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ABSTRACT: The sampling methods for soil and plant evaluation in integrated production systems
need to be refined for their use in experiments. This study purposed a sampling representativeness
model to evaluate soil carbon and physiological parameters of marandu palisadegrass intercropped
with double rows of eucalyptus in a silvopastoral system in southeastern Brazil. Four transects
were delimited within the silvopastoral system and the soil was sampled at 0-5, 5-10, and 10-
20 cm depths to evaluate two parameters of soil organic matter: total organic carbon (TOC)
and soil microbial carbon (Cmic). We also evaluated three physiological parameters of marandu
palisadegrass: stomatal conductance, transpiration rate, and photosynthetic rate. The sampling
strategy was evaluated by the Hatheway and Modified Maximum Curvature (MMC) methods.
We found that cultivation of the alley with forage grass and double rows of eucalyptus must be
considered to ensure sampling representativeness in a silvopastoral system, once TOC and Cmic
and physiological parameters showed variation within the integrated production system. The MMC
method could be useful to evaluate silvopastoral systems for experiments and characterization
of agricultural areas, as 11 soil samples are representative to evaluate Cmic and TOC, and 13
samples are enough to evaluate the physiological parameters in marandu palisadegrass. The
Hatheway method could be applied to experiments that need higher accuracy with a reduction in
the minimum difference to be detected between the treatments and a consequent increase in the
number of samples to be collected.

Introduction

Integrated production systems are sustainable models
that combine livestock, forestry, and crop activities in
the same area over time (Rodrigues et al., 2014), allowing
to retain carbon (C) in the soil and in the biomass
(Conceicdo et al., 2017). In addition, the adoption of
these production systems could reduce erosion and loss
of soil fertility, mitigating GHG emissions, reducing the
silting of watercourses, preventing pollution of soil and
water, and improving soil quality (Moraes et al., 2014,
Oliveira et al., 2016a).

Silvopastoral systems combine trees, forages, and
animals in the same area (Jose and Dollinger, 2019). The
space and the size between the rows, known as alley,
is defined according to the area of interest for forage
grass cultivation (Figueiredo et al., 2018; Ghezehei et al.,
2015; Oliveira et al., 2016b; Paula et al., 2013; Santos et
al., 2018). Soil parameters are affected by the deposition
of animal excrement and trampling, especially near
trees, since animals seek shade (Borges et al., 2018). In
addition, heterogeneity within the systems affects the
soil C contents (Moraes et al., 2014). Therefore, it is
important to determine total organic carbon (TOC) and
microbial carbon (Cmic), once they are used to quantify
the potential of SOC accumulation over time and the
role of microorganisms in nutrient cycling, respectively.

Several studies have pointed out different sampling
strategies; however, patterns and numbers of soil and
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plant samples are variable (Borges et al., 2018; Guillot
et al., 2019; Oliveira et al., 2016a). Therefore, to ensure
sampling representativeness to evaluate experiments is
necessary to consider the arrangement and the plant
species within a silvopastoral system (Albrecht and
Kandji, 2003; Nair et al., 2009; Oliveira et al., 2016a).
Different models have already used heterogeneity in the
soil (Lorentz et al., 2010; Li, 2019; Pereira et al., 2017,
Saste and Sananse, 2015; Silva et al., 2019). While the
modified maximum curvature (MMC) method correlates
the ideal number of samples with the coefficient of
variation (Facco et al., 2018; Pereira et al., 2017, Silva et
al., 2019), the Hatheway method estimates the minimum
difference between the treatments determining the
optimal number of repetitions per plot (Donato et al.,
2018; Mello et al., 2004).

This study purposed a sampling representativeness
model to evaluate soil TOC and Cmic as well as
physiological parameters of marandu palisadegrass
intercropped with double rows of eucalyptus in a
silvopastoral system in Minas Gerais State, southeast
Brazil.

