more attention in tropical soils,
as organic matter is responsible for many soil proper-
ties (CEC, water retention, etc.). To avoid surface soil
deterioration, systems with reduced soil tillage (mini-
mum tillage), with large organic material addition, and
soil cover should be used. Systems with inclusion of
crops between two cropping periods is an option for
improving soil surface cover, nutrient recycling, and
organic material addition.

* Contribution from CAPES and CNPg
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Soil organic matter accumulation in legume-based
pastures may improve soil fertility resulting from
increased nitrogen availability (Greenland, 1971) and
cation exchange capacity (Russell, 1961). Howev-
er, legume-based pastures increase soil acidifica
tion (Haynes, 1983; Loss et al., 1993; Russel,
1960; Williams, 1980; Williams and Donald, 1957).
Legumesalso increase soil acidificationin arable crop-
ping systems.

Acids may be produced in many of the nutrient
cycles, however, acid production in the carbon and
nitrogen cycles are considered the most important in
agricultural and pasture ecosystems (Helyar and Porter,
1989).

Helyar (1976) emphasized, that nitrogen cyclingin
a closed ecosystem is neutral, because both process-
es of nitrogen oxidation (acid) and nitrogen reduction
(alkaline) occurs within the plant, microorganism, or
soil. One of the main processes in the nitrogen cycle
which results in soil acidification of agricultural and
pasture ecosystems is nitrate leaching (Haynes, 1983;
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Helyar, 1976; Helyar and Porter, 1989). Net efflux
of anions or cations into the rhizosphere to maintain
electroneutrality at soil root interface is another pro-
cess related to the nitrogen cycle which may affect
rhizosphere pH. When plants absorb nitrogen predom-
inantly as NHj or biologically fix N an excess uptake
of anions over cations will occur, resulting in a net
efflux of H (Riley and Barber, 1971). Helyar (1976)
emphasizesthat if al the plant residues were returned
in situ to the soil and no losses of N occurred then in
the long term no net soil acidification would occur.

In carbon cycles acids are produced in association
with plant and animal product removal (Helyar and
Porter, 1989; Ridley et a., 1990). The removal of
alkaline products seems to be more important in pas-
ture ecosystems than in crop systems (Coventry and
Slattery, 1991).

Theobjectiveof thisstudy wasto evaluatetheeffect
of cropping systems on soil chemical characterigtics,
with emphasis on soil acidification.

Materials and methods

Theexperiment fromwhich soil sampleswere obtained
was carried over 10 years on a Dark Red Podzolic soil
in the Brazilian taxonomy (Departamento Nacional da
Producdo Mineral, 1986). It is Paleudult in the US
taxonomy (USDA Soil Conservation Service, 1975)
and an Acrisol in FAO legend (FAO, 1974).

The experimental design was a Split-plot, with
three replications. The plots (5x16 m) consisted of
the ten cropping systems (Table 1), and the subplots
(5x4m) consisted of no N and N fertilization on maize.
Nitrogen fertilizer (urea) was applied annually at 0 and
120 kg ha~* to the maize crop.

At the beginning of the experiment in 1983, the
soil was degraded eroded and compacted dueto inten-
sive cultivation and erosion. So in the beginning of the
experiment (in 1983) the whole experimental areawas
deep plowed to reduce compaction. Except for Spergu-
la+clover/maize, fallow/maize, and bare soil cropping
systems, which had soil plowed from 1983 to 1987,
in the other treatments the soil was not plowed (no-till
system) in this period.

At the beginning of the experiment the soil (O -
10 cm) had the following chemical characteristics: 19
mg kgt P (Mehlich); 130 mg kg~! exchangeable
K; 2.3% of organic matter; pH-H,O 5.8 (Medeiros,
1985). In October of 1983, 52 kg ha™! of P and 50
kg ha—* of K were applied on the whole experimental

area. Maize crop also received 31 kg ha~! of P and 42
kg ha—! of K annually. One-third of N fertilizer was
applied at seeding and 2/3 N at 30 to 40 days after
maize emergence. In 1993 Pioneer 3230 hybrid maize
(ZeamaysL .) was planted and thefinal populationwas
approximately 35000 plants ha~!. More details about
the first eight years of the experiment are found in
Medeiroset al. (1987), Testaet al. (1992) and Teixeira
et al. (1 1994).

