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ABSTRACT - Fruit tree production i3 gaming an increasing mmpartance a the central Amazon
and clsewhere in the humid trepics, but very hinle is known aboul the nutrient dynamics in the
soil-plant system. The present study quantified the effects of fertilization and cover cropping
with a legume (Puerana phaseoloides (Roxb.) Bendh. | on soil nitrogen (N} dvnamics and plant
nutrition in 2 yvoung guarana plantation [Peullicia cepena Kunth, (HR. and K. var sorbifis
(Mart ) Ducke) on a kighly weathered ¥anthic Ferralsol Large subsoil miteate (WO, ) accumula-
tion at 0 3-3 m below the guarana plantation indicated N leaching from the topsoil. The MO
contents to & depth of 2 m were 2 4 times greater between the trees than underneath unfertilized
trees [P<0.03). The legume cover crop between the trees increased soil N availability as shown
by elevated aerobic W mineralizanion and lower N immobihzation in microbial biomass. The
guarana W nutrition and yield did not benefit from the N input by hialogical fixation of atmospheric
N, by the legume cover (#20.05) Even without a legume intercrop, large amounts of N, were
found in the subsoil between unfertilized trees. Subsoil WO~ between the trees could be utilized,
however, by fertilized guarana, This can be explained by a more vigorous growth of fenilized
trees which had a larger nutrient demnand and exploited 8 Targer sofl volume. With a legume cover
crop. however, more mineral W was available at the topsoil which was leached into the subsoil
and consequently accumulated at 0.3-3 m depth. Fentilizer additions of P and K were needed 1o
increase subsoal WO use between trees.
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Efeitos da fertilizagiao mineral e da cobertura do solo sobre a
dindmica do Nitrogénio ¢ na nutrigio de plantas jovens de guarand

RESUMO ~ A produgdo de fruteiras estd ganhando grande imporidncia na Amazdnia Central e
i oulras partes dos rdpicos Gmidos mas, muito pouco ainda ¢ conhecido sobre a dindmica de
nutrientes no sisterna solo-planta. O presente estuda quantificou os efeitos da fertilizagdo mineral
e da cobertura do solo com uma leguminosa [ Pueraria phaseoloides (Raxk) Bearh ) sobre a dinfimica
do N no solo ¢ sobre a nutriglo de planmas jovens de guarand ( Peullinie cupana Kunth (1. and
ko) var, sorbifie (Mart) Ducke), om um Latossolo Amarele muito argiloso. Grande actmulo de
nilrata (NO,-) encontrado na profundidade de 0,3 — 3.0m abaivo do plantio de guarand € um
indicativo da lixiviscio de M da camada superficial. O3 teores de NO - na profundidade de 2m era
2.4 vezes maior entre as plantas do gue na entrelinha que ndo recebeu ferilizagio (F<005). A
leguminosa de coberfura, entre as plantas de guarand, aumemou a dispomibilidade de M, conforme

'Empresa Brasilera de Pesquisa Agropecuana (Embrapa)- Amasdniz Ocidental Caixa Postal 319, 9041470
hanaus, Brazil

Ipresant address: Insututo Nagonal de Pesquisa da Amazoma (INPA) Masasus-Amazonas. Brazil

finstitute of Soll Soence and Soil Geograghy, Unnversity of Bayreuth Universitdtsstr. 30, D-95440 Bayreuth,
Germarny

‘oresent address, Empeesa Brasilsira ox Pesguisa Agropecuaria (Embraps) - Amazbnia Onental Belemn-Para,
Bzl

*Correspanding auther, fax 001-607-255-B645, email CL273 @oornalledu: Depariment of Crop and Sail
Sciences, Comell University, thaca, NY 14853, L34

ACTA AMAZONICA 13{4) 535-543 535



¢ indicada pela elevada mineralizacio gerdbica ¢ baixa imobilizagio de N na massa microbiana. A
nutrigio nitrogenada e a producio do guarana nio foram beneficiados pels adigio de N, via fixagdo
bioldgica do N, da atmosfera pela leguminosa de cobertura (£<0,05). Mesmo sem leguminosa nas
entrelinhas de plantio, grandes quantidades de NO - foram encontradas no subsolo, entre plantas
ndio sdubadas. O MO - do subsolo entre as plantas pode, entretanto, ter sido ulilizade pelo
guarand fertilizado. Isso pode ser explicado pelo crescimento mais vigoroso das plantas fertilizadas
a5 quais 1ém uma grande demanda por nutrientes e explararam maior volume de solo, Com uma
leguminosa de cobertury, contudo, mais N mineral fol disponibilizado na camada superficial, o
qual foi lixiviado pars o subsolo ¢, consequentemente, acumulado na camada de 0.3 a 3,0m de
profundidade. Adigtes suplementares de P ¢ K foram necessdrias para aumentar 8 wiilizagio do
NO.- entre as plantas.

