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ABSTRACT: A germplasm collection should represent the diversity of the target species and 
the gene pools associated with it. However, it is critical to establish collection plans which 
ensure such representativeness. At times it is difficult to identify the best strategy for collecting 
domesticated species that are conserved in situ/on farm, since, in general, the magnitude of the 
diversity existing in a geographical area was hitherto unknown. The Diversity Census methodolo-
gy was developed for previous diagnosis of the diversity of Zea mays subsp. mays L., conserved 
by farmers in two municipalities in the far western region of the state of Santa Catarina, southern 
Brazil. The Diversity Census database allowed for the identification of the best strategy to collect 
different types of maize landraces. Thus, tests were carried out using two methods described 
for Core Collections (Modified Random Sampling and Maximization) and a third statistical method 
for random sampling, stratified by farm area. The Maximization method enabled the capture of 
all the morphological variation of the traits evaluated in the Diversity Census from the smallest 
sample size. The relevance of this result is the feasibility of adapting the Core Collection strategy 
in order to plan more efficient expeditions to collect maize landraces conserved in microregions. 
Such planning allows for organizing the collection work efficiently, reducing costs, simplifying the 
work of characterization and helping to plan integrated strategies of in situ/on fam conservation.
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Introduction

Appreciating landraces as genetic resources, 
identifying the processes of their loss and establishing 
complementary conservation strategies require collec-
tion and characterization of the diversity conserved in 
situ/on farm. Germplasm collection is a set of activities 
whose aim is to obtain living physical units, represented 
by samples that contain the genetic composition of the 
population of a given species of interest with reproduc-
tive ability (Dawson and Were, 1997).

Every collection is normally defined by three key 
elements: (a) area of coverage (where to collect?); (b) tar-
get species, its relatives and the populations of interest 
(what to collect?); and (c) sampling strategy (which and 
how many units to collect?). As regards the strategy, be-
cause there is no a priori information available in most 
cases, Marshall and Brown (1975) suggest the collection 
of 50 to 100 different plants per population, for the cul-
tivated species, in order to include the greatest possible 
amount of areas, in locations with wide environmental 
variation. However, the difficulty of defining how many 
and which populations to include in the sampling con-
tinues still unresolved.

The distribution of diversity of landraces is not 
random and presents a framework along multiple axes – 
geographic, genetic (Brown, 1989) and cultural (Orozco-
Ramírez et al., 2016; Leclerc and Coppens, 2012) – and 
systematic samplings, considering all aspects of diver-
sity, could thus improve the strategy effectiveness, in 
comparison with random samplings. 

A Core Collection (CC) is a small sample of the 
original collection, which is included in a spectrum of 
the genetic variability. The design of a CC seeks to en-

sure the retention of genes or gene combinations that 
are present in an ex situ collection. This research study 
proposes the CC tool developed for ex situ collections 
to collect the diversity conserved in situ/on farm, once 
the potential diversity of collection is known and, after 
that, information is used to guide the activity of collect-
ing the local germplasm. Defining “which populations 
to conserve” and “to characterize” is crucial when work-
ing with limited financial and human resources. Clearly, 
establishing the smallest number of samples that best 
represents the diversity of landraces conserved in situ/on 
farm is a key component in the design of more efficient 
strategies for collection and subsequent conservation of 
ex situ collections. Thus, with the aim of identifying the 
best strategy for collection of maize landraces conserved 
in situ/on farm, in a microregion in southern Brazil, three 
sampling methods were compared.

Materials and Methods

Sample universe: in situ/on farm Base Collection
The in situ/on farm Base Collection (BC-ISOF), as 

defined for the present study, included 1,513 landraces 
of Zea mays subsp. mays L. grown within a geographical 
area of 558 km2, bounded by the municipalities of An-
chieta (latitude 26°53’ South and longitude 53°33’ West; 
altitude 745 m.a.s.l.) and Guaraciaba (latitude 26°35’ 
South and longitude 53°31’ West; altitude 720 m.a.s.l.) 
(Miranda, 2005), in the far western region of the state of 
Santa Catarina (FWSC), Brazil (Figure 1A-D). The region 
is located in the Uruguay River Basin, and native vegeta-
tion belongs to the Atlantic Forest biome, one of the 25 
biodiversity ‘hotspots’ in the world (Myers et al., 2000). 
The BC-ISOF was defined a priori as result of the Diver-
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sity Census methodology. Through interviewing peas-
ants, this methodology allowed for identifying, mapping 
and characterizing all the landraces of Zea mays subsp. 
mays L. Thus, the BC-ISOF database included the follow-
ing information: identification of the landraces (name, 
cultivation time and risk factors of loss), morphological 
characteristics of the grain (type of endosperm, size and 
color), geographical location (municipality, community, 
longitude and latitude), and use values and conservation, 
organized into 13 categories (agronomic, gastronomic, 
animal feed, adaptive, aesthetic, economic, health, cul-
tural, ornamental, crafts, conservation of diversity, nu-
tritional and medicinal) defined by Costa et al. (2016).