The total amount of C and N added or recycled by
the different systemsin 10 years was estimated just in
the subplots which no N was applied. For the first 8
yearsit wasused thedata of Pavinato (1993), who mea-
sured the biomass (aboveground dry matter), C and N
tissue content in winter and in summer species. For the
last two years (from 1992 to 1994) it was measured
aboveground dry matter, C and N contents in tissue
of Cajanus, Dolichos, Vigna, Macroptilium, Digitaria
and maize. For Cajanus and Dolichos it was sampled
an area of 1m? and for Vigna, Macroptilium and Dig-
itaria it was sampled an area of 0.5 m?. Aboveground
dry matter of maize was evaluated sampling 5 plants
per subplot, correcting to thefinal popul ation of 35,000
plants ha—. Samples of the crops were dried in oven
on 60 °C until constant weight. C and N contents in
plant tissue were determined according to methods of
Walkley and Black and micro-Kjeldahl, respectively,
as described by Tedesco et al. (1985).

Soil was collected only from the subplots with-
out N fertilization, as the main objective of the study
was to evaluate the effect of cropping systems on soil
chemical characteristics. Maize grain yieldswere al'so
measured in the N fertilized subplot using a9 m? har-
vest area. Soil was sampled in September 1993 in the
0-25,25-75and 7.5-17.5 cm depths. At the first
two depths, a 10x50 cm soil strip was collected. The
7.5- 17.5 cm layer was sampled inside this strip, with
an auger (8 subsamples). Soil samples were air dried
and ground.

Except for pH-CaCl, and titratable acidity which
were determined according to EMBRAPA (1979)
methodology, the other chemical analyses followed
those of Tedesco et al. (1985). Calcium, Mg, and Al
were extracted with unbuffered 1 M KCl in a 1:10
soil:solution ratio. Calcium and Mg were measured by
an atomic absorption spectrophotometer. Aluminum
was measured by titrating the extract with 0.014 N
NaOH. Potassium was measured by a flame photome-
ter, with a double acid extract (0.05 N HCI + 0.025
N H,S0;,. Effective cation exchange capacity (ECEC)
was estimated through the sum of Ca, Mg, K, and



Table 1. Cropping systems studied

Systems Winter Summer
1° Subterraneum clover+Spergula®  Maize
2 Oat Maize
3 Oat+Vicia Maize+Vigna
4¢ Fallow Maizet+Dolichos
5 Oat+subterraneum clover Maize
6 Macroptilium during 8 years® Maize (1988 and 1993)
7 Cajanus Maize+Cajanus
8 Fallow Maize
9 Digitaria during 8 years® Maize (1988 and 1993)

10° Fallow (bare soil)¢ Maize (1988 and 1993)

“ Spergula: Pergula arvensis; subterraneum clover: Trifolium sub-
terraneum; maize: Zea mays, oat: Avena strigosa; Vicia: Micia
sativa; Vigna: Migna unguiculata subsp. unguiculata; Dolichos:
Lablab purpureus; Macroptilium: Macroptilium atropur pureum;
Digitaria: Digitaria decumbes

bCultivated with wheat in the winter and with soybean in the
summer up to 1986.

¢During winter and summer.

4Thistreatment had some spontaneous grasses growing, controled
with herbicides.

¢Plots plowed 1983-1987; others no-till.

Al. Organic C was determined by Walkley-Black pro-
cedure. The soil pH in water was measured in a 1:1
water:soil ratio.

Treatments means were compared with Tukey test
at the 5% level. Soil characteristics were compared in
each soil profile, in a monofactorial design (cropping
systems). Maize yields were compared in a bifactorial
design (cropping systems and N fertilization).

Results
N and C added by systems

Thesystemswith cover crops (other than maize) added
upto 5timesmore C than thetraditional system, fallow
soil during thewinter and maize during summer (Table
2). Estimation of N additions or recycling were up to
9 times higher in these systems than in fallow/mai ze.

