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INTRODUCTION

Maize landraces have developed over long periods of
time following natural selection, in different environ-
ments. Generally, their evolution was limited ranger of
crop practices, such as fertilization or diseases and pest
control, which gave them a high productivity, yield stabi-
lity and adaptation (Esquinas, 1982).

The appropriate use of the adapted germplasm invol-
ves its characterization and evaluation. There are two con-
secutive steps: a preliminary evaluation, in which a limi-
ted number of traits are studied, and a later more detailed
evaluation of the most promising materials. However, the
information obtained from a specific site can not be used
to predict characteristics such as yield, in other environ-
ments due to genotype x environment interaction (Cecca-
relli et al., 1987).

Ecological and agronomical characteristics from the
area of origin have a large influence on the landraces
during their adaptation period (Harlan et al., 1973),
having a clear influence on the plant morphology.

The use of climatic and soil variables to describe a
region has been studied by different authors (Cornish,

1950; Fisher, 1965; Boyd et al., 1976), showing the rele-

vance of the choice of the climatic and soil variables to

characterize that region (Seamann, 1979).

Thermic and humidity factors are, according to Papa-

dakis (1960), the main characteristics of any climate. The

combination of both factors allows a description of  the

ecoclimate or climate type to which each site belongs.

León (1989) uses this method to classify all the areas of

Guipuzcoa, from the climatic data from weather stations.

Pollak and Pham (1989) used soil and climatic varia-

bles to identify similar areas to be used in the characteri-

zation of the maize populations. Significant relationships

between yield and some physical and chemical soil traits

h ave been also described (Dirks and Bolton, 1 9 8 1 ;

Muchow et al., 1990; Liang et al., 1991; Binford et al.,

1992).

Environmental variables have been also used in the
study of genetic diversity of crops, looking for the rela-
tionship between these parameters and morphological and
biochemical traits (Nevo et al., 1979).
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One hundred local populations of maize from four different agroecological zones in Guipúzcoa, in Northern Spain were charac -
terized according to Papadakis’s classification. Their morphological characteristics were also studied and related with the type of soil
of the areas of origin. 81% of the populations belonged to areas with Continental Mild Hot and Mild Hot climate, and 96% of them
were collected in areas with soils Luvisol and Cambisol. Significant effects of the climate in the area of collecting were found for 12
of the 15 morphological and phenological traits analyzed. Morphological and phenological differences appeared between populations
collected in areas with different soil type. The results suggest that the use of ecological variables at the sites of origin of the popula -
tions can reveal their possibilite of adaptation. They also facilitates the selection of maize populations to be used in breeding pro -
grammes for specific agroecological new areas.
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An accurate description of landraces, based on the
knowledge of the genetic basis of most of the production
traits, including plant cycle, and physiological processes
connected with them, is needed for their efficient use in
plant breeding (Camussi, 1979 ). 

The aim of this work was to characterize morpholo-
gically and phenologically 100 maize populations from
Guipúzcoa (northern Spain), according to their agroeco-
logical zones of origin. The zones of origin were classi-
fied following Papadakis ’s classification and soil type.

MATERIAL AND METHODS

One hundred maize local populations from Guipúz-
coa, in the northern Spain, were evaluated using morpho-
logical and phenological traits (Ruiz de Galarreta and
Alvarez, 1990). These populations are the most represen-
tative germplasm of maize growing area. The soil types
within the sample areas are mainly Cambisols, Luvisols
and Regosols according to the classification of the Soil
Survey Staff (1988). 

Four trials were conducted in 1990 and 1991 at two
sites in Spain: Fuenterrabía (43º21’24’’N, 1º53’52’’W)
and Zaragoza (41º44’30’’N, 0º47’00’’W). Each experi-
ment was of randomized complete block design with 3
replicates. The experimental plot was two rows 5 m long,
75 cm apart and 20 cm between plants in the row. The
crop population was approximately 66000 plants/ha. Fer-
tilizer (N-P-K 12:24:8) was applied at the rate of 400
kg/ha in Fuenterrabía and 600 kg/ha in Zaragoza. Urea
fertilizer was added four weeks after seedling emergence
to supply an additional 300 kg/ha and 200 kg/ha of N, res-
pectively. Weeds were controlled with the application of a
mixture of 1.5 kg/ha metolachlor and 0.95 kg/ha atrazine.