Considering the richness of BC-ISOF by type of 
endosperm, the landraces were distributed into two sub-
groups: Common Maize (CM) and Popcorn (PM). The first 
subgroup corresponded to all landraces with dent, semi-
dent, flint and semi-flint grains (endosperm types), and 
whose maize types were common, flour or sweet. The 
second subgroup corresponded to maize type character-
ized as popcorn. This division was based on the names 
and use values listed by farmers during the Diversity 
Census (Costa et al., 2016). In the case of PM, less di-
verse in terms of use values, they were excluded from 
the agronomic and animal nutrition use classes. The trait 
name was excluded from the PM subgroup, since 30 % 
of the landraces did not have names and among those 
which had names, 68 % were associated with grain color 
and therefore the addition of this characteristic would be 
redundant information. In the CM subgroup, 18 % of the 
landraces did not have names while 21 % of names as-
sociated with the trait grain color and 43 low-frequency 
names (< 1 % of landraces) were identified. Low-frequen-
cy names are associated with adjectives for use values or 
specific uses of farmers (e.g., sweet, big, old) or the origin 
of the variety (e.g. “Élcio”, “Festa”, “Camponesas”). These 
low-frequency landraces would not be used in a classifi-

cation that only considered color and type of grain, and 
thus the trait name has been included for subgroup CM. 

The traits associated with location of the landraces 
(municipalities; communities; latitude and longitude) are 
complementary and allow for covering the different net-
works and forms of communication between farmers, 
which may be associated with: (a) commercial networks 
frequented by farmers, which are, in general, centered 
in the municipalities, (b) social networks and the neigh-
borhood, established in the communities, and (c) the 
flow of pollen among local populations of maize, ac-
cording to geographical distance (latitude and longitude). 
Therefore, the three traits associated with the location of 
landraces were included in this analysis.

The field studies were carried out on private lands 
and the owners of the lands gave their individual per-
mission to conduct the studies on these sites. Written 
consent was given by local organizations representing 
the farmers, and individually by 1,688 interviewed 
farmers, as prescribed by the Law of Biodiversity (Law 
13,123 of 20 May 2015) (BRASIL, 2015) in compliance 
with ethical standards. The database obtained from the 
Census of Diversity was analyzed anonymously.

Sampling procedures
The present study tested three sampling strategies 

to guide the work of collection of landraces and search 
for the organization of a germplasm bank at a university. 
Each of the subgroups of landraces (Figure 2) was tested 
as follows: (a) stratified random sampling (E), consider-
ing the area of each farm and making a random sam-
pling among the farms of a same stratum of area; adapta-
tions of the CC sampling, based on the (b) Maximization 
(M) and (c) Modified Random (R) methods. 

In the case of stratified random sampling (E), 
sample size was defined by the optimal sharing strategy 
(Neyman, 1938), considering the total number of farm-

Figure 1 – A) Location of the state of Santa Catarina, Brazil. B) Location of the municipalities of Anchieta and Guaraciaba, in the far western 
region of the state of Santa Catarina. C) and D) Distribution of in situ/on farm Base Collection (in blue color) and Core Collection (in orange 
color). Squares represent common maize landraces (C) and circles represent popcorn landraces (D). Map contour constructed from spatial data 
retrieved from http://www.diva-gis.org/gdata.
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ers (1,688) who conserve the CM and PM landraces. The 
area class was used as a stratification variable, because 
it is believed that conservation and management strate-
gies employed by families could vary according to their 
socioeconomic level. Data on size of the areas was col-
lected from the Diversity Census. Sample size (Table 1) 
was composed of 141 CM farmers and 244 PM farmers; 
the sample was determined using an error margin of 5 
%. After the sample size had been defined, the selection 
of farmers within each of the strata was established at 
random, by means of a random draw, carried out with 
the aid of the SPSS 2.2 software (Statistical Package for 
the Social Sciences, Version 18.0). As the variable of 
stratification corresponded to property, all the landraces 
of each farm were included in the sampling. 

