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SUMMARY

Thedynamicsof nutrient availability and other soil propertiescan bestrongly atered by agricultural practices
likeintercropping. A test wasmadeon an agricultural soil with thefollowing treatments: i) sole cropped soybean,
I1) solecropped maizeand I11) intercropped corn-soybeaninal:2 ratio. Surface soil samplingswere madein two
moments: thefirst one (F1) was made with corn at V5 and soybean just emerged; the second one (F2) with corn
crop a R1 and soybean crop at VV7-R1, both at two distances of the furrows: 5 and 19 cm. Oxidizable C contents
were always maximum at the treatmentsincluding corn cropping. At both dates, extractable P was maximum at
sole corn and minimum at sole soybean crop, which can be attributed to astrong uptake by the leguminous plant.
In thefirst measurement date, at 5 cm of the corresponding furrow, nitrate availability was significantly greater
at the soybean treatmentswith respect to treatmentsincluding corn, whereasin the second date, nitrateavail ability
was minimum at sole soybean, which seemsto be dueto differencesin crops development. Finally, the practice
of intercropping, withintheframe of thistest, did not proveto beaviableaternativeto limit the existence of high
nitratelevels.
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INTERSIEMBRA MAIZ-SOJA: VARIACION ESPACIAL Y TEMPORAL DE
PROPIEDADES DEL SUELO

RESUMEN

Ladinamicadelosnutrientesy otras propiedades del suelo pueden ser alteradas fuertemente por préacticas
agricolas como laintersiembra. Se propusieron los siguientes objetivos: i) comparar sistemas deintersiembra
soja-maiz conrespectoalosmonocultivosen cuantoalacantidad decarbonodel sueloii) evaluar ladisponibilidad
delos principales nutrientes en estos sistemas. Se realiz6 un ensayo en un suelo Hapludol tipico dela Pampa
Arenosaconlossiguientes tratamientos: i) sojapura, ii) maiz puroyiii) sojay maizintersembradosenunarelacion
2:1, todos manejados en secano. Se realizaron muestreos de suel o en dos momentos: €l primero (F1) serealizo
conel maizenV5y lasojarecién emergida; el segundo (F2) conel cultivodemaizenR1y el cultivodesojaen
V7-R1, adosdistanciasdelossurcos: 5y 19 cm. Entodosloscasos| oscontenidosde C oxidablefueronmaximos
bajo los tratamientos que incluian al cultivo de maiz. El nivel de P extractable fue menor en el cultivo de soja
avanzado (F2) que en el monocultivo demaiz, lo quefuenotablea5 cm del surco, debido probablementeauna
fuerteabsorcion por partedelaleguminosa. Enlaprimerafechademedicion, a5 cmdel surco correspondiente,
ladisponibilidad denitratosfuesignificativamentemayor enel tratamiento desojaconrespectoal ostratami entos
gueincluian al maiz, mientrasque en lasegundafechade medicidn, ladisponibilidad denitratosfueminimaen
dichotratamiento, lo que parecedeberse adiferenciasen el desarrollo deloscultivos. Por Gltimo, laprécticade
intersiembra dentro del marco de este ensayo no probd ser una alternativaviable paralimitar laexistenciade
elevados niveles de nitratos.

Palabras clave. Cultivos, Carbono, Fésforo, Nitratos.
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INTRODUCTION

Inintercropping systems, two or morespeciesare
grown simultaneously in the same place so that the
overlapping period is long enough to include the
vegetative stages. Intercropping isan old and wides-
pread practice in low input systems at the tropics
(Willey & Rao, 1980), athough in areas of higher
production level these systems have not been taken
into account for the complexity of their interactions,
becauseagrochemical sarehardtohandle(Hauggard-
Nielsenetal.,2009a) and becauseof other drawbacks
regarding technological application. Intercropping
playsacritical roleintemperate, tropical and subtro-
pical regionsduetoitseffectiveuseof resources(Van
der Meer, 1989). It is generally considered that the
intercropping of different speciesusesmoreefficiently
light, water and nutrientsthan solecrops. Thereason
for this argument is that different species require
different resourcesintimeand space, complementing
their use (Zheng et al., 2003). The resources use by
cropschangesover time(Ghaley et al., 2005), sothat
interactions between species are not fixed but
dynamic, and can be useful for designing production
systemswithlimited external inputs. It wasal sofound
that intercropping systems can be economically
sustainable(Gunesetal., 2007), althoughthisconside-
ration depends on the economic frame for each si-
tuation. Other benefitsof intercropping may beanim-
proved quality of seed, animprovementinthecropca
nopy structure susceptibleto lodging, an ease of har-
vest for the speciesinvolved (Hummel et al., 2009),
more stable yields and resilience to environmental
perturbations (Neumann et al., 2007) and adecrease
in environmental damage regarding N cycle and its
emissions(Hauggaard-Nielsenetal., 2003).

