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Abstract

The goal of this study was to evaluate the effects of thinning eucalyptus trees on yield and nutritive value of
corn for silage and palisadegrass in a crop-livestock—forest integrated system and to evaluate the total
aboveground biomass yield in systems with and without trees. Plant variables, as well as the incidence
of photosynthetically active radiation (PAR) and soil moisture, were evaluated between October 2016
and March 2018 in Sdo Carlos, Brazil, in a crop-livestock—forest and a crop-livestock system. In the
crop-livestock—forest system, eucalyptus trees (Eucalyptus urograndis clone GG100) were planted in
April 2011, in single rows, with 15 x 2m spacing. In 2016, the trees were thinned, and the spacing
was changed to 15 x 4 m. The treatments comprised measurements at 0.00, 3.75, 7.50, and 11.25 m from
the trees of the North row in the integrated crop-livestock—forest (iCLF) system and integrated crop-
livestock (iCL) system. Palisadegrass (Urochloa brizantha) was sown after harvesting the corn. Corn yields
were similar between treatments, with an average of 13.6 Mg ha™!. Corn for silage presented a higher
percentage of grain in total biomass in the crop-livestock—forest positions (41.4 and 42.1%) than in
the crop-livestock system (35.6%). No differences in forage accumulation were observed. Crude protein
content in corn for silage and palisadegrass was higher in the crop-livestock—forest treatments than in the
crop-livestock system. Such results indicate that thinning was favorable to production in the crop-
livestock—forest system. Total aboveground biomass yield was higher in the iCLF system, indicating better
land use for this type of integrated system.
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Introduction

The implementation of integrated crop-livestock (iCL) and crop-livestock—forest (iCLF) systems
is an alternative for pasture intensification, which increase farming sustainability (Balbino et al.,
2011; Figueiredo et al., 2017; Salton et al., 2014). Integrated systems improve land use efficiency
(Carvalho et al., 2010; Garrett et al., 2017; Gil et al., 2015). Furthermore, when trees take part in
these systems, positive effects on microclimate variables (Benavides et al., 2009) and an increase in
carbon sequestration are observed, which expand the possibilities of using these systems to miti-
gate climate change effects (Almeida et al., 2011; Amatya et al., 2002; Oliveira et al., 2009).
Systems, such as iCLF, are more complex than monocultures. The presence of more than one
vegetal layer or several plant and animal species promotes interactions that vary in time and space
(Jose et al., 2004; Pezzopane et al., 2015). The magnitude of these interactions, with positive or
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negative results, is determined by the patterns of resource partitioning (mainly water, solar radia-
tion, and nutrients) and by the age of the system components (Gillespie et al., 2000; Rivest
et al., 2013).

Characteristics, arrangement, and population density of trees in iCLF systems cause environ-
mental changes, which reflect on plant and animal productivity. Numerous studies on iCLF sys-
tems, conducted in many Brazilian regions, concluded that competition between components
becomes significant 4 or 5years after their implementation, depending on the arrangement
and population of trees, reducing yield of pastures or crops (Magalhies et al., 2018; Pedreira
et al., 2017; Pezzopane et al., 2019; Santos et al., 2018). Reductions in pasture yield were also iden-
tified in regions subjected to severe water deficits, such as the cattle-raising regions of Australia
and New Zealand (Benavides et al., 2009; Pollock et al., 2009; Rivest et al., 2013). In these coun-
tries, adverse effects are more significant in regions with annual rainfall lower than 900 mm.

Thinning and pruning of trees may contribute to maintaining a good balance between the
yields of the several components of iCLF systems. Pasture and crop yields may be increased
by thinning in these systems. Thinning may be performed by removing alternate tree rows
(increasing spacing between rows) or alternate trees in the rows (increasing spacing between trees
in the rows), which reduces competition for water and solar radiation (Nicodemo et al., 2016;
Reynolds et al., 2007; Paciullo et al., 2007). Another alternative to reduce competition in these
systems is the use of deciduous trees, which increase soil water availability for understory plants
during the growth season (Pollock et al., 2009).

