Bayesian and non-parametric estimations of the weed inventory in
the cultivation of chrysanthemum using rigid grid quadrats

Estimacion Bayesiana y no-paramétrica del inventario de arvenses en
el cultivo de crisantemo usando cuadrados de una red rigida
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Studies that involve the inventory of weeds are frequently car-
ried out by students and professionals of the agricultural and/or
environmental sciences with the principal objective of obtain-
ing information on the distribution pattern, frequency, cover-
age, density or biodiversity of the species in a studied region.
On many occasions, the only purpose consists of identifying
those species that are considered important by farmers, perhaps
because they are beneficial or because they compete with the
crops in production. When the sampling of weeds is done using
the quadrat method, some of the species which are present in
the cultivated field of interest may not be sampled, meaning
they will be absent in the final inventory. The principal objec-
tive of this article was to show how the quantity of weeds in an
observed sample can be estimated Bayesian estimators, as well
as non-parametric estimators, such as Chao 2, Jackknife, of the
firstand second order, and Bootstrap. The inventory estimation
of the weeds using the Bayesian and classical proposals in the
case of cultivation of chrysanthemum produced similar results,
with 19 species in all of the estimators, except in the Mingoti
estimators, which produced 18 weeds.

Key words: weed competition, sampling, biodiversity, cut
flowers, statistical methods.

Los estudios que involucran el inventario de arvenses son con-
ducidos frecuentemente por estudiantes o profesionales de las
ciencias agropecuarias y/o ambientales con el objetivo princi-
pal de obtener informacién acerca del patrén de distribucion,
frecuencia, cobertura, densidad o de la biodiversidad de las
especies en una region de investigacion. En muchas ocasiones
el iinico propdsito consiste en identificar aquellas especies que
son consideradas importantes por los productores agropecu-
arios ya sea porque resultan benéficas o porque compiten con
el cultivo en produccién. Cuando se hace el muestreo de las
arvenses usando el método del cuadrado, algunas de las espe-
cies que estan presentes en el sembrado de interés podrian no
ser muestreadas, por lo que estarian ausentes en el inventario
final. El objetivo principal de este articulo es mostrar como la
cantidad de especies arvenses en la muestra observada podria
ser estimada al usar estimadores Bayesianos asi como también
estimadores clasicos tales como el Chao 2, Jackknife de primer
y segundo orden y el Bootstrap. La estimacion del inventario de
arvenses utilizando las propuestas Bayesiana y no-paramétrica
en el caso del cultivo de crisantemo rindieron resultados simi-
lares, con 19 especies en todos los estimadores excepto en el
estimador Mingoti, el cual rindi6 18 especies arvenses.

Palabras clave: competicién de arvenses, muestreo, biodiver-
sidad, flores de corte, métodos estadisticos.

Introduction

One of the environmental problems of major concern in
the world in recent years is the loss of biodiversity as a
consequence of human activities, whether it be in a direct
way (overexploitation) or indirect way (habitat alteration).
In a certain manner, communication media have impacted
governments as well as society in general; to such an ex-
tent that, now, it is considered a priority to direct major
efforts towards conservation program (Popescu, 2015).
The base for an objective analysis of the biodiversity is
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correct evaluation and monitoring (Smith et al., 2012).
Biodiversity can be defined as “the variability among the
living organisms of all the sources, including among oth-
ers, the terrestrial, marine and other aquatic ecosystems,
as well as the complex ecologies of which they form parts;
this includes diversity within the species, between species
and the ecosystems” (Moreno, 2000).

According to Gaston (1996) and Mingoti (2000), the
number of species is the measurement most frequently
used to evaluate biodiversity due to several reasons a) the
abundance of the species reflects different aspects of the

Doi: 10.15446/agron.colomb.v34n1.53098

1

Department of Agronomy, Faculty of Agricultural Sciences, Universidad Nacional de Colombia. Bogota (Colombia). agedarghanco@unal.edu.co

* Institute for Applied Statistics and Computers, Universidad de Los Andes. Merida (Venezuela)
? Department of Mathematics, Faculty of Sciences, Universidad de Pamplona. Pamplona (Colombia)

Agronomia Colombiana 34(1), 101-108, 2016


http://dx.doi.org/10.15446/agron.colomb.v34n1.53098

biodiversity, b) In spite of this, there exist many approxi-
mations in order to define the concept of a species, its sig-
nificance is widely understood (Aguilera and Silva, 1997),
c) Besides certain groups, species are easily detectable and
measurable and d) even when the taxonomical knowledge is
not complete (especially for groups such as fungus, insects
and other invertebrates in tropical zones), there exists much
data that are available on the number of species.