Cropping systems presented a large variation in
their C addition (between 5 and 68 t ha—* in 10 years)
and N addition or recycling (115to 3124 kg ha~tin 10
years). As C wasincorporated into the system through
photosynthesis, data of C in Table 2 represent addition
to soil. Inthe case of N, thereis, probably, differences
between thecropsintheir potential for N recycling and
for biological N fixation.

Cropping systems with grass covering the soil all
over the year (oat/maize and Digitaria) recycled or
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Table 2. Estimation of organic C and total N accumulated in the
aboveground part of winter and summer crops in a period of 10
years

Cropping Carbon Nitrogen
systems®

(tha™1) (kgha~1)
1 Cl+Sp/M 41.6 1540
20M 336 744
30+V/IM+Vg 61.2 2310
4 F/M+DI 47.2 2002
5 O+Cl/M 48.1 1310
6 Ma 43.7 1932
7M+C 68.4 3124
8 F/M 13.6 344
9 Di 41.8 509
10BS 51 115

@ Cl—clover, Sp—-Spergula, M—maize, O—oat, V-\icia, Vg-Vigna,
DI-Dolichos, Ma-Macroptilium, C-Cajanus, F-fallow, Di—
Digitaria, BS-bare soil.

fixed, in 10 years, larger amounts of N than fal-
low/maize and bare soil systems. At fallow/maize and
bare soil systems there was probably higher losses of
N, by nitrateleaching. L egume-based systemshad esti-
mations of total N accumulation in their biomassmuch
higher than the non-legume systems, probably due to
biological N fixation. Also it can not be rejected the
possibility that some legumes had also recycled more
N fromthe soil, reducing N lossesthrough NO; leach-

ing.
Soil organic carbon

After ten years cropping systems affected soil organ-
ic C at al three depths (Table 3) with the greatest
differences occurring in the surface layers, as organ-
ic materials were left on the surface (no-till system).
Although not all systems differed significantly from
the fallow/maize and bare soil, the more productive
systems (in genera the legume-based ones), which
added higher amounts of C (Table 2), accumulated
higher amounts of organic C in the soil (Table 3). For
examplethe Cajanus + maizeresulted in soil organicC
contents 101, 66, and 31% higher than fallow/maize at
0-25,25-75and 7.5-17.5 cm depths respectively.
Soil organic C increased first in shallowest depths and
later in the deeper depths respectively, in the 0 - 2.5,
2.5-7.5and 7.5-17.5 cm depthsin the 39, 5" and 8"
years (Pavinato, 1993; Testa et al., 1992).
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Table 3. Organic C in the Dark Red Podzolic soil after 10 years
of cropping systems

Cropping Depths (cm)
systems®

025 25-75 75-175 0-175cm

(%)

1 Cl+Sp/M 1.77cde 1.38abcd 1.10ab  1.28 bcd
20/M 158de 12l1bcd 1.04bcd 1.17cde
30+V/M+Vg 215bcd 1.53ab 1.08bc 1.37bc
4 F/M+DI 238bc 1.40abcd 1.04bcd 1.33bc
50+CI/M 191cde 142abcd 1.05bcd 1.28bc
6 Ma 2788 15labc 1.03bcd 1.42b
7M+C 310a 18la 124a 167a
8 F/M 154de 1.09cd 095cd 1.08de
9Di 218bcd 1.43abcd 1.03bcd 1.31bc
10BS 13le 1.03d 0.93d 1.02e
CV (%) 11 11 5 5

@ Cl—clover, Sp-Spergula, M—maize, O—oat, V-Vicia, Vg-Vigna,
DI-Dolichos, Ma-Macroptilium, C-Cajanus, Ffallow, Di—
Digitaria, BS-bare soil.

Means followed by the same letters in the column do no differ by
Tukey test at p=0.05.

