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Abstract

In a multi-strata agroforestry system in central Amazonia, we studied the nitrogen (N) use of two indigenous
fruit tree speciesTheobroma grandifloruravilld. (ex Spreng.) K. Schum. (cupuacgu) aBdctris gasipae&unth.
(peachpalm) for heart of palm production, and a legume cover &agraria phaseoloideRoxb. (Benth.) (puer-

aria). 1°N was applied at a rate of 1 kg hhtwice at the beginning and at the peak of the rainy season, in a split
plot design under either cupuacu, peachpalm or pueraria together with fertilizer N usually applied (95.4 and 42.4 g
N tree! for cupuacu and peachpalm, respectively). Plant and ¥ditontent and totai°N uptake were measured

for 1 year. The highest N uptake by the trees occurred from areas underneath their canopy being more than 70%
of their total N uptake. During the dry season, pueraria also took up most of its N (more than 70%) from the area
underneath its own canopy. During the rainy season, however, pueraria utilized N from the area under cupuacu
(27-40%) and peachpalm (34—47% of the total N uptake by pueraria). Cupuacu took up between 12 and 26% of
its N from the area covered by pueraria, peachpalm slightly less with 10 to 18% (significant only at the end of the
rainy season<0.05). Competition for N uptake between the trees was negligible. The above-ground recovery was
highest in cupuagu (15% of the appli€tN), followed by pueraria (11%) and peachpalm (3%). Pueraria proved to

be very important for the N cycling in the mixed tree cropping system recovering most (31%) of the apigliad

plant and soil in comparison to cupuacu (20%) and peachpalm (21%). However, the teMuablindance of the

tree leaves did not show a significant transfer of biologically fixedridm pueraria to the tree®£0.05) and the

cover crop did not improve tree N nutrition. The investigated fruit trees did not benefit from biologically fixed N

of the legume cover crop due to their low lateral root activity and the high available soil N contents largely being
an effect of the amount and placement of mineral fertilizer.

Introduction this environment, as soil fertility decline through soil
organic matter decomposition and nutrient leaching

The Ferralsols in the central Amazonian lowlands are May be lower than in annual cropping systems (Van
highly weathered and have very low available nutrient Wambeke, 1992). However, considerable soil fertility
contents (Cravo and Smyth, 1997). In annual cropping decline was reported even in tree plantations such as
systems, high amounts of nutrients have to be supplied Péa@chpalm monocultures compared to pasture and co-
to maintain soil fertility at an acceptable level. Land C€oain Costa Rica (Fernandes and Sanford, 1995). The
use systems with perennial crops may be superior in combination of different tree species may offer a better
possibility for nutrient conservation. But in some of

* Corresponding author, FAX No. 49-921-552246. E-mail: these systems, soil fertility may decrease as with cocoa

johannes.lehmann@uni-bayreuth.de under different shade trees in Ghana (Ahenkorah et al.,
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1987). The nutrient use by trees in mixed cropping
systems is not fully known, and its further understand-
ing would help to design land use systems in the humid
tropics by minimizing losses of applied fertilizer and

optimizing nutrient use for crop production. PU
The use of a legume ground cover may improve

soil N contents through atmospheriefixation and

on the long term provide additional N nutrition to as- 5

sociated trees. However, the proportion of N uptake ] o -

by the trees from the area between the rows, where ELgp“J:gj'iha;'r%lg 8{3 tgﬁ deggzgmgm iﬁ'r;zzlgg?v\x/azozgg’la of
the legume is growing, has been rarely determined. o cp, PP or PU area (CP cupuagu, PP peachpalm, PU pueraria);
Some results exist from root activity experiments with distances in [m].

various monocropped, tropical fruit trees where nutri-

ent uptake was compared at discrete distances from

the stem (IAEA, 1975). N uptake from whole areas in \vere not investigated further (142 plantshn In
mixed cropping systems has not been reported so far. pecember 1992, cupuacu and peachpalm were planted

In this study, we addressed the following ques- in rows with 5 m distance, leaving 6 m between
tions: (i) What is the area from where trees take up cupuagu and 2 m between peachpalm within the rows
their N in a mixed cropping system with a legume (100 and 467 plants ha, respectively). The peach-
cover crop? and (ii) How important is the legume palm was managed for palmito production (heart of
cover crop for the N cycle of the whole cropping palm) and cut every 4-5 months. Pueraria was sown
system? between the trees and manually cut under the tree can-
opy every 3—4 months. The residues were pulled from
underneath the canopy but remained in the field. Fertil-
izer was applied according to local recommendations
at the beginning of the rainy season in December and
towards the end of the rainy season in May using 95.4
and 42.4 g N (as ammonium sulfate), 77 and 11 g P (as
_TSP) per plant and year for cupuacu and peachpalm,
respectively. Lime was broadcast on the soil surface
at a rate of 1.9 Mg hal in 1992. By the start of the
presented experiment, the trees were 5-years old and
in full production.

