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Abstract

The rubber tree is a species native to the Amazon biome of great economic importance. Analyzing the soil physical attributes allows
for quantifying the impact of different management practices on the soil properties and the yield of rubber plantations. The
present experiment was developed on Red-Latosol soil cultivated with rubber tree (Hevea brasiliensis) since 2013. The experiment
was set up as a factorial (2x3) design with two rubber-tree clones (PB 312 and RRIM 600) and three management strategies
(organomineral fertilizer - poultry litter; mowing followed by mineral fertilizer application; green manure - pigeonpea [Cajanus
cajan], as a cover crop) applied annually, with five replicates. Treatments were applied annually but the soil samples were collected
at two times: firstly in 2015 (T1) and subsequently on 2016 (T2). Results revealed a reduction of microporosity, macroporosity, and
total porosity and an increase in soil density with depth. However, no significant difference was detected across the management
strategies for any of the evaluated traits. The different management strategies did not significantly influence the rubber-tree trunk
circumference, suggesting a need for further evaluations throughout the entire development of individuals so that the response of
this species can be quantified.
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Introduction

Hevea brasiliensis (Willd. ex A. Juss.) Mull. Arg., popularly penetration resistance, which enables the diagnosis and
known as rubber tree, is a forest species native to the evaluation of soil compaction. This indicator provides data
Amazon of great social, environmental, and economic on the physical resistance that acts upon the root system of
importance. Its economic relevance stems from the crops, which is influenced by the soil moisture, density, and
production of latex, whose peculiar features ensure a porosity (Mazurana et al. 2013, Vogel et al. 2017). Aggregate
resistant and adaptable natural rubber largely used in the formation is related to the organic matter, which works as a
manufacture of tires. Satisfactory yields can be obtained by cementing agent. It maintains the stability of aggregates
choosing good genetic material if coupled with adequate soil near that seen in natural conditions, and its presence
preparation operations and management, besides efficient indicates the activity of microbial biomass and enzymes that
fertilization. As stated by Ribon et al. (2014), favorable soil are sensitive to alterations in soil quality resulting from
physical conditions are essential for good yields in rubber changes in land use and management practices (Llanillo et
cultivation. An indicator that allows for determining the al. 2006, Cardoso et al. 2009). Management systems directly
production response to different management strategies is interfere with the soil properties and consequently with the
the analysis of soil physical attributes, as they actively yield of crops. An appropriate strategy is the use of
collaborate with several processes related to the organomineral fertilizers, which are employed in the
development and establishment of forest crops. correction of soil acidity and provide nutrients through
The soil physical attributes (e.g. alterations in aggregate gradual solubilization, in addition to possibly improving the
stability and penetration resistance) are commonly soil physical properties (Kiehl 2008). Ferreira et al. (2012)
evaluated to examine the relationship between edaphic declared that green manure plays an important role in the
conditions, soil management, and yield. Heid et al. (2009) physical, chemical, and biological properties of soil and its
stressed that aggregate formation influences the soil conservation by improving its texture and structure,
aeration, root development, nutrient supply, resistance, and decreasing compaction. It also contributes with carbon and
water storage. One of the physical indicators of nitrogen, in addition to increasing the faunal diversity.

management effects on plant productivity is the soil
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In view of the above-mentioned considerations and seeking
a better understanding of the interrelationship between
factors inherent to the soil and the development of the
rubber tree in the soil conditions of the Cerrado biome the
present study was developed to characterize the physical
quality of soil on the basis of aggregate stability, density,
total porosity, macroporosity, penetration resistance, and
organic matter contents achieved with three management
strategies. Additionally, we aimed to obtain data on the
circumference of rubber trees planted on Red-Latosol soil in
the cerrado biome.

Results and Discussion
Analysis of soil physical attributes

In the area planted with clone PB 312, a significant
difference was detected between the times for the amount
of aggregates from the 0-0.10 m layer retained on the 2-mm
sieve. At time 1, there was a larger amount of aggregates in
the three management systems for rubber-tree clone PB 312
cultivated in a Red Latosol (Table 1). For the 1-, 0.5-, 0.25-,
and 0.105-mm sieves, there was no significant difference
between the times. However, a significant difference was
observed across management strategies and sieves at the
depth of 0.10-0.20 m.

At time 2, for the 0-0.10 m depth, clone RRIM 600 had more
aggregates retained on the 2-mm sieve in all treatments,
despite the lack of significant differences. For the 1-, 0.5-,
0.25-, and 0.105-mm sieves, there was no significant
difference between the times or management strategies at
both depths analyzed.