The goal of this study was to evaluate the effects of thinning eucalyptus trees on yield and
nutritive value of corn for silage and palisadegrass in an iCLF system and to evaluate the above-
ground biomass yield in systems with and without trees. These information may contribute to the
elucidation of these complex systems, with the goal of filling gaps in knowledge and encouraging
the adoption of iCLF by farmers.

Material and Methods

This study was conducted in two integrated systems, an iCL and an iCLF, at Embrapa Pecudria
Sudeste, Sao Carlos, state of Sio Paulo, Brazil (21°57'S, 47°50’W, 860 m a. s. 1.), from October
2016 to April 2018. The climate of this location is Cwa (KOppen), with a dry season (from
April to September) with an average temperature of 19.9 °C and total rainfall of 250 mm and
a wet season (from October to March) with an average temperature of 23.0 °C and total rainfall
of 1100 mm. The local relief is flat to mildly hilly and the soil a Dystrophic Red-Yellow Latossol
with sandy loam texture (Calderano Filho et al., 1998). Each integrated system was 6 ha, split into
two experimental areas with 3 ha each. These areas were divided into six 0.5 ha paddocks and
managed as rotational stocking systems. In the iCLF system, eucalyptus trees (Eucalyptus urog-
randis clone GG100) were planted in April 2011, in single rows, with a near east-west orientation
and a 15 x 2 m spacing (15 m between rows and 2 m between trees in the rows), which resulted in
a population density of 333 trees ha™!. In July 2016, trees were thinned, which consisted in cutting
50% of the trees in each row and spacing changed to 15 x 4 m (165 trees ha™') (Supplementary
Material Figure S1). During the 2016/2017 season, eucalyptus trees were about 27.2 m high and
24.0 cm in diameter at breast height (DBH) and, in the 2017/2018 season, 28.6 m high and 26.3 cm
in DBH.

Pasture renovation was performed in four paddocks per integrated system (Supplementary
Material Figure S2). For this, corn (Zea mays L. hybrid AG 8690 PRO 3) was sown first
(Supplementary Material Figure S1), and palisadegrass [Urochloa (syn. Brachiaria) brizantha
(Hochst ex A. Rich.) Stapf cv. BRS Piatd] was sown after the corn was harvested for ensilage.
Initially, the local soil was corrected by applying dolomitic lime to achieve 70% base saturation.
Corn was sown mechanically on November 8, 2016, with 0.8 x 0.2 m spacing, with a goal of
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achieving a population of 62,500 plants ha™!. Corn was fertilized at sowing (40 kg of N, 140 kg of
P,0s, and 80 kg of K,O ha™!) and 30 days after emergence (100 kg of N, 25 kg of P,Os, and 100 kg
of K,0 ha™!) and harvested on February 22, 2017. Palisadegrass was mechanically sown on
February 24, 2017, with a spacing of 0.4 m between sowing lines and 10kg of seeds ha™!
(5kg of pure viable seeds ha™'). The pasture was kept under free growth conditions until
June 13, 2017, when grazing started. Grazing was performed by Nelore and Canchim
(3/8 Nelore + 5/8 Charolais) bulls, which were 11 months old and weighed 200 kg on average
when put in the systems.

For assessments of corn and pasture variables, five treatments were considered, with the iCL
system as a single treatment and the iCLF system split into four treatments, consisting of four
positions relative to the row of trees positioned to the north. For this, it was considered that
the rows of trees to the north were responsible for shading in the assessed areas during most
of the year because of solar declination. These treatments were 1.90m (iCLF_1), 3.75m
(iCLF_2), 7.50m (iCLF_3), and 11.25m (iCLF_4) from the north row (Supplementary
Material Figure S3).

Corn for silage was assessed at harvest when dry matter content was approximately 30%. Corn
plants were cut at 0.3 m above the ground, in four repetitions and with three sampling sites of
0.48 m* (three linear meters in two sowing lines) per repetition. Each sample was weighed,
and 10 plants were taken for evaluation of plant and ear insertion heights and proportion of grains
in the total mass. The remaining plants of the samples were mixed and milled, and a subsample of
500 g per repetition was taken to determine dry matter content by drying in an air forced dry oven
(65 °C) until constant weight.