Materials and Methods
Location and characterization of the study site

The study was carried out in the municipality of
Francisco Sa (16°38'44.02" S and 43°42'43.77" W,
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altitude 590 m), Minas Gerais, Brazil. Mean values of
annual rainfall and air temperature over the last ten
years were 887 mm and 28 °C, respectively (INMET,
2019). According to the Koéppen classification (Alvares
et al., 2013), the climate in the region is Aw, tropical
savanna, with dry mild winters and rainy summers and
high temperatures.

The study site is located in a transitional site
between the Cerrado (Brazilian tropical savanna) and
the Semideciduous Seasonal Forest. Almeida et al.
(2021) characterized the soil as Haplic Cambisol with
loam texture and medium soil fertility. Before the
experiment was set up, the soil had grown a pasture
of Brachiaria brizanta cv. Marandu, which was in a
degradation process. The area was extensively grazed
for 13 years (until 2011) by dairy cows without soil
management nor replacement of nutrients contents.
Since 2011, the pasture stand has been decreasing and
spontaneous vegetation has emerged in the site. In Oct
2012, glyphosate herbicide was applied to desiccate the
pasture and remove the weeds.

The integrated production system was introduced
in Dec 2012 in an homogeneous area of 1.6 ha, where
hybrid Eucaliptus urograndis (E. grandis x E. urophilla)
was planted in double rows (Dec 2012) intercropped
with forage sorghum (Sorghum bicolor L.) between
rows in the first two years of the experiment. The
initial fertilization consisted of the application of 120 g
per plant of a fertilizer formulated NPK (6:30:10) with
micronutrients (B, Zn and Cu). In 2014, sorghum was
replaced by marandu palisadegrass (Urochloa brizanta
cv. Marandu) pasture composing the silvopastoral
system. The spatial arrangement within the system was
composed by double rows of eucalyptus (2 x 3 m) and
alleys (14 m) between the double rows. The alley space
was used for grazing by 50 mixed-breed calves from
black and white Holstein dairy cows, at an age ranging
from 2 to 12 months.

Soil sampling

In Jan 2018, an area of 884 m? within the silvopastoral
system was divided into four transects 6 m distant from
each other to determine the sampling representativeness.
The soil samples were collected in the area comprising
two double rows and one alley totaling 20-m length,
where the samples were collected with a distance of 1
m from each other starting in the first eucalyptus for
20 sampling points (Figure 1A). The soil samples were
collected in pits of 40 x 40 x 30 cm at 0-5, 5-10, and 10-
20 cm depths to evaluate the total organic carbon (TOC)
and the microbial carbon (Cmic).

Sampling of the forage component
For marandu palisadegrass evaluation, we estimated the

physiological parameters only in the alley (forage grass
cultivation) in the four transects previously delimited
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for soil sampling. The stomatal conductance (Gs) (mol
m™' s7), transpiration rate (E) (mol H,O m™s™), and
carbon dioxide (CO,) assimilation rate or photosynthetic
rate (A) (umol CO, m™ s™') of marandu palisadegrass
were evaluated using the infrared gas analyzer (IRGA),
model LCpro-SD, with a distance of 1 m from each
other starting in the first eucalyptus for 15 sampling
points (Figure 1B). All the evaluations were performed
between 08h00 and 11h00 a.m. and each measurement
was made in the middle part of the second youngest
fully expanded leaf of the plant.

Preparation of soil samples and TOC and Cmic
determination

After soil sampling, the small plant fragments were
picked manually from the all samples. After, the soil
samples were air dried, homogenized, sieved through
a 2-mm mesh, finely ground, and then sieved through
0.150 mm to determine TOC by wet oxidation (Yeomans
and Bremner, 1988).

To evaluate Cmic, the initial moisture content
of the samples was determined and water was added
until reaching 60 % field capacity, the ideal moisture for
proliferation of soil organisms. The fumigation-extraction
method was used to determine the initial moisture content,
according to Vance et al. (1987) and adapted by Silva et
al. (2007). The Cmic was obtained by the C difference
between fumigated and non-fumigated samples, applying
the correction factor that represents extraction efficiency:.

