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ABSTRACT — The degree to which pruning helps reestablish balance in agroforestry was assessed in a system
established in Sdo Carlos, Sao Paulo, Brazil, in 2008. Seven native tree species were planted at a density of
600 trees/ha in five strips of three rows each, and annual crops were cultivated in the 17-m crop strips between
the tree strips. Competition was established after 35 months, decreasing the aboveground biomass production
of corn planted close to the trees. An assessment of black oats in the dry season following tree pruning showed
that the proximity of trees caused reductions in plant and panicle density, aboveground biomass production,
number of grains per panicle and grain weight. Because pruning was not sufficient to maintain crop yields,
tree thinning is recommended in order to minimize competition and restore conditions for adequate crop
production.
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REDUCAO DA COMPETICAO EM AGROFLORESTA PELA DESRAMA DE
ARVORES NATIVAS

RESUMO — Estudou-se o efeito da desrama no restabelecimento do equilibrio em sistema silviagricola, implantado
em Sao Carlos, SP em 2008. Sete espécies de arvores nativas, na densidade de 600 arvores/ha, foram plantadas
em cinco faixas de trés linhas, associadas a cultivos agricolas anuais semeados nos 17 m entre essas faixas.
A competi¢do se estabeleceu aos 35 meses, reduzindo a produg¢do de biomassa aérea do milho plantado
proximo as drvores. Avaliagdo do cultivo de aveia-preta na estagdo seca subsequente a desrama mostrou
que as drvores provocaram redugdo na densidade de plantas e de paniculas, na produgdo de biomassa aérea,
na quantidade de grdaos por panicula e no peso dos graos. A desrama das drvores ndo foi suficiente para
controlar a queda da produgdo agricola, justificando a indicagdo de desbaste para manutengdo da produtividade
do cultivo agricola.

Palavras-chave: Integrag¢do lavoura-pecuaria-floresta; Silvicultura; Sustentdvel
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1. INTRODUCTION

Planted forests are estimated to cover 264 million
ha worldwide, and increased at a rate of 5 million ha/
year between 2000 and 2010 (FAO, 2010). Conventional
forestry may not be attractive for small and medium-
sized farmers due to the long investment periods
required and the resulting limits on cash flow. When
crops such as soybeans, corn, sorghum, and winter
crops are planted simultaneously and/or sequentially
in the land between lines of timber trees, they help
defray the early costs of establishing forestry operations
(RIBASKI et al., 2002) and can thus make it possible
for smaller-scale farmers to practice forestry. These
integrated crop-timber production systems now cover
1.6 million ha in Brazil, mostly in the midwestern and
southern regions of the country. It has been estimated
that 55 million ha in Brazil are suitable for integrated
crop-pasture-timber (iLPF) systems (BALBINO et al.,
2011).

Agroforestry systems established to date vary
widely in their elements, tree density, spatial
arrangement, and products. The most commonly used
timber species in southeastern Brazil is eucalyptus,
but farmers there are exploring alternatives, including
some native species (RUSCHEL et al., 2003;
CARPANEZZI et al., 2010).

Maintaining desired production levels of timber
and crops in integrated systems requires monitoring
the growth of both trees and crops, and management
interventions such as pruning and thinning (JOSE
etal., 2004). Pruning is a labor-intensive practice carried
out to increase light levels in the understory and thereby
boost the production of associated crops, and it provides
a source of high-quality, knot-free wood. While the
branches of Eucalyptus spp. are typically pruned up
to 6 m, most tropical timber species show sympodial
growth (ENCINAS et al., 2005), with low, precocious
branching, which complicates pruning. Thinning reduces
competition for light, water, and nutrients both between
individual trees and between trees and crops. Designers
of agroforestry systems should note that early thinning
of dense stands is justified when there is a market
for the products it generates, such as firewood and
wooden bracing for construction.

How long it takes before trees begin to interfere
with crop growth depends on a variety of factors,
including soil fertility, climate, tree architecture, and
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the degree to which the crops in question are shade-
tolerant. Understanding how the elements of an
agroforestry system respond to management allows
one to determine the most efficient strategies. The aim
of this study was to assess the extent to which pruning
helped reestablish the balance between trees and
associated crops in an alley-cropping agroforestry
system.