Studies on the measurement of biodiversity are centered
on the search for parameters in order to characterize it
as a property emerging from the ecological communities
(Izsak and Papp, 2000). However, communities are not
isolated in a neutral surrounding. In every geographical
unit, a variable number of communities is found; in order
to understand the changes of the biodiversity in relation to
the structure of the landscape, it may be highly useful to
separate the alpha, beta and gamma components (Snedecor
and Cochran, 1980) to measure and monitor the effects
of human activities. The alpha diversity is the richness
of a species of a particular community that is considered
homogenous; the beta diversity is the level of change or
replacement in the species composition between different
communities in a landscape; and the gamma diversity is the
richness of the species of the set of the communities which
integrate a landscape resulting from the alpha diversity
as well as the beta diversity (Heltshe and Forrester, 1983).

In the present research, the diversity alpha was considered
from the point of view of the specific abundance of the spe-
cies more so than the structure of the community (value of
the importance of each species). The objective for obtaining
these measures is to provide the reader non-parametric and
Bayesian alternatives for the prediction of the number of
species of weeds based on the point estimation of the same,
which is obtained by a simple counting using the quadrat
method with one rigid grid mapped on the crop.

Sampling with quadrats is generally used to quantitatively
estimate the biodiversity of the species in a studied region.
The objective of this sampling is generally related to the
estimation of the abundance of species. A counting using
quadrats provides a structured way to estimate the abun-
dance of species to estimate the population size and/or
assure the abundance of species and the diversity of a bio-
type. Quadrats provide a simple and reproducible method
that is appropriate for achieving a broad set of statistical
tests, making this methodology an ideal strategy for long
term monitoring. Among the advantages of sampling with
quadrats with a rigid grid, the non-destructiveness of this
sampling stands out; it can be applied to a broad set of
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habitats, can be repeated easily, which provides consistence
to the sampling, provides a form to estimate abundance,
does not require any special equipment, there are no
overlapping quadrats such as may occur in sampling with
quadrats thrown in the field and produces a set of robust
data for the statistical analysis (Haas et al., 2006).

The quadrat size may vary depending on the objective of
the study and the following conditions: (i) the quantity
and distribution of the species to be sampled, with species
that are big or dispersed requiring different sized quadrats.
(ii) The heterogeneity of the community in terms of the
dispersion of the species, the quadrat should cover mainly
a representative sample of the community.

According to Eleftheriou (2013), the determination of the
number of samples to be used should be done with a pilot
study of the area and, in this way, useful information for
the analysis may be obtained. The number of quadrats for
a reliable monitoring can be determined using a power
analysis. The power analysis is a statistical technique that
allows for the estimation of the number of samples required
to detect the change level (Smith and van Belle, 1984). Also,
the accumulated species curve can be used to assure when
a population has been sufficiently sampled by a number of
quadrats. The number of species accumulated is registered
with each increment in the number of quadrats until a
point is reached where all of the common species have been
identified and a further increase in the number of quadrats
would not lead to a significant increase in the number of
species. Gamble (1984) gave a preliminary guide for the
minimum number of samples as “that which, if it is dupli-
cated, may yield only a 10% increase in the information”
Kingsford and Battershill (1998) stated that 10 sampled
quadrats within a discrete area will provide adequate pre-
cision for detecting changes in the complete community.

In order to achieve an appropriate coverage of a studied
region, it may be appropriate to divide the area into com-
partments (such as a rigid grid) and take random sample
from each compartment. For a better explanation of the
different methods of random sampling, Kingsford and
Battershill (1998) can be consulted.