Statistical analysis

All statistical analyses were performed using R statistical
software (version 3.5) through functions of the "stats"
package or by programming.

For TOC and Cmic at each soil depth, one soil
sample represented one basic unit (BU), resulting in 12
BU within double rows (3 soil samples x 4 transects) and
56 BU in the alley (14 soil samples x 4 transects) (Figure
1A). The number of BU per plot in the alley (X = 1, 2,

B

Soil sampling Plant sampling

Figure 1 - Demonstrative design for sampling strategy of soil carbon

(A) and physiological parameters of marandu palisadegrass (B) in
a silvopastoral system in southeast Brazil.
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4,7,8, 14,28, and 56) was given by the 12 combinations
of the four transects (1, 2, and 4) and number of samples
per transect (1, 2, 7, and 14). Regarding the double row
analyses, one was considered a continuity of the other,
adding up to 8 transects, with three samples in each.
Thus, the number of BU per plot (1, 2, 3, 4, 6, 8, 12, and
24) was given by all the 12 combinations of the number
of transects (1, 2, 4, and 8) and of samples per transect
(1, 2, and 3).

For the physiological parameters, each plant
evaluated represented a BU, resulting in 60 BU in
the alley (15 plant sampled x 4 transects) (Figure
1B). The number of BU per plot for these variables
(X = 1,2, 3,4,5,6, 10, 12, 15, 20, 30, and 60) was
obtained by the 12 combinations of the four transects
(1, 2, and 4) and 15 samples (1, 3, 5, and 15) in each
one of parameters.

We used the modified maximum curvature (MMC)
method to determine the optimal number of samples to
represent the double rows with eucalyptus and the alley
with marandu palisadegrass for the response variables,
fitting the following model:

cv, =(“i]+ei (1)
X;

where: CV,is the coefficient of variation estimated for
the i-th sample size; X the number of BU associated
with the i-th sample size; A and B coefficients of the
regression model and e, the experimental error associated
to the i-th sample size.

The A value (intercept) represents the estimated
coefficient of variation (CV) when plots composed of a
single BU are accepted, in other words, plots composed
of a single sample. Consequently, the value is very
close to the CV considering the values of each sample
individually:]

Z:‘:l (xi - X)Z

CV = Yy n-1 (2)
X

where: x, is the value of the attribute evaluated in the
i-th sample; X is the general mean and n is the total
number of samples).

Tofacilitate estimation of theregression coefficients,
the model was linearized by logarithmic transformation.
Afterward, the coefficients were estimated by the least
square method, with the assistance of the "Im” function.
The maximum point of curvature (Meier and Lessman,
1971) was obtained by the following function:

[ A*B2B+1) (55:3)
optimal — (B + 2)

where: X is the optimal size of the plot; and A and B

are the regression coefficients of the fitted model.

(3)
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The Hatheway (1961) method was applied to
know the optimal number of replications according to
the number of samples per plot for experiments in the
randomized block design, which is an estimate of the
true difference between the ideal numbers of samples
with the percentage of the mean, estimated by the
equation:

2 2
%o e, +‘;) cv @)
r

where: X = size of the plot; r = number of replications
required to detect differences of d units; d = true
difference between two means of treatments expressed
in percentage of the mean; CV = estimate of the
coefficient of variation in percentage for a basic unit; t,
= critical value of t for tests of significance (bilateral at
5 %) and ¢, = critical value of t corresponding to 2 (1- P),
where P is equal to 0.80; and B = heterogeneity index of
the soil. For better presentation of the optimal number
of samples within the plot, contour plots were made
for the size of the plot in accordance to the number of
replications and treatments with the assistance of the
Sigma Plot software (Systat Software, v. 11).