Table 4. Soil pH-H,O after 10 years of cropping

Cropping pH in water (1:1)
systems®
Depths (cm)

0-25 25-75 75-175
1 Cl+Sp/M 5.28 bed 4.83c 475d
20/M 5.40 abc 512 bc 5.00 bed
30+V/M+Vg 5.28 bed 4.98 bc 4.98 bed
4 F/IM+DI 585a 523ab 5.04 bc
50+Cl/M 5.02 cd 4.85c 4.87 cd
6 Ma 4.89d 485c¢c 4.94 bed
7M+C 5.29 bed 5.06 bc 5.01 bed
8F/M 5.48 abc 5.33a 5.06 bc
9Di 5.43 abc 555a 558a
10BS 5.59 ab 525ab 519b
CV (%) 3 2 2

aCl—clover, Sp-Spergula, M—-maize, O-oat, V-Vicia, Vg—
Vigna, DI-Dolichos, Ma-Macroptilium, C-Cajanus, F—fallow,
Di-Digitaria, BS-bare soil.

Means followed by the same letters in the column do not differ
by Tukey test at p=0.05.

Soil acidification

Cropping systems caused changesin soil pH (in water
andin CaCl; solution) in each of thethreedepths(Table
4). At 0 - 2.5 cm depth, soil pH values were highest in
maize+Dolichos and bare soil systems and were low-

Table 5. Exchangeable Al in the Dark Red Podzolic soil after 10
years of cropping systems

Cropping Depths (cm)
systems®
0-25 25-75 75-175

(cmol kg~ 1)
1 Cl+Sp/M 0.28 abc 0.71ab 1.00a
20/M 0.10 abc 0.29 abed 0.44 &b
30+V/M+Vg 0.16 abc 0.54 abcd 0.56 ab
4 F/M+DI 0.06 bc 0.22 cd 093a
5 O+Cl/M 0.30ab 0.72a 0.86 ab
6 Ma 0.34a 0.66 abc 0.98a
7M+C 0.13 abc 0.28 bed 0.66 ab
8 F/M 0.08 bc 0.20d 0.39ab
9Di 0.05¢c 0.10d 0.27b
10BS 0.09 be 0.42 abed 0.50 ab
CV (%) 53 36 32

@ Cl—clover, Sp-Spergula, M—maize, O—oat, V-Vicia, Vg-Vigna,
DI-Dolichos, Ma-Macroptilium, C—Cajanus, Ffalow, Di—
Digitaria, BS-bare soil.

Means followed by the same letters in the same column do not
differ by Tukey at p=0.05.

est in the oat+clover/maize and Macroptilium systems.
At lower depths (2.5 - 7.5 and 7.5 -17.5 cm) clover
and Macroptilium systems had the lowest and Digi-
taria the highest pH values. As expected the highest
levelsof soil exchangeable Al werefound under clover
and Macroptiliumlegumes and the lowest |evel s under
Digitaria (Table5).

By the 5™ experimental year clover systemshad the
lowest pH values and highest Al levels (Testa, 1989).
Soil pH changesof four cropping systemsover thetime
using data collected initially (Medeiros, 1985), in the
5th (Testa, 1989), and in the 10th year are shown in
Figure 1. Initia pH value in 1983 was from soil col-
lected from 0 - 10 cm depth. Greatest soil pH decreases
over time occurred at the 2.5- 7.5and 7.5 - 17.5 cm
depths. Under clover and Cajanus soil pH inthe 2.5 -
7.5and 7.5- 17.5 cm depthsdecreased morethan under
fallow/maize. Under Digitaria soil pH changed little
over the time. Soil pH decrease at 2.5 - 7.5 cm depth
wasin theorder of 0.1 unit year—* under the most acid-
ifying system, clover+Spergular/maize, a higher rate
than reported by Helyar (1976) and Haynes (1983).

Soil cation exchange capacity

L egume-based cropping systems with the highest soil
organic matter content also had the highest soil ECEC
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Figurel. Sail pH changes along the 10 years period due to cropping
systems: a: 0-2.5 cm; b: 2.5-7.5cm; ¢: 7.5-17.5 cm soil layer.

(Table 6). Cajanus resulted in an ECEC that is 70%
higher than fallow/maizein 0 - 2.5 cm layer. Cropping
systems altered soil ECEC by the 5th year in the O -
25and 2.5- 7.5 cm depths (Testa et d., 1992) and by
the 10th year at 7.5 -17.5 cm depth.

