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Abstract

Lethal yellowing disease has drastically affected the coconut populations on the east coasts of Mexico and is
threatening to invade all the production areas in Mexico. For the purpose of defining the existence of genetically
differentiated coconut populations that eventually could have a differential response to this disease, we studied
the germination patterns in 20 representative coconut populations using 90 nuts per population in three lots under
similar growing conditions. Following the emergence of the leaf through the plumuler fissure, the following were
calculated weekly: (1) percent emergence of the first leaf, percent mortality between germination and emergence,
and percent germination capacity; (2) time required to reach 25%, 50%, 75%, and 100% of germination; (3)
mean time to complete germination, coefficient of the rate of germination, and uniformity of germination; and

(4) sigmoid curve parameters of accumulative percent germination, adjusted to a model of nonlinear regression
(log scale). The results showed three population groups: (a) with early and uniform germination; (b) with early
and heterogeneous germination, and (c) with late and heterogeneous germination. The same population groups
were previously observed using fruit morphological traits. This suggests the presence in Mexico of three tall
coconut genotypes. Late and heterogeneous populations have been almost totally eliminated by the disease and
some precocious populations have been shown very low levels of mortality. This suggests a correlation between
precocity and resistance. The geographical distribution of the ecotypes suggest that the mortality will be deferential
when the disease arrives to the other coconut producing areas in Mexico.

Introduction Human selection during domestication could have
favored fruits with a high content of liquid endosperm,
thus, lowering the percentage of mesocarp, while in-

Flotation is considered the principal means of disper- creasing the density of the fruit and decreasing its
sion of the coconut under natural conditions (Sauer, floating ability. On the other hand, human selection
1994; Harries, 1995). It is accepted that the coconut oOf seedlings could have favored fruits with early ger-
evolved in a habitat confined to the narrow coastline mination which would have a negative effect on long
in the Indo-Pacific region, dispersing throughout the distance dispersion. Thus, two changes that have been
islands and reefs, and establishing itself with litle observed in the domestication process of plants that
further movement on beaches in moist climates with- are grown for seeds (Ladizinsky, 1985), which might
out prolonged dry periods and with readily available respond to human selection: (1) changes in the mode
fresh water. The natural selection under this conditions of seed dispersal and (2) reduction of seed dormancy.
could have favored fruits with a high content of meso- ~ Studies on germination in coconut populations in
carp and late germination that would increase their different parts of the world indicate two general pat-

ability and capacity to colonize distant places (Harries, terns: (1) late germination, when the populations re-
1978). quire more than 75 days to reach 25% of germination,
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Fig. 1. Sites sampled of 20 coconut populations studied in Mexico.

more than 90 days to reach 50% and more than 105

days to reach 75%; and (2) early germination, when

lations in situ. In this study, four morphotypes of
coconuts were defined in Mexico: ‘Malayan Dwarf’,
‘Atlantic Tall’, ‘Pacific Tall 1" and ‘Pacific Tall 2’
(Zizumbo-Villarreal & Pifiero, 1998).

We considered it important to analyze the germi-
nation patterns in representative coconut populations
because they have been used to describe intra-specific
variability and this is a character which could be cor-
related with productivity and resistance to LY. We also
investigated the relationship between germination and
different fruit morphological characteristics in order to
confirm the presence of different genetic populations
in Mexico.

Materials and methods

Seed collection

they require less days to reach these percentages (Hary, 19g9 e defined nine important coconut produc-
ries, 1981a). This differentiation has been considered i, areas in the country, which included the possible

a product of the long term domestication process in the

Malesian region (Harries 1990).

considered a useful tool in the study of interpopulation
variability (Harries, 1981b; Whitehead, 1965). The

rate of germination has been used in genetic improve-

ment programs as a marker for the selection in the
nursery of hybrid individuals which are products of the
crossing of two progenitors with different germination
patterns (Rognon, 1972; Wuidard, 1981;). Agronomic

sites of early introduction and the principal plantation

oy . . areas. The morphological variation pattern of 41 pop-
Germination patterns have been used in the botani-

cal characterization of coconut varieties and have been

ulations in these nine areas was describesitu based

on the components of the fruit (Zizumbo-Villarreal et
al., 1993). For the germination study, we selected 19
of these populations with tall coconuts, representative
of the production areas. On the west coast of the states
of Nayarit, Jalisco, Colima, Michocan and Guerrero,
and on the east coast, of the Tabasco and Campeche
states (Fig. 1). A population of yellow dwarf coconuts
(C5) from the state of Colima was also included.