2. MATERIALAND METHODS

The study was carried out at Embrapa Pecuaria
Sudeste, in Sdo Carlos, Sdo Paulo state, Brazil (22°1°
S 47°53” W). The region’s climate is classified as Cwa-
Awa (KOPPEN 1948), with an April-September dry season,
a mean annual temperature of 21.2 °C, and mean annual
relative humidity of 75.6%. The area is largely flat, with
slopes of 3-5%, and mean elevation is 860 m.

The study area was a Red-Yellow Latosol covered
with Urochloa decumbens (syn. Brachiaria decumbens)
(EMBRAPA, 1999). The agroforestry system was
established in January 2008 as five strips of trees
intercalated with annual crops. In each strip of trees,
trees were planted in three lines that followed topographic
contours and spaced 2.5 x 2.5 m, for a density of 600
trees/ha. The 17-m strips separating the tree strips
were planted with annual crops. In the tree strips, the
following timber species were planted in a random order
along the central line: angico-branco (Anadenanthera
colubrina); canafistula (Peltophorum dubium); ipé-
felpudo (Zeyheria tuberculosa); jequitiba-branco
(Cariniana estrellensis); and pau-jacaré (Piptadenia
gonoacantha). To ensure that these species grew straight
boles with a minimum of lower branches, the tree species
mutambo (Guazuma ulmifolia) and capixingui (Croton
floribundus) were planted in an alternating sequence
in the two outer lines of each tree strip. Trees were
fertilized in the first 18 months. Silvicultural treatments
included removing leaf-cutter ants and keeping the
area immediately around the seedlings free of grass.

Soils in the agricultural area were corrected starting
at the establishment of the agroforestry system. Liming
and fertilization were carried out based on annual soil
analyses, and the following crops planted in succession.
Forage sorghum (Sorghum bicolor) was planted in
December 2007, fertilized with 500 kg/ha 8-28-16 NPK,
20 kg/ha zinc sulfate, 3.3 t/ha dolomitic limestone, and
400 kg/ha 25-00-25 NPK, and harvested in April 2008.
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The sorghum was allowed resprout without further
fertilization, cut in September 2008, and incorporated
into the soil. Forage maize (Zea mays) was planted
in November 2008, the soil amended with 1.5 t/ha dolomitic
limestone, 350 kg/ha 8-28-46 NPK + Zn, and 400 kg/
ha 20-05-20 NPK + 0.6%S, and the maize harvested
in March 2009. Guandu-fava-larga beans (Cajanus cajan
cv. Fava larga) were planted in March 2009, fertilized
with 200 kg/ha simple superphosphate + 50 kg/ha
potassium chloride, and harvested in September 2009.
Forage sorghum was planted in January 2010, fertilized
with 300 kg/ha 10-20-20 NPK and 500 kg/ha 20-05-20
NPK + 6% Zn, and harvested in May 2010. Forage maize
was planted in November 2010, the soil amended with
2.5 t/ha dolomitic limestone, 470 kg/ha 10-1-10 NPK,
and 500 kg/ha 25-0-25 NPK, and the maize harvested
in March 2011.

The forage crops were initially sampled in the entire
study area, between tree strips. Starting in 2009, data
were collected at three distances from the outermost
trees in the tree strips: 2, 4.75, and 8.5 m. Plants were
cut 20 cm above ground level, weighed to determine
their fresh matter yield, which was transformed to t/
ha. Samples of cut plants were oven-dried at 60°C until
reaching a constant mass. Dry matter production/ha
was calculated as the product of percent dry matter
and fresh matter production.