Palavras-chave: Amazdnia brasileira, Solos tropicais Acidos, Plamas de Cobertura, Fruteiras,

Lixiviagdo de Nirogénio

INTRODUCTION

Soil fertility is generally very low in the
highly weathered soils of the central Amazon
and sound nutrient managemen! practices are
essential fer continuous crop production
{Cravo and Smyth, 1997) Indigenous fruit trees
are an imporiant local commaodity in the Ama-
zon and other humid tropecal regions but alzo
receive Increasing altention as cash crops for
domestic and international markets. Little is
known, however, about the nutrient produc-
tivity and the uptake of N by these tree ¢rops.
Ihe high rainfall inteosity and the high hydrau-
lic conductivity of the central Amazonian up-
land soils contribute to large and rapid water
percolation {Rozanski er al, 1991) and, there-
fore, also to W leaching (Melgar er al, 1992,
Cahn ef al., 1993). A1 the same time, the sub-
soil contains large amounts af variable charge
clay minerals and was reported to have high
anion exchange capacity and NO_~ sorption
capacity increasing 1o a depth of 1.2 m (Cahn
ef ol 1992}, As a result, large NO- accumula-
tions were observed under several fentilized fruit
trees on an acid upland soil in the central
Amueon (Schroth er af., 199%). Mitrogen leach-
ing measured by nitrate profiles was highest
between the rows of oil palms in the central
Amazen (Schroth er al, 2000, The NO,” pro-
files allowed an assessment of N losses from
the topsail and revealed a valuahle source of N
which could potentially be recveled by deep
FOOTING [rees,
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After forest clearing, the soils in the
humid tropical environment are susceptible 1o
erosion unless they are profected by a vegels-
tien cover. Introducing cover crops inlo tree
plantations is a wide-spread technigue to pre-
vent soil degradation or even improve soil fer-
tility, In Asia, otl palm and rubber plantations
were established with various legume covers
for @ long time (Broughton, 1977; Agamuthu
and Broughton, 1985) Additionally, legume
cover crops are able 1o provide entemal M
sources by biological fixation of atmospheric
M., which can amount to 1530 kg N ba” yr' in
tree plantations (Giller, 20013, 10 15 unclear
whether or not these large amounts of N fixed
b the cover legumes can be used by the tree.
The N uptake by two Amazonian fruit trees
from the topsoil under a legume cover, which
was enriched in N, was 100 low to subsian-
tially improve their W notrition of the {rees
{Lehmann e gf., 2000a). A large proportion of
soil N derived from biologically N, fixation and
mineralizalion of native soil N may be leached
(Melgar ef of, 1992; Cahn er al., 1993) and may
lead to increased WO adsorbed w the acid
subsoils (Schroth er al, 1999}, No information
exists if the trees could exploit the subsoil NO -
underneath the cover crop.

The cover crops alse take up nutrients
such as P or K from the soul and may compete
for the same resources as the tree crop. This
may reduce both, nutrition and preduction of
the trees {Dominguez and Cruz, 1993; Perez
ef al, 1993, Lehmann ef o, 2000b). Little is
known about how fertilization affects compe-
tition for nutrients other than N between trees
and cover crops.
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[he objectives of the present study
were to [nvestigate the effects of fertibization
ard cover cropping with @ legume on spatial
and temporal dvnamics of soil W distnbution,
on growth and nutriton of @ veung guarana
{Paullisia cupana) plantation under the humid
tropical conditions of the central Amazon,

MATERIAL AND METHODS

Study site and experimental setup

e study was carried out in the humad
rainforest region of the central Amazon al the
Embrapa expernimental station 30 km north of
Maraus, Brazil, The rainfall Jdistribution is
monomadal with a maximum between Decem-
ber and May and & mean annoal 101al of 2303
mm (197 1-1993), Mean annual air temperature
15 26 °C and atmospheric homidity 85%. The
souls are classified as Nanthic Ferralsiol (FAL,
1990} They are deep and clayey, with pH
iH, of abour 4.5, an organic O content of
189 mgg'and a lotal N content of 1 6 mg 2°
(00 1 my Topseils (0-0.1 m} have low P
contents of 6.3 mg kg' and cation exchange
capacity of 21 mmel kg' (under fallow veg-
elation, Schroth ef al, 1999), Positive charge
ranges from 26 mmaol, kg in the wpsoil 10 48
mmol, kg in the subsoil and does not decrease
to a depth of 8 min & nearby sccondary lorest
{unpublished data),

In 1995, the site was cleared from 13-
vears-gld secondury Torest after rubber, the
residues were bumed and guarana { Pawelimia
cupana Kunih. (1L.B. and K.) var sorbife
(Mart ) Ducke, Sapindaceac) was planted in a
gridof 5m " 5 m (400 plants ha') The experi-
ment was ariginally designed for comparmg
different guarana clones. Guarana was chosen
for the present study as it 15 one of the most
important cash crops afl the Amazon and al-
mot na information 15 available about its pro-
duetivity, Guarana fruis are used for juice and
colt deink production, The individoal plows
consisted of three plants in one row. Around
each ploL at least one plot was left with the
same treatment as a border. Sutficient distance
hetween treatments was possible since 16 plots
were availahle of the same treatment. The plots
were arranged in s randomized complete block
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design with four replicates using clones as the
blocking factor. The present study was con-
ducted four years afler planting when the trees
went inte fruit production. Two main factors
were investigated in a full factorial design. fee-
tilization and association with Pueraria
phasealsides (Roxb.) Benth. Fabaceae as a
cover crop [ Takle 1) Pueraria developed from
a seed bank of a previous rubber plantation and
was controlled by periodic cutting 1w aveld
festation of the mees, The biomass produc-
tion of Pueraria was not measured on the pre-
sented experimental plows but on nearby fields
with similar abundance and determined at 5.1
Mg dry maner hat vr! (Uguoen ¢ all. unpub-
hished in Lehmann et af . 20000 [n the plots
withowt legume cover Pueraria was manually
conlrolled and had a cover of spontanecus
perennial grasses and herbacous plants
{Rolandra fructicasa, several Ciperaceae and
Melastomataceas),