Knowledge on the weeds in the cultivation of Chrysanthe-
mum sp. is very important in order to implement strategies
for the management of the cultivation directed primarily
at its control in order to diminish the effects on the loss in
yield as well as to keep the weeds from acting as a host that
carries plagues and diseases that may reduce the quality of
the flowers. The current study emerged from the necessity
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to complement the descriptive work developed by Sdnchez
(2003), who carried out a counting of weeds in the cultiva-
tion of chrysanthemum and the simple description of the
species found in an unit of production of the municipality
Andrés Bello in Téchira State, Venezuela.

The application of these methods can help weed specialists
as well as agronomists, botanists and others whose interest
lies in this subject to obtain a predicted measurement of
the number of species instead of a point estimation based
only on the counting of the species found in the total of the
quadrats mapped in the area. The procedure is simple to
adopt if free software is used, which is illustrated herein,
and, with only one optimization tool, such as Excel (Mi-
crosoft), the Bayesian predictions can be obtained.

Materials and methods

This research was carried out in the flower producing
area of chrysanthemum in the municipality Andrés Bello
in Tachira State, Venezuela, located at 1,150 m a.s.l. with
a temperature range between 18 and 22°C, classified as a
humid, low mountainous forest. For the random sampling,
the quadrat method (1 x 1 m) was used. A rigid grid method
of survey was adopted on a real scale to establish the map-
ping units on the plots. The interest quadrats were placed
on four points at random in plots, 1.20 m in width, in a
representative unit of production in the zone of which four
plots were selected at random for a total n = 12 quadrats;
besides since the length of the plots were variables, N was
taken as unknown, which did not affect the construction
of estimators, since as it was said previously, none of the
estimators depends on N.

The sampling area, 12 m were selected for which 12 random
numbers were selected in the total of squares representing
cultivation. The sowing was done in beds of 1.2 of width
with 5 plots with a distance between plants of 12.5 cm. For
the purpose of this weed study, only the measurement of
the number of species found was done at the time when the
growth of the chrysanthemum had 5 cm of inflorescence.

Non-parametric estimators

The non-parametric estimators were obtained manually
and were contrasted with the values of software EstimateS
v.13 (Colwell, 2013). In the case of the Bayesians estimators,
the optimization tool solver of Excel was used.

Chao 2

The Chao2 (S.,) estimator is based on the incidence (Chao,
1984). This requires the presence-absence data of a species

in a given sample and not of the abundance, which means
if only the species is present, this estimator is based on the
concept that the rare species carry the information of the
species not sampled. The Chao 2 estimator is expressed as:

Sey= 8"+ n/2n, (1)

where n, is the number of species that occurs only in a
sample (“unique” species), n, is the number of species that
occurs in exactly in two samples (“double” or “duplicated”
species) and s’ is the number of species observed in the
quadrat samples. The corrected formula which is applied
when the number of doubles is zero is

Smst _m(m-1) (n-1) 2
n(2n,+1)

where 7 is the number of quadrats that were mapped.

JackKnife of first and second order

The JackKnife method was developed initially as a generic
non-parametric estimator of bias and standard error. The
generalized equations of the JackKnife estimators of k-th
order were derived by Gray and Schucany (1972) and the
use of the JackKnife estimator in the estimation of abun-
dance of the species dates back to the moment in which
Zahl (Zahl, 1977), treated rectangular plots of vegetation
as independent samples that could be fractionated for the
estimation of its diversity. According to the manual of as-
sessment of biodiversity of the OECD (2002), this procedure
assumes that there exists a random sample of independent
quadrats rather than a sample of individuals. The random
selection of the quadrats is in fact a random sample of the
space or region of investigation (Heltshe and Forrester,
1983). Moreover, the non- parametric JackKnife estima-
tor does not assume any relationship between the species
within a quadrat and does not make any assumption about
the fundamental distribution of the species.