Results

Soil TOC and Cmic within the silvopastoral
system

The soil TOC contents ranged from 14.92 (10-20 cm)
to 23.26 g kg™ (0-5 cm) within the silvopastoral system
(Figure 2). The soil Cmic values also varied with soil
depths, ranging from 129.31 (10-20 cm) to 349.14 mg
kg? (0-5 cm). The evaluation of the transect showed
that the soil Cmic and TOC contents had a different
distribution pattern within the silvopastoral system,
from the first eucalyptus tree to the alley cultivated with
marandu palisadegrass. Thus, it can be inferred that to
evaluate the changes in these two soil parameters in
a silvopastoral system, a large number of soil samples
are necessary to represent the study site. To ensure
sampling representativeness, soil samples should be
collected between the double rows of trees and in the
alley cultivated with forage grass.

Physiological parameters of marandu
palisadegrass within the silvopastoral system

The physiological parameters A, E, and Gs varied
according to the sampling position in the alley of
marandu palisadegrass (Figure 3). The assimilation
of CO, (A) ranged from 4.03 pmol CO, m™ s (nearer
the double rows of Eucalyptus) to 14.4 pmol CO, m™
s7! (central points in the alley). The same pattern was
observed for the transpiration rate (E) and stomatal
conductance (Gs), with values ranging from 1.33 to 4.82
mols H,O m™s™ and from 0.03 mols m™ s™' to 0.16 mols
m™! s, respectively, where the highest values were also
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Figure 2 - Total Organic Carbon = TOC (g kg™!) and microbial carbon = Cmic (mg kg1) at three soil depths within 20 collected points per transect

(n = 4) in a silvopastoral system in southeast Brazil.

observed in the central points of the alley cultivated
with marandu palisadegrass.

Proposal of sampling representativeness within
the silvopastoral system

Modified maximum curvature method

Applying the MMC method for the soil TOC contents,
we found that at least seven sampling points are
necessary to represent the silvopastoral system - three
samples that should be taken within the alley (between
two double rows) and four samples within the double
rows of eucalyptus (Table 1). For soil Cmic, we found
that 11 sampling points within the silvopastoral system
are needed: six samples within the double rows of
eucalyptus and five samples within the alley (Table 1).

Considering  the  physiological parameters
evaluated in marandu palisadegrass within the
silvopastoral system, we found that the sampling method
is representative when there are measurements for A, E,
and Gs of at least 13, 11, and 12 points, respectively.
Therefore, at least 13 points must be sampled since the
physiological parameters are evaluated simultaneously
by the using of IRGA model LCpro-SD (Table 1).

In the Figure 4, we are considering the values of
A and B in Table 1. These results allow visualizing a
stability of CV values with the recommended sampling
size. Consequently, if the experiment had a larger
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Table 1 - Estimates of regression coefficients A and B of the
potency model, coefficient of determination (R?), coefficient of
variation (CV%), and maximum curvature point (X ) to estimate the
optimal number of samples to represent a silvopastoral system
evaluated in southeast Brazil.

Depth (cm) A B R? CVo% X,
TOCAlley (0-5) 9.549 -0.217 0.868  9.815 1.52
TOCAlley (5-10) 10.549 -0.323 0913 12128  2.219
TOCAlley (10-20)  14.193 -0.508  0.98 12907  3.449
TOCRow (0-5) 11.166 —0.585 0.481 10.258  3.092
TOCRow (5-10) 13.245 -0.501 0.392 13.399  3.276
TOCRow (10-20)  14.627 -0.539  0.516 13.88 3.586
CmicAlley (0-5) 32.072 -0.211 0.402 36.427  4.038
CmicAlley (5-10)  31.739 -0.163  0.341 36.374  3.331
CmicAlley (10-20) 38.486 -0.246  0.638 40.044  5.161
CmicRow (0-5) 34.671 -0.562 0.216 31.056  6.304
CmicRow (5-10)  30.273  -0.641 0.413 34.172 5.828
CmicRow (10-20)  34.577 -0.282 0.229 38.401 5.101