Fertilizer was applied under the lree
canopy according to Jocal recommendation
(Embrapa, 1998}, Annually, each tree received
103 5 g N as urea. 34 g phosphorus (P} and 26
g calcium (Ca) as tnple superphasphate, 123 g
potassium (R} as KCL 323 g megnesium (Mg)
as MgS0,, 4 g zine (Zn) as Zn50, and 11 g
baron (B) 23 borax, corresponding o 4124,
17.6, 104,492,129 1.6, 0.4 kg ha' y7, re-
spectively. The fertilizer was applied close to
the stem (app. | oo radius) at three vimes a vear
in JanuarMarch/May with 3530035, 100/0¢
0, 60, O S00S0, O/30VS0, and 0750050 % of
the total annual spplication for urea, iriple
superphosphate, KCI, MgS0,, ZnS0,. and
borex, respecuvely. Al tree planhing, additional
3 L chicken manure were applicd 1o each tree
with apotal of 152 g W, ID2 g Pand TVE g K
The "N contert (&N of 0.7 %) of the ap-
plied urea fertilizer was fower as compared 1o
the soil (6N af 8-11 %e) and, therefore, 5N
values could be used 1o o1race the fate of the
fertilizer N Simalarly, we assessed the effect
of the Tegume M (6N of 1.0-2.8 %) on soil
and (ree M. The isotopic composiion af the
applied chicken manure could not be analyzed.
but reference material from later collections of
chicken manure indicated that their &N
values were only slightly lower than sedl.
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Plant and soil sampling

The tresh weight of the guarana seeds
was determined in consecutive collections ac-
cording to normal harvest an reporting proce-
dures from December 1998 to March 1999 Ad-
ditionally, the maximum elengation of the vine
was measured in June 1999, At the end of the
rainy season. 15-30 June 1999, and ot the end
of the dry season, 1-15 December 1999, soil
samples were taken ol 0.3 m distance from the
trees and in the middle between tree rows. One
composite sample was obtained from three
wdividual trees in each replicate. For the soil
obtained between trees, only positions within
the plot were sampled. The soll was sampled
with a 0. T-m-root auger at 0-0.1 m depth, with
a (0 (8-m-diameter Edelmann auger at 0.1-0.3,
(:3-0.5, 0.5-0.8 (E-1.2, 1.2-2 m depth, and
with a 0.04-m-diameter motor avger (Plonjir
120, Atlas Copeo, Germany) at 2-3 m depth
The soil was immediately transported to the
laboratory ina cooling box and extracted fiehd-
maoist within 2 maximum of twoe hours as Jde-
seribued below,

Soil and plant analyses

S0il mineral N was extracted from 40 g
zoil with 150 mL 1N KCl for two hours using
a horizontal shaker (100 rpm). The superna-
tant was transfesred after 16 hours when the
soil had settled  Subsequently, WO, and am-
menium (NH, ) were measured colorimetrically
with @ continuous-flow analyzer (Scan Plus
Analyvzer, Skalar Analvtical BV, Breda, The
Metherlands). Soil M mineralization was deter-
mined on a subsample from 0-001 m depth using
10t g soil incubated a1 25 °C and field capac-
ity for 35 days. Afier the incubation, soil min-
eral ™ was extracted as described above Ni-
trogen mineralizalion was caleulated from the
difference between the total soi) mineral W
before and affer the incubation. Due 1o oan ac-
cidental loss of sample material, N mineraliza-
tion at the end of the dry seasen could anly be
determined in the unfertilized treatments with-
oul Preraria, In both seasons, N in the micro-
bial biomass from 0-0.1 m depth was deter-
mined by the fumigation extraction method
according 1o Brookes er af. {1985) Subsamples
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were fumigated for 24 hours using chloroform.
Tharty grams of fumigated and non-fumigated
soil were extracted with 100 mL 0.5 M K, 50,
Total N oin the exiract was analvezed alier
digestion by distillalion against an indicator
in HLBO, (Tecnal TE 0361, Sao Paulo,
Brazil) The difference between the N contents
of fumigated and non-fumigated soils
ware expressed as microbial biomass N The
water contents of all soils were determined by
drving the samples at 103°C Tor 48 hours.
All extractions were done in duplicate.

In December 1999, the voungest fully
developed leaves were sampled from guarana,
Theee leaves were taken from each of the three
trees in one replicale plot and combined 1o one
composite sample. The leaves were gently
rinsed with deionized water and were dried at
70 7C for 48 hours,

Soil samples from 0-03 m and 2-3 m
depth were pecled and air-dried Both soil and
plant samples were finely ground with a ball
mill (Retsch). Foliar P K. Ca and Mg were ana-
lvzed after wet digestion. Phosphorus was
measured colorimetrically with the molvbde-
num blue method ((Msen and Sommers.
1982), the cations with atomic absoeption
spectrpmetry. The natoral "N abundance was
measured o estimate the proportion of fertil-
izer and biologically fixed N in plant and soil.
"N natural abundance and total N cantents of
leal and soll samples were determined with
an elemental analyzer (Fisons 1108) coupled
vig 2 ConFlo I Interface 1o a Delta 5 isotope
mass spectrometer (FINNIGAN MAT,
San Jose, CA).