The JackKnife estimator of the first order is a function of
the number of rare species that are found in the sample. Its
calculation involves the number of species that are present
only in one quadrat. The JackKnife estimator of the second
order on the other hand takes into consideration the num-
ber of species found in only one quadrat and the number
of species found in two quadrats. The theoretical basis of
JackKnife is that the estimator of parameter of interest is
obtained from » samples of size n-k, taking in account
that each sample is generated by the elimination of k of
the n original quadrats, where k =1 or k=2 depending on
whether or not a JackKnife of the first order or the second

Darghan, Surendra, Plaza, and Monroy: Bayesian and non-parametric estimations of the weed inventory in the cultivation of chrysanthemum using rigid grid quadrats 103



order, respectively, is being used. In the sequel we show
the expressions which permitted to obtain the abundance
estimation based on the procedure of JackKnife of first and
second order respectively.

n,2n-3)(n-1) ny(n-2)>*
" _

n n(n-1)

(3)

Sy=5+mn,(n-1)/n; S,=s

Bootstrap

The bootstrap estimator was proposed by Efron around
1980 and is simply a procedure of quadrats with repla-
cement. It should also be pointed out that this estimator
does not assume any relationship between the species
within a quadrat nor the suppositions about the statistical
distribution of the species (Smith and van Belle, 1984).
The expression which permitted to obtain the abundance
estimator based on the Bootstrap procedure is given by

Sy= + 2y (1" “)
where p, is the proportion of samples that contain k species.

Bayesians estimators

A pair of estimators are proposed as a solution of the pro-
blem of the estimation of abundance of the species from the
point of view of the Bayesian approach. Suppose that the
sample consists of n quadrats thrown at random in a study
area where there exist N locations in which the quadrats
might fall. For each quadrat, a certain number of different
species of weeds can be reported within the cultivation
that is being evaluated. At the end of the study, there will
be s’ different species in all the sampling performed. Each
species could have appeared more than once. Let n; be
the number of species that appeared exactly in i sampled
quadrats, i=1,2,..., n. Therefore, n,+n,+...+n,=s". Let S be
the true value of the distinct species which could appear
in an inventory of weeds. The true value of S is unknown
and must be estimated by S. The number s’ observed in the
sample is an estimator for S; however, it has been proven
that s’ subestimates S. Some estimators have been proposed
to correct the bias of s” and other estimators and in this
way obtain better results. Mingoti and Meeden (1992) and
Mingoti (1999) proposed some Bayesian estimators that in
general produced better results than s’ and other estimators
such as the aforementioned JackKnife, Bootstrap and Chao.

Mingoti and Meeden (empirical Bayesian)

Let n, be the number of distinct species that were found in
one and only one quadrat in the sample. Then, the empirical
estimator of Bayes for the true value of S is given by S,
which is defined as:
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I'(N+p)
I'(N+a+p)

I'(n+a+p) (5)
I'(n+f)

A ., n
SMM=S +ﬁ (1’1+ﬁ— 1) 1-

where I'() is the gamma function and the constants a>0
and >0 are the parameters of the beta distribution used
as a prior distribution for the technical construction of
estimator, which describes the probabilistic behavior of the
unknown value of p,, defined as the probability of that the
species s; may appear in a quadrat of the universe of possible
quadrats, i=1, 2,..., S. Given S, the probabilities p,, p,, ..., ps
are assumed to be random variables, independent and iden-
tically distributed with the density function Beta. In order
that the estimator S,,,, be more attractive for practical uses,
Mingoti and Meeden (1992) showed that the parameters «
and f3 of the Beta distribution may be estimated consider-
ing that given the value of s’, the random vector (1, n,, ...,
n,) has a multinomial distribution with parameters (g,
G2>--9q,), With 0< g, <1, x =1,2,...,n, ¥ q;+¢,+.. +q,=1, where

(Z)F(x+oc)l"(n+[3—x)

g= — (6)
> <?>F(i + @) I(n+B-i)

with which the maximum likelihood estimators of the
parameters («, ) may be obtained by maximizing the
likelihood function f (n,, n,, ...n,/s’) with respect to a and
B, where:

Flrn iy ongs) = ——— [ 11 @)™ %
Py S
Mingoti (Bayesian)

An admissible estimator for the true value of S: the number
of different species in the population is given by S, which
is defined as:

_Ia+p)I(n+p)
Y= ") Ttnvatp)

S s’ + Rqy,

= H 0<y,<1, a>0, >0 (8)
1—qy, Yo B

=
The estimator S,,;, under the assumption of the given value
of §, the probabilities p,, p,, ...,p. are distributed identically
and independently with the Beta density, with parameters
(o, B), with a>0 and f3>0, where p; is interpreted as in the
case of empirical Bayesian estimator. The constants R>0,
0< g <1, are related to the binomial negative distribution
used as a prior distribution for the true value of S in the
construction of the Mingoti estimator.