Pasture assessments were conducted only in paddocks in which pasture was renovated with
corn (Supplementary Material Figure S2), and in four cycles representing each season of the year:
autumn (from February 24 to June 13, 2017), with the pasture under free growth; winter (from
August 1 to September 4, 2017); spring (from November 17 to December 21, 2017); and summer
(from January 8 to February 9, 2017) cycles under grazing. In the winter, spring, and summer
cycles, forage was collected in post and pre-grazing to calculate forage accumulation during each
rest period. In the autumn cycle, the pre-grazing forage mass was considered as forage accumu-
lation. Grazing was managed as rotational stocking with cycles having 6 days of occupation and
30 days of rest.

Pasture assessments were performed in four repetitions by cutting all the grass at ground level,
in four sampling sites of 0.25 m? per repetition, with a metallic 0.5 x 0.5 m square frame randomly
positioned for each treatment. Pasture height, from the ground to the most recently expanded leaf,
was measured at three points within the frame for each sample. The grass samples were individu-
ally weighed and mixed with the other samples from the same repetition. Subsamples of 200 g
were taken to determine dry matter content by drying in an air forced dry oven (65°C, 72h)
and to perform plant part composition. From the latter, the leaves were taken to measure leaf
area using a leaf area meter, LI-3100 (Lincoln, Nebraska, USA), and to determine leaf area index
(LAI) and specific leaf area (SLA).

Corn and grass subsamples used to assess dry matter content were also used to determine crude
protein (CP) content and in vitro dry matter digestibility (IVDMD). For this, the subsamples were
ground in a Wiley mill with a 0.5 mm sieve. Corn subsamples were analyzed to determine CP
(AOAC, 1990) and IVDMD according to Moore and Mott (1974). Grass subsamples were ana-
lyzed by the Fourier transform-near infrared (NIR) technique using a spectrometer model
NIRFlex N-500 with polarization interferometer (Biichi, Flawil, Switzerland). These measure-
ments were performed using a calibration model developed and validated by Embrapa
Pecuéria Sudeste (R? = 0.944 for CP and R? = 0.923 for IVDMD) specifically for species and cul-
tivars of Urochloa spp.

Half-yearly, between October 2016 and April 2018, trunk volume and total biomass of the
eucalyptus trees were estimated for each experimental paddock of the iCLF system using

https://doi.org/10.1017/5S0014479720000162 Published online by Cambridge University Press


https://doi.org/10.1017/S0014479720000162
https://doi.org/10.1017/S0014479720000162
https://doi.org/10.1017/S0014479720000162

Experimental Agriculture 577

allometric equations developed for this kind of system (Pezzopane et al., 2018). These equations
require measurements of DBH (at 1.3 m from the ground) and tree height, which were measured
with a diametric tape and a Haglof hypsometer, respectively.

The total aboveground biomass yield was determined for each system by summing the data of
aboveground biomass of the corn for silage, the palisadegrass, and eucalyptus trees. Three pasture
growth cycles were not assessed, since the focus of this study was to evaluate only one cycle per
season of the year. In the case of corn, a factor was considered to correct the mass yield calculation,
considering the area where it was not possible to sow the crop because of the presence of trees,
which was 20.8% of the total area. For the pasture, a correction factor for area was not necessary
since pasture was present in the entire area.

Soil moisture, in treatments iCL, iCLF_1, and iCLF_3 (the most contrasting treatments), was
measured weekly in the 0-1 m depth layer with a capacitance probe (Diviner 2000°) in four rep-
licates. Photosynthetically active radiation (PAR) was measured continuously with linear quan-
tum sensors CQ311 (Apogee, Logan, Utah, USA) at the four iCLF positions and with a point
quantum sensor CS110 (Apogee, Logan, Utah, USA) in the iCL system. These sensors were con-
nected to a datalogger CR1000 (Campbell Scientific, Logan, Utah, USA) programmed to take
measurements every 10 s, recording averages every 15 min, and total daily values. The PAR trans-
mission was calculated by dividing the PAR incidence at each position in the iCLF system by the
PAR incidence in the iCL system.