Data on morphological traits were average values
from 10 plants per replication, randomly selected in each
plot, and means of each trait for 100 populations were
obtained from 12000 values. Phenological traits were
obtained from visualized observation in each experimen-
tal plot. The fifteen quantitative traits shown in Table 1
were studied. The selection of traits took into account
some previous works (Sánchez-Monge, 1962; Camussi et
al., 1983; Alvarez and Lasa, 1987), and also field obser-
vations of the material. 

Maize populations were clustered according to the
Papadakis’s classification of their area of origin (Papada-
kis, 1960) and by type of soil in the prospection area.

Analyses of variance were computed on each morp-
hological trait to detect differences among populations
grouped according to their area of origin. Multiple com-
parations of means were calculated with the Waller-Dun-
can test at p<0.05, as described by Steel and Torrie
(1980).

RESULTS AND DISCUSSION

Table 1 shows the mean values, standar error and
range of all the morphological and phenological traits stu-
died. Standard error was, generally, low for all the traits. 

The variability analysis allows a more objective view
about the distribution of each trait of the 100 populations.

Table 1. Mean values, standard error (SE),and range of traits for
100 maize populations.

Plant
Height (cm)                    189.1 0.30 102.0 - 324.0 
Node number                    10.2 0.01 6.0 -   15.0 
Ear height (cm)                 67.5 0.21 17.0 - 149.0 
Ear node number                5.6 0.01 3.0 -     9.0 
Leaf area (cm2) 555.1 1.34 110.0 -1112.0 
Tassel length (cm)             39.0 0.06 20.0 -   67.0 
Tassel branches number     15.0 0.05 3.0 -   53.0 

Ear
Length (cm)                      14.8 0.02 7.0 -   24.0 
Medium diameter (mm)     44.5 0.05 28.0 -   68.0 
Conicalness (%)                10.3 0.04 1.0 -   37.5 
Row number                     11.7 0.02 6.0 -   20.0 
Kernels row number      27.5 0.04 12.0 -   48.0 
Cob percentaje(%)             27.5 0.15 13.5 -   58.3 

Cycle
Silking (days)               69.0 0.16 56.0 -   85.0 
Heat units to silking (ºC) 610.1   2.61      459.5 - 852.7

Trait Mean         SE             Range

Generally, traits such as plant height, ear height, ear node
number, leaf area, number of nodes, tassel length, tassel
branches number, and phenological traits such as silking
and heat units to silking are a highly variable. Traits ear
length, medium diameter, conicalness, row number, ker-
nel row number and cob percentage have smaller ranges
than plant traits.

The populations were grouped according to Papada-
kis’s classification of their area of origin. This classifica-
tion defines each site through its climatic conditions in
w i n t e r, s u m m e r, f ro zen and drought periods; conse-
quently, a crop map of a limited area is easily defined.

The mean values of the morphological and phenolo-
gical traits for the populations collected in each climatic
area are shown in Table 2. Populations collected in the
four zones differed in 12 of the 15 traits analyzed.

Table 2 shows also the grouping of maize populations
according to their climatic type of their area of origin.
There are 41 populations that belong to continental mild
hot climate (CMH), located mainly from the centre up to
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the north of Guipúzcoa. There are 5 populations from
maritime mild hot climate (MMH) located near the coast
and pre-coast. The third group of 40 populations from
mild hot climate (MH) located from the centre to the
south. Finally, 14  populations from the south east have a
maritime cool climate (MC).

A wide variability between populations was observed
for the traits studied, and also a clear relationship between
climate and some vegetative traits. 

The populations from the hotter climate  (CMH) had
a greater plant heigth, node number and leaf area than
those populations collected in maritime cool areas. The
shape of ear was more conical in populations collected in
areas classified as hotter climate, having a higher cob per-
centage. The populations from maritime mild hot climate
were the earliest. 

The populations were also grouped according to the
type of soil at their site of collection. The types of soil
were determined by genesis and physical and chemical
characteristics (Salazar et al., 1991). The following three
soil types were found:

- Cambisol: refers to the change of structure and
colour derived from edaphization “in situ”.

- Luvisol: refers to drainage and consequently

clay content.

- Regosol: refers to thiner and less evolutioned

soils from soft rocks.