Statistical analyses

The analyses of variance were computed
using 4 split-plot design (STATISTICA Ver-
sion 5. StatSof, Inc., Tulsa, OK) with the main
factors fenilization and cover cropping and the
subplot factor position (under the canopy or
between trees). In case of sipnificant main or
subplot effects or interactions, individual cell
means for the respective level were compared
using least significant ditferences (LSD} accord-
ing to Little and Hills {1978),
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RESULTS

Growth, yield and foliar nutrient
contents

Fertilized guarana with Puerarra had
larper maximum vine length than unfertilized
trecs with Peeraria. Without ground cover, fer-
tiliration of guarana had no effect on maximum
vine length (Tahle 1) Fertilization and inler-
cropping with Pueraria significantly increased
fruir vield as compared to guarana which was
not Tertilized and not intercropped with
Puergrig (P<0.05). Tree growth and crop
yields did not change. however, 1n associalion

with Pueraria. The highest foliar N contents
were obzerved in guarana trees which received
Tertilizer and which were intercropped with
Pueraria as well as those which dud not receive
fertilizer and were not intercropped with
FPueraria. This apparent ¢onirast can be ex-
plained by the very poor planmt growth of the
unfertilized guarana (Table 1) and a higher con-
centration of N a lower biomass. In contrast,
F nutrition improved when guarana was not
associated with a cover crop (significant main
effect of cover cropping. P=0.05). Faliar Mg
and K contents were higher in fertilized
cuarana with Pueraria than unfertilieed (rees
without a cover crop, whereas 1t was opposile
for Ca

Table 1. Growth, fresh secd vield and foliar nuetrient contencentrations of guarana (Paulfinia
cupana Kunth. (H.B. and K ) var, sorbder (Mart ) Ducke) as affected by fertihization and asso-
clation with a legume cover crop | Pueraria phaseololdes (Roxb.) Benth. ) im the central Amazon
at the end of the dry season. Values in one column followed by the same lefter are not signficanly

different ot P<0.05; =4

Treatment M aamum wae Swwd puki o F LS €a W e
length imi ki tivm 'y (i N R L] ]
FIﬂ.imhon-lﬂ;ﬁ'plr‘n- L diam laea HTE ph .1521 R 13w saXa
Furllzatan mira Spaerd L 37 b 3208 il g F3a $35an 120 a0 200w
Sy AehiERbiEn woith Saeang RN 14 an ws s 3I%h Y Syia 11& @b EE1R ]
®o TR ien withogf @ unrsna i3 ab ETE s L9 3 Tim SE0 @ fod b LR |

' Urea tertiizer had a 57N walue of -0 7 %, Puerana 8! 3 nearty sile was reported to haed 37N values of

1 0~2.8 % {Lehmann et al | 2001b]

Soil mineral N contents

The soil NH," and total N contents sig-
nificantly (P=0.03) decreased below 0.1 m
depth without sny differences between treat-
ments (P=0.05) and were therefore not dis-
cussed further {data not shown). The effects
of fertilization and cover crop were only ex-
pressed in soil WO, contents. During the rainy
season, topsell NO [ contenis were nol af-
fected by fertilization or by cover cropping
wilh Pueraria (Figure 11 In the subsoul, how-
ever, WO contents were higher between the
trees than under the trees (0.3-0.5 m <005,
0.5-0.8 m P=0.01; 0.8-1.2 m F<0.05) apart
from the fertilized puarana without the Puerara
cover crop (F=0.03). Additionally, sol NG~
contents af 1 2-2' m depth under the trees were

Fertilization and cover crop effects..

elevated in fertilized guarana compared 10 un-
fertilized guarana without the cover crop
{(P<0.0S)

Alp the end of the dry season, subsoil
MO - contents were sienificantly (P=0.05)
lower than at the end of the rainy season {Fig-
ure 2). In the topsoil. however, WO~ contents
mereased under Puerera (P2005) To a depth
of 2 m, the presence of the legume cover crop
significantly inceeased soil MO contents be-
lween guarana trees 2.3 and 235 times in the
dry and rainy season, respectively, compared
to plots without the legume cover (F<0.05),
At the end of the drv. season this effect was
more pronounced down to a depth of U3 m
(F=0.06) than berween 0.5, 08 and 1.2 m
(F=0.06 and 008, respectively), and not vis-
ible below 1 2 m (=010
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Figure 1 - Soil NO.‘ contents under guarana { Paudlinia cypana Kunth, (H.B. and k.) var. sorbilis
{Mart.) Ducke) as affected by fertilization and association with a legume cover crop { Pueraria
phasecloides (Roxb. ) Benth.) in the central Amazon ar the end of the rainy season. (*), *, *"
at the error hars indicate significant differences between the mean values under the tree canopy
and the alley at P < 0.1, 005, and 0,01, respectively; abzence of asterics indicate non signifi-
cant differences {r=4).
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Figure 2 - Soll NO_* contents under guarana { Paullinia cupana Kunth, (HB. and K.) var. sorbilis
(Mart) Ducke) as affected by fertilization and association with a legume cover crop { Pueraria
phaseofoides (Roxh.) Benth.} in the central Amazon at the end of the dry season. (%), =, ** mt
the error bars indicate significant differences between the mean values under the tree canopy
and the alley at # < 0.1, 0.05, and 0.01, respectively; absence of asterics indicate not significant
differences (n=4)
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Nitrogen mincralization and
microbial biomass N

WNitrogen mineralization in the topsoil
(0-0.1 m) collected at the end of the rany sea-
son was higher under the tree canopy than
between the trees when the trees were fertil-
ized, but lower when they were not feetilized
for poaled cover crap effects (significant in-
teraction position s fertilization F<0.05; Table
2). Both, fertilbization and cover crapping with
FPueraria increased soil N mineralization Fer-
Lilization was more effective in that respect
(F=003) than the legume cover crop (P=0,09).