Nutrient dynamics and other soil properties can
be strongly atered by agricultural practices such as
intercropping. The challenge from anutritional and
environmental point of view would be framed in a
better understanding of the soilsfunctioning and the
soil-plant system so as to take advantage of soil
applied fertilizers in these intercropping systems,
preventing accumulations or lossesleading not only
to unsuitabl e cost-benefit equations, but to real envi-
ronmental problems. It is suggested that inter-
cropping of species inefficient in capturing certain
nutrient with speciesthat efficiently usethat nutrient
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couldincreasethenutritionof theinefficient one(Li et
al.,2003a). Thiscouldbeof greatinterest for relatively
immobile nutrients such as phosphorus. Most studies
have addressed theintercropping of grasswith alegu-
me crop, because they form sustainable production
systems(Zhang & Li,2003), althoughtheefficiency of
these systems compared with its sole cropsis not yet
fully understood (Ghosh et al ., 2009). Legume plants
releaseto soil largeamounts of enzymessuch asalka
lineand acid phosphatasesand phytases, allowing the
mobilization and utilization of organic phosphorus
(Gunesetal.,2007). Therearesevera studiesthat refe-
rence astimulating effect of alegume on phosphorus
uptake of another species, usually agrass (Cu et al.,
2005; Gunesetal., 2007).

It is also known that cereals can get part of the
nitrogen they need from intercropped legume crops
(Hauggaard-Nielsenetal. 2009a; Jensen, 1996); there
have been improvements of 20-40% in the use of
nitrogen sourcesingrass-legumeintercropping with
respect totheir solecrops(Hauggaard-Nielsenetal .,
2009a and b). Cereals can strongly compete for ni-
trogen in the rhizosphere of legumes-grass inter-
cropping, leading to nitrogen depletioninthe soil in
contact withthelegumeroots, stimulating biological
nitrogen fixation (BNF) by symbiotic rhizobiacea
bacteria(Hauggaard-Niel senetal., 2001b, 2009a; Li et
al.,2003b; Ghaey etal.,2005). Therefore, wheninter-
cropping alegumewith agrassthefirst hasahigher
competitiveability innitrogen-deficient sitesandthe
secondinsiteswithgreater availability of that element
(Ghaley et al., 2005). Recently, Sawyer et al. (2010)
found no differences in nitrate availability through
soil profilebetweenacornmonocrop and acornclo-
ver (Trifoliumambiguum M. Bieb.) intercropping,
duringand after thegrowing season, and Hauggaard-
Nielsen et al. (2009b) found that the biotic and
abiotic stress conditions in conjunction with local
longterm crop sequence history influenced more
strongly theamountsof mineral N and N utilization
thantheeffectsof short-term cultivation. However,
there are no more reports than these onesin terms
of soil nitrate concentrations at intercropping
systems.

The absorption of other nutrients than nitrogen
and phosphoruscanal sobemodifiedinintercropping
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systems. Potassium concentration decreases were
observed in wheat (Triticum aestivumL.) and lentil
plants (Lens culinaris L.) when these crops were
intercropped with each other or with chickpeaplants
(CicerarietinumL.), withrespecttotheir monocultu-
res (Gunes et al., 2007). Hauggard-Nielsen et al.
(2009a) found abetter use (20% higher) of P,K and S
inpea/ barley intercropsthanintheir respective sole
crops, but the concentration of elementssuch asCa,
MgandK insoilssubjectedtointercropping werenot
measured. Song et al. (2007) showed that the pH
valuesof the rhizospheresoil of wheat wasnot signi-
ficantly altered by intercropping with beans or mai-
ze. Knowledge of chemical and biochemical proper-
ties of rhizosphere and off-rhizosphere soil that are
actually modifiedby intercropping isscarce, anditis
possiblethat the effect of intercropping on soil pro-
perties varies according to the distance among the
coexisting crops.