Regression analyses between ECEC and soil organ-
ic C showed that the relationship between ECEC and
soil organic C was highly significant, and the regres-
sion equationis asfollows:

ECEC =168+ 1.78C(r? = 0.74 x %)

This relationship demonstrates that an increase of
about 0.56 units of soil organic C resultsin anincrease
in ECEC of 1 cmol kg~? of soil.

Multiple regression analysis between ECEC and
soil organic C and soil pH was a so significant and its
correlation coefficient was larger than that of simple
regression between effective ECEC and soil organic
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Table 6. Effective cation exchange capacity of the Dark Red Pod-
zolic soil after 10 years of cropping systems

Cropping ECEC
systems”

Depths (cm)

0-25 25-75 75-175

(cmol kg—1)
1 Cl+Sp/M 4,1b 3,5e 3 1c
20/M 4,2b 3,6de 3,5hbc
3 0+V/IM+Vg 50b 3,8cde 3,5bc
4 F/M+DI 7,7a 4,88 4,2a
50+CI/M 4,3b 3,7cde 3,6b
6 Ma 6,9a 4,3bc 3,9a
7M+C 7,5a 50a 4,2a
8 F/IM 4,4b 3,7 cde 3,7b
9Di 50b 4,1cd 4,0ab
10BS 4,2b 3,4e 3,6b
CV (%) 8 5 5

@ Cl—clover, Sp-Spergula, M—-maize, O-oat, V-Vicia, Vg-Vigna,
DI-Dolichos, Ma-Macroptilium, Ca-Cajanus, F-falow, Di—
Digitaria; BS-bare soil.

Means followed by the same letter in the column do not differ by
Tukey at p=0.05.

C, indicating that soil pH also affected ECEC. This
regression equation is as follows:

ECEC = —2.95+ 1.69C + 0.92pH (2 = 0.80 * %)

Exchangeable cations

Cropping systems affected exchangeable K at 0 - 2.5
and 2.5 - 7.5 cm soil layers(Table 7). Highest K levels
were found in Cajanus, Dolichos and Macroptilium
systems, while clover + Spergula/maize system had
the lowest K level. Macroptilium, Digitaria and bare
soil had maize growing on in 1988/89, and had K fer-
tilization in this year, while the other systemsreceived
K every year.

Soil exchangeable Caand Mg differed accordingto
cropping systemsin thethree soil layers(Table 7). The
0-2.5cmlayer showed thehighest levelsof Caand Mg
in the Dolichos, Cajanus and Macroptilium systems.
Thehighest Caand Mg levelsinthe2..5- 7.5 cm layer
were found in the Cajanus, Dolichos and Digitaria
systems. Inthe 7.5 - 17.5 cm layer the highest level of
Caoccurred in Digitaria and Cajanus systems and the
highest levels of Mg occurred in Digitaria system. At
25-75and 7.5 - 17.5 cm depths lowest levels of Ca
and Mg occurred in the clover systems.
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Table 7. Exchangeable calcium, magnesium and potassium in a Dark Red Podzolic soil due to 10 year of different cropping systems

Cropping Calcium Magnesium Potassium
systems®

Depth (cm) Depth (cm) Depth (cm)

0-25 2575 75-17.5 0-25 2575 7.5-17.5 0-25 2575 75-175
(cmol kg—1)

1 Cl+Sp/M 24c 18c l4c 10c 0.7c 05c 0.34d 0.24c 0.17a
20/M 26¢C 2.2bc 20ab 10c 0.8bc 0.8 bc 0.48 cd 0.41 abc 0.30a
30+V/M+Vg 3.1hc 2.1bc 20ab 13c 0.9abc 0.8bc 0.40 cd 0.29 bc 0.17a
4 PIM+DI 47a 29a 20ab 20a 12a 10ab 0.90a 0.42 abc 0.25a
50+Cl/M 27c 20bc 19abc 10c 0.7c 0.7 bc 0.34 cd 0.28 bc 0.18a
6 Ma 39ab 2.0bc 15bc 20a 12ab 10ab 0.72ab 0.46 ab 03la
7M+C 46a 30a 22a 20a 12a 11lab 08la 049a 0.26a
8 F/M 25c 21bc 20ab 13c 1.0abc 0.9ab 0.54 bc 0.40 abc 0.29a
9Di 3.1bc 24a 23a l4c 12a 12a 0.46 cd 0.31 abc 0.22a
10BS 22c 17¢c 19abc 15bc 1.0a&bc 10ab 0.39cd 0.28 bc 0.17a
CV (%) 11 10 10 12 14 15 13 19 31

@Cl—clover, Sp—Spergula, M—maize, O-oat, V-Vicia, Vg-Vigna, DI-Dalichos, Ma-Macroptilium, C-Cajanus, F—fallow, Di-Digitaria, BS-

bare soil.