Nitrogen mineralization significamly (<003}
increased during the dry in comparison to the
raimy Seaspn.

In contrast, the N contents in the mi-
crobial biomass did not sipnificantly change
between dry and rainy season (Table 2). Dur-
ing the dry season microbjal N was slightly
higher under the tree canopies than between
trees {F<0.1), but not during the rainy season
(P=0.49). The presence of the legume cover
crop significantly (F<0.05) decreased the
amounl of micrebial M. Fertilization had no
effect, however, on microbial K contents in soil
(= 05y

Table 2 - Nitrogen mineralization (33 days) and micrebial biomass W in the topsoil (0-0.1 m)
under and between guarana { Paxfiinia cupana Kunth, (H.B. and K} var. sorbifis {Mart ) Ducke)
as affected by fertilization and association with & legume cover crop (Puerarie phasecioides
{Roxb ) Benth.) in the central Amazon at the end of the dry season and rainy scason (n=3).

Treatment Positian N mineraization Wizroblal blomass N
{masn efecls) [subpicts} (kg ha" dm) (g g ' soil)
rainy seasen  dry season  fainy seascn  dry seadon

Fartilization with Fuarana near nunk 432 nd 297 354
Fertilization with  Fuerana belween ess 347 nd 24 8 282
Fetilizalion wilhowl Pueerars near inink 3.8 nd 47 218
Ferilization withawl Fugrana batween rees 8.9 nd 436 36T
Wo fertitization wilth  FPoarada near irunk 1.4 nd 25.8 ELE-
Wo fertitization with Pugrans bietwesn ress 4 nd L 284
Mo fertiization withoul Pusrafia near trurk 154 251 345 429
No farilization withowl Pugrana betaeen irees 20.4 9.5 4D B
LED (D 08} bebwesn main efacts 18 8 nd BB 2.7
LED 0 08}  withen main efects between subplats 13.4 26.3 i1 & 152

nd. not determined

Nitrogen-15 in plant and soil

Both the applied urea fertilizer and the
Pugraria biomass had lower "M enrichment
with &N values of 0.7 %« (thus study) and
1.0-2.8 %e (Lehmann er af, 2000a), respec-
tively, than scil (8-11 %e), Consequently, a
decrease of 8N values in soil or plants indi-
cate that either mineral fertilizer or biologically
fixed N, were the source of N input and dt-
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luted soil W which had higher 3“N values
While the foliar 8'*N values slightly decreased
ppon fertilization (P<=0.1), only a marginal
effect of the legume was detectable on foliar
UM contents in the trees {P=0.88; Table 1). Fer-
tilization and the presence of the legume cover
crop decreased the &'"N values of the 1opsoil
(0-0 1 m; P<0.05). Only underneath the fertil-
ized trees. the subsoil showed lower &'
N values by abowm 2 %o (Figure 3).
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Figure 3 - Soil 8N values under guarana (Paulfinia cupana Kunth, (HLB. and K.) var, sorbiis
{Mart.) Ducke) as affected by fertilization and association with a legume cover crop (Pueraria
phaseolpides (Roxb.) Benth.) in the central Amaron at the end of the rainy season. Asterics (*)
indicate significant differences (F < 0.05) between 6N values under the tree canopy and the
alley at the same depth; letters indicate significant differences belween Ueatments at the same
depth (£ > 0.05), absence of asterics or letters indicate non significant differences (r=4)

DISCUSSION

Fertilizer and cover crop effects
on tree nutrition

Fertilization significantly increased
growth and production of guarana. However,
it 15 less obvious which nutrient additions nm-
proved puarana nutrinon and growth the most,
FPhosphorus applications did not improve fe-
liar P contents, although the soils are especially
deficient in P (Cravo and Smyth, 1997). Mag-
nesium contents increased after fentilization,
which is in accordance with critical foliar Mg
levels of guarana determined by Castro (1973).