Within the main plots of 48x 32 m, three mi-
croplots of 3x 5 m were randomly chosen with two
peachpalms and one cupuacu tree (Figuré®N.en-
riched ammonium sulfate was added to each of the
Experimental setup three microplots in different concentrations either in

an area under cupuacu (CP: 1.5 m—2), peach-
The site was cleared from secondary forest in 1992 palm (PP: 0.5 N m~2) or pueraria (PU: 0.14'gN
in order to establish several cropping systems mainly m=2), in order to compensate for the differing sizes
with fruit trees. In the study presented, two fruit tree of the areas (1, 3 and 11%nrespectively; Figure 1).
species of high regional importandgactris gasipaes  The dimension of the application area under the trees

Materials and methods

The study was carried out in the humid rainforest
region of the central Amazon in 1997 and 1998.
The rainfall distribution is unimodal with a maximum
between December and May and a mean annual pre
cipitation of 2503 mm (1971-1993). The soils are
classified as Xanthic Ferralsols (FAO, 1990). They
are deep and clayey, with low pH (inp®; 4.0-4.5),
medium levels of organic C (28.4 mg§ and N
(2.3 mg g?1) but low in P content (6.1 mg ),
cation exchange capacity (4.9 mmag—1) and base
saturation (33%).

Kunth. (peachpalm or pupunha, Arecaceae) Bimeo- (CP and PP) was determined according to the area
broma grandiflorumwilld. (ex Spreng.) K. Schum.  where fertilizer was usually applied leaving the space
(cupuacu, Sterculiaceae), and a cover crofPoér- between the trees covered by pueraria (PP area Fig-

aria phaseoloideRoxb. (Benth.) (pueraria, Fabaceae) ure 1, also referred to as ‘alley’ in the text). In contrast
were investigated in a mixed cropping system. The to mineral fertilizer applications, the thrééN ap-
studied agroforestry system also contained rows of plication areas were rectangular approximations of the
rubber trees of the same age as the fruit trees loc- meaningful areas ‘where fertilizer is applied’ and ‘un-
ated between experimental units described here, whichder the pueraria’ due to a calculation of uptake per unit
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area. At times of regular fertilization, at the beginning n = 39; leaves= " 23.4 x digZ> . n = 36;

of December 1997 (end of the dry season) and at the all P<0.05 for independent samples; Wolf, 1997) in

end of April 1998 (peak of the wet season), #?l order to calculate total N uptake afdéN recovery.
was applied in aqueous solution with 10 atom% ex- Additional destructive sampling of the whole plant
cess!®N using a manual sprayer. The amount'eXl was made for peachpalm and pueraria. The peachpalm

tagged ammonium sulfate applied to the trees (15 and shoots were dried at 7Q until constant weight and

5 g N to cupuacgu and peachpalm, respectively) was reweighed. Pueraria was harvested in three subplot
not an effective fertilization (being only 15 and 13% areas of one square meter each. Uptake of applied
of the N fertilizer applied), but a labeling of different 15N was calculated from total above-ground biomass
soil surface areas of the cropping system in order to and 1°N contents of leaves, branches and stem. Re-
determine root activity distribution. The main plots covery of 15N was determined as the ratio of uptake
(application to the different plants) were arranged in to application. For peachpalm, both individual plants
a randomized complete block design with three replic- were sampled and uptake per plant was calculated
ates, the subplots (plant species within one microplot) as a mean plant occupying the space of both plants
were considered as a split plot (Little and Hills, 1978). together (PP area). The uptake per unit area was cal-
Assigning variances in the described manner, it was culated per land use system summing up both peach-
possible to compute the effects of each plant speciespalm plants. The recovery PN by peachpalm and