Data of pasture, corn variables, and total aboveground biomass yield were statistically analyzed
through a complete randomized block design with four repetitions. The treatments for corn and
pasture variables were the treatments iCL, iCLF-1, iCLF-2, iCLF-3, and iCLF-4 and for total
aboveground biomass yield, the systems iCL, and iCLF. Data were subjected to analysis of variance
using the PROC ANOVA of SAS (Schlotzhauer and Littell, 1987), and means were compared
using the T test at the 5% significance level. For pasture variables, one analysis was performed
per season of the year to compare the treatments.

Results

During the corn cycle, average PAR in the iCL system was 9.7 M] m™2d~!, and the average PAR
transmission in the iCLF system was 65.3%, varying from 55.6% to 73.1% between the four posi-
tions (Figure 1). During the pasture growth cycles, PAR in the iCL positions ranged from 6.6 to
9.3 MJ m~2d~!, with lower values in the autumn and winter cycles. The PAR transmission at the
four positions in the iCLF system ranged from approximately 50% in the autumn and winter
cycles, with homogeneity between positions, to 60% in the spring and summer cycles, achieving
70% in the iCLF_2 and iCLF_3 positions (Figure 1). Average daily air temperature varied between
12 and 28 °C, averaging 21.4 °C during the experimental period (Figure 2a). Rainfall was normal
for the region, with good water supply in spring and summer and reduced amounts in late autumn
and winter (Figure 2a). In the winter pasture growth cycle, rainfall was only 20.2 mm. Total rain-
fall for the corn cycle was 663 mm.

Soil moisture in the 0-1 m layer was between 0.202 and 0.272 cm® cm™ in iCL, 0.190 and
0.263cm®*cm™ in iCLF_1, and 0.209 and 0.271 cm®cm™ in iCLF_3 (Figure 2b). In the
0.0-0.5 m layer, it varied between 0.144 and 0.244 cm® cm™, 0.132 and 0.233 cm® cm™2, and
0.157 and 0.245 cm® cm ™3, for the same positions, respectively (Figure 2c). In the 0.5-1.0 m layer,
soil moisture ranged from 0.238 to 0.296 cm’® cm™, 0.212 to 0.280 cm®>cm™, and 0.244 to
0.294 cm® cm™ for the same positions, respectively (Figure 2d). During the corn cycle, soil mois-
ture was similar between the assessed positions and throughout the soil profile as a result of high
rainfall. In the driest period of the experiment (between May and September 2017), soil moisture
was lower at iCLF_1, mainly because of the lower values observed in the 0.5-1.0 m layer
(Figure 2d). This indicated higher water consumption in this position because of water uptake
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Figure 1. Photosynthetically active radiation (PAR) incidence in the integrated crop-livestock system (a) and PAR trans-
mission (b) in four positions (iICLF_1: 1.9 m, iCLF_2: 3.75 m, iCLF_3: 7.50 m, and iCLF_4: 11.25 m from the north row of trees)
within the integrated crop-livestock-forest system during the corn for silage cycle (corn crop) and pasture growth cycles
(autumn, winter, spring, and summer). Vertical bars represent standard error of the means.

by the tree roots. In the 0.0-0.5 m layer, iCLF_3 presented higher soil moisture than iCLF_1 and
iCL (Figure 2c). This pattern persisted during the soil water recharge at the end of the dry period
(between September and December 2017). From December 2017 to April 2018, after high rainfall,
soil moisture was again similar between the assessed positions.