The g parameter represents the prior probability that any
different species may appear in a particular quadrat, in
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other words, the proportion of different species in the
population. The y, constant represents the difficulty in
observing a particular species in the sampling procedure.
Values of y,near zero makes S, to tend to s, which im-
plies the belief of the investigators that all the species were
easy to obtain and that all the species will appear in the
sample. Values of y,near one describe a population where
a large number of different species may be difficult to
observe in the sample, in this case the value of s’ will be
much lower than the true value of S. The parameters a and
[ are obtained and interpreted in the same manner as the
estimator Sy, so that y,can be obtained easily. According
to the “ad hoc” procedure suggested by Mingoti (1999), the
parameters (R,q) can be estimated using the estimators R
and g, respectively, using R = n/s’and § = n,/s’ in the case
of Ris taken its whole part. If this final value is less than
the unity, then R = 1. It is important to emphasize that S,
does not depend on N; therefore, it can be used in the case
of unknown or very large.

The Bayesian estimators presented in this article are also
discussed in the given references and the steps for their
construction appear with more details and, therefore, they
will not be presented in this article. The principal objective

of the present research was to show how they can be applied
in the agricultural and animal husbandry sciences for the
estimation of weed inventories and in the environmental
field for the estimation of the biodiversity.

Results

In Tab. 1, the species of the weeds found in the sampling
and their frequency of appearance are presented and, even
when the importance did not depend on the frequency but
on the total of the sampled species, the description of each
species suggested to the investigators that the use of the 1
m? quadrat was appropriate since some of the botanical
characteristics of the species could imply the use of quad-
rats of a greater area, Besides due to the type of cultivation
the size of 1 m? results more convenient (Mostacedo and
Fredericksen, 2000). In many similar studies, this result
appeared to be sufficient in order to evaluate the species
of weeds in the crop; however, the present proposal will
extract greater information than that presented in Tab. 1.

Table 2 shows the frequency of itemized appearance by
the launching of the quadrats for all the species found,
from this last table the useful values are selected in the

TABLE 1. Scientific names and frequency of appearance of the weeds based on the sampling.

N° Species Count N° Species Count

1 Paspalum notatum 7 10 Ageratum conyzoides 5

2 Paspalum conjugatum 21 11 Oxalis corniculata 127

3 Rottoboellia cochinchinensis 35 12 Polygonum hidropiperoides 31

4 Cynodon spp. 39 13 Rumex crispus 21

5 Eleusine indica 8 14 Portulaca oleracea 2

6 Heliotropium indicum 7 15 Brassica alba 1

7 Commelina nudiflora 6 16 Lepidium virginicum 32

8 Taraxacum officinale 9 17 Leonorus sibiricus 10

9 Bidens pilosa 14 18 Cyperus spp. 15

TABLE 2. Presence of the species according to the sampled quadrats.
Species
Quadrat 1 2 3 4 5 6 71 8 9 1 1 12 13 14 15 16 17 18

1 0 2 1 6 1 1 1 1 1 2 1 2 3 0 0 2 0 1
2 0 0 4 9 1 1 0 2 3 0 8 2 2 0 0 2 0 1
3 1 3 2 4 1 0 1 0 1 0 1 1 2 1 0 2 0 2
4 1 2 3 2 0 2 1 0 2 0 6 5 1 1 0 6 2 1
5 0 2 0 5 1 0 0 0 2 0 8 2 2 0 1 2 0 2
6 0 2 1 3 1 1 0 0 0 1 10 3 3 0 0 5 2 0
7 2 2 5 1 1 0 0 0 2 1 12 4 2 0 0 1 1 1
8 1 2 3 0 0 1 2 0 1 0 10 4 0 0 0 2 1 1
9 0 2 3 2 0 0 0 1 0 1 12 3 2 0 0 2 1 2
10 0 2 5 3 0 0 1 1 0 0 14 1 1 0 0 0 1 1
1 0 0 4 2 1 1 0 1 2 0 11 3 1 0 0 5 2 2
12 2 2 4 2 1 0 0 3 0 0 14 1 2 0 0 3 0 1

In the sample of 12 quadrats (n = 12), a total of 18 different species appeared. (s' = 18).
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TABLE 3. Distribution of the sampled species according to the number of quadrats.

