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compare “Mocéd”’ Cotton with
other Cotton species and races
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ABSTRACT

‘Mocd’” Cotton (Gossypium hirsutum r. marie galante Hutch), is grown in Northeastern Brazil, but its origin is unknown.
The objective of our study was to compare mocd with other cotton species and races to clarify its origin and botanical
classification. The study was conducted on G. hirsutum r. marie galante Hutch (exotic), G. barbadense var. brasiliense,

the “‘verddo” (green) types of G. hirsutum L., and the cotton plants generally known under the mocé name and

represented by cream fiber, Francisco Raimundo; ‘“moc6 das Serras” (highland mocé) from the Seridé Valley,
“‘mocozinho’’, and, finally, improved moco. The variables chosen for study were leaf, bract, and flower traits measured
in five plants selected at random before flowering. The methodology consisted of the use of cluster analysis, principal
coordinates, canonical discriminant analysis and linear discriminant functions. The results favor the hypothesis that
the mocd cotton lineage consists of several trunks rather than a single one, and that the “marie galante’ race is one °

of them.

INTRODUCTION

Mocé cotton (Gossypium hirsutum 1. marie
galante Hutch), grown in Northeastern Brazil, is of
unknown origin. Current thinking about the origin of
moco follows two major lines. The autochthonous the-
ory proposes that mocd originated from the Serid6
region in the state of Rio Grande do Norte and that it's

recently derived from an ancestral type. The second

theory suggests that mocé was derived from cotton
plants introduced at different times in the Seridé region.
Stephens (1967) agrees with the second theory and
proposes that mocé belongs to the marie galante race
which originated in the Antilles. According to
Stephens, the mocé race may have been introduced into
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Northeastern Brazil by the Dutch from the Antilles, via
west Africa.

Freire and Moreira (1991) disagree with the
latter hypothesis and propose that representatives of
this cotton plant may form an individualized group
separate from the mare galante race and from G.
barbadense L.

The present investigation is a continuation of
the study by Freire and Moreira (1991), to clarify the
relation of moc6 to other cotton species and races and
contribute to to mocd’s botanical classification.

MATERIAL AND METHODS

The materials were obtained from the ‘‘Banco
Ativo de Germoplasma' (Active Germplasm Bank,
BAG) maintained by the ‘‘Centro Nacional de Pesquisa
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de Algodao (National Center for Cotton Research) in the
Experimental Field of Patos (State of Paraiba) of this
Institution. The field is located in the physiographic
region of Seridd, which is the natural habitat of mocé
cotton in Northeastern Brazil. The region is charac-
terized by a predominance of dark, non-calcic soils, arid
climate, and annual rainfall of 660 mm.

The materials studied were previously de-
scribed by Freire and Moreira (1991). The accessions
were classified into the following four groups: (1) G.
hirsutum 1. marie galante Hutch (exotic), (2) G. bar-
badense var brasiliense, (3) ‘'verddes’” (green) types
belonging to G. hirsutum L., and those generally known
as moco. The mocod group was divided into five sub-
groups, cream fiber moco (4), Francisco Raimundo (5),
highland mocé (6), from the Seridé Valley, ‘‘mocozinho’’
(7), and improved mocd (8).

Cotton plants of each type and subtype were
planted in 10 m progeny rows with no replications and
distributed at random in the trial area. Five plants were
selected randomly from each group and subgroup be-
fore flowering and morphological measurements of leaf,
bract, flower traits and indices were taken from Freire
and Moreira (1991).

The methodology used to determine taxonomic
classification included cluster analysis, principal coor-
dinates, canonical discriminant analysis and linear dis-
criminant functions. For cluster analysis, we started
from the matrix and calculated the Mahalanobis D’
distances by the method of Morrison (1976). For clus-
tering, we used the algorithm of the single linkage
method with the D2 distances according to the se-
quence described by Dunn and Everitt {1982). The data
thus generated were used to construct the dendrogram,
which illustrates the relationships among the cotton
plants under study (Figure 1).

The principal coordinate analysis was based on
the same matrix with the Mahalanobis D2 distances
used in cluster analysis. The matrix was transformed to
another F by the method of Sneath and Sokal (1973).

After transformation, the eigenvalues and eigenvectors.

of the matrix were obtained and the principal coordi-
nates were calculated (Figure 2).

Discriminant analysis and discriminant linear
functions were applied to the data for fiber length, petal
length, bract size index, and staminal column length
according to the method of Freire and Moreira (1991).
These variables were those of highest discriminant
power identified by using the Stepdisc procedure of the
Statistical Analysis System (SAS) Library (1985). The
Discrim procedure of this program was also used for
discriminant analysis and to calculate the functions
used to separate mocé from the other cottons studied.
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Figure 1 - Dendogram showing the relationships among cotton
types. 1. marie galante; 2. barbadense; 3. green types; 4. Cream
fibers; 5. Francisco Raimundo; 6. highland mocd; 7. mocozinho; 8.
improved moco.
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Figure 2 - Distribution of cotton accessions over the two principal
coordinates based on Mahalanobis D? distances. 1. marie galante;
2. barbadense; 3. green types; 4. Cream fibers; 5. Francisco
Raimundo; 6. highland mocé; 7. mocozinho; 8. improved mocé.