(the trees and the cover crop) 8N uptake. pueraria was calculated with tHéN uptake determ-
ined by direct biomass measurements, the recovery
Plant and soil sampling of cupuacu by allometric relationships. The biomass

and uptake per unit areas was computed assuming that
The N isotope composition was measured in the three the agroforestry system only consisted of the presen-
plant species on February 15, April 15, May 14, June 1 ted peachpalm-cupuagu arrangement not considering
and November 14, 1998. From February to June 1998, the rows of interplanted rubber trees outside the ex-
the youngest fully developed leaves were sampled, the perimental units. Recovery dfN in below-ground
middle leaflets of peachpalm and the whole leaves of biomass was not accounted for. It may constitute a
cupuacu and pueraria. No significantly different N iso- large part of total plant recovery, more for peachpalm
tope composition existed between the youngest leaves(root—shoot ratio> 0.86) than for cupuagu (0.3-0.5;
and the whole plant of pueraria, therefore only the res- Haag, 1997).
ults of the latter are shown here. In November 1998,
a mixture of young and old leaves and branches as Uptake of biologically fixed N
well as stem samples of the two tree species were ob-
tained separately. Random sampling across the wholeUsing the natural®N abundance technique, the utiliz-
PU area was done for pueraria, weighted samples wereation of biologically fixed N from pueraria by cupuagu
taken from both peachpalms in the PP area (Figure 1). and peachpalm was compared between trees inter-
In each of the three areas (Figure 1) labeled Wi cropped with the legume cover crop at a low and
composite soil samples from four subsamples were high abundance. The treatment with high pueraria
collected at 0-0.1, 0.1-0.3, 0.3-0.5 and 0.5-1.0 m abundance (P1) was the identical one used for the
depths on April 15, 1998, using a purkhauer auger enrichment experiment described above but with a suf-

(diameter 30 mm). ficient distance between plots with and withdgN
enrichment £50 m). The low pueraria abundance

Calculation of'°N uptake and biomass (P2) treatment consisted of the same experimental

determinations units (Figure 1), planting history and management

as the experiment described above. However, instead
From the 5N contents in excess of natural abund- of the rubber trees, Brazil nuBértholletia excelsa
ance, the relative uptake from one area was calculatedHumb. & Bonpl.) and annattdixa orellanalL.) were
in relation to the total uptake from all three areas interplanted with peachpalm and cupuacu. The lower
(Figure 1). In September 1998, total above-ground pueraria abundance was most likely caused by a higher
biomass was determined using allometric relation- shading intensity due to the large Brazil nut trees
ships for cupuagu (biomass: stem volumesem X planted outside the experimental units (Figure 1). Pro-
0.4997,n = 7; branches= Y 11.8 x digd22 duction of cupuagu and peachpalm, however, were not
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1800

affected by the two different cropping systems at the
time of measurement (Macédo, unpubl. data). There- 1690 ﬁN' uptake by:
fore, a measured N isotope difference of the trees 14001 5 e
between cropping systems can be attributed to pueraria ., 1200 - M gz:f:rfi’:'m
abundance. Pueraria biomass amounted to 5 and 3 Mg £ 1000 1

rainy season i dry season

15N uptake from area:

cP
—— PP

foo)

ha 2, for high and low abundance, respectively (Silva & oo

Jr. and Lehmann, unpubl. data). The youngest fully “ 600

developed leaves were taken from cupuacu and puer- 400 -

aria, and the middle leaflets from the youngest fully 200 |

developed leaves of peachpalm. The foliar N isotope o) s i IO
composition was measured in the different plants at Feb Mar Apr May Jun Jul Aug Sep Oct Nov
the end of the dry season in November 1997, and at the Months

end of the wet season in June 1998. The experiment _ 100
was replicated three times.

N isotope analyses
60
The leaf samples were dried at 7Q for 48 h. The
soil samples were air-dried and finely ground with
a ball mill. The ®N-enriched samples were ana-
lyzed using an Elemental Analyzer (Carlo Erba NA
1500; for Dumas combustion) connected to an isotope
mass spectrometer (FINNIGAN MAT delta E) via a 0
split interface. 1°N natural abundance was determ-

ined with an elemental analyzer (Fisons 1108) coupled

via a ConFlo Il Interface to a delta S isotope mass Figure 2. 2N values and relative uptake 6PN applied to soil
spectrometer (FINNIGAN MAT). at the three areas deplc_ted in Figure 1 (CP, PP, PU) ?y cupuacu,
peachpalm and pueraria; means and standard errors (n=3).