Means followed by the same letter in the same column do not differ by Tukey test at p=0.05.

Table 8. Effect of cropping systems on maize yield in two levels of
N fertilization

Cropping systems® Grainyields
Okgha 1N 120kgha 1 N
(tha=1)

1 Cl+Sp/M 6.08aA 6.55 A
20/M 200bB 712A
3 0+V/IM+Vg 6.59 aA 756 A
4 F/M+DI 5.98aA 6.15A
50O+Cl/M 542aA 7.01A
6 Ma 574aB 832A
7M+C 5.38aA 7.23A
8 F/M 1.10bB 6.49 A
9Di 1.28bB 6.76 A
10BS 202bB 6.74 A
CV (%) 18 11

@Cl—clover, Sp—Spergula, M—maize, O—oat, V-Vicia, Vg-Vigna, DI—-
Dolichos, Ma-Macroptilium, C-Cajanus, F—fallow, Di-Digitaria,
BS-bare soil.

Means followed by the same or no small letter in the column and the
same capital letter in the line do not differ by Tukey test at p=0.05.

Maizeyields

Maizeyieldsin 1993 without N fertilization were high-
est in legume-based systems and there were no signifi-
cant differenceamong them (Table8). Inlegume-based
systems maize produced at least 3 t ha—! more grain

than the traditional fallow/maize system, and reached
6.6 t ha™! grain yield even without N fertilization.
Maize yields did not differ among cropping systems
when 120 kg N ha~! was applied (Table 7). Teixeira
et a. (1994) and Pavinato (1993) also found a signifi-
cant effect of cropping system on maizeyield when no
N fertilizer was applied. In this experiment the main
determinant of grain yield isN supply to maize.

In the nonlegume systems (oat/maize, fal-
low/maize, Digitaria and bare soil) and in Macrop-
tilium system N fertilization increased grain yield sig-
nificantly (Table 8). Except for Macroptilium system,
in the other legume-based systems there was no sig-
nificant effect of N fertilization on maize yields prob-
ably due to an adequate supply of N from legumes.
Although there was greater soil acidification under
clover systems, maize yields in these systems did not
differ from other legume systems.

Discussion

L egume-based systems with crops that grow through-
out the year added and or recycled larger amountsof C
and N and therefore resulted in the highest soil organic
matter, ECEC and exchangeable cation levels.
Therewasmoresoil acidificationintheclover crop-
ping systems compared to the fallow/maize and bare
soil treatments. Dolichos and Cajanus legumes had



little effect on soil acidification, while Digitaria did
not affect soil acidity. The rate of soil pH decrease
(0.1 unit year—1) under the more acidifying system
(clover+Spergula/maize) was higher to rates reported
by Helyar (1976) and Haynes (1983).

As described in the introduction, many studies
report the increase of soil acidification in legume-
based systems, and the main processes involved are
the intense nitrification followed by NO; leaching,
the H3O1 excretion by legume roots and the export
of animal and plant products. In the following para-
graphsit isdiscussed how these processes affected soil
acidification in this experiment.

The removal of cations in grain accounted little
on soil acidification of the various cropping systems.
Systems cropped with legume and maize every year
had the highest yields (Pavinato, 1993; Teixeiraet a.,
1994). Oat/maize and fallow/maize had intermediate
grain export. Macroptilium, Digitaria and bare soil
had the smallest grain export, as they were cropped
to maize only in 1988/1989. Coventry and Slattery
(1991) also found little effect of grain removal on soil
acidification of cropping systems.