A 103.543 -0.456  0.473 75.669 12.955
E 77.886 -0.469  0.439 53.902 10.664
Gs 88.51 -0.417  0.461 66.254 11.58

number of samples, the estimated optimal number does
not have substantial changes because there is stability
in the CV values. The MMC method showed higher CV
values for soil Cmic and physiological parameters of
marandu palisadegrass, due to their greater variability
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Figure 3 - Assimilation of CO, — A (umol CO, m= s), Transpiration rate — E (mol H,0 m= s!) and Stomatal conductance — Gs (mol m s™!) of
marandu palisadegrass at 15 collected points per transect (n = 4) in a silvopastoral system in southeast Brazil.
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Figure 4 — Relationship between the coefficient of variation — CV (%) and plot size using the Modified Maximum Curvature Method to determine the
number of samples for soil TOC and Cmic and physiological parameters of marandu palisadegrass in a silvopastoral system in southeast Brazil.

within the silvopastoral system. This model could also Hatheway method

be applied to characterize agricultural areas where it is

intended to evaluate only data from a single production The optimal number of samples was estimated by the
site. Hatheway method considering a completely randomized
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design (CRD) and a randomized block design (RBD). As
the results were similar using the two experimental
designs, the results include details of RBD.

Three soil depths (0-5, 5-10, and 10-20 cm) were
considered to indicate the optimum number of samples
to be collected within the silvopastoral system, choosing
the number in accordance to the depth with greater data
variability.

The soil TOC results showed that it is possible to
differentiate close mean values of treatments (LSD of 20
%) with the use of small plot sizes (Figures 5A to 5F).
The 5-10 cm soil depth, which showed the greatest data
variation (Figures 5B and 5E), needs only six samples
within the alley and 10 samples within the double rows
if five treatments and four blocks are used, totaling 16
samples per plot. If great accuracy is not necessary to
compare the treatments, a considerably smaller number
of samples could be used.

For Cmic, which had a CV (%) approximately three-
fold that found for TOC (Table 1), a very large number
of samples per plot is necessary, if great accuracy is
necessary to compare the treatments. Considering the
soil layer with the greatest variability (10-20 cm) and
an LSD of 40 % between the treatments, eight samples
within the alley and six samplings within the double
rows are necessary considering the use of five treatments
and 10 blocks (Figures 51 and 5L). These results indicate
the great difficulty to perform experiments with high
accuracy to differentiate treatments with close mean
values. If the aim is to set up an experiment with lower
accuracy, the use of five treatments and four replications
(5-10 cm depth) requires 27 samples within the alley and
13 within the double rows to achieve an LSD of 60 %, or
four samples within the alley and two within the double
rows to achieve an LSD of 70 %, totaling six samples
per plot.

The estimation of the physiological parameters
of marandu palisadegrass require a larger number of
samples, due to their large CV (Table 1) and variability
within the experimental site (Figure 3). The CV estimated
for A, E, and Gs were approximately two-fold higher than
those found for soil Cmic and six-fold higher than those
found for soil TOC. Thus, the evaluation of marandu
palisadegrass within a silvopastoral system considering
an LSD of 70 % between the treatments (Figures 6A,
6B, and 6C), the best sampling arrangement obtained in
accordance with the parameter of greatest variability (A)
was 10 samples and seven blocks for an experiment with
five treatments (Figure 6A). If five treatments and four
blocks are used, considering an LSD of 70 %, 41, 9, and
31 samples are necessary for A, E, and Gs, respectively.
On the other hand, considering an LSD of 80 %, the
number of samples necessary decreases to 23, five, and
16 for A, E, and Gs, respectively.