The legume cover crop was able 1o 1m-
prove the N putniion of the fenilized trees.
This has been reported from other tree crop-

Fertilization and cover crop effects..

ping systems. For example, N nutrition and
growth of rubber (Hevea brasiliensiz {Willd.)
Mugll Arg.) increased with a legume cover in
Malaysia (Broughton, 19771 In Cameroon,
coffee (Coffea arabica L) showed higher fo-
liar N contents when intercropped with lepgumes
than with non-legumes or without a cover crop
(Bouharmont, 1978), The effects of the cover
crop on the W nutrition of the trees depended
on the legurme species as shown for peachpalm
{Bactris gasipees Kunth.) plantations grown
with several different cover crops on a Paleudult
in Yurimaguas, Peru (Perez ef af., 1993). The
BN signatures of the guarana at our site indi-
cated, however, that less of the W taken up by
guarana was derived from the legume in com-
parison to the fertilizer. The cover crop may
have nereased soil N availability due to rapid
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M cveling a3 seen from the elevated N mineral-
ization rather than due te a large input of bio-
logically fixed M. A large annual N mimover
for Pueroria was also caloulated in a Boctris
gasipaes and Theobroma grasdylorum (Willd.
ex Spreng.) K. Schum. plantation with 66 %%
of s total W umoser (Lehmann er al., 20000,

Without fertilization, however, the M
nutrition of guarana decreased due to the pres-
ence of the cover crop. The irces were very
emall ard the competition between the cover
crop and pudrana may have decreased N nutn-
tion of the trees, Also Canto (1989} found re-
duced foliar W contents of 2-vear-old guarana
without M Tertilization when associated with
several different legume cover crops in the cen-
tral Amazen. Among scveral nutrients, the
deliciency of M was shown 1o decrease gudrana
grawih the most in a solution experiment by
Chepole ef af, (1983), The legume Arackis
pireod (Krap. and Greg.) was also reported 1o
decrease W nutrition and growth of peachpalm
on a4 Humitropept in Turrialba. Costa Rica
i Dominguer and Cruz, 19937

Foliar P contents of guarana significantly
decreased due to the association with Pueraria.
If Pueraria is used as a cover crop, additional
P may have to be applied to guarana in order
to avoid Pdeficiency in trocs: This did not seem
to decrease crop production in our study bt
may be critical after further cropping cyeles
A competition for other nutrienis was not
observed. In fertilized trees foliar Ca decreased
compared 1o unferilized ones possibly due 1o
antagonisms. Calcium did not seem Lo limit
guarana growth at our site. Caleium may not
he as important as other nutrients for guarana
growth. Thas, Chepote ef af. {1983} could
show that a fertilization with all essential nu-
trienls bot without Ca decreaged plant biom-
a5 less than the omission of either N, B, K, ot
Mg in a solution culture. Consequently. foliar
{la contends at owr site were still claszified as
sufficient according 1o Castro {1975,

Subsoil nitrogen dynamics

A large proportion of the wotal N in the
subseil under the fertilized puarana denved from
the applied urea as shown by the low §'"N
wvalues at 2-3 m depth despite the fact that N
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was applied in three splits throughout the year
The merease of the subsoil sccumulation of
RO at the end of the miny season (P<0.05
over gl treatments) demonsirmted the effects
of high precipitatien rates {MNorteliff and
Thornes, 1981) and N applications during the
wet season, However, the total amounts of
adsorbed WO, were still low underneath the
trecs. The 4-vear-old guarana plants were prol-
ably able 1o retrieve nutrients from the subsol
af 0.3-3 m depth as seen from the NOH- deple-
tion below the trees, In F-year-old guarana in
Bahia, Brazil, Ramos and Sacramento (1986)
stll found 9.4 % of the total root mass from
0-1.2 min 0.9-1.2 m depth {only roots =2 mm
diameter stodied), The amount of roots in-
creased in T-year-old guarana, but the depth
distribution remained the same,

Larger amounts of mineral N accumu-
lated in the subsodl between the trees, where
no fertilizer was applicd. than close to the trees.
It can not be concluded from these data,
whether more W was leached between the trees
or the guarana trees took up more N from the
subsoil underneath the trunk However, the
existence of large amounts of mineral N in the
subsoil indicates that N was leached from the
tapsoil since no other sources of mineral N are
possible. The clear decrease in &'"N values In
the topseil underneath the Preraria indicates
a large contribution of blologically fixed N, to
so1l M. Similarly, Lehmann v af, (2001 found
higher N contents in labile organic matter frac-
tions indicating greater N availability under
Pueraria than under four indigenous fruit trecs
at a nearby site.

Although soil mineral ™ contents were
higher under the lepueme cover crop and less M
was immobihized 1in microbial biomass, lower
amounts of N from hiological I, Oxation were
found in the subsail between puarana than fer-
tilizer N in the subsoil underneath the trees.
This was indicated by the more pronounced
&N decrease in subsoils underneath the trees
than the legume cover between the trees. The
greater accumulation of subsoil NO - belween
the trees than undemneath them was rather a
result of low N uptake than of high N leaching
fromm the topsoil, becatse N mineralization was
lower between the trecs than near the trunk ot
fertilized guarana, [n unfertilized guarana, the
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situation was reverse. More mineral N owas
found in the subsoil undemeath the legume than
the goarana, Therefors a better N wtilization
from the area between the trees s important
to decrease unproductive N losses.

Utilization of soil N as affected
by fertilization

Unfertitized guarana did not take up
efficiently the N mineralized in the topsoil,
because WO, accumulated i the subsoil al
0.5-2 m depth. Similarly. Melgar et af. (1992)
reported large NO, losses by leaching from
urea applied to maize, and Schroth et al.
(199%) found large accumulations of MO in
the subsoil under four tree crops al a nearby
site. In our study the depletion of subsoil N0
and during the dry season even topsoil NO -
was lowest between the trees. The accumula-
lion ef subseil WO~ between the trees
only decreased when guarana received fertilizer
and ne Pueraria cover crop was present
The root system and therefare nutrient uptake
may have been insufficient between the trees
to absork all NG~ that was biologically
fined by the legume. If the trees were not fer-
tilized, they may not be able to utifize the NG
which was derived from soil mineralization
alone. Therefore, gudrang may need
fertilizer tnputs other than N {especially
P, k. and Mg) 1o produce an extensive rool
system to utilize subsoil nutrients also
between trees.