All treatments resulted in a higher quantity of aggregates
retained on the 2-mm sieve. This phenomenon is common in
Latosol classes, since these soils have elevated structural
stability provided by the action of aluminum and iron oxides
and by the organic matter.

Sandalowski (2013) studied a topossequence by evaluating
aggregate stability in three trenches and observed that the
highest aggregate stability index was found in the surface
volume and on the sieves with larger openings, which may
be related to the soil organic matter content (SOM). Our
results corroborate those findings, since the SOM found in
the present experiment were relatively high, indicating an
increase in organic matter content as a result of the
treatments.

Salton et al. (2008) emphasized the importance of
management strategies in favoring soil aggregation, which
will allow the soil to have its structure preserved as closely
as possible to its original state when subjected to external
forces such as pressures exerted by mechanical operations,
in addition to decreased particle losses due to erosion.

The different management strategies did not provide
significant  statistical differences in soil penetration
resistance for either rubber-tree clone evaluated (Fig 1 and
2).

Addressing the soil penetration resistance, Blainski et al.
(2008) considered 2.5 MPa a critical level for crop
development in clayey soils. By following this criterion, all
treatments in the present experiment showed PR values
above the limit considered critical for the root development
of the crop. The organic matter contents in the soil
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cultivated with clone PB 312 were not significantly
influenced by the management systems. The same was true
for the organic matter content of clone RRIM 600 (Fig 3).
Despite the lack of significant differences across the
treatments, the SOM contents were above 3%, which is
considered a high value for this medium-texture soil.
Additionally, the green-manure and organomineral
treatments also provided higher SOM contents than the
treatment involving mowing, which indicates the possibility
of obtaining better results over the years. There was no
significant interaction effect between the factors (Clone x
Fertilizer x Layers) or between their combinations for the
'macroporosity' attribute (Table 2). Centurion et al. (2004)
studied different management systems (mowing, harrowing,
green manure) in the inter-row spaces of rubber-tree clones
PB 235 and PB RRIM 701 and also did not find differences
between the management systems for macroporosity. The
authors reported differences only between layers, with
values increasing with depth.

In the current study, however, macroporosity decreased
with depth regardless of the rubber-tree clone and
management system tested, agreeing with the results
published by Andreola et al. (2000).

Considering a critical aeration threshold of 0.10 m3 m-3
(Ferreira 2010) and that lower values can restrict root
growth, compromising the plant development, all
management systems and layers evaluated here showed
macroporosity values below this critical limit.

Macroporosity values less than ideal were also observed by
Ribon et al. (2002), who evaluated a management strategy
including mowing in the inter-row spaces of rubber tree
planted on Red-Latosol soil. However, those authors found
adequate values in the treatments using green manure with
tropical kudzu and harrowing.

Microporosity was not influenced by the evaluated
management systems and clones, with no significant
differences obtained across treatments. Centurion et al.
(2004) also reported a lack of significant differences for
microporosity in response to different management
strategies applied to the rubber-tree inter-row space,
although lower values were seen in the mowing treatment.
Micropores are important for the storage and retention of
water in the soil (Ferreira 2010). In this way, alongside the
macropores, they are essential components that provide
conditions for plant growth and development.

Total porosity was also not significantly influenced by
management systems or layers, in clone PB 312. However,
clone RRIM 600 showed significant differences across the
layers for total porosity, which decreased with depth (Table
3).

Mean total porosity was close to 0.43 m3 m=3. For clone
RRIM 600, in the 0-0.10 m layer, this variable averaged 0.45
m3 m~3. No differences were found across the management
systems evaluated in this study, irrespective of the clone.
Centurion et al. (2004) observed that harrowing performed
in the inter-row space of rubber tree increased total porosity
in the soil surface layer.

Souza and Alves (2003) observed similar results for total
porosity in an area cultivated with rubber tree (0.44 m3m-3).
The management involving rubber tree provided lower total
porosity values than that obtained in areas with cerrado



Table 1. Mean values for aggregates retained on the 2-, 1-, 0.5-, 0.25-, and 0.105-mm sieves for the 0-0.10 m depth of a Red-Latosol

soil cultivated with rubber tree (clone PB 312).