By applying concepts of partition between aerial
and belowground biomass, it was observed that com-
ponentsof intercrops competefor soil resources more
strongly than for light (Willey& Reddy, 1981). The
inclusion of a complete soil characterization and the
variability of its key parameters could help to ex-
plain the advantages and disadvantagesin the pro-
duction of intercropping systems. In the central re-
gion of the humid pampasthe current option inclu-
des twomodesfor intercropping: corn-soybean (Gly-
cine max L.) and sunflower (Helianthus annus L .)-
soybean. Soybeancrop has thecritical stage of yield
determination at very different moments than whest,
corn and sunflower, which makesit an interesting
species for conducting this type of cropping. Soy-
bean and corn are the two most important summer
crops at the Argentinean Pampas, the following ob-
jectiveswereestablished: i) tocomparesoybeancorn
intercropping systems with their respective sole
crops from an environmental point of view interms
of soil quality-related parameters, including the
amount of soil organicmatter, ii) toassesstheavaila-
bility of major nutrients inthese systems. It is
hypothesized that the practice of intercropping corn
with soybean affects relevant soil properties as
compared to their sole crops.
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MATERIALS & METHODS

Experimental design and sampling

Thetrid was conducted on 2007-2008 a the department
of Carlos Casares, at a Typic Hapludoll soil of loamy
texture (415.5 g kg, 394.5 g kg*and 190g kg* of sand, silt and
clay, respectively). The experimental design was completely
randomized, with threereplicatesand treetmentswere: i) sole
soybean, ii) sole cornandiii) Intercropping of corn and
soybean ina2:1ratio (two rowsof soybeanand 1rowof corn).
Corn crop (hybrid materid DK 747 MGRR, Monsanto) was
sown at sole and intercropped Situations on September 26",
2007, and soybean material (DM 4870 Don Mario &
Associates), sole and intercropped, on October 101" of the
same year. In all systems the distance between rows was
37.5 cm, andthedensity of plants m? wastherecommended
by the seed suppliers, to isolate possible effects of
distance between rows. No fertilization was applied in
both crops, since we aimed to detect effects of crops on
soil nutrients availability. Soil samples were taken at a
depth of 0-20 cmin two dates: the first (F1) was made
whenthe corn wasin five fully expanded leaves (V5, sca
le Ritchie & Hanway 1982) and the soybean crop re-
cently emerged (Vc, Fehr & Caviness scale 1977), the se-
cond (F2) was performed at the silking of corn (R1) and
soybean crop at V7-R1 (early flowering). Time elapsed
between both stageswas sixty-five days. The samples
were taken at 5 and 19 cm from the soybean furrow at i
treatmentandat 5and 19cm fromthecornfurrow at ii and
iii treatments, sinceit wasintended to assess whether there
were differences in the effects on soil properties at
different sites of the soil-crop system, supposing stronger
effects of the corn crop.

Sampleshandling and chemical determinations

Prior to chemical analysis, the sampleswereair dried,
ground and sieved (2-mm mesh size). pH wasmeasuredin
soil-water relationship 1:2.5 (Thomas, 1996) and el ectrical
conductivity (EC) at a saturated soil sample. Oxidizable
organic C (OC) was analyzed by the modified dichromate
oxidation method (Nelson and Sommers 1982), which
involved the oxidation of soil organic carbon with 1.5 Ml
0.06N potassium dichromate and 3 M| of concentrated
H,SO,. Theresidual dichromate was titrated with 0.03N
Mohr’s Salt. Nitrate-N was determined by extracting a
fresh 20g sample from each soil core with 100 ml 0.25%
CuS0O,+0.01MBO,H, solution; thesoil sol utionwasfiltered
and N-NO, content determined colorimetrically by the
hydrazine-reduction method (Caroleand Scarigelli 1971).
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Total nitrogenwasdetermined by thewidespread Kjheldahl
method (Bremner & Mulvaney, 1982). Extractable Pwas
removedwithBray & Kurtz 1extractantandcolorimetrically
determined by themolybdate-compl exation method (K uo,
1996). Cation contents (Ca, Mg, Naand K) wereextracted
with IN pH7Ammonium Acetate and determined with
flame photometry or atomic absorption (Thomas, 1982).

Statistical analysis

Statistical Analysis System SA S packagewasused for
dataanalysisby the(SASInc. Ingtitute, 1995). Previously,
assumptions of normality, through Shapiro-Wilk test
(Shapiro-Wilk, 1965) andvariancehomogeneity weretested.
Conventional ANOVA were performed through PROC
GLM proccedure to detect treatment effects on measured
soil variables, with means separation by Duncantest when
F-statistic was significant.