The Maximization strategy (M) proposed by Kim 
et al. (2007) has two stages; during the first stage, all 
variables are transformed into nominal ones and dur-
ing the second stage, CC is sampled. For the first stage, 
the qualitative variables do not need to be transformed 
and all classes are considered; for continuous variables, 
the values are classified into k classes, according to the 
rule of Sturges (1926), where N is equal to the number 
of accessions within the variable. The sampling of CC is 
generated by a sequence of instructions (algorithm) that 
can be repeated (iterations) seeking the shortest path to 
maximize the number of classes detected (heuristic). 

The Modified Random sampling method (R) was 
based on the same variables of the M strategy. The dif-
ference is that one accession from each class is chosen at 
random and, once all the classes of the variable are rep-
resented, the procedure is repeated for all the variables 
until all the classes of the base set have been completed. 
In cases where the class has one accession only, it is 
sampled directly. Samplings M and R were determined 
with the aid of the Power Core software application 
(Kim et al., 2007), designed to develop CC.

The variables considered for sampling were organ-
ized according to subgroups (Table 2). The quantitative var-
iables time, longitude and latitude were divided into 10, 11 
and 11 classes for CM, and 11, 12 and 12 classes for PM, 
respectively, according to Sturges’ rule (1926). The varia-
ble grain size of PM was divided into three classes (large, 
medium and small), according to farmers’ responses; 51 
use value subcategories were identified for CM and 38 for 
PM (Table 3). Each of the use value subcategories was con-
sidered as binary (presence/absence), since a single variety 
may have more than one use value, simultaneously.

Risk of loss was estimated by the Participatory Four-
Cell Analysis method (Oyarzun et al., 2013), a tool which 
aims to understand the dynamics of landraces, through 
the analysis of the number of farming families that grow 
them, and the area occupied. The authors of this method 
understand that few families and reduced area increase 
the risk of loss of a landrace. To adapt the Four-Cell Anal-
ysis tool to data from the Diversity Census, the frequency 
of the landraces and their distribution in the municipal-
ities were used. The landraces of the same name with 

Table 2 – Base Collection Variables used in Random (R) and 
Maximization (M) sampling and number of classes for Common 
Maize and Popcorn.

Characteristic Variable Type
Classes

Common Maize Popcorn

Location

Municipalities Nominal 2 2
Communities Nominal 63 69

Latitude Nominal 11 12
Longitude Nominal 11 12

Grain
Color Nominal 6 5
Type Nominal 3 3
Size Nominal 0 3

Identification
Name Nominal 56 0
Time Nominal 10 11

Loss risk Nominal 4 4
Use Value Subcategories Binary 2 2

Figure 2 – In situ/on farm Base Collection, subgroups (Common 
and Popcorn) and sampling strategies for maize landraces.

Table 1 – Number of farmers by area class obtained from the 
Diversity Census and optimum sampling by strata for Common 
Maize and Popcorn.

Strata 
(in hectares)

Common Maize subgroup 
(CM)

Popcorn subgroup 
(PM)

Diversity 
Census Sampling % Diversity 

Census Sampling %

≤ 5.0 54 22 41 94 33 35

5.1 a 10.0 63 26 41 140 48 34

10.1 a 15.0 74 34 46 175 61 35

15.1 a 20.0 55 25 45 100 35 35

20.1 a 30.0 43 21 49 108 32 30
≥ 30.1 28 13 46 99 35 35
Total 317 141 44 716 244 34

frequency (number of mentions) below 5 % (considered 
as rare) and unique to a single municipality were includ-
ed in group IV and considered to be at high risk of loss; 
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the landraces with frequencies below 5 %, present in 
two municipalities (Group III), and the landraces with 
frequencies above or equal to 5 %, exclusive of a munici-
pality (Group II), were considered to have average risk of 
loss; the landraces with frequencies higher than or equal 
to 5 % and present in two municipalities were included 
in Group I and were considered to be at low risk of loss.

Validation of sampling strategies
The richness (S) of each of the samplings (E, R 

and M) was estimated by counting the total number of 
classes of each variable. The differences in the values of 
S between the three strategies (E, R and M) were tested 
by the Chi square (χ2) test. 