The net efflux of anions or cations into the rhi-
zosphere to maintain electroneutrality at the root soil
interface is another process which can affect soil rhi-
zosphere pH. Haynes (1983) emphasizes that acid soil
tolerant tropical legumes, which havethelowest excess
excretion of H3Ot, also results in less soil acidi-
ty. Cajanus, Dolichos and Macroptilium are tropical
legumes in contrast to clover which is a temperate
legume (Allen and Allen, 1981). On the other hand
non-legumesystemsmay resultin OH or HCO; excre-
tion and increased rhizosphere pH.

Asaconsequenceof HzO™ root excretion, theplant
material of legumesisof an “akaline” nature (Ritchie
and Dolling, 1985). Thus if plant residue is returned
to the same place where root excretion occurred no net
soil acidification would occur (Helyar, 1976). Nev-
ertheless legume residues were surface placed (no-till
system), while probably therewasroot activity in deep-
er soil layers.

Except for Macroptilium, legume-based systems
did not increase soil acidification in the shallowest
layer (0 - 2.5 cm), wherethe greatest soil organic mat-
ter accumulation occurred. These observations suggest
that organic matter accumulation from legumes oth-
er than Macroptilium have reduced soil acidification
(Miyazawaet a., 1993; Ritchie and Dolling, 1985).

Inlegume-based cropping systems nitrification fol -
lowed by leaching is one of the main processesrespon-
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sible for soil acidification (Helyar, 1976; Helyar and
Porter, 1989). The present experiment confirmed that
legume-based systems contained larger amounts of N
in their aboveground (Table 2) and larger amounts of
soil organic N than non-legume systems (Teixeira et
al., 1994) resulting in greater N mineralization and
nitrification. Differences in soil acidification among
legume-based systemsal so may haveresulted from dif-
ferencesin nitrate leaching. Greater root development
of Dolichos and Cajanus compared to clover result in
more nitrate recycling. The plant C/N ratio of clover
may be narrower than the other legumes so that N
mineralization occurs faster and N leaching is greater
in the systems with this legume. Cropping systems
resulting in the greatest differences in soil acidifica-
tion (Digitaria and clover + Spergula/maize) also had
the greatest differences in exchangeable Ca and Mg
levels in the 7.5 -17.5 cm layer. It is possible that
clover+Spergula/maize systems had increased NO3
leaching which must be accompanied by increased
leaching of exchangeable Caand Mg (Haynes, 1983).
These observations support the hypothesis that nitrate
leaching is an important processinvolved on soil acid-
ification in this experiment.

The greatest soil acidification under clover systems
did not result in a decrease of maize yield over the
course of this experiment. It probably has not reached
acritica level; aso addition of mulch helps to buffer
acidity induced problems.

Acknowledgements

Wewant tothank Dr DouglasJL athwell for the English
review and other comments on the manuscript. We are
also grateful to Cimélio Bayer, Sandra V Fernandes,
Miguel A Mendez and Aurélio Pavinato for helping
carrying out the field experiment.

References

Allen O N and Allen E K 1981 The leguminosae: A source book
of characteristics, uses, and nodulation. The University of Wis-
consin Press, Madison, WI. 812 p.

Coventry D R and Slattery W J 1991 Acidification of soil associated
with lupins grown in a crop rotation in North-eastern Victoria
Aust. J. Agric. Res. 42, 391-397.

Departamento  Naciona da Producgo Mineral 1986 Projeto
Radambrasil. Folha SH.22 Porto Alegre. Rio de Janeiro. pp
405-540. Levantamento de Recursos Naturais, v. 33.

EmpresaBrasileirade Pesquisa Agropecuéria (EMBRAPA)-SNLCS
1979 Manua de métodos de anélise de solo. Servico Nacional



316

de Levantamento e Conservacdo do Solo/EMBRAPA, Rio de
Janeiro, RJ.

Food and Agriculture Organization of the United Nations (FAO)
1974 Soil Map of the World. FAO, Paris. 59 p.

Greenland D J 1971 Changes in the nitrogen status and physical
condition of soils under pastures, with specia reference to the
maintenance of the fertility of australian soils used for growing
wheat. Soils Fertil. 34, 237-251.