RESULTS

Carbon contents differed between treatments at
both dates, and at both distances (Fig. 1). In all cases
oxidizable C contents weregreatest (p<0.05) at treat-
ments including corn. Differences in oxidizable C
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FIGURE 1. Soil oxidizable C Content for different
treatments and at two distancesin thefirst (a) and second
sampling date (b). Large bars correspond to the mean
of 3 replicates, while small bars represent the mean
standard error (MSE). Different letters indicate the
presence of statistically significant differences (o = 0.05)
between treatments.
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weremoreclear when soil wassampled at5 cm than
at agreater distance from the furrows. Therewere no
statistical differences in any case between sole corn
and intercropping treatments.

Extractable phosphorus (B&K 1) differed statisti-
cally (p=0.008) between treatmentsonly at the
second measurement date and when sampled at 5
cm fromthefurrows (Fig. 2b). Onboth measurement
dates, extractable P wasgreatest at the solecorn and
minimum in the sole soybean crop, athough this
effect was statistically detected only in the second
sampling at5 cmfromthe furrow.
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FIGURE 2. Soil extractable P for different treatments
and at two distancesin thefirst (a) and second sampling
(b) soil. Large bars correspond to the mean of 3 re-
plicates, while small barsrepresent the mean standard
error (MSE). Different lettersindicate the presence of
statistically significant differences (o = 0.05) between
treatments, nsindicates the absence of such differences.

The availability of nitrate varied over time, and
differences between treatments al so suffered atem-
poral variation. At F1, when sampled at 5 cm from
the row, nitrate content was significantly higher
(p=0.01) at solesoybean withrespect totreatments
that included corn (Fig. 3a). At the F2, and at 5 cm
from the furrow, the trend was the opposite of
what happenedinthe F1 (Fig. 3b), with minimum
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nitrate availahility a the sole soy-bean treatment
(p =0.01). Nitratecontent at 19cm fromthefurrows
did not significantly differ between treatmentsin
any date.
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FIGURE 3. Soil N-NO, for different treatments and at
two distancesin the first (a) and second sampling (b)
soil. Large bars correspond to the mean of 3 replicates,
while small bars represent the mean standard error
(MSE). Different letters indicate the presence of
statistically significant differences (o = 0.05) between
treatments, nsindicates the absence of such differences.

Soil Ca content was highest at F1in the sole
soybean (Fig. 4a). This effect was more noticeable
when sampled at 5 cm fromthe corn or soybean fu-
rrows, where the differences between treatments
were statistically significant (p = 0.01). At F2 this
pattern was repeated when sampled at 5cm from
the furrows, with significant differences (p = 0.04)
showing this content alight tendency to be lower at
the intercropping treatment.

Soil K contents sampled were greatest at sole
soybeanwhensampledat 5cmfromthefurrows(Fig.
5); thisdifferencewasmorenoticeableat the F2 date
(Fig. 5b), where differencesamong treatmentswere
statistically significant (p=0.02). Ontheother hand,
and similarly to what happened with Ca contents,
K contentsdid not differ significantly between
treatments when sampled at 19 cm at both dates.
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FIGURE 4. Soil exchangeable Cafor different treatments
and at two distancesin thefirst (a) and second sampling
(b) soil. Large bars correspond to the mean of 3
replicates, while small barsrepresent the mean stan-
dard error (MSE). Different lettersindicate the presence
of statistically significant differences (o = 0.05) between
treatments, nsindicates the absence of such differences.
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FIGURE 5. Soil exchangeable K for different treatments
and at two distancesin thefirst (a) and second sampling
(b) soil. Large bars correspond to the mean of 3
replicates, while small barsrepresent the mean stan-
dard error (MSE). Different lettersindicate the presence
of statistically significant differences (a = 0.05) between
treatments, nsindicates the absence of such differences.
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Therest of the measured variables did not differ
significantly between treatmentsin any of the sam-
pling dates or distances.