The diversity of the different samplings was esti-
mated by means of the Gini-Simpson indexes (Simpson, 
1949) and Shannon (Shannon, 1948). The Gini-Simp-
son (HGS) index is given by H pGS i i= − ∑1 2, with pi 
equal to the frequency of the nth class of the variable 
or the number of accessions of each class. Shannon’s 
Index (H’) is given by ′ = −∑H p pi i iln (Shannon, 1948), 
where pi is also the frequency of the nth class. For the 
Gini-Simpson and Shannon indexes, the significance of 
the differences between the three sampling methods 
(E, R, and M), in relation to BC-ISOF, was estimated by 
Bootstraping, with 9,999 repetitions and a 95 % confi-
dence interval.

To estimate the representativeness of the sam-
plings, a comparison was made between the classes of 
variables of each sample in relation to BC-ISOF, by de-
termining the percentages of amplitudes retained in the 
samplings and the characteristics with low representa-
tiveness, according to the formula proposed by Diwan et 
al. (1995), given by

%
/

RR
R

t
i
RCAIJ

CBIJ=
∑

×100  

where RCA represents the i classes of j variables in the 
sampling (E, R or M), RCB the i classes of j variables in 
BC-ISOF and t the total number of variables compared. 
According to the criteria proposed by Diwan et al. 
(1995), the samplings are considered as representative, 
if the percentage of retention is greater than 70 % for at 
least 70 % of the variables and a maximum of 30 % of 
traits of the samples are significantly different (p < 0.05) 
than BC-ISOF. For Hu et al. (2000), the average value of 
%RR should be higher for at least 80 % of the traits and 
not more than 20 % of the variables can contain signifi-
cantly different means (p < 0.05) than the averages for 
BC-ISOF. To assess significant differences of samplings 
E, R and M with BC-ISOF, the frequencies of the vari-
ables in use were compared with the χ2 test. 

The H’ and HGS indexes were estimated with the 
aid of the PAST software application (Paleontological sta-
tistics software package for education and data analysis 
version 3.16) to identify representativeness and the χ2 
tests were performed by R Core Team models (2018).

Table 3 – Categories and subcategories of use values   used as 
variables for Common Maize and Popcorn (PM).

Category
Subcategories Subcategories
Common Maize Popcorn 

Agronomics 

Productivity Productivity
Early Early
Easy to thresh Easy to thresh
Resistance to lodging Resistance to lodging
Late planting Late planting
Casing Prolificacy
Thin cob Fast dry
Rooting -
Easy to meal -
Hard grain -
Tall plant -
Low plant -
Medium plant -

Gastronomic

Cooking point -
Flavor Flavor
Softness Softness
Sweet Sweet
Flour Crunchy
Green corn Pé de Moleque
Pamonha Dry
Cooked corn meal No shell
Conserve Volume
Porridge Pops well
Bread Small

- White
- Others

Adaptive

Diseases resistance Diseases resistance
Weevil resistance Weevil resistance
Pest resistance Amplitude of adaptation
Drought resistance Resistance to contamination
Rain resistance -
Early -
Late -
Amplitude of adaptation -

Animal feed
Split grain -
Silage -

Cultural 
Tradition Tradition
Recreation Recreation
Affective Affective

Aesthetics
Ear Ear
Grain Grain
Plant Plant

Economic
Seeds autonomy Seeds autonomy
Costs Costs
Seed Sale Seed Sale

Health
Pesticide free Pesticide free
Transgenic free Transgenic free
Healthy food Healthy Food

Conservation Conservation of diversity Conservation of diversity
Nutritional Nutritional Nutritional
Ornamental Ornamental Ornamental
Hand craft Hand craft -
Medicinal Medicinal -
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Results

Table 4 shows the results by the three sampling 
methods and maize types. For the subgroup CM, sam-
pling E consisted of 181 landraces, which corresponded to 
42 % of the whole subgroup (landraces with endosperm 
dent, semi-dent, flint, semi-flint, whose maize types are 
common, flour and sweet), while for PM, the sampling 
had 322 landraces, equivalent to 31 % of this subgroup. 
Through the R method, 113 landraces in subgroup CM 
(26 %) and 90 landraces in subgroup PM (8 %) were sam-
pled, and using the M method, samplings of 91 landraces 
of CM (21 %) and 72 landraces of the subgroup PM (6 %) 
were identified.