40 -

20 1

Relative "N uptake [% of all areas]

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Months

Statistical analyses

The analyses of variance were computed using a split 1998, pueraria contained the highest proportions of

15 ,
plot design (STATISTICA Version 5). For the ana- N and cupuagu the lowest (Figure 2). At the end
lysis of the foliar!>N contents, the logarithmic values  ©f the next dry season, November 1998, it was again

were used due to inhomogeneity of variances. In case CUPUacu that showed high&lﬁN values than the other
of significant main or subplot effects or interactions, WO species (Table 1 and Figure 2). The relative up-
individual cell means for the respective level were @k€ of N by the trees from the areas where they

compared using LSD aP<0.05 (Little and Hills, ~ Weré growing (e.g. uptake by cupuagu from under-
1978). neath the cupuacu; Figure 1) was always higher than

from the area of pueraria or the associated tree species.
Pueraria, however, took up moreN from the soil un-

Results derneath the trees (PP and CP area) than from the alley
(PU area) towards the end of the rainy season while
Foliar 15N dynamics showing the same pattern as the trees at the end of

the dry season until the beginning of the rainy season
The foliar N contents of pueraria (46.2 g kKo were (Figure 2).
higher than those of peachpalm (39.2 g kyand Cupuacu took up slightly more (12-26%) of its
cupuacu (17.7 g kgt) (means of all analyses, part of 1°N from the alley (PU area) than peachpalm (10—
them shown in Table 1). After application 63N at 18%; Figure 2; only significant in May, at the end of
the end of the dry season, December 1997 5#38l the rainy seasorP<0.05). The trees took up less than
values of cupuagu were significantly higher than those 7% of their total’®N uptake from the opposite tree
of pueraria and peachpalm (Figure 2). After the second row with the respective other tree species (Figure 2
15N application at the peak of the rainy season, May and Table 1). For pueraria and cupuagu, 1P area
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Table 1. Biomass N content, N-isotope composition and proportioh°dF uptake from different areas in agroforestry with cupuagu, peach-
palm and pueraria at the end of the dry season in November 1998, 6 months after applicktdrabthe beginning of May 1998; values in
one column followed by the same letter are not significantly differeRt<a.05 (comparison only within same plant paris3)

Species 15N application  Plant part N content 15N 15N content 15N uptake 15N area uptake
in area Img g1 [%] [ ng'™N excess gl]  [%] [%15N uptake % area]
Cupuagu CP leaves 18.6 36la 23.8a 80.8a 538 bc
branches 4.7 235a 40a 77.7a 518c
stem 3.8 296 a 40b 64.2a 428 b
PP leaves 18.5 9de 0.3c lilc 22d
branches 5.6 23¢c 0.4b 5.8¢c 117d
stem 3.7 74 b 10c 14.0b 281b
PU leaves 18.0 8lcd 5.0ab 18.2b 1331b
branches 4.1 55b 09c 18.4b 1205 ab
stem 4.3 99 b 1.7 bc 21.8b 1599 a
Peachpaim CP leaflets 35.6 8e 04c 16¢c 11d
rachis 5.8 5d 0.0c 1.7c 11d
stem 135 8c 01lc 26¢ 18c
PP leaflets 32.0 196 b 219a 85.0a 1700 b
rachis 6.3 121a 27a 83.4a 1668 a
stem 22.4 107 b 8.1la 76.4a 1527 a
PU leaflets 33.3 36d 42b 13.4b 982 bc
rachis 5.3 23 bc 0.3b 149b 1093 bc
stem 18.3 32c 16b 21.0b 1543 a
Pueraria CP whole plant  40.3 11e 09c 3.2c 21d
PP whole plant  39.7 68d 8.8b 21.8b 434 c
PU whole plant  39.6 153 ¢ 21.3a 75.1a 5508 a

uptake, calculated as the product of Al uptake and ~ Total 1°N uptake

the area in percent indicating the relative importance

of different areas for N uptake between species, was pq 15 uptake of a single cupuacu tree was more
highest under pueraria (PU; Table 1). For peachpalm, 4 one order of magnitude higher than that of peach-
however, th_e values were slightly higher under the palm (Table 2). Most of thé®N uptake was located
peachpalm itself. in the leaves, only 20% in the stem and branches of
cupuacu. Ninety percent of tH&N uptake of peach-
palm was found in the leaflets, only 10% in the rachis.
On an area basis, pueraria had a higher uptake of ap-
Cupuacu had a higher biomass per tree than peach-plied 1N than peachpalmR<0.05), but lower than