2-mm sieve

Time Organomineral Mowing + Mineral Green manure
T1 7.86Aa 8.25Aa 8.09Aa

T2 7.08Ba 7.15Ba 7.34Ba
1-mm sieve

Time Organomineral Mowing + Mineral Green manure
T1 0.11Aa 0.11Ba 0.13Aa

T2 0.14Ab 2.78Aa 0.08Ab
0.5-mm sieve

Time Organomineral Mowing + Mineral Green manure
T1 0.14Ab 0.72Aa 0.15Ab
T2 0.18Aa 0.12Ba 0.09Aa
0.25-mm sieve

Time Organomineral Mineral Green manure
T1 0.15Aa 0.45Aa 0.23Aa

T2 0.20Aa 0.17Aa 0.15Aa
0.105-mm sieve

Time Organomineral Mowing + Mineral Green manure
T1 0.13Aa 0.40Aa 0.15Aa
T2 0.28Aa 0.20Aa 0.18Aa

*Means followed by common uppercase letters in the column and lowercase letters in the row do not differ by Tukey's test at the 5% probability level.
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Fig 1. Curve of soil penetration resistance for clone PB312.

Table 2. Mean macroporosity (m3 m-3) of Red-Latosol soil, obtained with different fertilization strategies applied to a rubber-tree
crop.

Layer Management strategy

(m) Organomineral Green manure Mowing + mineral

Clone PB 312 Mean
0-0.10 0.08 Aa 0.08 Aa 0.08 Aa 0.08 a
0.10-0.20 0.06 Aa 0.06 Aa 0.08 Aa 0.07 ab
0.20-0.30 0.06 Aa 0.07 Aa 0.06 Aa 0.06 b
0.30-0.40 0.06 Aa 0.07 Aa 0.05 Aa 0.06 b
Clone RRIM 600 Mean
0-0.10 0.08 Aa 0.09 Aa 0.09 Aa 0.08 a
0.10-0.20 0.06 Aa 0.07 Aa 0.07 Aa 0.07 b
0.20-0.30 0.06 Aa 0.06 Aa 0.06 Aa 0.06 b
0.30-0.40 0.05 Aa 0.06 Aa 0.07 Aa 0.06 b
Mean (Clone PB 312) 0.06 a

Mean (Clone RRIM 600) 0.07 a

**Means followed by common uppercase letters in the row and lowercase letters in the column do not differ by Tukey's test at the 5% probability level.
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Fig 2. Curve of soil penetration resistance for clone RRIM600.

Table 3. Mean total porosity (m3 m-3) of Red-Latosol soil, obtained with different fertilization strategies applied to a rubber-tree
crop.

Layer Management strategy

(m) Organomineral Green manure Mowing + mineral

Clone PB 312 Mean
0-0.10 0.43 Aa 0.41 Aa 0.43 Aa 043 a
0.10-0.20 0.41 Aa 0.43 Aa 0.42 Aa 042 a
0.20-0.30 0.42 Aa 0.42 Aa 0.41 Aa 042 a
0.30-0.40 0.42 Aa 0.42 Aa 0.42 Aa 042 a
Clone RRIM 600 Mean
0-0.10 0.45 Aa 0.45 Aa 0.45 Aa 0.45 a
0.10-0.20 0.42 Ab 0.43 Aa 0.42 Aa 043 b
0.20-0.30 0.42 Ab 0.43 Aa 0.42 Aa 042 b
0.30-0.40 0.42 Ab 0.42 Aa 0.42 Aa 042 b
Mean (Clone PB 312) 0.42a

Mean (Clone RRIM 600) 0.43a

**Means followed by common uppercase letters in the row and lowercase letters in the column do not differ by Tukey's test at the 5% probability level.
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Fig 3. Soil organic matter contents in the three management systems, for clones PB312 and RRIM 600.

Table 4. Mean density (mg m—3) of Red-Latosol, soil obtained with different fertilization strategies applied to the rubber-tree crop.

Layer Management strategy

(m) Organomineral Green manure Mowing + Mineral

Clone PB 312 Mean
0-0.10 1.14A b 1.12A b 1.12A b 113 b
0.10-0.20 1.18 Aab 1.17 Aab 1.16 Aab 1.17 ab
0.20-0.30 1.22A a 1.18A a 1.20A ab 1.19 a
0.30-0.40 1.20Aab 1.16 Aab 1.21A a 1.20 a
Clone RRIM 600 Mean
0-0.10 1.12A b 1.09A b 1.11A b 1.10 b
0.10-0.20 1.13Aab 1.12Aab 1.15Aab 1.13 ab
0.20-0.30 1.16 Aab 1.14Aab 1.15Aab 1.15 a
0.30-0.40 1.16 Aab 1.15Aab 1.15Aab 1.15 a
Mean (Clone PB 312) 1.17a