RESULTS AND DISCUSSION

The traits studied varied considerably among
the various groups of cotton plants.

Marie galante and G. barbadense var. brasil-
Iense seem 1o be isolated from each other and from the
other cotton plants, based on cluster analysis (Figure
1). Thus, marie galante forms an entity separate from
all others, especially when compared with the mocé
types. Two other distinct groups were found; one
consisting of verddao and cream fiber mocé and the
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second of Francisco Raimundo mocd and Seridé Valley
moco. Improved mocd was linked to the latter group,
whereas mocozinho remained isolated.

The classification by cluster analysis agrees
with that obtained based on group means, starting from
Euclidean distances (Freire and Moreira, 1991). The
difference resides in the position of verdao and mocoz-
inho. The remaining results were in agreement in both
studies, indicating the similarity of classification.

Principal coordinate analysis showed that the
first two eigenvalues accounted for almost 90% of the
variability. For this reason, the two principal coordi-
nates were chosen to represent the new variable, start-
ing from the first two eigenvectors.

The cotton plants were plotted along the two
axes representing the first and second principal coordi-
nates (Figure 2). Three distinct clusters are evident by
this technique: 1) Francisco Raimundo mocé, Seridd
mocd and improved mocd; 2) mocozinho, and 3) verdao
and cream fiber mocé. However, marie galante and G.
barbadense appeared to be isolated and distinct from
each other and in relation to the other clusters. A
repetition of the clustering pattern was expected be-
cause of the magnitude of variability in the first two
eigenvalues of the distance matrix.

The first cluster includes those accessions that
are related to one another. Francisco Raimundo mocé
was selected by Captain Francisco Raimundo, farmer
from Rio Grande do Norte, from introductions from the
Serid6é Valley in the same state. Francisco Raimundo
must be related to the mocd types grown in this region,
as well as the mocd types from the Seridé Valley located
in the same cluster as Francisco Raimundo. The simi-
larity of the two accessions and the improved mocé can
be explained in the same manner, since improved moco
is the product of selection from the Seridd region.
Therefore, clustering in both cases reflects the phylo-
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genetic relationships involving the three cotton types
because of the common trunk from which they origi-
nated.

There was a separation of the cluster (5, 6 and
8) formed by the mocé types from that formed by the
marie galante race, as also found by Freire and Moreira
(1991).

Analysis of Figure 2 also reveals that the posi-
tion of G. barbadense is distinct in relation to the moco
types in the first cluster.

The results disagree with the assumption of
Boulanger and Pinheiro (1972) that mocé originated
from crosses occurring continuously and at random
between G. barbadense and G. hirsutum.

Figure 3 illustrates the arrangement of the
points corresponding to the different cotton accessions
on the plane formed by the first and second canonical
axes. The positions repeated the relationships among
cotton accessions obtained by cluster and principal
coordinate analysis. There was a definite separate po-
sition of G. barbadense in relation to the remaining
accessions and the concentration of points correspond-
ing to Mare galante and to the mocd types designated
Francisco Raimundo, Seridé Valaley mocé and im-
proved mocé. There were however, two overlapping
zones: the first refers to mocozinho in the Marie galante
cluster of points, and the second refers to mocozinho in
the cluster of points corresponding to cream fiber mocé.

The percentages of the classification within
and outside their respective groups obtained by canoni-
cal discriminante analysis are included in Table I. The
percentages of classification of Marie galante, G. bar-
badense, verdao and Francisco Raimundo moco in their
own group was 100%. Thus, on the basis of the variables
studied, these appear to be distinct, since they were
not confused with the remaining ones. The Seridé valley
moco, however, overlapped with Francisco Raimundo
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Figure 3 - Position of the cotton races and species on the plane obtained by the first and second canonical
variables. 1. marie galante; 2. barbadense; 3. green types; 4. Cream fibers; 5. Francisco Raimundo; 6. highland

moco; 7. mocozinho; 8. improved moco.
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in one third of cases, and improved moco ovetlapped
with the Seridd Valley, also in one third of cases.

The latter result was expected when one con-
siders the similarity among the moco types studied. In
this respect, canonical discriminant analysis reinforced
what had been demonstrated with the use of the
previous tech- niques, when the above mocé types
formed an individual group separate from marie galante
and G. barbadense.