Experimental accuracy for varied configurations of
experiments could be seen for soil TOC within the alley
(Figures 5A, 5B and 5C) and the double rows (Figures 5D,
5E and 5F), for soil Cmic within the alley (Figures 5G,

Sci. Agric. v.78, Suppl., €20200176, 2021

Sampling effort in silvopastoral systems

5H and 5I) and the double rows (Figures 5], 5K and 5L),
and for A (Figure 6A), E (Figure 6B), and Gs (Figure 6C) in
the marandu palisadegrass, or estimated from the data in
Table 1 and the Hatheway formula presented in the M&M
section. In general, in experiment planning in RBD with
five treatments and four replications, with 11 samples
(mini pits) per plot (8 within the alley and 3 within the
double rows), treatments with LSD lower than 23 % for
TOC and 71 % for Cmic could be distinguished. For the
physiological data, with five treatments, four replications,
and 23 evaluations with IRGA within the plot, treatments
with LSD lower than 80, 56, and 74 % of the mean for A,
E, and Gs, respectively, could be distinguished.

Discussion

Soil TOC and Cmic within the silvopastoral
system

Our results showed that the accumulation of soil TOC
can be favored by the cultivation of eucalyptus and
marandu palisadegrass in the silvopastoral system
(Figure 2), in agreement with other studies performed
under agroforestry systems (Howlett et al., 2011; Lim et
al., 2018; Tumwebaze et al., 2012).

Our findings for Cmic at 0-20 cm soil depth (Figure
2) is related to the greater amount of OM in the soil
surface layer, an energy source for soil microorganisms.
Microbial carbon is sensitive to changes in the soil
environment (Acosta- Martinez et al., 2004; Oliveira
et al., 2016a). The diversity of species within the
silvopastoral system (e.g. forage plants, and eucalyptus)
contribute to a greater amount of C in the surface layers
because most root distribution occurs in the soil surface
(Conceicdo et al., 2017).

According to Moreira et al. (2018), the forest
component within the system could affect the availability
of nutrients for the other crops. This availability varies
according to the distance from the tree, and significant
changes in soil properties occur nearer the trees, due
to greater litter deposition and lower exposure to solar
radiation, factors that influence litter decomposition.

Physiological parameters of marandu
palisadegrass within the silvopastoral system

Our results showed that the sampling point near the
double rows of eucalyptus contributed to variations in
the physiological parameters of forage grass in relation
to the alley (Figure 3). Santos et al. (2017) also found
that shading contributed to the reduction in E and Gs
for soybean plants within an agrosilvopastoral system,
identifying that lower spacing from the eucalyptus
affected the physiological parameters. The authors
highlighted that reduction in light intensity and
the high density of forage plants in addition to the
greater proximity to eucalyptus trees could limit the
photosynthetic rate, especially for C4 plants.
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Figure 5 — Optimal number of samples estimated by the Hatheway method considering the randomized block design (RBD) in accordance to
the number of treatments and replications at 0-5 cm, 5-10 and 10-20 cm depths for soil total organic carbon (TOC) within the alley (A, B and
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silvopastoral system in southeast Brazil.
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Figure 6 — Optimal number of samples estimated by the Hatheway method considering the randomized block design (RBD) in accordance to
the number of treatments and replications for Assimilation of CO, — A (A), Transpiration rate — E (B), and Stomatal conductance - Gs (C) in the
marandu palisadegrass cultivated within a silvopastoral system in southeast Brazil.

Rodrigues et al. (2014) also emphasized relevant
differences in the quantity and quality of solar radiation
in the understory of the silvopastoral system, due to the
spatial arrangement of the trees and sampling locations,
even when the forest component is planted in the east-
west direction.

Proposal of sampling representativeness within
the silvopastoral system

Modified maximum curvature method

The number of sampling points was defined according
to the stability of the CV values (Table 1, Figure 4).
Donato et al. (2018) have reported that CV values have
more interference at the sampling points when data
heterogeneity increases. Mello et al. (2004) also found
smaller plot sizes with lower CV; however, when the
plot size increased, the CV tended to stability. Similar
to our findings, the authors pointed out that CV tends to
increase under greater variability.