Biomass production

palm at time of harvest with 26.4 and 1.8 kg trée
respectively (Table 22<0.001). Most of the biomass
of cupuacu consisted of leaves (43%), followed by
branches (35%) and stem (22%®x<0.05). Biomass

cupuacu (not significant). THeN uptake by pueraria

was higher between the tree rows and lowest under-
neath cupuacu. Cupuacu took up significantly more
15N from the area covered by pueraria than peachpalm

of the leaflets of peachpalm equaled that of the rachis (Table 2;P<0.05).

with 46 and 54%, respectively (Table 2). Above-

The total recovery of applietPN by the vegeta-

ground biomass per unit area increased in the ordertion was 29% (Table 3) and followed the same pattern

peachpalm (1.4x cupuacu (4.4x pueraria (8.8 Mg
ha 1) being 14.6 Mg hat for the whole cropping sys-

among plants as th®N uptake (Table 2): cupuacu
had significantly higher recovery &N from the alley

tem. The biomass production was not affected by the covered by pueraria (2.2%) than peachpalm (0.45%;

place of*>N application P>0.05).

P<0.05). Pueraria had a non-significantly lower re-
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Table 2. Above-ground biomass arkPN uptake from different areas in agroforestry with cupuagu, peachpalm and pueraria
at the end of the dry season in November 1998, 6 months after applicatidNait the beginning of May 1998; means and
standard errorsE3)

Species 15N appl.  Plant part Biomass Biomass  1°N uptake 15N uptake
in area [kgtreel] [Mgha™1]  [mg®N excesstreel] [g1°N excess hal]
Cupuagu CP leaves 13832.8 2.22+0.47 305.5+51.1 203.7+ 34.0
branches 11.54.0 1.92+ 0.67 47.1+ 17.2 31.4+ 115
stem 7211 1.20+0.18 30.0+ 8.9 20.0£ 5.9
whole plant 32.0t7.5 5.33+1.24 382.6+72.7 255.0+ 48.5
PP leaves 10.£ 2.6 1.69+ 0.43 3.3+ 1.8 22+ 1.2
branches 7517 1.25+0.28 24+ 0.8 1.6+ 0.6
stem 4508 0.76+0.13 3.9+ 14 2.6+ 0.9
whole plant 22.2£ 4.8 3.70+ 0.81 9.6+ 1.7 6.4+ 1.1
PU leaves 10.5% 3.7 1.75+ 0.62 50.3+ 14.3 33.5+ 9.5
branches 8.663.0 1.43+0.49 8.1+ 5.1 5.4+ 3.4
stem 5917 0.99+ 0.28 8.4+ 2.7 56+ 1.8
whole plant 25.6t 8.3 4.16+ 1.38 66.7+ 19.3 44,5+ 13.2
Peachpalm CP leaflets 090.1  0.45+0.04 0.4+ 0.0 0.5+ 0.1
rachis 1.1+ 0.1 0.54+ 0.05 0.0+ 0.0 0.1+ 0.0
whole plant 1.9+03 0.93+0.17 0.4+ 0.0 0.6+ 0.1
PP leaflets 1.304 0.63+ 0.19 31.1+ 175 41.5+ 23.3
rachis 15+ 04 0.75+ 0.22 45+ 2.5 6.0+ 34
whole plant 1.4+ 03 0.69+0.12 18.7+ 9.1 25.0+ 12.2
PU leaflets 1.6£03 0.79+0.13 6.1+ 4.0 8.1+ 5.3
rachis 1.9+ 0.3 0.94+ 0.16 0.7+ 0.3 0.9+ 04
whole plant 21+03 1.06+0.12 3.8+ 1.8 51+ 24
Pueraria CP whole plant - 8.470.13 - 8.1+ 3.0
PP whole plant - 8.7£0.13 - 17.9+ 4.1
PU whole plant - 8.7 0.13 - 186.9+ 14.8

a 15\ yptake computed by assuming equal biomass of rachis and leaflets.