Subsoil nutrient uptake is particularly
important in the studied bumad tropical envi-
ronment, where high precipitation and high
bydraulic conductivity of soils (up to 1.6 m
b in 1506 m depth in comparable solls,
Wortcliff and Thomes, 1981) pose large risks
for nutrient leaching. An effective uptake of
mobile nutrients from the wopsoil such as NO
may not be possible under the high leaching
conditions in central Amazonian Ferralsols.
NGO, was leached from the topsoil even under
nearby primary forest trees (Schroth er al |
1559),

Fertilization and cover crop effects...

Fertilizer and cover crop man-
agement

The assessment of NO profiles were
useful to demonstrate N accumulation in the
subsoil and its potential availability for deeper
rocting trees. Without fertilization, guarana was
not able 10 wiilize subsoil N derived from N
mineralization belween the trees, Lower N ap-
plications at similar levels of P. K, Mg, and Ca
may stimulate the uptake of N between guarana
stands, Care has 1o be tahen to maintain opti-
mal W onutrition, however, as I is the most
important nutrient for guzrana growth (Chepote
e al, 1983). A highee N uptake by guarana
from soil ¢oversd with Pugraria may even in-
crease the amount of atmospheric N fixed by
the legume. Similarly, Javasundara er gl (1997)
could show that planting Glivicidia sepium and
Leucaena lewcocephala in association with
grass increased their biological N fisation by
6-21 % on a Ferralsol in Sri Lanka. The com-
pelition for other nuirients, however, must be
correcied with fertiliver applications, such as
P. The P additions used in the present experi-
ment were not sullicient to eliminate competi-
tion between caver crop and tree.

Fertilization (especially with P, K and
Mg) effectively decreased the accumulation of
mineralized N in the subsoil between the trees.
Additional N input by biological N fixation in
the legume cover crop could not be entirely
ulilized by the trees. Lower N fentilizer applica-
lions may decrease unproductive fertilizer B
losses underneath the trees, but may also im-
prove the utilization of mineralized W and the
biotogically fixed N, supplied by the legume
cover crap. Fertilizer management must con-
sider the spatial and temporal distobution of
N availability in tree cropping systems, The
effects of broadcast fertilizer placements with
low N on subsoil MO use warranl further
rescarch to achieve a more efficient utilization
of avallable N

CONCLUSIONS
The guarana N nutrition and yield did

not benefit from the W input by biological fra-
tion of atmospheric N, by the legume cover,
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Even without a [egume intercrop, large amounts
of MO~ were found in the subseil berween un-
fertilired trees, Subsoil MO, between the trees
could be utilized, however, by fertilized
guarana. This can be explained by a more vig-
orous growth of fertilized trees which had a
Jarper nutrient demand and exploited a lasger
soil volume, With & legume cover crop, how-
ever, more muneral M was avalable ar the wop-
soll which was leached into the subsoil and
consequently accumulated at 0.3-3 m depth.
Fettilizer additions of P and K are necessary
to increase subseil NO” use belween frees,
Future research is warranted 1o increase sub-
soil N use by guarana and to impeove the uti-
hzation of biologically fixed M, of an inter-
cropped legume by guarana

ACKNOWLEDGEMENTS

This project was funded by the German
Ministry of 3cience, Education and Technol-
ogy (BMBF) and the Brarilian National Re-
search Agency (CNPq) through the SHIFI
program (No. 0335641 54)

LITERATURE CITED

Agamuthu, F.; Broughton, W.IL 1985 Xutrient
cyeling within the deveéloping oil palm-le-
pume ecosysten. Agric. Fronvs, Enviran,
13:111-123.

Bouharmont, F. 1978, L'utilization des plantes
de couverture dans la culture du caféier ro-
busta au Cameroun. Cafd Cocao Thé
22-113-138.

Brookes, P.C., Lundman, A., Pruden, (i;
Jenkinson, D5 1985, Chlorophorm fumi-
gation and the release of =oil nitropen: a
rapid direct extraction method to measare
microbial biomass nitrogen in soil. Sauf
Biod Sochem., 17 B37-842

Broughton, W1 1977, Effect of various cov-
ers on soil fertility under Hevea
hrasifiensis Mutll. Arg. and on growth of
the tree. Agro-Ecosvs. 30 14T-170

Cahn, M [v; Bouldin, 2R Cravo, M5, 1992,
MNitrate sorption 1n the profile of an acid
sioil, Plonr and Sel. 143:179-183,

546

Cahn, M.I3; Bouldin, DLR.; Cravo, M5
Bowen, W.T. 1993, Cation and nitrate
leaching 1o an Oxisol of the Brazilian
Amazon, dgron. S, 85 334-340.

Castro, . AMG 19735 Efeitos  de
MACrocRirienies ro cresciments de muday
& na producie Jdo guarenazeire. FhD,
Thesis, Umiversity of Saas Paulo,
Piracicaba. Brazil.