In this experiment, control is the primary condition,
of no competition, at the beginning of the experiment
(baseline). Evaluations were made over time. We began
in a situation of no competition, as indicated by dry
matter production, stable along transects perpendicular
to the tree strips. Competition was established 35 months
after tree introduction, when dry matter production
of forage maize was significantly different according
to distance from the trees (2 m =5846 kg/ha c; 4.75
m= 8821 kg/haa; 8.5 m=7678 kg/ha b; means followed
by different letters differ significantly according to
Tukey’s test (5% significance level)). Pruning was
performed in order to restore crop production to
acceptable levels. Mean tree height in May 2011 was
322+200(SD) cm for angico; 306 = 119 cm for canafistula;
651 =119 cm for capixingui; 143 £ 86 cm for ip€; 120
+ 96 cm for jequitiba; 668 £ 138 cm for mutambo; and
398 + 198 cm for pau-jacaré. The capixingui and mutambo
trees were pruned in November 2010. Pruning was
carried out during the forage maize crop cycle, which
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meant it was not possible to measure its effects on
forage production. The criteria used for pruning were
that 50% of the green canopy be maintained and that
branches be removed below the point at which the
tree trunk had a diameter of 6-8 cm.

The crop planted after pruning, black oats (4Avena
strigosa), was evaluated in detail. It was planted at
a depth of 2-3 cm, with 20 cm between lines, in April
2011. Seeding density was 60-65 seeds per linear meter,
for a density of 55 kg/ha of seeds. The crop was fertilized
with 300 kg/ha of 8-28-16 NPK and 100 kg/ha of ammonium
sulfate as topdressing. The oats were harvested in
August 2011, once it was verified that the grains were
filled. The oat crop was sampled between the tree strips
and outside the tree strips, using a 1 x 1 m quadrat
that included five lines of oats.

Eight transects outside the tree strips were assessed
(the first line of oats outside each tree strip, and 3,
6,9,12,15,18, and 21 m from that first line). In each
transect oats were sampled and distances from the
treeline measured. Oat samples were also collected
between the strips of trees, at seven points on each
of two transects per strip (Figure 1). Measurements
were taken on the first line of oats, at the center of
the crop strip, and at intermediate points between those
two (two intermediate points to either side of the strip).

Before plants were cut, the number of plants/m?
and panicles/m? were recorded. Oat samples were
weighed when fresh and after they were oven dried
at 60°C until they reached constant mass. Parallel to
the area where the quadrats were sampled, 1 linear
meter was sampled in order to evaluate the number
of grains per panicle and the thousand grain weight.
After panicles were sun-dried, the collected samples
were threshed and placed in a sample blower for 2 minutes
with a 5-cm opening. Immediately afterwards, 2 g of
the sample were weighed and placed in the grain counter.
Readings of photosynthetically active radiation (PAR)
were taken in July 2011 with an LP-80 AccuPAR model
ceptometer (Decagon). Readings were taken in four
transects parallel to treeline at the two sites, at the
same distances as the oat sampling. To calculate light
incidence, readings were taken facing an N, S, E, and
W direction at each point. Water balance
(THORNTHWAITE; MATHER, 1955) during the study
period was calculated based on meteorological data
from Embrapa Pecuaria Sudeste.
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Soil samples were collected in July for humidity
estimates using the gravimetric method, at 0-20 cm. The
samples were obtained in the same points as the oat
samples, except that only two intermediate points in
the internal transects (between tree strips) were taken.
Samples were identified, dried in the oven at 105°C for
24h, up to constant weight. Water content was calculated
from the difference between humid and dry weights.

The variables PAR, number of panicles/m?, number
of plants/m?, thousand grain weight, number of grains/
panicle, and dry matter yield were evaluated with linear
and quadratic regressions using the GLM procedure
in SAS® software (SAS 9.1, SAS Institute, Cary, North
Carolina, USA). The following effects were considered:
site (outside the agroforestry system vs. between the
tree strips) and distance from nearest trees. Radiation
data calculated based on the predictive equation generated
for PAR and distance from trees were used in the linear
and quadratic regression analyses using the GLM
procedure in SAS, to compare PAR with dry matter
production. To analyze variance in PAR, the Mixed
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procedure in SAS was used for repeated measures (time
of day). Distances, time of day, and their interaction
(distances x time of day) were considered to be fixed
effects in the model, and the replicates were considered
to be random effects. For soil humidity only distances
from the trees were considered. Multiple means were
compared using Tukey’s test at the 5% significance
level.