DISCUSSION

Among the crops tested, corn led to the highest
levelsof oxidizableC insoil. Soil Cisakey elementin
the sustainability of agroecosystems and may becon-
sidered the most direct indicator of soil quality
(Giuffré etal.,2006). Aswe sampled duringthe crop
cycle and only oneyear, itislikely that these diffe-
rences in total C were due to differencesin young
or particulate organic matter, which corresponds to
slightly decomposed plant debris (Cambardella &
Elliott, 1992) derivedfrom fallingleaves anddecaying
roots during the crop cycle. Thedifference between
thelevelsof organiccarbon may be duetothefact that
at both dates the biomass generated by corn crop
was significantly higher than that generated by the
soybean crop, specialy in the first sampling when
thelegume was recently emerged; itis possibleat F1,
that despitethesmall amount of aerial biomassthatis
liklely tofall and incorporateto the soil, the predomi-
nant effect of increased root biomassin corn crop
justifies these results. The corn crop, in addition to
generating amuch larger amount of biomass than
soybean, has aC/N ratio higher thanthat of thelegu-
me, so that the carbon in the biomass of corn is de-
composed at alower rate, afact that becomes more
important at the second sampling date. It can be
concluded that by including ahigh biomass ce-
real suchascorn inintercropping systems, these may
lead to high soil C accumulations, higher than sole
soybean systems. Unfortunately there are no other
reportsof effects of intercroppingontheC contents
to compare the obtained data.

Thelevel of Pin soil solution dependsonits outputs,
mainly due to plant uptake and on its replenishment
mechanisms from the organic and inorganic fractions,
whoseimportance variesgreatly amongsoils. Although
it is known that legumes such as soybean can mobi-
lize insoluble organicphosphorus(Gunes etal ., 2007),
soybean isa highly P demanding crop, for its energy
metabolism and for a proper functioning of the bio-
logical Nfixation (BNF), soitislikely thatthedecrease
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in extractable P at advanced stages (F2) in systems
including soybean can be attributed to a strong up-
take by plants. As can be seen by comparing the
concentrationof extractableP betweenthetreatments
of sole corn and corn-soybean intercropping, and
considering that in the latter case the sampling was
performed at 5 cm from the corn row, intercropping
with soybean did not appear to affect with relevance
the availability of Pfor intercropped corn. On the
contrary, Ghosh et al. (2009) recently suggested
that soybean crop inadvanced stages with a deve-
loped root system can increase the availability of P
for both crops when intercropped; the difference
betweentheseworks may bebecauseinourtrial there
wasnofertilizationat al, whereas at that carried out by
Ghosh et al. (2009) different strategies of organic and
inorganicfertilizationwerepracticed. It hasbeenalso
suggested that P uptake by different speciesliving
together couldleadtoover-extraction phenomena or
«mining» of soil nutrientsin intercropping systems,
of high nutritional demand (Adu-Gyamfi etal.,2007).
Based in our results, sole soybean crop seemsto be
theoneconductingtolower solubleP contents, since
thevaluesof extractable P inintercropping systems
were intermediate between those of sole crops, but
more mid and long-term studieswould beneeded to
consider the consistence of thiseffect. Thereare no
previous reports of the effect of intercropping prac-
tices on the levels of soil available P.

Incontrast to thefindingsof Hauggaard-Nielsen
et al. (2009b) and Sawyer et al. (2010), imposed
treatments exerted strong influences on soil nitrate
levels,mainly whensampling a5 cm fromthefurrows.
The difference in nitrate levels between treatments
among the sampled moments seemsto be due to di-
fferencesin crop development. Inthefirst sampling
date, thesoybean crop wasjust emerging, with avery
limited nutrient uptake, so that the mineralization of
organic matter seemed to be the dominant factor in
the balance of soluble N, whilethe corn crop was at
this point growing and with high requirements for
water and nutrients. The soybean crop, despite ha-
ving the capacity to sustain biological N fixation
process inits roots, and due to the proteinaceous
nature of itsseeds, ishighly demanding of soil N, and
can intensively uptake mineral N whenthecrop grows
and covers theinter-furrow space (Gutierrez Boem &
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Scheiner, 2005) competingwith intercroppedcereals
(Ghosh et al., 2009), which could explainthe lower
levelsof mineral N inthesecond sampling atthe sole
soybean than in treatments including corn. Song
et al. (2007) found higher levelsof mineral nitrogen
closeto the roots of wheat or corn plants when they
were intercropped with bean crops, this effect did
not occur inour study probably because, unlike what
has been done by these researchers, crops were not
fertilized withN, sothepredominant processwasthe
competition for N and not an interspecific faci-
litation phenomena, as observed in other cases of
coexistence of cereals and legumes (Harriset al.,
2008; Ghosh et al., 2009). The management of the
proportions and design of the intercropped species
should be carefully evaluated by the main features
of speciesandthe environmental supply, giventhat
competition forwater, light or P by cerea species may
decreaseinsomecases, rather than stimulate, N fixa-
tion by legumes in intercropping systems(Hauggard-
Nielsen etal.,2001 a,b, 2009a).