Chepote, B.E | Santana, M.B.M | do Sacia-
mento, C.K.; de Maa, M.AZ. 1983
Sintomas de deficiéncias minerais em
plantas de goarand. o Proceedings of the
[* Brazilian Sympeosivm oo Guarand,
Manaus, Brasil, Embrapa p 336-344

Cravo, M.S.: Smyth, T.0. 1997, Mancjo
susteniado da fertihdade de um latossolo
da amazdinia centrel sob cultivos
successivos, Kev Braz O Sofe, 21607-
Gl6,

Depunguez, J A | de la Cruz, B, 1993,
Competencia nutricionial de Arachis pintor
como cullivo de cobenurz durante el
cstabilecimento de pejibave Bacirix
gasipges HB.K. a0 Urpi, LM, e al.
tbds ) 1V Congresso Internacional sobre
Biologia, Agronomia ¢ Industrializacion del
Pijuavo, Movember 1991, Iguitos, Perw
San Jose, Costa Rica, Universiy of Costa
Rica. p. 347-354.

Embrapa, 1998 Sistema de produgdo para
guarana. Embrapa Documentos 13, Centro
de Pesguisa Agroflorestal da Amardnia,
Manaus, Brazil.

FAQ, 1990 Soil Map of the World, revised
legend. EAQL Rome, Taly, 1159

Giller, }oE. 2001, Nitragen Fixartion {n Tropi-
cal Cropping Svsten. 29 Edition, CAB
International, Wallingford, UK. {in press)

layvasundara, H.P.5., Denpeit, M.D:
Sangakdara, LR [997. Biclogical nitrogen
fxation i Celericldia sepim and Lescoena
fencacepiuala and transfer of fived nitro-
gen 1o an associated grass, Tropical
Crrasslands, 31,529-537.

Lebmann, 1. da Silva Jr, J P Schroth, G
Crebauer, G, da Silva, L.F 20004 Nitr-
gen use in mixed Lree crop plantations

with a legume cover crop. Planr and Spil,
i63-72

Trujillo ef el



Lebmann, 1; da Suva Ir, LF; Traillo, L
Uguen, K. 2000b. Legume caver crops
and nutrient cveling n tropical frun tree
production.  Acda  Horficultwrae,
531 6371

Lehmann, 1 Crave, M5 Zech, W, 2001,
Cirganic mafter stabilization in a Xanthic
Ferralsal of the central Amazon as af-
fected by single trees: ehemical character-
fzation of density, aggregate and
particle size fracltions. Ueoderma,
99 147168

Linle, T8 Hills, F.I. 1978, dgricuftural Ex-
perimeriation, John Wiley and Sons, New
York, LSA 350 p.

Melgar, R.).; Smyih, T Sanchez, PA
Crave, M5 1992, Fertilizer nitrogen
movernent in & Central Anseon Oxisol and
Emisal cropped 10 corn, Ferr Res, 31,
24]-252,

Narte|iff, 5. Thomes, J B 1981, Seasonal
vanations in (he hydrology of a small for-
ested catchment near Manaus, Amaronas,
and the implications for ils managemenl.
in; Lal, R, Russel, EXW, {ads) Tropical
Agricuiturad Hydrology. Wiley, hew York,
USA. pp. 121-134,

Heep, S Ko Sommers, LLE 1982, Phosphorus.
Iz Page, AL, et al. (eds.) Methads of Sedl
Analvses: Part 1 Chemival and Microbio-
logical Propertics, Amenican Society of
Agronomy  Madison,  Wisconsin
pp 403-430,

Perez, TM Szot, LT Arévalo, L A 19593
Prjuavn com cebertura de leguminosas, fm
Urpl IM ef &l (edg) IV Congresso
Internacional sobre Biologia, Agronomia ¢
Industrializacion del Pijuavoe, November
1991, Iguitos, Peru. Umiversity of Costa
Rica. San Jose, Costa Rica pp. 308-322

Ramos, 1V, do Sacrpmento, C K. 1986,
Distribuig2o do sistema radicolar do
guaranazero em uny oxassolo na Bahia I
Proceedings of the 1" Symposium oo the
Humid Tropics, Belem, Bragil Docurment
36, Vol 4, Embrapa-CFPATLL pp, 329-332

Foransks, K Araguas-Arageas, Lo Plata-
Bedmar, A Franken, W.: Tencredi; AC ;
Tundiz Vital, AR 1991, Water movemen|
in the Amazon soil 1raced by means of
hydrogen isotopes. fn: Stable frodopes in
Plart Nutrisiom, Neal Fernilivy and Environ-
mental Studies. International Atomie
Energy Agency, Weikersheim, Austne p.
361-563

Schroth, G da Silva LF.: Seixas; R, Teiseira
W.G; Macedo, 1LV, Fech, W, 1999,
Subsoil accumulation of mmeral nitregen
under monoculre and polyculture plan-
tations i a ferralitic Amaronian wpland
soil. dgric. Ecosys. Environ, T3 109-120,

Schroth, G: Redrigues, M R.L., 13" Angelo,
S.A. 2000, Spatial patterns of nitrogen
mineralization, fertilizer distribution and
roots explain nitrate leaching from mature
Amazoman o1l palm plantation, Soif Uve
Manage , 16: 232-229.

Recebido: 19/02/2002

Aceito: 15052003

Fertilization and cover crop effects...