The χ2 test for richness (S) showed significant dif-
ferences between sampling E and subgroup CM (Table 5). 
For PM, the richness of none of the samplings was signifi-
cantly different from the subgroup (Table 6). The average 
value of the H’ index estimated for subgroup CM was 
1.88, while for samplings E, R and M, the mean values of 
H’ were 1.83, 1.99 and 2.02, respectively. For subgroup 
PM, the mean values of H’ were 1.42, and 1.41, 1.50 and 
1.67 for sampling E, R and M, respectively. For the diver-
sity index HGS, the mean values found for subgroup CM, 
E, R and M were 0.57; 0.57; 0.59 and 0.60, respectively, 
while for subgroup PM, the values of the index HGS were 
0.62, 0.61 for sampling E and R, and 0.70 for sampling 
M. For both indexes (H’ and HGS), the values were high-
er for sampling M. For PM, the H’ and HGS indexes of 

sampling R were significantly different from subgroup 
by Bootstrapping, with respect to the variables commu-
nity and risk of loss. Sampling M was also significantly 
higher than subgroup, for the H’ index, estimated for the 
variables community, grain color, cultivation time and risk 
of loss, while the HGS indexes, in the same sampling (M), 
were higher and significantly different from PM for the 
variables community, cultivation time and risk of loss. 

The average of %RR for CM (Table 7) was 89 %, 
for sampling E, and 99 % for both samplings R and M. 
For subgroup PM (Table 8), the mean of %RR was 96 %, 
for sampling E, and they were 100 % for sampling R and 
M. Analyzed individually, the values of %RR of the study 
variables ranged from 52 to 100 % for CM and from 78 
to 100 % for PM, taking into account all sampling meth-
ods. Sample R of subgroup CM (Table 9) was significantly 
different by the χ2 test for the variable risk of loss, which 
represents 12 % of the variables. 

For PM (Table 10), sampling R had significant dif-
ferences by the χ2 test for the variable use value, as com-
pared with the entire subgroup, while sampling E showed 
significant difference for the variable risk of loss, and sam-
pling M for the variables grain type, use values and risk of 
loss, which represent 37 % of the variables.

Discussion

The collection of landraces is frequently a “forgot-
ten” theme, because it is believed that there are enough 
landraces conserved ex situ, and thus no new collection 
activities are required. The diversity in the farmers’ fields 
is not static, so much that the landraces are continuously 
adapting to changes (Camacho-Villa et al., 2005; Mercer 
and Perales, 2010) promoted by biotic and abiotic factors. 
Thus, one of the goals of collection in the context of in 
situ/on farm conservation is to update the ex situ collec-
tions. The collection of landraces can provide valuable 
contributions after being characterized, because they can 
enhance the local germplasm and encourage the devel-
opment of public policies that ensure continued conser-
vation of landraces by farmers, as has been the practice 

Table 4 – Number of sampling landraces by the Strata, Modified 
Random and Maximization methods for the subgroups Common 
Maize (CM), Popcorn (PM) and percentage of the number of 
landraces of each subgroup.

Sampling CM PM
Method Number % Number %
Strata 181 42 332 31
Modified Random 113 26 90 8
Maximization 91 21 72 7
All 435 100 1078 100

Table 5 – Richness (S) and diversity according to the Shannon (H’) and Gini-Simpsom index (HGS) of each variable for the Common Maize (CM) 
subgroup and Strata (E), Modified Random (R) Maximization (M) sampling methods.

Sampling
Variable

CM E R M
S H’ HGS S H’ HGS S H’ HGS S H’ HGS

Municipality 2 0.69 0.50 2 0.68 0.49 2 0.69 0.50 2 0.69 0.50
Community 63 3.73 0.97 54 3.65 0.97 63 3.91 0.97 63 3.97* 0.98
Grain color 6 1.26 0.64 6 1.23 0.61 6 1.29 0.63 6 1.29 0.64
Grain type 3 0.73 0.41 3 0.74 0.42 3 0.74 0.41 3 0.87 0.50
Name 58 3.14 0.93 30 2.97 0.93 56 3.65* 0.96* 56 3.69* 0.96*
Time 8 0.99 0.45 4 0.91 0.43 8 1.05 0.49 8 1.08 0.51
Loss risk 4 1.10 0.63 4 1.10 0.64 4 1.11 0.66 4 1.15 0.67
Use value 52 3.39 0.06 45 3.36 0.06 52 3.54 0.06 52 3.47 0.07
Average - 1.88 0.57 - 1.83 0.57 - 1.93 0.59 - 2.02 0.60
X2 15.8 0.07 0.07
*Differences are significant at 5 % with an CI of 95 % and 9,999 Bootstraps. Critical value of X2

(7; 0.05) = 14.07.
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for thousands of years. In this context, the role of ex situ 
conservation should be complementary and integrated 
into the systems of local germplasm conservation, and 
there should never be any intention of replacing them. A 
complementary ex situ strategy needs to return every time 
to collect landraces, and in this respect, the size of each 
sampling is critical. 