3. RESULTS

The experimental period coincided with an extreme
drought (Figure 2) that was especially strong 60 days
after the oats were planted, when soil water reached
critical levels.

The proximity of trees changed the levels of
photosynthetically active radiation (PAR) available
to the black oats. Mean PAR levels in the first lines
of oats were lower than at the other distances (Table 1).
Mean PAR levels in the agroforestry system were higher
between 11:45 and 12:50 than at other times of day
(P<0.05).

Figure 1 — Experimental area (surrounded by line with dots). Transects outside and inside tree strips, used for oats evaluation,

are depicted (white lines).

Figura 1— Area experimental (circundada por linha com pontos). Transectos dentro e for a das faixas de drvores, utilizadas
na avaliagdo da aveia, estdo indicados (linhas brancas).
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Data on distance from trees (DIST) and PAR that sites at least 10 m from the trees received >90%

availability (expressed as the proportion of the point of the maximum PAR obtained.
with the greatest light incidence, at 23 m from the trees, The relationship between proportional PAR
Y) were fit to an exponential model: Y= 98.74*(1-exp- incidence and the natural log of aboveground biomass

0.2778*DIST); R>=0.70, P<0.01. The model showed production was linear (Figure 3). The conditions under
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Figura 2 — Extrato do balango hidrico climatologico durante em sistema silviagricola com drvores nativas em
o periodo experimental. Sdo Carlos, SP.

Table 1 — Mean incidence of photosynthetically active radiation (PAR; pmol/m?/s) at different times of day on 8 July 2011
and at different distances from trees in an agroforestry system (oats-trees) in Sdo Carlos, Sdo Paulo, Brazil.

Tabela 1 — Média de incidéncia de radiagdo fotossinteticamente ativa (RFA; umol/m?/s) em diferentes distancias e horarios
do dia 08/07/2011 no sistema silviagricola de aveia e arvores nativas em Sdao Carlos, SP.

Distance Time of day Mean
from trees 9:10 11:45 12:50 14:45 16:45
Site 1: Area outside the strip of trees
2.14 m 248.00 be 476.25 ab 609.88 a 322.38 abc 36.88 ¢ 338.68 B
5.14 m 740.50 b 1152.38 a 1056.50 a 391.50 ¢ 52.25d 678.63 A
8.14 m 786.75 b 1155.50 a 1181.25 a 474.00 b 60.00 ¢ 731.50 A
11.14 m 792.75 b 1168.75 a 1186.63 a 721.50 b 63.12 ¢ 786.55 A
14.14 m 787.00 b 1168.75 a 1183.50 a 745.50 b 66.12 ¢ 790.18 A
17.14 m 790.88 b 1173.88 a 1199.00 a 770.25 b 67.37 ¢ 800.28 A
20.14 m 800.50 b 1173.88 a 1186.88 a 750.75 b 67.62 ¢ 795.93 A
23.14 m 793.63 b 1166.75 a 1185.63 a 748.00 b 68.37 ¢ 792.48 A
Site 2: Area between strips of trees
2.66 m 299.62 ab 595.25 a 557.00 a 382.87 a 29.62 b 372.88 B
5.78 m 761.00 a 1032.00 a 1061.38 a 416.88 b 44.12 ¢ 663.08 A
8.58 m 791.88 a 1189.63 a 1195.38 a 332.13 b 73.63 b 716.53 A
Overall 690.23 b 1041.18 a 1054.82 a 550.52 ¢ 57.19d
Mean

Means followed by the same lower case letter within a line or followed by the same uppercase letter within a column do not differ according
to Tukey’s test at the 5% significance level. Standard error = 24.3.
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Figure 4 — Relationships between distance between trees and (A) plants per m?, (B) dry matter, (C) thousand grain weight,
(D) grains per panicle, and (E) panicles per unit area of a wheat crop grown in an agroforestry system in Sdo

Carlos, Sao Paulo state, Brazil.

Figura 4 — Relagdo entre plantas por m? (A), matéria seca (B), massa de 1000 grdos (C), numero de grdos por panicula
(D), paniculas por unidade de drea (E) da cultura de aveia e distdncia do renque de drvores de um sistema

silviagricola em Sao Carlos, SP.
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which the experiment was carried out did not include
light levels capable of maximizing production.