Si 1 2 3 4 5 6 7 8

10 1 12 13 14 15 16 17 18

X 5 10 1 1 8 6 7 6

4 12 12 1 2 1 11 7 1

TABLE 4. Distribution of the observed species in exactly x quadrats.

X 0 1 2 3 4 5 6 7 8

Ny 0 1 1 0 1 1 2 2 2

calculation of each one of the estimators described in the
introduction.

Table 3 shows the distribution of the observed species in
the sampling. (X;) according to the number of quadrats in
which the species s; (i=1,2,...,18) appeared. In order to ob-
tain each value of X; suffices to count the non-null entries
of Tab. 2 for each species, for example, in species 11, zero
did not appear in any of the 12 quadrats , hence X;=12.

Table 4 presents the number of observed species in exactly
x quadrats, in other words n, (this is equivalent to count
the cells for X; which were repeated, and since some spe-
cies could not appear in the quadrats, it was necessary to
incorporate x=0; for example, 11 was observed in 5 cells and
0 did not appear in any of the cells of row X; in the Tab. 3).

With Tab. 3 and 4, the estimates of the number of species
considered were obtained in this article using EstimateS,
available online at the address that appears in the refer-
ences. By using the optimization tool, Solver of Excel, the
maximum likelihood estimator for a and p was obtained:
a=1.43 and $=0.80. Later, by substituting these estimators
in Eq. 5, the estimation of the number of weeds was ob-
tained based on the empirical Bayesian estimator.

For the Bayesian estimators, the estimated values of a and
B of the Bayesian empiric estimator were used to obtain y,.
The substitution of the estimators of the Beta distribution
in Eq. 8 gave y,=0,025. In the case of the estimated values
of the parameters (R, g), these were obtained from the
equation R=[n/s"]=[12/18]= 0 (floor function), with which
was taken R=1 (suggested before) and from g=n,/s’=1/18.

Table 5 presents the estimations obtained for the number of
weeds species found in the cultivation of chrysanthemum
in the studied region.

In the sequel each one of the calculation of non-Bayesian
estimators are presented:

e Chao 2: from Tab. 4 are obtained the values of de n,
and n,, in this way the estimator Chao 2 not corrected
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TABLE 5. Non-parametric and Bayesian estimations of the number of
species.

Estimator Estimation
Chao 2 18.50
Jackknife of first order 18.92
Jackknife of second order 18.99
Bootstrap 18.47
Mingoti and Meeden 18.64
Mingoti 18.03

for bias is: S¢, = s+(n,*/2n,)=18+(1*/2(1))=18.50 (by
definition).

o Jackknife of the first order: from Tab. 4 the value of n, is
obtained (species which appear in exactly one quadrat),
in this way: $), = s’+n1§1—1 —18+1((12-1)/12) = 18.92.
n

o Jackknife of second order: from Tab. 4, the values of n,
(species which appear in exactly in one quadrat) and
n, ( species which appear in exactly two quadrats) are

obtained:
;- S,+[ n,(2n-3) n,(n-2) ]: [1(2(12)—3) 1(12-2) ]:18.99'
n n (n-1) 12 12(12-1)

o Bootstrap: from Tab. 3 the values to be used in the
following equation are obtained
< 5>12 < 10)12 ( 11)12 ( 11)12 ( 8)12 ( 8)12
- t\1-——| +|\l-Z) +(1-—7) +{1-— ) +|1-—Z) +
12 12 12 12 2 12
R ( 7)12 ( 6)12 < 8>ll ( 4)12 ( 2)12 ( lz)ll
Sp=18+|{1-—=| +{1-— | + (1I-—=) +({1-—=| +|1-—) +|1-—=]) +|=18.47
12 12 12 12 12 12
( 11>12 < 2)11 ( 1)12 ( 11)12 < 7>12 ( 11)12
)+l ) + (-] +|\l2 ) |12 +l12
12 12 12 12 12 12
Once defined, the number of samples taken using the
quadrats, non-parametric and Bayesian estimators was
used for the estimation of the number of weeds species
in the cultivation of chrysanthemum, obtaining in all the
cases used similar estimations of the number of species,
which are, 19 species in the most of the estimations, with
the exception of the Bayesian, developed by Mingoti, with
18 species. The number of observed species was 18 with

the sampling; however, based on the simultaneous appear-
ance of some species (a fact considered in the estimations