The corn variables for plant and ear insertion heights were different between treatments
(P=10.0175 and P = 0.0009, respectively), with higher values at iCLF_2, iCLF_3, and iCLF_4 than
in iCL (Table 1). Corn presented higher dry matter content in iCL than in the iCLF positions
(P=0.0152). No differences were observed between treatments for corn biomass yield, which
averaged 13.57 Mg ha™'. The proportion of grains in the total biomass was higher in iCLF_2,
iCLF_3, and iCLF_4 than in iCL. Corn plants in the treatments of the iCLF system presented
higher CP content than in iCL (P < 0.0001), but no differences in IVDMD were observed.

Considering pasture variables, pasture height was higher in iCLF_2 and iCLF_3 than in the
other treatments, during the autumn, higher in iCLF_2 than in iCL, iCLF_3, and iCLF_4, during
winter, and no differences were observed for this variable in the spring and summer cycles
(Table 2). LAI was not different between the five treatments, averaging 0.9 in the winter cycle
and 2.7 in the autumn and summer cycles. SLA was higher at iCLF_3 than at the other treatments
(P =10.0210) in the winter cycle and lower in iCL than at the iCLF_1 and iCLF_4 (P = 0.0109) in
the spring cycle. Forage accumulation was not different between treatments (Table 3), with aver-
age values ranging from 2262.4 kg ha™! in the spring cycle to 375 kg ha™! in the winter cycle. Pre-
grazing forage mass was higher in iCL and at iCLF_3 than at iCLF_1 and iCLF_2 in the spring and
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Figure 2. Air temperature (°C) and rainfall (mm) (a), and soil moisture (cm3®cm™3) in the layers 0.0-1.0 m (b), 0.0-0.5m
(c), and 0.5-1.0m (d) during the corn for silage cycle (corn crop) and pasture growth cycles (autumn, winter, spring,
and summer) in the integrated crop-livestock system (iCL) and in two positions (1.9 m, iCLF_1 and 7.5 m, iCLF_3) for
the integrated crop-livestock-forest system: Vertical bars represent standard error of the means.

summer cycles. It varied from 1806 kg ha™' to 5260 kg ha™!, highlighting the increase in forage
mass in the first year after pasture sowing. CP content was higher in the iCLF positions than in
iCL, except in the summer cycle, when it was similar among treatments. IVDMD was higher in
iCL than in iCLF_1, iCLF_2, and iCLF_4 (P = 0.0431) in the autumn cycle and higher in iCL than

https://doi.org/10.1017/5S0014479720000162 Published online by Cambridge University Press


https://doi.org/10.1017/S0014479720000162

580 José Ricardo Macedo Pezzopane et al.

Table 1. Vegetative and productive characteristics of corn for silage in an integrated crop-livestock system (iCL) and four
positions (iCLF_1: 1.9 m, iCLF_2: 3.75m, iCLF_3: 7.50 m, and iCLF_4: 11.25m from the north row of trees) within an
integrated crop-livestock-forest system during the 2016/2017 crop

Plant Ear insertion Dry matter Proportion of Crude

height height content Yield grain protein IVDMD?
Position cm cm % Mg ha™t % %
iCL 263.80 C! 115.90 B 3224 A 13.07A 35.26 B 451C 67.45A
iCLF_1 277.25 BC 129.70 B 26.68 B 12.79A 37.95 AB 7.29 AB 65.35A
iCLF_2 296.68 AB 154.13A 29.33 B 13.99A 40.98 A 6.77 B 68.65 A
iCLF_3  300.20 AB 149.05A 28.67 B 13.94A 40.06 A 6.98 B 65.18A
iCLF_4 301.28 A 150.05A 2835 B 14.07A 4133 A 7.87TA 65.00 A
Average 287.84 139.77 29.06 13.57 39.12 6.68 66.33
P value 0.0175 0.0009 0.0152 0.7595 0.0411 <.0001 0.7430

IMeans followed by the same letter in a column are not different by t test (P < 0.05).
2IVDMD: In vitro dry matter digestibility.