Mean (Clone RRIM 600) 1.13 b

**Means followed by common uppercase letters in the row and lowercase letters in the column do not differ by Tukey's test at the 5% probability level.
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Fig 4. Mean circumference values of the two clones, obtained with different management strategies.

stricto sensu vegetation (0.54 m3 m~3) and minimum tillage
(0.53 m3 m=3) on a Red Latosol. Portugal et al. (2008) found
similar physical attributes (soil density and macro- and
microporosity) in a Haplic Cambisol (Ochrept, Umbrept)
between management systems in rubber-tree and native-
forest areas. The management strategies (organomineral
fertilizer, green manure, and mineral fertilizer) elicited
similar responses from soil density, which rose with depth.
Differences were also detected between the studied clones
for this variable, with PB 312 showing higher values than
RRIM 600; i.e., in the planting area of the latter clone,
irrespective of the analyzed layer and strategy employed,
the soil density was lower than that observed in the area
planted with PB 312 (Table 4). Vieira et al. (2010)
investigated the spatial variability of the physical attributes
of a Red-Yellow Argisol (Ultisol, Alfisol) under conventional
planting of rubber tree (Clone PB 235) intercropped with
leguminous species and observed subsurface compaction
(highest soil density at the layers from 0.20 to 0.40 m). The
authors also highlighted an inversely proportional
relationship between the rubber-tree trunk circumference
and soil density. Conventional preparation by plowing and
harrowing increases the soil density and reduces
macroporosity and total porosity in the surface layers (Stone
and Silveira 1997, Bertol et al. 2000), as seen in results
reported by Vieira et al. (2010).

Soil density values were close to 1.13 mg m=3 in the 0-0.10 m
layer. Ribon et al. (2002) examined different management
strategies applied to the inter-row space of rubber tree on
two soil types. In Red Latosol, the researchers found that
irrespective of the strategy adopted, considering a critical
value of 0.10 m3 m3, the soil density should be lower than
1.36 kg dm~3 to allow for minimum aeration conditions.

For the soil conditions evaluated in this study (Red Latosol),
all density values corresponded to critical aeration
conditions; e.g., the average macroporosity value in the 0-
0.10 m layer, with a density of 1.13 mg m3, is 0.08 m3 m=3.
These results indicate the importance of relating indicator
attributes in the evaluation of the soil physical quality.
Centurion et al. (2004) observed, in a Red Latosol (Udox,
Ustox) cultivated with rubber tree, that soil density values
greater than 1.27 kg dm~3 were detrimental to soil aeration,
corresponding to aeration values lower than 0.10 m3m=3,
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Analysis of rubber-tree circumference in the three

management systems

No statistical difference was observed for the rubber-tree
trunk circumferences obtained with the different
management strategies or between the clones (Fig 4).

Trunk circumference plays a significant role in the
productivity of dry rubber from rubber-tree clones, as it is
considered the most important parameter for determining
planting maturity and the onset of production (Alem et al.
2015, Conforto et al. 2015). According to Arantes et al.
(2013) clone RRIM 600 is more adaptable to different soil-
climate conditions. Notwithstanding this feature, no
superiority was observed on the average of the
circumferences when compared with the other clone
evaluated in this experiment.

In numerical terms, clone PB 312, which is still today
implemented on an experimental scale, was more
responsive to the organomineral treatment, possibly
indicating that it is a better alternative for cerrado soils. This
finding corroborates Carvalho et al. (2015), who reported
that organomineral application was the most suitable
treatment for the cultivation of a high-nutrient-demanding
tree species.

Materials and Methods
Plant materials and conditions of the study area

The study was carried out on a medium-texture soil
classified according to EMBRAPA (2013) as a Red Latosol
(Udox, Ustox), on Baru Farm, located in Palmeiras de Goias -
GO, Brazil (169245'28.3” S 50204'55.6” W). The original
vegetation in the region is a Cerrado stricto senso (savannah-
like), which was suppressed in 1970 for the implementation
of Brachiaria. The soil management for the planting of the
rubber trees began in 2013, when the area appeared to be
under intense degradation and the treatments occurred
annually since then.

Before the onset of the experiment, the soil had the
following chemical properties, analyzed in the 0-20 m layer:
pH (CaCl) - 5.6; P - 9 mg dm=3; Mg - 0.8 cmolc dm3; Ca- 3.3
cmolc dm=3; K - 105 mg dm™3; and sand, silt, and clay - 310,
350, and 340 g kg™, respectively.