Number of plants/m? (Figure 4A) varied with distance
from trees for both sites (P<0.05). The equations differed
at the two sites (P<0.01). At the site between the strips
of trees, quadratic and linear regression trends for
plants/m? were similar, indicating that equilibrium had
not yet been reached. The competition caused by
the proximity of trees led to lower levels of establishment
of oat plants, and was also reflected in the fact that
dry matter production increased with increasing distance
from trees (Figure 4B), following a quadratic relationship.
Dry matter production did not vary between sites
(P>0.05).

There was no difference between sites in thousand
grain weight, number of grains/panicle, and number
of panicles/m? (P>0.05; Figures 4C, 4D, 4E). Although
there was no difference in the number of grains/panicle
between sites, the data from the crops between the
tree strips were scattered to an extent that they fit neither
linear nor quadratic regressions (P>0.05). In all of the
other cases, quadratic regression showed a better fit
to the data. Thousand grain weight, the number of
grains/panicle, and the number of panicles/m? increased
(P<0.05) with increasing distance from trees.

4. DISCUSSION

PAR declined close to trees. The relationship between
distance from trees and PAR availability showed that
locations >10 m from trees received > 90% of the maximum
radiation level observed. In an agroforestry system
with rubber trees and a bean crop, Righi e Bernardes
(2008) obtained fractions of radiation incidence > 90%
starting at approximately 20 m from the nearest line
of rubber trees (14 m tall), which illustrates the influence
of the elements of an agroforestry system on the
distribution of light.

Oat production was lower close to trees. Competition
caused by the proximity of trees led to fewer oat plants
establishing (P<0.05, Figure 4A) and was also reflected
in the dry matter production, which increased with
increasing distance from the trees (P<0.05, Figure 4B).
In a similar study, maize cultivated between lines of
24-month old, 11-14 m tall eucalyptus trees spaced
at 10 x 4 m grew at a density that was 24-39% of that
observed when it was grown alone (MACEDO et al.,
2006). Oat crop density also increased significantly
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with increasing distance from trees in the ‘dehesas’
of Spain — associations of 20-60 trees/ha and an
herbaceous layer (MORENO et al., 2007). In our study
mean oat dry matter production varied from 214 kg/
ha (between tree strips) to 357 kg/ha (outside tree strips)
in the first planted line (the one closest to the trees),
where shade was deepest, and exceeded 4000 kg/ha
14 m from the trees. Mean oat dry matter productivity
varies from 2 to 6 t/ha (KICHEL; MIRANDA, 2000).
While the values we observed for the lines with the
highest PAR incidence fall within this range, production
may have been compromised by the drought conditions
during the experiment (Figure 2).

Growth of the oat crop may have also been
compromised by changes in light quality caused by
the nearby trees. Radiation filtered through tree
canopies has a different spectrum, with a lower red:far
red ratio due to the selective absorption by leaf pigments
(MARTINEZ-GARCIA etal., 2010). Many plants respond
to a lower red:far red ratio in incident light with increased
apical dominance (SCHMITT; WULFF, 1993). Lower
PAR also increases apical dominance (ALMEIDA;
MUNDSTOCK, 2001), with the result that the light
conditions in our study might have converged to reduce
tillering. In addition to reducing the number of tillers,
shading also reduces their dry matter production
(ALMEIDA; MUNDSTOCK, 2001) and can reduce grain
production. Grain production is affected by the number
of fertile tillers, which in cereals depends on the
environmental conditions between tiller initiation and
flowering. Environmental stresses during the emergence
of'tillers can inhibit their formation and, in later stages,
cause them to abort (MAAS et al., 1994). Various studies
have demonstrated the negative effect of adult trees
on the dry matter yield of associated crops, and this
has been partly attributed to lower light availability.
Barro et al. (2008) reported that a winter crop of black
oats in Rio Grande do Sul, Brazil, grown with Pinus
elliottii stands that intercepted 24% and 56% of
incident light produced 25% (2907 kg/ha) and 58%
(1627 kg/ha), respectively, of crops grown in full sun.
Kirchner et al. (2010) documented significant
microclimatic changes in agroforestry systems with
P. taeda in the wet subtropics, recording PAR
interception in a stand spaced at 15 x 3 m as 30%
in June and 66% in March-April. Under these conditions,
the production of black oats was 1963 kg/ha, or 43%
of that under full sun. Under higher mean levels of
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light interception (60% and 83%) in a stand spaced
at 9 x 3 m, dry matter production was just 369 kg/
ha, comparable to that observed in our study in the
lines closest to the trees. In our study, however, plants
were also subjected to drought stress.