Table 2. Vegetative characteristics of palisadegrass in an integrated crop-livestock system (iCL) and in four positions
(iICLF_1: 1.9m, iCLF_2: 3.75m, iCLF_3: 7.50 m, and iCLF_4: 11.25 m from the north row of trees) within an integrated
crop-livestock-forest system during four growth cycles

Season
Position Autumn Winter Spring Summer
Grass height (cm)
iCL 53.5 C! 36.0 BC 56.8A 55.8A
iCLF_1 65.3 B 42.9 AB 61.0A 48.6 A
iCLF_2 75.8A 49.5A 75.4A 54.0A
iCLF_3 78.3A 37.1 BC 54.9A 49.6 A
iCLF_4 59.3 BC 315C 67.1A 56.9A
Average 66.5 394 63.0 53.0
P value 0.0007 0.0029 0.0507 0.2025
Leaf area index (m? m™2)
iCL 22A 1.0A 24A 24A
iCLF_1 2.7A 0.7A 2.6A 2.7A
iCLF_2 2.8A 0.6A 2.2A 29A
iCLF_3 3.0A 1.1A 3.0A 2.6A
iCLF_4 2.8A 09A 2.6A 29A
Average 2.7 0.9 2.6 2.7
P value 0.3760 0.3211 0.6029 0.7582
Specific leaf area (cm? g7?)
iCL 185.9A 108.2 B 1485 C 152.5A
iCLF_1 231.3A 1054 B 195.7A 174.7A
iCLF_2 2259A 1143 B 156.3 BC 170.6 A
iCLF_3 223.0A 1326 A 172.7 ABC 167.6 A
iCLF_4 222.1A 1155 B 177.4 AB 179.5A
Average 217.6 115.2 170.1 169.0
P value 0.1437 0.0210 0.0109 0.3505

IMeans followed by the same letter in a column are not different by t test (P < 0.05).

at the iCLF positions (P = 0.0246) in the winter cycle. No differences were observed for IVDMD in
the spring and summer cycles.

After thinning, the remaining trees presented an increase in trunk volume (85.68-120.07 m® ha™;
Figure 3a) and in aboveground biomass (41.29-55.41 Mg ha™'; Figure 3b) between October 2016 and
April 2018. The total aboveground biomass yield of the corn, the palisadegrass, and eucalyptus
together was 20.97 and 30.09 Mg ha™! in iCL and iCLF systems, respectively, differing statistically
(P=0.0202) (Figure 3c).
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Table 3. Productive characteristics of palisadegrass in an integrated crop-livestock system (iCL) and in four positions
(iICLF_1: 1.9 m, iCLF_2: 3.75m, iCLF_3: 7.50 m, and iCLF_4: 11.25m from the north row of trees) within an integrated
crop-livestock-forest system during four growth cycles

Season
Position Autumn Winter Spring Summer
Forage accumulation (kg ha™ cycle™)
iCL 1874.0A 391.3A 2564.6 A 2134.4A
iCLF_1 1722.7A 557.8A 1884.1A 1951.5A
iCLF_2 1651.2A 552.0A 1867.5A 2057.7A
iCLF_3 1826.0A 107.9A 2808.7A 2361.5A
iCLF_4 1958.5A 266.3A 2187.2A 2156.7TA
Average 1806.5 375.1 2262.4 2132.4
P value 0.7325 0.5758 0.8487 0.9867
Pre-grazing forage mass (kg ha™)
iCL 1874.0A 2356.4 A 4507.9A 62209 A
iCLF_1 1722.7A 2447.1A 3003.1 B 4562.8 B
iCLF_2 1651.2A 2440.7 A 2880.4 B 5046.2 B
iCLF_3 1826.0A 2710.1A 4221.1A 5376.2 AB
iCLF_4 1958.5A 26914 A 3396.1 AB 5094.1 B
Average 1806.5 2529.1 3601.7 5260.1
P value 0.7325 0.7476 0.0333 0.0334
Crude protein content (%)
iCL 108 B 59B 818B 9.5A
iCLF_1 15.1A 79A 12.1A 12.8A
iCLF_2 155A 8.0A 11.8A 11.9A
iCLF_3 15.8A 85A 11.8A 11.1A
iCLF_4 146 A 8.7A 12.3A 11.2A
Average 14.4 7.8 11.2 113
P value <.0001 0.0008 0.0049 0.5857
IVDMD (%)?
iCL 62.6 A 479A 51.1A 52.9A
iCLF_1 58.1B 43.7B 52.0A 549A
iCLF_2 58.8 B 452 B 51.4A 55.1A
iCLF_3 60.4 AB 45.6 B 51.3A 55.4A
iCLF_4 59.7B 456 B 51.4A 55.7A
Average 59.9 45.6 51.4 54.8
P value 0.0431 0.0246 0.9661 0.9532