Thus, the best sampling strategy should represent 
the greatest diversity with the least number of individu-

als. We tested three different sampling strategies for two 
different maize types and identified samples differing 
between 72 and 322 landraces for popcorn and 91 and 
181 for common maize. This difference can represent 
considerably less cost and work in the collection process, 
especially when looking to maximize the richness and di-
versity in the collection. 

Richness (S) is a more sensitive parameter for low 
frequencies of classes (Jost et al., 2010). Our results are 
indicative of a loss of representativeness of classes in 
sampling E for CM. 

Because the H’ and HGS indexes are of first and sec-
ond order, they allow for the evaluation of both common 

Table 6 – Richness (S) and diversity according to the Shannon (H’) and Gini-Simpsom index (HGS) of each variable for the Popcorn (PM) subgroup 
and Strata (E), Modified Random (R) Maximization (M) sampling method.

Sampling
Variable

PM E R M
S H’ HGS S H’ HGS S H’ HGS S H’ HGS

Municipality 2 0.68 0.49 2 0.69 0.49 2 0.68 0.48 2 0.68 0.49
Community 69 3.91 0.97 64 3.82 0.97 69 4.14* 0.98* 69 4.22 0.99*
Grain color 5 1.35 0.71 5 1.37 0.72 5 1.24 0.67 5 1.50 0.77
Grain type 3 0.79 0.52 3 0.79 0.52 3 0.77 0.51 3 0.90 0.56
Grain size 3 0.87 0.55 3 0.88 0.56 3 0.82 0.53 3 0.92 0.57
Time 9 1.26 0.61 9 1.25 0.61 9 1.38 0.62 9 1.34 0.72*
Use value 36 1.96 0.77 28 1.92 0.71 36 2.88 0.84 36 2.88 0.91
Loss risk 3 0.56 0.30 3 0.53 0.29 3 0.94* 0.23* 3 0.94 0.56*
Average - 1.42 0.62 - 1.41 0.61 - 1.50 0.61 - 1.67 0.70
X2 2.14 0 0
*Differences are significant at 5 % with an CI of 95 % and 9,999 Bootstraps. Critical value of X2

(7; 0.05) = 14.07.

Table 7 – Amplitude of the variables in the Common Maize (CM) 
subgroup and percentages of retained amplitudes (% RR) of the 
sampling by Strata (E) Modified Random (R) and Maximization (M).

Variable Amplitude CM
%RR

E R M
Municipality 2 100 100 100
Community 63 86 100 100
Grain color 6 100 100 100
Grain type 3 100 100 100
Name 58 52 97 97
Time 8 88 100 100
Use value 52 87 100 100
Loss risk 4 100 100 100
Average - 89 99 99

Table 8 – Amplitude of the variables in the Popcorn (PM) subgroup 
and percentages of retained amplitudes (%RR) of the sampling by 
Strata (E) Modified Random (R) and Maximization (M) methods.

Variable Amplitude PM
%RR

E R M
Municipality 2 100 100 100
Community 69 93 100 100
Grain color 6 100 100 100
Grain type 3 100 100 100
Grain size 56 100 100 100
Time 9 100 100 100
Use value 36 78 100 100
Loss risk 3 100 100 100
Average - 96 100 100

Table 9 – p values for χ2 test between the Common Maize subgroup 
class frequencies distributions and Modified Random (R) Strata (E) 
and Maximization (M) methods.

Degrees of freedom R E M
Municipality 1 0.848 0.421 0.894
Community 62 0.998 0.999 0.999
Grain color 5 0.726 0.921 0.625
Grain type 2 0.944 0.861 0.253
Name 55 0.872 0.999 0.536
Time 7 0.809 0.999 0.999
Use value 50 0.997 0.999 0.999
Loss risk 3 0.015 0.616 0.069

Table 10 – p values for χ2 test between the Popcorn subgroup class 
frequencies distributions and Modified Random (R) Strata (E) and 
Maximization (M) methods.