covery under peachpalm (PP area) as peachpalm itselftem (Figure 3). The soil N contents were significantly
with 0.9 and 2.4%, respectively (Table 3). Summing higher in the surface soil under pueraria than under the
up the uptake of all three plant species, 4% of the trees P<0.05). The soil®N enrichment was signific-
applied!®N was recovered from the area under peach- antly lower where pueraria was growing than under
palm, 13% from under cupuacu and 12% from the the tree rows up to 0.5 m depth. At 0.3 to 0.5 m depth,
area between the trees under pueraria. Only 3% of thecupuagu showed highét>N values than peachpalm.
applied®N was taken up by peachpalm, but 15% by The recovery of applie®N in the soil from 0 to 0.3
cupuacu and 11% by pueraria (Table 3). Thus, more m was significantly higher in the alley under pueraria
than half of thé!®N taken up by all plants togetherwas than under the trees. In the subsoil, a lower proportion
recovered by cupuacu (53%), followed by pueraria of applied®N was found under pueraria than under
(37%) and peachpalm (10%). the two trees (not significant). The tof&N recovery

in the soil (0—1 m) increased from cupuacu (6%) over
peachpalm (17%) to pueraria (19%; Table 3). In plant
and soil together, most (31%) of th&N was recovered
where pueraria was growing (PU) in comparison to
cupuacu (20%) and peachpalm (20%) resulting in a

Soil 1°N contents

The organic C content decreased with depth (surface
soil 29 mg g1, subsoil 7 mg g1), but similar values
were found on the three areas in the cropping sys-
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Table 3. Recovery of'®N applied to different areas in mixed cropping of cupuagu, peachpalm and
pueraria at the end of the dry season in November 1998, 6 months after applicatid aff the
beginning of May 1998; values in one column or row followed by the same small or capital letter,
respectively, are not significantly differentR&0.05; means and standard errars3)

Compartment  Cupuagu Recovery [%]'0N  applied to Total area
CP peachpalm pueraria CP+PP+PU
PP PU
Cupuagu 12.75 4 2.42 0.32 bt 0.06 2.22ht0.66 15.30a 2.89
A Cc B
Peachpalm 0.03+£0.00 2.37a1.33 0.45ct0.25 2.85ht 1.59
C A B
Pueraria 0.4080.16 0.90 a-0.21 9.34a:0.74 10.84a 0.84
B B A
Sum of plants 13.182.36 3.59+1.56 12.02+1.23 28.79+ 4.26
A B A
Soil 6.43+0.84 16.99+ 3.44 18.97%-3.49 42.38 7.32
(0-1m) B A A
Total sum 19.61%3.19 20.58+4.99 30.99+ 4.02 71.18+10.98
B B A

total recovery in the whole cropping system of 71% 1997), which can immediately take up applied nutri-

(Table 3). ents from the soil surface. Another explanation is the
harvest of a large part of the peachpalm shoot biomass
Foliar natural 1°N abundance at the end of the dry season. The removal of the above-

. ground biomass of peachpalm may have induced root
The natural’®N abundance of pueraria leaves was die-back, as also shown for a tree legume in a trop-
significantly lower than of cupuacu and peachpalm 4| agroforestry system (Lehmann etal., 1998). In the
(Table 4; P<0.05). The difference was larger at the rainy season, peachpalm was growing again and taking
end of theig/vet season than at the end of the dry sea-,;, more of its N from the applied N source than during

son. Thes™N values of the two tree species were not the dry season. Therefore, peachpalm should not be
significantly lower in the agroforestry system with a  farijlized at the beginning of the rainy season, but later
higher abundance of pueraria (P1) than with low puer- \yhen the N demand is higher due to a higher biomass

aria abundance (PE>0.05). Similarly, the foliar N 5roquction. In contrast, relativéN uptake of cupuagu
contents were not significantly affected by the amount iq not vary throughout the year.

of pueraria cover present (Table 4). Also, pueraria seemed to take up less of its N from

the applied N source during the dry season than during
the rainy season. This coincides with field observa-
tions from the same site and year which showed a
reduced biomass production of pueraria during the dry
season in comparison to the rainy season by about 50%