Haynes R J 1983 Sail acidification induced by leguminous crops.
Grass For. Sci. 38, 1-11.

Helyar K R 1976 Nitrogen cycling and soil acidification. J Aust.
Inst. Agric. Sci. 42, 217-221.

Helyar K R and Porter W M 1989 Soil acidification its measurement
and the processes involved. In Soil Acidity and Plant Growth.
Ed. A D Robson. pp 61-101. Academic Press, Sydney.

Loss SR, Ritchie G S P and Robson A D 1993 Effect of lupins and
pasture on soil acidification and fertility in Western Austraia
Aust. J. Exp. Agric. 33, 457-464.

Medeiros J C 1985 Sistemas de culturas adaptados a produtividade,
recuperacao e conservacdo do solo. MSc. Thesis. Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS.

Medeiros J C, Mielniczuk J and Ped6 F 1987 Sistemas de culturas
adaptadas a produtividade, recuperacao e conservacao do solo.
Rev Bras. Cienc. Solo 11, 199-204.

Miyazawa M, Pavan M A and Calegari A 1993 Efeito de material
vegetal naacidez do solo. R. Bras. Cienc. Solo 17, 411-416.

Pavinato A 1993 Teores de carbono e nitrogénio do solo e produtivi-
dade de milho afetados por sistemas de culturas. MSc. Thesis.
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS.

Ridley A M, Slattery W J, Helyar K R and Cowling A 1990 Acidifi-
cation under grazed annual and perennial grass based pastures.
Aust. J. Exp. Agric. 30, 539-544.

Riley D and Barber S A 1971 Effect of ammonium and nitrate
fertilization on phosphorus uptake as related to root induced pH
changes at the root-soil interface. Soil Sci. Soc. Am. Proc. 35,
301-306.

Rtchie G SPand Dolling P J 1985 Therole of organic matter in soil
acidification. Aust. J. Soil. Res. 23, 569-576.

Russell J S 1961 Soil fertility changes in ihe long-term experimen-
tal plots at Kybybolite, south Australia. 111. Changs in cation
exchange capacity and exchangeable cations. Aust. J. Agric.
Res. 12, 273-285.

Russell JS 1960 Soil fertility changes in the long-term experimental
plots at Kybybolite, south Australia. I. Changesin pH, nitrogen
total, organic carbon, and bulk density. Aust. J. Agric. Res. 11,
902-926.

SilvaJE da, Lemainski Jand Resck D V S 1994 Perdas de matéria
organica e suas relagdes com a capacidade de troca catidnicaem
solos da regido de cerrados do oeste baiano. Rev. Bras. Cienc.
Solo 18, 541-547.

Tedesco M J, Volkweiss S J and Bohnen H 1985 Anélises de solo,
plantas e outros materiais. Universidade Federa do Rio Grande
do Sul. Boletim Técnico No 5, Porto Alegre, RS. 188 p.

TeixeiraL A J, Testa V M and Mielniczuk J 1994 Nitrogénio do
solo, nutricao e rendimento de milho afetados por sistemas de
cultura. R. Bras. Cienc. Solo 18, 207-214.

TestaV M 1989 Caracteristicas quimicas de um Podz6lico Vermel ho-
escuro, nutricdo e rendimentos do milho afetados por sistemas
de culturas. MSc. Thesis. Universidade Federal do Rio Grande
do Sul, Porto Alegre, RS.

TestaV M, TeixeiraL A Jand Mielniczuk J 1992 Caracteristicas
quimicas de um Podzélico Vermelho-escuro afetados por sis-
temas de culturas. R. Bras. Cienc. Solo 16, 107-114.

USDA Soil Conservation Service 1975 Soil taxonomy: A basic
system of soil classification for making and interpreting soil
surveys. Agric. Handb. No. 436.

Williams C H 1980 Soil acidification under clover pasture. Aust. J.
Exp. Agric. Anim. Husb. 20, 561-567.

Williams C H and Donald C M 1957 Changes in organic matter and
pH in a podzolic soil as influenced by subterranean clover and
superphosphate. Aust. J. Agric. Res. 8, 179-189.

Section editor: A C Borstlap