Table 3 shows the mean values of the morphological

and phenological traits of the populations collected from

each type of soil. Statistically significant differences

among populations appeared for  all  the traits except for

tassel length, ear length, ear diameter and ear rows. Table

3 shows also the  number of populations that were collec-

ted in each soil type. 96% of them are included in   Luvi-

sol and Cambisol type, and 4% belonging to the Regosol

type.

Regarding the clustering of populations by soil type

of origin, it  was observed that the Regosol type was asso-

ciated with populations with the highest values of plant

and ear traits, in opposition to the Luvisol type to which

the earliest populations are associated.
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Plant height (cm) 194.2a 188.0ab 187.4ab 179.3b
Node number 10.5a 10.1ab 10.1ab 9.9b
Ear height (cm) 71.5a 67.0ab 63.3ab 59.2b
Ear node number 5.8a 5.6ab 5.5ab 5.3b

Leaf area (cm2) 580.1a 552.1ab 543.8ab 507.0b
Tassel length (cm) 39.6a 38.3a 38.9a 38.1a 
Tassel branche number 15.7a 12.5b 14.7ab 14.8ab
Ear length (cm) 14.9a 14.0a 14.7a 15.0a 
Ear medium diameter (mm) 45.1a 45.3a 44.5a 42.2b
Conicalness (%) 11.0a 11.0a 10.0ab 9.0b
Ear row number 11.9a 11.2a 11.8a 10.8a 
Kernels row number 27.3ab 26.8b 27.1b 29.1a 
Cob percentage (%) 28.6a 26.0ab 27.4ab 25.2b
Silking (days) 69.9a 67.2b 68.6ab 68.0ab
Heat units to silking (ºC) 621.3a 588.6b 605.6ab 598.3ab

Number of populations 41 5 40 14

Trait CMH MMH MH MC

Table 2. Multiple comparisons of means for traits based on the climatic type of the area of origin.

C  l  i  m  a t i c  t y p e

Means within rows with different letters are significantly different at p<0.05.
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los lugares de recolección de las poblaciones permite
conocer sus posibilidades de adaptación, así como adop-
tar un criterio en la elección de las mismas para su empleo
en programas de mejora de maíz,en áreas geográficas con
características climáticas y edafológicas determinadas.
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RESUMEN

Se han caracterizado 100 poblaciones locales de maíz
de Guipúzcoa, Norte de España, procedentes de cuatro
zonas agroclimáticas distintas, de acuerdo con la clasifi-
cación de Papadakis. 

Asimismo se ha determinado la variación morfoló-
gica de las mismas, relacionándola con el tipo de suelo en
que se desarrollan. El 81% de las poblaciones pertenecen
a áreas de clima Continental Templado Cálido y Tem-
plado Cálido. Asimismo, el 96% de las mismas fueron
recolectadas en lugares con suelos de tipo Luvisol y Cam-
bisol. Se han encontrado efectos significativos del clima
de la zona de procedencia, en 12 de los 15 caracteres mor-
fológicos y fenológicos estudiados. Igualmente se detec-
tan diferencias significativas entre grupos de poblaciones,
para cada tipo de suelo, en caracteres vegetativos de
planta, y fenológicos y dimensionales de mazorca. Los
resultados sugieren que el uso de variables ecológicas de

Plant height (cm) 184.7b 192.8ab 198.5a 
Nodes number 10.0b 10.4ab 10.7a 
Ear height (cm) 63.9b 70.8ab 73.1a 
Ear node number 5.5b 5.8ab 6.0a 
Leaf area (cm 2) 536.5b 571.4ab 592.2a 
Tassel length 38.8a 39.2a 39.7a 
Tassel branches number 14.3b 15.7a 16.0a 
Ear length (cm) 14.7a 14.7a 15.0a 
Ear medium diameter (mm) 43.7a 45.2a 45.4a
Conicalness (%) 9.8ab 10.0a 9.1b
Ear row number 11.5a 11.9a 11.6a 
Kernels row number 27.9ab 26.9ab 29.0a 
Cob percentage (%) 26.2b 28.9a 27.8a
Silking (days) 68.0b 69.9a 70.0a 
Heat units to silking (ºC) 598.6b 621.2a 621.2a

Number of populations 49 47 4

Trait Luvisol Cambisol Regosol

Table 3. Multiple comparisons of means for traits by soil type.

S o i l  t y p e

Means within rows with different letters are significantly different at p<0.05.
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