The 15N uptake suggested that cupuacu took up a (Uguen, in Lehmann et al., 2000). Whereas the N up-

higher proportion of its N at the end of the dry season t@ke of pueraria was more restricted to the alley (PU
than peachpalm, indicating that it had a more active €@ Figure 1) during the dry season, It C,OUId use S.O'I
root system at that time. One reason for that may be N from underneath the tree canopies during the rainy

the Iarge amount of surface roots of cupuacu (Haag, season when water competition was low. In contrast

Discussion

Dynamics of N uptake
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Table 4. Foliar N contents and natur®N abundance of cupuagu, peachpalm and pueraria
in an agroforestry system with high (P1) and low (P2) abundance of pueraria; means and
standard errorsE3)

Species System  End of dry season End of wet season
N s15N N s15N
mg g1 [%] mg g7l [%]
Cupuagu P1 17.740.52 4.06:0.56 14.82:0.61 4.08:0.33
Cupuagu P2 17.350.74 4.64£053 14.16t0.95 4.70:0.81
Peachpalm P1 28.910.46 4.90:0.48 37.34:4.87 5.02£0.59
Peachpalm P2 31.801.61 5.19:0.20 34.85:2.47 6.83:0.18
Pueraria P1 43.520.65 2.16:0.08 44.26t2.35 1.72+0.75
Pueraria P2 38.740.64 2.75:£0.33 37.13£2.02 0.970.35
Organic carbon [mg g'] Nitrogen [mg g Distribution of N uptake
0 10 20 30 40 0 1 2 3 4
aAn 1 1 1 i | 1 1 |
0,0
o1da AT 1b A In contrast to our studyTheobroma cacatad the
= o e >4 Hins highest root activity at 1.2—-1.6 m and the lowest at
s ] ’ s ) 4{'/ - 0.9 m distance from the stem in Ghana (Ahenkorah,
= : .
8 o054 [ & cupuen 1 1975). The high proportion of N uptake of cupuacu

)Y peachpalm from the area under the canopy may be explained by
© puerra e the current fertilization practice: The mineral fertil-
izer was always applied around the stem, resulting in
a low stimulation for the trees to grow roots further
away from the area under the canopy. Furthermore, the
" . s . _1 amount of applied fertilizer was found to be sufficient
N a(;"(;’”"‘ [(')‘92 Ne’éciss h"(‘) 60-"“ ] . N 'icwery[" 0.4m'] for the two tree crops, since the foliar nutrient contents
| ’ ' | X did notincrease with higher fertilizer applications (As-

8 12 16
1 | | | | |
Ef 4t - _? /7""_01;« sis and Schroth, unpubl. data). A third reason for the
= ¢ 4 ~o’ (- low utilization of legume N by the trees may be a high
= 03 “\/ soil N mineralization of more than 150 kg N hh
B os ] fﬁ =™ yr-1in the topsoil (0-0.1 m) under the tree canopies
Q found in the same experiment during the preceding
) l - year (Schroth et al., unpubl. data).
The low lateral root activity of peachpalm in the
. alley was also an effect of shoot pruning as stated

above. Additionally, the peachpalm biomass produc-
Figured3- Soil Carb?jn @) (;’amd nitrogen Conte?]ts (IjtﬁN erérichment . tion and hence N turnover per tree were estimated to
e e s S ™ be lower tha hose of cupuau. USing our blomass
15\ was applied; asterics denote significant effec-a.05+ and determinations and the litterfall at the same site and
0.01xx (ANOVA); means and standard errors (n=3). year found by Uguen (unpubl. data) of 2.7 and 0.6 kg
tree ! yr~1 for cupuacu and peachpalm, respectively,
biomass production of peachpalm was 48% lower than
to pueraria, the trees did not show a higher N uptake that of cupuacu. As a result, the rooting area (defined
further away from the stem in the rainy season than as the lateral zone where N was taken up) of peach-
the dry season. In a more seasonal climate with a dis- palm was more restricted to the area under the canopy
tinct dry season, however, coffee showed pronouncedthan that of cupuacu. THEN area uptake also indic-
dynamics of lateral root activity in an experiment in ated that on a landuse system level the area underneath
Kenya (Huxley et al., 1974). the pueraria is more important for cupuagu than for



peachpalm, since the values were significantly higher
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as it was shown for a woody legume in a tropical

in the PU area than the CP area for cupuacu, whereasagroforestry system (Peter and Lehmann, 2000). In

it was the other way round for peachpalm.