IMeans followed by the same letter in a column are not different by t test (P < 0.05).
2IVDMD: In vitro dry matter digestibility.

Discussion
-1

The thinning of the trees, which reduced tree population density from 333 to 165 trees ha™",
increased PAR transmission in the iCLF positions as compared to that of other studies conducted
in the same area (Bosi ef al., 2020; Pezzopane et al., 2019). This increase was more intense in the
autumn and winter periods because of the near east-west orientation of the tree rows and the local
latitude, which together with high solar declination promoted shading throughout the inter-row
areas. During the corn cycle (late spring and early summer), PAR transmission at iCLF_1 was
55.6%, whereas in the study of Pezzopane et al. (2019), it was 44.6% in the same system. In this
study, average PAR transmission in all iCLF positions was 65% during the corn crop production.
During the pasture growth cycles of autumn and winter, PAR transmission was lower and more
homogeneous between the iCLF positions than in other seasons. In spring and summer, PAR
transmission was higher at iCLF_2 and iCLF_3 than at iCLF_1 and iCLF_4. PAR transmission
values at iCLF_1 observed in this study were similar to that found by Prasad et al. (2010) in an
agroforestry system in India and by Pezzopane et al. (2015) and Siméo et al. (2018) in Brazil.
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Figure 3. Stem volume (a) and aboveground biomass (b) of eucalyptus trees in an integrated crop-livestock-forest system
with a population density of 166 trees ha=l, between October 2016 (78 months after planting) and April 2018 (96 months
after planting). Aboveground biomass yield (c) of trees, corn for silage, and palisadegrass, separately and together, in an
integrated crop-livestock system (iCL) and in an integrated crop-livestock-forest system (iCLF). Means of total above-
ground biomass yield followed by the same letter are not different by t test (P < 0.05).

When PAR transmission during the corn cycle of 2016/2017 was compared with the same
period in 2017/2018, a decrease in its value was identified (from 65.3 to 54.8%). This decrease
was an effect caused by the lateral growth of the tree canopies, which is an adaptation strategy
of trees to occupy the spaces left by the thinned trees. In this case, the highest decrease in
PAR transmission occurred at iCLF_1, which was the position most affected by the trees.

Competition for water in agroforestry systems may or may not be essential for plant pro-
duction, depending on the local climate. In general, competition for water was more relevant
in regions with dry periods in summer (Benavides et al., 2009; Pollock et al., 2009). In our
study, no relevant differences were observed in soil water content between positions,
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especially in the 0.0-0.5 m layer. In the driest period of our experiment, iCLF_3 had higher
soil water content than did iCL. Bosi et al. (2019) also observed higher soil water content in a
silvopastoral system compared with a pasture without trees during some dry periods. This
may be a consequence of the positive effect of shading in reducing evapotranspiration
(Benavides et al., 2009). Lower soil moisture was observed in the 0.5-1.0m layer at
iCLF_1 compared with that of iCLF_3 and iCL, which may be attributed to higher water
uptake by the tree roots and higher drainage caused by better soil structure promoted by
the tree root systems (Benavides et al., 2009; Mclvor et al., 2008).