The discrepancy resided in the positions of
cream fiber mocé and of mocozinho. These accessions,
did not show a well-defined position on the plane
formed by the two canonical axes in discriminant analy-
sis (Figure 3). This is because mocozinho overlaps with
Marie galante in one third of cases and cream fiber

mocé overlaps with mocozinho also in one third of cases
(Table I).

Because these accessions were never confused
with Francisco Raimundo mocd, Seridd Valaley moco,
improved moc6, and verddo, they can probably be
considered to be differentiated from the remaining
accessions (Table I).

Mocozinho was the only cotton type showing
a certain similarity to mare galante (Table II). In con-
trast, the Francisco Raimundo, Seridé and improved
mocd, consistently revealed a difference from mare
galante by the three numerical taxonomy techniques
employed.

The result obtained appears to support the
hypothesis that mocé did not originate from a single

Table I - Observation numbers and classification percentages within eight cotton accessions based on discriminant analysis.

Accessions Marie G. Green Cream Mocé Francisco Highland Mocozinho Improved
galante  barbadense types fiber Raimundo mocd moco
3! 0 0 0 0 0 0
Marie galante 100.00% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 3 0 0 0 0 0
G. barbadense 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 3 0 0 0 0
Green fiber 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00
0 0 0 0 0 1 0
Cream fiber 0.00 0.00 0.00 66.67 0.00 0.00 33.33 0.00
0 0 0 3 0 0 0
Moco6 Fco. Raimundo 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
' 0 0 0 1 2 0 0
Highland mocé 0.00 0.00 0.00 0.00 33.33 66.67 0.00 0.00
1 0 0 0 0 2 0
Mocozinho 33.33 0.00 0.00 0.00 0.00 0.00 66.67 0.00
0 0 0 0 1 0 2
Improved mocé 0.00 0.00 0.00 0.00 0.00 33.33 0.00 66.67
1 - Observation no.
2 - Classification percent.
Table II - Mahalanobis distances between accessions of cotton sj:udjed.
Accessions Marie G. Green Cream  Moco6 Francisco  Highland Mocozinho Improved
galante barbadense types fiber Raimundo moc)d moco
Marie galante (1) 0.00
G. barbadense (2) 18.87 0.00
Green fiber (3) 10.07 37.16 0.00
Cream fiber (4) 11.63 29.73 12.44 0.00
Moco Feo. Raimundo (5) 13.85 57.20 476 14.03 0.00
Highland mocé 23.64 70.68 9.17 17.68 2.31 0.00
Mocozinho 1.66 27.78 8.97 10.64 8.90 16.35 0.00
Improved moco 19.75 67.16 7.60 19.08 2.40 6.76 16.45 0.00
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Table III - Line'ar discriminant functions for the cotton groups studied.

Accessions
Variables
1 2 3 4 5 6 7 8

Fiber length 16.47 14.05 17.80 17.06 19.60 18.80 19.11 17.17
Petal length 3.93 3.64 4.48 4.17 4.81 452 4.40 4.14
Bract size -2.47 -1.73 -2.78 -2.01 -3.06 -2.95 -2.89 -2.66
Staminal column length 0.67 0.32 0.96 0.25 0.61 0.86 1.23 0.50
Constants —318.90 -263.01 -389.19 -374.40 -451.05 -418.81 -432.97 -341.94
trunk but from different ones, among them the marie REFERENCES

galante race itself. Table III showns the eight linear
functions used to separate each cotton accession stud-
ied by discriminant analysis. The functions operate in
such a manner that a given set of observations of the
variables considered is allocated to the group that
presents the highest value for that function.

RESUMO

O algodoeiro moc6 (Gossypium hirsutum 1. marie galante
Hutch) cultivado no Nordeste brasileiro, até a presente data, € uma
planta de origem desconhecida. O que se sabe acerca do seu
aparecimento nesta regido encontra-se no terreno de meras
conjecturas. O presente trabalho tem por objetivo esclarecer a
posigdo do moco frente a outras espécies e ragas de algodoeiro com
vistas a contribuir para o esclarecimento de sua origem e
classificacdo botanica. Foram estudados o G. hirsutum 1. marie
galante Hutch (exotico), o G. barbadense L. e os algodoeiros
conhecidos com a designagao geral de mocd representados pelo
fibra creme, Francisco Raimundo, mocé das serras, mocozinho e,
por fim, o moc6é melhorado. As varidveis escolhidas basearam-se
nas caracteristicas das folhas, bracteas e flores e foram medidas em
cinco plantas escolhidas ao acaso, antes da floragdo. A metodologia
adotada constou do emprego da andlise de conglomerados,
coordenadas principais, andlise discriminante canénica e fungdes
discriminante lineares. Os resultados encontrados favorecem a tese
de que o algodoeiro mocé pode néo ter tido um tronco Unico, porém
diversos, entre os quais o da prépria raga marie galante.
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