—_
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which were used) and in the interest to recognize all the
species which appeared in the sowing, a visual recogni-
tion was done in the cultivation area (0.2 ha) and a total
of 19 species was found, a value estimated by all of the
methods of estimation used in this case. With this ad-
ditional study, validity of the estimation is given, as seen
in this document.

Discussion

Reducing herbicide inputs in crops is a major objective in
agriculture. The extensive and abusive use of herbicides has
raised concerns about environmental safety and conserva-
tion of biodiversity on farmland. In this sense, the study
of weeds plays an important role in the development of
conservation policies in each region. Several modern meth-
ods have been proposed for this purpose, for example, the
image analysis, sensors handling in the field of precision
agriculture (Schepers and Holland, 2012), as well as classic
and sophisticated Bayesian statistical methods (Rinella and
Luschei, 2006).

The non-parametric Bootstrap and Bayesian estimators
yielded a number of species, such as the number of ob-
served species in the sampling with the quadrats, while the
non-parametric estimators Jackknife of first and second
order, the Chao 2, and the empirical Bayesian estima-
tor yielded one more species in comparison with that
observed in the sampling. With this, two-thirds (67%) of
the estimations yield 19 species, one more than the spe-
cies found with the quadrats, as illustrated in Tab. 3. By
comparing these results with the exhaustive observation
that was done in the study zone, an additional species was
found that was not sampled with the quadrats, namely
the “bledo” known by its scientific name as Amaranthus
spp. With this additional species, the 19 observed spe-
cies were obtained in all of the plots, with which the
sampling with the quadrat permitted to find the totality
of the species existing in the cultivation, and with the
estimation it became possible to predict the existence
of one more species, which in this case corresponded to
“bledo” (pigweed). The more frequent specie was Oxalis
corniculata, known as “pan de cuco” (Yellow sorrel with
a 33.16% of appearance) followed by the genus Cynodon,
with a 10.18% of the counting obtained within the quad-
rats. Masis and Madrigal (1994) presented a list of weeds
where some genera and species appeared in the sampling,
which was consistent with this research, moreover, Lépez
(2009) pointed out six of the 19 species listed as weeds in
Chrysanthemum, however, were identified only weeds
but is not any method for estimating species mentioned.

It is important to add that, in the case of the Bayesian
estimation, the choice of the parameters (R,q,y,) reflected
the knowledge of the investigator of the region where the
research was carried out, however, an investigator could
use past data to select the values at prior about R, g and y,,
in spite of that in this case the proposal of estimation “ad
hoc” suggested by Mingoti (1999) was used. Finally, it is
well known in agriculture that the association or segrega-
tion that could exist between weed species due to which
it is important to know the pattern of these associations
(between weeds and between weeds and crops), since in
obtaining of the Bayesian estimators, independence be-
tween species was assumed and as well as equiprobability
that a species may appear in any of the selected quadrats
(Monaco et al., 2002).

Conclusions

The estimation of the number of species using the non-
parametric and Bayesian methods produced values very
close to each other when the quadrats were used as the sam-
pling method; as a matter of fact, it may be observed how
the Chao 2 estimate did not correct for bias, the jackknife
and the empirical Bayesian estimators obtained approxi-
mately an estimation of 19 species, while the bootstrap and
the Bayesian estimators estimated 18 species in the studied
region, with a total of 12 quadrats sampled. The estimation
of the weed species using any of these estimators was more
informative not only in the necessary tabular requirements
for obtaining estimators, which reflects the appearance of
the species in each quadrat, the species which repeatedly
go appearing with each quadrat, so that the process of non-
parametric and Bayesian estimation results much more
informative from botanical point of view and therefore
very convenient at the moment of planning the control
of weeds within the cultivation of economic importance.
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