Dolomitic lime (79% RNV and 92% NV) was applied in the
area without incorporation at the rate of 3 t ha=! in October
2013. Holes were fertilized at the time of planting with 250 g
NPK (11-44-00) + 10% FTE BR-12 per seedling. After one
year, topdressing was performed with 60 g NPK (20-00-20)
per plant. The planting spacing adopted was 6 x 3.3 m, using
clones RRIM 600 and PB-312, which were obtained with the
help of the experimental station of the Agronomic Institute
of Campinas (IAC).

Treatments (cultivars x management strategies)

The experiment was set up as a factorial (2x3) design with
two rubber-tree clones and three management strategies
applied in the inter-row space (organomineral fertilizer -
poultry litter; mowing followed by mineral fertilizer
application; and green manure - pigeonpea [Cajanus cajan
(L) Hunth], as the cover crop), applied annually with five
replicates. The ten central trees were considered the usable
plot, totaling a 198-m? area.

Cultivation practices performed on the rubber-tree inter-row
spaces prior to the implementation of the experiment were
manual weeding in the planted region, application of the
Goal® herbicide, desiccation with glyphosate, and
mechanical mowing.

Traits measured

Treatments were applied annually but the soil samples were
collected at two times: firstly in December 2015 (T1) and
subsequently on December 26, 2016 (T2).

Plants were mowed three times per year, in the rainy period.
In this process, the plant material was ground and then
applied into the crop inter-row spaces. The legume
(pigeonpea) was broadcast at the density of 297 g/plot. The
organomineral fertilizer (poultry litter) was broadcast into
the crop inter-row spaces at the rate of 20 kg/plot, without
incorporation, once yearly. All fertilizer applications were
based on the nutritional requirements of the rubber-tree
crop revealed by the previously mentioned soil chemical
analysis performed at the 0-0.20 m depth.

One hundred and fifty days after each experimental
implementation (T1 and T2), two undisturbed soil samples
per treatment were collected from the 0-10 and 0.10-0.20 m
layers using a mattock and a jackknife, totaling 30 samples of
each clone. Penetration resistance data were also collected
using an impact penetrometer up to the depth of 60 cm.
Samples to determine aggregate stability in water were
collected from the 0-0.10 and 0.10-0.20 m depths. In the
laboratory, they were sieved through 8-mm openings, dried
in the shade for 72 h, and analyzed via wet sieving, following
the method proposed by Yoder (1936). The average
weighted diameter of the water-stable aggregates was
calculated by the method described by Kemper and Chepil
(1965).

Samples were also harvested from these layers for a
chemical analysis to determine the soil organic matter
contents, in accordance with Raij et al. (1987). The method
of Franzluebbers (2002) was adopted to determine the soil
organic C stratification rate. The soil organic C contents
quotient was calculated at the same depths as those used
for the aggregate samples.
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Soil penetration resistance (PR) data were also collected
using a IAA/Planalsucar/Stolf impact penetrometer for the
depths of 0-0.10, 0.10-0.20, 0.20-0.40, 0.40-0.60 m, in which
the number of impacts (dm-1) was transformed into dynamic
resistance (MPa) by using the equation proposed by Stolf
(1991): PR (kgf cm=2) = 5.6 + 6.89 N (impacts dm1). To
convert PR in kgf cm~2 into MPa, the obtained result was
multiplied by the 0.098 constant.

On the date corresponding to T1, samples with preserved
structure were harvested from all plots in the rubber-tree
projection area at the depths of 0-0.10, 0.10-0.20, 0.20-0.30,
0.30-0.40 m to determine microporosity (tension table) and
soil density (sample ring method), following EMBRAPA
(2011). Total porosity was determined based on the
saturation volume of the sample, whereas macroporosity
was calculated as the difference between total porosity and
microporosity, as described by EMBRAPA (2011).

The rubber-tree clones had their development assessed
based on the mean circumferences of the trunks measured
at 1.30 m above the soil, in August 2017. In each of the four
replicates, for the three management strategies, the
circumferences of 30 individuals were measured.

Statistical analysis

Soil aggregate stability, penetration resistance, density, total
porosity, macroporosity, microporosity, and organic matter
contents and tree trunk circumference data were subjected
to analysis of variance and Tukey's test at the 5%
significance level using R software (R CORE TEAM 2018).

Conclusion

All clones and management strategies evaluated here
showed a reduction of macroporosity and total porosity and
an increase in soil density with depth. However, the three
management systems did not lead to differences in trunk
circumference or in the soil physical properties. This
reaffirms the need for continuous assessments throughout
the development of trees so that more-accurate results can
be obtained for the interaction of management strategies on
the soil physical quality and dendrometric data.
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