Degrees of freedom R E M
Municipality 1 0.85 0.812 0.99
Community 68 0.82 0.961 0.76
Grain color 4 0.22 0.216 0.84
Grain type 2 0.82 0.651 2.00E–4

Grain size 4 0.87 0.989 0.70
Time 7 0.16 0.909 0.04
Use values 35 0.01 0.999 5.27E–7

Loss risk 2 0.28 3.29E–13 3.63E–3
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and very common traits, respectively (Hill, 1973). The H’ 
index minimizes redundancies and the samples keep the 
diversity of BC-ISOF. In a smaller set of individuals, in-
creases are desirable in the values of diversity indexes of 
the samples, compared with the value of BC-ISOF (Odong 
et al., 2013). 

For the H’ and HGS indexes, there were significant-
ly higher differences between the samples R and M, in 
relation to subgroup CM, for the variable name. Between 
sample M and subgroup CM, there was also significantly 
higher difference of index H’ for the variable communi-
ty. The H’ and HGS values estimated for sample M, its 
significance compared to subgroup CM and the smaller 
sample suggest that this method M better represents the 
diversity of landraces of CM, because of a reduction in 
redundancies. 

For the PM landraces, the H’ index estimated for 
sample M and its significance as regards this subgroup 
suggests that the M sample best represents the diversity 
and richness of grain colors, cultivation time on farm and 
risks of loss throughout the geographic area. In fact, grain 
color has been an attribute used by farmers in the region 
to recognize the majority of these landraces (Silva et al., 
2017). 

These results are consistent with the work of Li et 
al. (2004), who assessed the diversity of 14 characteristics 
of the maize core collection from a germplasm bank in 
China. For all the characteristics, the values of H’ were 
significantly higher than those in the base collection. Ma-
hajan et al. (2007) have identified 14 of the 15 descriptors 
of a core collection of Sesamum indicum L. with higher H’ 
index than the original collection. For the evaluation of 
the core collection of Pennisetum glaucum, Bhattacharjee 
et al. (2007) compared the H’ indexes of 11 agronomic de-
scriptors, six of which were higher in the core collection.

A sampling strategy is considered efficient when it 
retains, on average, at least 80 % of the amplitude of the 
BC (Frankel and Brown, 1984). Considering the criteri-
um proposed by Diwan et al. (1995), which establishes 
70 % as the minimum threshold of representativeness of 
the variables in the sample, for both subgroups, only the 
characteristic name of sampling E in subgroup MC pre-
sented a lower %RR value (52 %). The R and M meth-
ods were remarkably superior as regards retention of the 
amplitude of all variables. By comparison, Malosetti and 
Abadie (2001), evaluating different sampling strategies 
(random, constant, proportional and logarithmic) for a 
core collection of 10 % of the ex situ maize collection from 
Uruguay, found values of RR% between 69 and 91 % for 
17 phenotypic descriptors.

According to Wang et al. (2013), the values of %RR 
are affected by the sample size and the number of classes 
and, therefore, variables with the maximum number of 
classes in certain strategies require larger samples. The 
value below the critical limit found for sampling E in the 
present study indicated that sample size was insufficient 
for an adequate representation of the feature name. The 
12 % percentage of the variables of sample R of CM con-

taining significantly different means (p < 0.05) from the 
averages for the subgroup is lower than the critical levels 
of 30 % and 20 % proposed by Diwan et al. (1995) and 
Hu et al. (2000), respectively. Therefore, all the samplings 
performed for subgroup CM can be considered as repre-
sentative.

Sampling M from subgroup PM, with 37 % of the 
variables with significant differences, surpasses the lim-
its of 30 % and 20 % significance established by Diwan 
et al. (1995) and Hu et al. (2000), respectively. The sig-
nificant differences in sampling M, compared with the 
entire subgroup PM, may be explained by an increase in 
low-frequency landraces. The landraces with intermediate 
grain type, in sampling M, have a 7 % frequency, while 
in samples R and E landraces with intermediate grain type 
have a 2 % frequency. For the characteristic use values, of 
37 total classes, 32 had higher frequencies in sample M, 
with averages of 2 %, in relation to PM subgroup (1 %), 
while in the samples E and R the mean frequencies were 
1 % and 1 %, respectively. For the variable risk of loss, 
group IV (rare landraces, unique to a single municipality) 
had a frequency of 4 % in the subgroup, 2 % in sampling 
E, 5 % in sampling R, and, in the case of sampling M, 
frequency increased to 14 %.

In order to verify whether the increase in low-fre-
quency classes influenced the representativeness of sam-
pling, only high-frequency classes were evaluated by 
χ2 (data not shown) and no significant differences were 
identified in any of the cases. These results confirm that 
differences in sampling M were explained by an increase 
in diversity.