The proposed number of soil sampling for
silvopastoral systems, according to MMC method (Table
1), was lower than that found by Feijé et al. (2006)
evaluating soil chemical parameters before and after
cultivation of cucurbits. The authors found that 11
samples for fallow and nine sample points after cropping
were necessary to represent the variables analyzed.

Our results indicate the need for an increase in the
number of soil samples to estimate soil Cmic according
to the MMC method (Table 1 and Figure 4). The Cmic
had higher variability within the system because the
species, light intensity, animals, and their waste affect
the quantity and distribution of soil microorganisms.
Microbial biomass is sensitive to soil components and
crop management operations (Aryal et al., 2019; Guillot
et al., 2019).

To evaluate the physiological parameters of
marandu palisadegrass applying the MMC method (Table
1), we found that heterogeneity of the silvopastoral
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systems favors an increase in the number of samples
to improve sampling representativeness (Figure 4).
According to Gomes et al. (2019), the presence of trees
in integrated systems influences the light incidence for
forage grass, increasing with the development of the
forest component.

For a decrease in CV (%) in the evaluation of
soil Cmic and physiological parameters of marandu
palisadegrass, the number of samples must be increased.
However, the sampling size used in this research showed
stability of CV (Figure 4). Therefore, if we consider a
larger number of samples, the estimated number has
no substantial changes because this increase has no
significant effect on CV values (Mello et al., 2004).

Hatheway method

According to our findings, considering the heterogeneity
of silvopastoral systems (composed of pasture and
trees), the number of samples estimated by the
Hatheway method is not feasible. An increase in the CV
values indicates an increase in experimental error and,
therefore, lower accuracy (Leite et al., 2006).

The highest CV values for Cmic can be explained
by climate variations, in accordance to the quantity and
quality of the plant residues deposited on the soil (Tracy
and Zhang, 2008). As an example (Figures 5I and 5L), if
five treatments and 10 blocks are considered, the method
indicates the need to collect at least eight samples in the
alley and six in the double rows, which implies opening
140 mini pits for soil sampling within the experimental
site to be able to differentiate treatments with a mean
LSD of 40 %.

The Hatheway method proposes an increase in
stringency for experiment accuracy, with a reduction
in the minimum difference to be detected between
the treatments, which also cause significant increases
in the number of samples. An increase in the number
of replications and treatments is not desirable for
sampling; therefore, it is easier to increase the number
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of samples to obtain representativeness (Cargnelutti
Filho et al., 2018). According to Mello et al. (2004), the
Hatheway method allows to combine different plot sizes
and forms to reconcile different numbers of repetitions.
For Cargnelutti Filho et al. (2018), within the availability
of the experimental area, the researcher must define the
number of treatments to be evaluated and the accuracy
to define which combination of sample numbers and
repetitions is most appropriate.

Thus, treatments with LSD lower than 23 % for
TOC and 71 % for Cmic can be distinguished to set
up an experiment in RBD with five treatments, four
replications, and eight samples in the alley and three
in the double rows. For this same configuration of
experiment, 23 evaluations in marandu palisadegrass
between double rows of eucalyptus allows distinction
of treatments with LSD lower than 80 % for the
physiological parameters estimated.

Conclusions

In order to perform soil sampling and determine the input
of soil C in silvopastoral systems, the area cultivated
with forage grass (alley) and eucalyptus (double rows)
must be taken into consideration to ensure sampling
representativeness.

The physiological parameters (A, E, and Gs) of
marandu palisadegrass varied according to the sampling
position in relation to the double rows of eucalyptus,
requiring to increase the number of points collected to
guarantee the sampling representativeness.

The MMC method could be useful to evaluate
the silvopastoral systems for both experiments and
characterization of agricultural areas, once 11 soil
samples are representative to evaluate Cmic and TOC,
and 13 samples are enough to evaluate physiological
parameters in marandu palisadegrass.

The Hatheway method could be applied to
experiments that need high accuracy, with a reduction
in the minimum difference to be detected between the
treatments and a consequent increase in the number of
samples to be collected.
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