Intercropping of cerealsandleguminous species
can increase thetotal absorption of soil nitrate,
leading to low levels of this anionin the soil profile
under conditionsof low andhigh nitrogenfertilization
(Li etal.,2001); thiseffect wasnot observedinour trid,
and instead, the values of nitrates in the F2 at both
distances were never minimal in the intercropping
system, and were even higher than those found at 5
cm from sole soybean furrow. Only at F1 intercro-
pping with corn could be considered to reduce
the existence of largeamountsof nitratesin theearly
stages of asoybean crop, although thistrend was
reversed after 65 days, when the soybean root sys-
tem developed. It can beconcludedthenthat, within
theframework of thistrial, intercroppingwould not
be aviable option to limit the environmentally
harmful processes that cause the existence of high
levels of nitrates at the surface soil as the nitrous
oxide(N,O) formation, of strong greenhouseeffect.

Calcium availability was highest when sampled
at 5cmfromthe furrow at thesolesoybean treatment
in both samplings, while there were no significant
differencesbetween treatmentswhen sampled at 19
cm fromthelines. Intercropping showed low levels
of exchangeable Caat 5 cm from the furrow and
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similar to the sole corn treatment, probably because
in these systems, the sampling was done closer to
the lines of corn than soybean. It seemslogical that
the difference between treatmentsis due again to
the crop development, given that at both samplings
corn crop had a significantly higher amount of bio-
mass thansoybean, especialy at F1 inwhich soybean
crop wasrecently emerged.

Patterns of availability of exchangeable Ca
and K weresimilar, so theconsiderations for calcium
isalso in line with the results of the exchangeable
K levels. Inaddition, corncrop requires to achievea
regular yield 210 kg ha' of K (Echeverria&
Sainz Rozas, 2005), whilesoybeancrop requiresfor a
yieldof 3 tons ha' 100 kg ha? of K; thesedifferences

intheextractionof thiscation may helptoexplain the

differences found between treatments. Although it
has been observed that inintercropping systems
spatial complementarity in root uptake may cause
sharp decreases in the concentration of nutrients
compared to its respective sole crops in soils (An-
dersen etal., 2007) or in plant tissues (Gunes et al .,
2007), ourwork cannot confirm thepresenceof over-
extraction of these cationsin intercropping systems,
butastronginfluenceof corncrop ontheavailability
of these nutrients.

It is noteworthy that most of the effects of
cropping systemswere more noticeable when the
variables were measured at 5 cm from the rows
of corn and soybean. At 19 cm of theserows, the
effects tend to fade and uniform. That iswhy future
research on the subject should focusin the spa-
ce closest to the sites of growth of the involved spe-
cies. Itisasoclear thatin intercropping systems there
is a great complexity of interactions between
plants, their environment and the rest of the biotic
componentsinvolved. Thisimpliesthat determining
the success of intercropping systems cannot rely
on asingle feature of the system as could be crops
yields, so a multidisciplinary approach that inclu-
desa view from the soil resources seems the best
strategy to understand with, as much detail as
possible, the positive and negative changes gene-
rated by intercropping systems.
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CONCLUSIONS

The practice of intercropping showed interme-
diate values of the variables between corn and soy-
bean crops, resembling more to the sole corn in the
biological variables, C andnitrates, andin theavaila-
bility of CaandK. By contrast, soybean crop exerted
a greater influence in the case of extractable P; the
level of this nutrient was lower at advanced sole
soybean than in sole corn, which was noticeable at
5 ecmfromthe furrow, probably due toastrong uptake
by the legume. Intercropping system, if it includes
ahigh biomass cereal such as corn, may have
high soil C accumulations, a key soil component
in thesustainability of agroecosystems, greater than
sole soybean crop. The dynamics of surface nitrate
concentrationswas highly dependent onthe devel op-
ment and growth of the crops involved; in any case
the practice of intercropping in the context of this
trial did not prove an alternative for limiting
the existence of high levelsof nitrates and modera-

ting the environmental consequences that could
cause such high levels. Most of the effects of cro-
pping systems weremore noticeablewhen thevaria
blesweremeasured at 5cmfrom thefurrows of corn
and soybeans, so that future research on the subject
should focusin the space closest to the sites of
growth of the speciesinvolved. The complexity of
interactions between plants, their environment and
therest of the biotic componentsinvolved makes
the need for more multidisciplinary studiesinalon-
ger termto explain indetail the effects of inter-
cropping systems on the most relevant soil varia-
bles on plant growth.
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