Despite the increase in PAR incidence in the iCLF positions promoted by the thinning of trees,
corn plants still presented morphologic alterations when compared to the corn grown in iCL.
Aspects related to light quality (red:near red) under the tree canopies may have influenced apical
dominance, promoting higher plant and ear insertion heights, which affected corn morphological
characteristics (Sangoi et al., 2002). Taking into account the microclimate changes promoted by
thinning, this practice was considered beneficial for corn yield, because no differences were iden-
tified for this variable between iCL and iCLF positions. In the same experimental area, Pezzopane
et al. (2019) observed competition and lower corn for silage yield at iCLF_1 before the thinning
(2014/2015 crop). This was also observed in other studies in tropical regions, for oat (Nicodemo
et al., 2016), corn (Moreira et al., 2018), and soybean + corn (Magalhaes et al., 2018) crops, with
yield reductions near the trees from the second or third year after the planting of trees. The results
obtained for the corn crop in this study are similar to those presented by Silva et al. (2015) and
Moreira et al. (2018).

Pasture vegetative characteristics were different between treatments in the iCLF and iCL
(Table 2), but with a lower magnitude than those observed by Guenni et al. (2008) and
Paciullo et al. (2011). Pasture height was different between iCLF_2 and iCL in the autumn
and winter cycles, seasons in which PAR transmission was lower than in the summer and spring
cycles (Figure 1b).

As for corn, thinning was beneficial for pasture production, considering there were no differ-
ences in forage accumulation between systems. In the spring and summer cycles, pre-grazing for-
age mass was higher in iCL and at iCLF_3 only in spring. These positions had higher PAR
transmission. In these cycles, PAR transmission achieved values close to 50% at the most shaded
positions (iCLF_1 and iCLF_4), which indicated excessive shading. Shading higher than 35-40%
may decrease tillering, and consequently, reduce pasture yield (Bosi et al., 2014; Paciullo et al.,
2011; Pezzopane et al., 2019). Under such conditions, grazing must be more lenient to avoid plant
death (Paciullo et al., 2011).

The nutritive value of the corn for silage and the pasture was higher in the iCLF treatments than
in iCL. Corn for silage presented a higher proportion of grains in the total biomass and higher CP
content in the iCLF treatments compared with that in iCL. Pasture CP content was also higher in
the iCLF positions in the autumn, winter, and spring cycles. Paciullo et al. (2007), Barro et al.
(2008), Pezzopane et al. (2019), and Santos et al. (2018) also observed a higher nutritive value
for pastures grown under tree shading than under full sun. In general, these authors stated that
higher CP content in shaded plants is caused by higher organic matter mineralization in the soil
under shading compared with soil under full sun.

When total aboveground biomass yield was analyzed (Figure 3c), a higher yield was observed in
the iCLF system, indicating better land use for this type of integrated system. Agricultural
production diversification has been cited as a great advantage of iCLF systems in comparison
to monocultures (Figueiredo et al., 2017; Gil et al., 2015). Despite this, competition between
the components of iCLF systems may be a limiting factor for their adoption by farmers because
of the reduction in pasture productivity and consequent reduction in beef production per area, if
corrective management practices, such as thinning of trees, are not adopted.

Several studies in iCLF systems demonstrated the negative effect of adult trees on crop and
pasture yields, mainly because of lower light availability for the understory plants and competition
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for water (Barro et al., 2008; Simdo et al., 2018). Tree management practices in iCLF systems, such
as pruning and thinning, reduce competition for light in these systems, at least for a short time
(Nicodemo et al., 2016), which contribute to the proper productive balance between the system’s
components. This occurred in our study, in which corn for silage and pasture yields were not
different between iCLF and iCL systems after thinning.

Conclusions

The thinning was efficient in reducing competition for solar radiation between eucalyptus trees
and corn or palisadegrass.

Yields of corn for silage and palisade grass were similar among different positions of the crop-
livestock-forest and the crop-livestock system, which indicated that thinning maintained com-
petition within a level that did not decrease understory plant yield. Additionally, the nutritive
value of corn for silage and palisadegrass was higher in the crop-livestock—forest positions com-
pared with the crop-livestock system.

Total aboveground biomass yield was higher in the iCLF system, indicating better land use for
this type of integrated system.
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