Germplasm collections are usually planned to pri-
oritize geographical axes with information on weather, 
altitude, relief and soil type, which is effective in large 
areas (Charmet and Balfourier, 1995). Based on this per-
spective, microregions with reduced environmental vari-
ation are represented by a few collection points only, and, 
in such cases, a large part of the diversity of local landrac-
es may not be captured. The FWSC microregion has a hu-
mid moderate subtropical climate with a variation from 
1800 to 2200 mm of rainfall (Fick and Hijmans, 2017) and 
a difference of 500 m in altitude between high and low 
areas, according to DIVA-GIS V 7.5. This relatively small 
variation in the climate of the more distant geographic 
areas may account for the almost zero representation of 
local landraces in this area, in ex situ collections in Bra-
zil and also the shortage of collection expeditions. Recent 
studies have demonstrated the gaps that exist in the col-
lections and the importance of studying the dynamics of 
local landraces on a scale of microregions (Perales et al., 
2003; Pressoir and Berthaud, 2004; Latournerie et al., 
2006; Bracco et al., 2012).

Article 9 of the Convention on Biological Diversity 
of 1992 establishes that ex situ conservation is intended to 
complement in situ conservation. However, most efforts 
continue to be intended for ex situ conservation (Nilsen 
et al., 2014). Less than one-third of the accessions of 30 
species conserved ex situ in germplasm banks around the 
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world corresponds to landraces or old improved cultivars 
(Hammer et al., 2003). The latest collections of landraces 
of maize, in Brazil, were carried out in 1980 (Silva et al., 
2017). Nowadays, the collection of maize from the ger-
mplasm bank of Embrapa (Empresa Brasileira de Pesqui-
sa Agropecuária) has only 12 accessions of maize landrac-
es from the FWSC (EMBRAPA, 2018). In this long period 
of cultivation in the region, many landraces of this spe-
cies may have developed new variations and adaptations 
not covered in previous collections. In the face of short-
comings of ex situ strategies, in situ/on farm conservation is 
a dynamic solution that ensures continuous adaptation of 
landraces to changes in the environment, and it is based 
on the human and biological components of the ecosys-
tem (Galluzzi et al., 2010).

Generally, in ex situ collections, information about 
accessions is quite limited or inaccurate. Passport informa-
tion rarely includes characteristics described by farmers 
or refers to the ecological conditions that are the source of 
the material (Williams, 1989). Our results showed that the 
landraces conserved in situ/on farm in microregions have 
ethnobotanical information. The variables names or use 
values by means of a Diversity Census, and association of 
them with sampling maximization strategy (M), enables 
the inclusion of the ethnobotanical axis of diversity in 
the collections, as well as significantly reducing collection 
size and establishing collection routes.

Much more than representativeness of geographi-
cal extent, morphological attributes, identity of landraces 
and use values, the association of Diversity Census and 
the M sampling allow for incorporating the ethnobotani-
cal axis into collections of the microregions, firstly by ac-
cumulating the highest richness and diversity of names 
and use values of the samplings and, secondly, because the 
information is available at the beginning of the collection.

The M method proposed in this research, as a sam-
pling strategy of maize landraces, can also be used to sup-
port the development of community seed banks, to the ex-
tent that farmers’ use values can be included among the 
selection variables, in order to apply this tool and thus facili-
tate the identification of priority landraces for conservation. 
Finally, the small and representative collections facilitate 
the characterization of landraces of the microregion, which 
favors the development and use of relevant landraces for 
in situ/on farm conservation. The sampling maximization 
strategy also solves one of the greatest concerns of ex situ 
collections, which is the significant increase in germplasm 
collection, more than characterization studies and improve-
ments in the infrastructure of ex situ conservation. 

Future studies should consider other crops, repro-
ductive systems, regions and cultural contexts to verify 
whether the M sampling continues to be the best strategy 
with respect to the representativeness of diversity and 
number of landraces. Clearly, in this study, the M meth-
od established the smallest number of samples that best 
represents the diversity of maize landraces conserved 
in situ/on farm in FWSC. The design of a more efficient 
strategy for collection and subsequent conservation of ex 

situ collections in the gene bank at a university will be a 
key component within a participatory and integrated ap-
proach in maize conservation and use. The minimization 
of genetic erosion in the field, the evolutionary dynamics 
of diversity conserved in situ/on farm renewing the ex situ 
collections and the enrichment and improvement of local 
germplasm are amongst the benefits accruing from these 
two complementary approaches of conservation.
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