The proximity of trees may increase also the
competition for water. About 90% of oats roots were
found superficially, at soil depths up to 20 cm (SOUTO
etal., 1992). In the present study soil humidity
(0-20 cm) did not show differences among distances
from the trees (10.00% + 1.53%, P>0.05). It is possible
however that water content changed deeper in the soil,
and the uptake by trees might have contributed to the
increased stress of oats during the season.

Thousand grain weight, number of grains/panicle,
and number of panicles/m? increased (P<0.05) with
increasing distance from trees. There are several possible
causes for the reduced development of oat grains, some
of which have been discussed above. Since the final
accumulation of mass of grains depends mostly on
the availability of photosynthates (DIDONET et al.,
2001), it is reasonable to suppose that the lower dry
mass of grains grown close to trees is the result of
lower photosynthetic rates in shade. In addition, after
fructification, grains become favored ‘sinks’ for plants,
which must invest in them heavily and constantly. When
the photosynthetic rate is insufficient for satisfying
those demands, reserves from the culm are needed
to fill the grains. For that reason, the culm’s capacity
for storing excess photosynthate is critical for the period
of grain filling (DIDONET etal., 2001; FANCELLI, 2003).
Macedo etal. (2006) observed lower weight, lower quality
(lower cob size and poorly-formed grains) of corn cobs
and lower grain yield in systems grown together with
eucalyptus trees than in monocultures, and attributed
the result to competition for light.

In our study, we documented a relationship between
low PAR and low production. There was a positive
relationship between proportional PAR incidence and
aboveground biomass production (P<0.05, Figure 3),
even though the light levels that maximize production
were not reached. This contrasts with the results of
Semchenko e Zobel (2005), who reported a plateau of
black oat production at 50% incident light. Although
PAR was similar between 5,14 m, 8,14 mand 23,14 m
considering the whole evaluation, at 14:45 PAR incidence
was just 52% and 63% for 5,14 m and 8,14 m, respectively,
compared to 23,14 m.
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Our dataset indicates that pruning did not
satisfactorily reduce competition for light. Competition
still prevailed, considering that dry matter production
of oats increased with increasing distance from trees,
following a quadratic relationship. Studies have reported
significant reductions in light interception after partial
pruning (JACKSON etal., 2000; BAYALA etal., 2002),
as well as reductions in evapotranspiration (BAYALA
etal., 2002) and root mass (PETER; LEHMANN, 2000)
after pruning in agroforestry systems. While these
changes may reduce competition for light, water, and
nutrients between trees and crops in the understory,
it was not enough to reestablish crop productivity
in this study. Competition increased from the 2010 rainy
season to the 2011 dry season. This study with a
production system based on native timber species with
monopodial (mutambo) and sympodial (capixingui)
growth forms suggests that pruning cannot be
recommended with the only purpose of increasing light
availability or for reducing competition between trees
and agricultural crops. Pruning, at least with the criteria
we adopted, was not capable of reverting competition,
bringing back productivity to acceptable limits,
comparable to conditions where competition was less
evident (at 23 m from trees, for example). Other option,
would be felling part of the trees. The removal of part
of the trees reduces competition. The challenge is
defining the minimal number of trees to be felled to
reestablish crop production to acceptable levels.

5. CONCLUSIONS

1. Pruning was not effective at reducing competition
between tree and crop in the system composed of native
species exhibiting both sympodial and monopodial
type of growth.

2.While it is not possible to exclude the role of
other factors in the productivity of black oats, the shading
they experienced because of nearby trees plays a key
role in the competition observed.
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