When calculating the total°®N uptake per unit
area and the recovery of the appli&N, the lower
N uptake of peachpalm than cupuagu from the alley

our study with intercropped trees and a legume cover
crop, more competition would be advantageous, since
it would increase the utilization of soil N underneath
the legume which may contain biologically fixed N

becomes even more evident: Peachpalm took up less(see below) without reducing tree crop production due

than 10% of the amount 3PN taken up by cupuacu.
Cupuacu also had a 40% highEIN accumulation
than pueraria. However, the tot&IN uptake of puer-

to competition by neighboring trees.
In contrast, pueraria substantially competed for N

with the tree crops. Approximately the same fraction

aria over time was presumably much higher, because of N fertilizer applied to the area under peachpalm

N turnover by pueraria was found to be very high.
Using the litterfall data cited above, the N turnover
of peachpalm calculated to 90 kg Hayr—! and of
cupuagcu to 21 kg hid yr=1. In contrast, N turnover of
pueraria was as high as 212 kgfayr—1 at a nearby
site with an 81% lower above-ground biomass (Uguen,
in Lehmann et al., 2000), suggesting that the produc-
tion may be even higher in the presented experiment.
The large N turnover of pueraria may also explain
the high'®N recovery in the topsoil under pueraria.
The significantly higher total soil and plant recovery
of 15N by pueraria than the tree crops confirmed this
observation.

Only 71% of the applied®N was recovered in
plant and soil of the whole cropping system. Due to
the low 1N contents in the subsoil, it can be as-
sumed that a large part of tH€N not accounted for
(29%) was lost by denitrification. Similarly, Alfaia
(1997) reported a gaseous loss of almost 30%°hif
labeled ammonium sulfate applied to a central Amazo-
nian Ferralsol in a pot experiment. The resultingN

(PP) was retrieved by pueraria and by peachpalm.
However, this N uptake did not seem to be a sink for N
but the N was rapidly recycled as seen from the large
N turnover by pueraria ant®N recovery at the topsoil
under pueraria.

Tree uptake of biologically fixed N

Biological fixation of atmospheric Nwas estimated
between 9 and 37% of the pueraria N in the dry season
and 23 and 45% in the wet season as determined by the
15N enrichment method for the presented experiment
(Silva Jr. and Lehmann, in Lehmann et al., 2000).
The differences of the tre®N contents between P1
and P2, however, indicated that only a small frac-
tion of the tree N was derived from sources associated
with a higher pueraria abundance. During biological
N fixation, the fraction of°N (shown as$1°N values)
decreases, because atmosphericpdssesses lower
I5N-1N ratios than soil N. The N sources of plants

evolution possesses important climatic relevance as agrowing in association with legumes may similarly be

greenhouse gas.

Nitrogen competition

Competition for N between the two tree species was
very low, since far less than 1% of the total N applied
(6% of its N uptake) to one tree species was retrieved
by the other species. The use of soil N from the al-

estimated by theit>N-1*N ratios (Chalk and Smith,
1994). In our experiment, the N nutrition of the trees
did not increase with higher legume abundance, in-
dicating that biologically fixed N did not significantly
contribute to tree N uptake. It is not likely that the
tree N nutrition was already benefiting from the low
pueraria abundance. The main reason for the little
utilization of legume N by the trees was their low

ley (PU area) by the trees can be considered as low N uptake from the area underneath the pueraria be-

generally being below 20% of the tree N uptake. The
low N use from the alley (PU) by the trees was most

likely an effect of the amount and placement of N fer-

tilizer as discussed above. This is in contrast to many
leguminous trees, which have been tested in mixed
cropping systems and shown to compete strongly with
associated plants for water and nutrients (Rao et al.,
1997). Harvesting the heart of palms by pruning cer-
tainly reduced the competitiveness of the peachpalm

ing below 20% of their total N uptake, due to the
amount and placement of the fertilizer as discussed in
an earlier section. A higher root activity in the alley
(PU area) and, therefore, uptake of biologically fixed
N may be achieved by a lower fertilizer application
and a placement further away from the stem. Wahid et
al. (1993) concluded fa€ocos nuciferghat the lateral
root activity distribution can be manipulated by the
place of fertilizer application. In future studies, low or
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no N applications should be tested for tree crops with
legume covers on central Amazonian Ferralsols.

Conclusions
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