studies have demonstrated that characteristics such as  £rom each population, we obtained a sample of 90
high percentage of germination and precocity present . jits produced by open pollination. They were col-

a positive correlation with production as well as high
inheritability (Mathew & Gopimony, 1991). This sug-

lected when they were physiologically mature. The
collection was carried out between April and May of

gests that the selection of precocious seeds leads t0;9g9 The period between collecting and planting was

superior plants.
In Jamaica the evaluation of different coconut pop-
ulations of the world, in relation to Lethal yellowing

approximately 21 to 28 days for fruit collected in the
state of Guerrero, 14 to 21 days for those from the state
of Michoacan, 7 to 14 days for those from the states of

disease (LY), suggests a positive correlation between Colima, Jalisco, Nayarit and Tabasco, and 2 to 7 days

early germination and survival, indicating that it could
be a useful marker for the selection of plants resis-
tant to LY (Whitehead, 1968; Harries, 1973). LY
entered Mexico via the Caribbean coast in 1977, dis-
persing along the coasts of the Gulf of Mexico and
the Caribbean, and is now threatening all the co-
conut production areas of Mexico and Central Amer-
ica (Oropeza-Salin & Zizumbo-Villarreal, 1997). In
order to ascertain the morphological variation and ge-
netic diversity of coconut in Mexico, first, we studied
the pattern of morphological variation in 41 popu-

for those from the state of Campeche.

Data collection and experimental design

We studied a total of 1,800 fruits with 90 fruits per
population divided in three lots of 30 fruits each. All
the lots were planted under similar environmental con-
ditions in nurseries prepared with a soil layer of 0.25
meters deep composed of 50% sand and 50% soil
of the cambisoltype (Duval, 1968). Irrigation and
weeding were carried out similary for all the plants.
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Planting was done on the 16th of June, 1989 in nursery with Bonferroni test for multiple comparisons (=
conditions in Merida, Yucatan, Mexico (Fig. 1). 0.05). The percentage data were transformed with ar-
Germination was registered as the emergence of cosin function before applying ANOVA. In order to as-
the first leaf from the plumuler fissure after passing certain the effect of the time lapse between collection
through the mesocarp, since the thick mesocarp did and planting on the germination, a linear regression
not allow direct observation of embryo differentiation, analysis was carried out between said time lapse and

and mesocarp removal is not convenient because itthe coefficients and parameters of the curve.
alters germination as it changes embryo conditions
such as temperature, humidity, and aeration (Harries
1981a).

Fruits that emitted the first leaf were counted

weekly for 40 weeks after being planted. At the end Means and standard deviations of percentage of emer-
of this period, the nuts that showed no sign of germi- gence of at least one leaf, percentage mortality be-
nating were opened in order to observe the condition tween germination, and percentage germination ca-
of the embryo. Thus, we observed a number of seedspacity are presented in Table 1. Germination capacity
that began germination but die before emitting the first \was 87.3%, with 83.4% of the seeds emitting leaves,
leaf. while 3.9% died before leaf emergence, due to the at-
tack of a fungus, presumabBhytophthoraspp. The
populations from the coast of the Gulf of Mexico (T2,
T4, K1 and K2) registered no mortalities. The popu-
Different methods were used (Bewley & Black, 1985; lations, G1, M1, M2 and M3, presented a mortality
Gonzalez- Zertuche & Orozco-Segovia, 1996): rate of between 11.1% and 13.3%, significantly higher
Descriptive methods: (1) percentage of seeds thatthan the rest of the populations. Populations such as
emitted at least one leaf (E), (2) percent mortality C5, C3 and G2 presented a mortality between 4.4%
between germination and emergence (M), (3) germi- and 6.7%, not significantly different from the rest of
nation capacity (C), that is defined as the percentagethe populations.
of seeds that included those that emitted at least one  The mean and standard deviation of the number of
leaf, plus those germinated but did not emit any leaf days necessary to reach 25%, 50%, 75% and 100%
(C), and (4) the time (days) required to reach 25%, germination and emergence of the first leaf are pre-
50%, 75% and 100% germination and emergence of sented in Table 1. Significant differences were found
the first leaf. between two groups of populations for the four in-
Analytical methods: (1) mean time to complete dexes (Table 2): (a) early-germinating populations,
germination; = Y (¢ - n)/>_n, weretis the numbers  composed of all the populations distributed on the
of days, starting from day 0, the day of sowing, and west coast and two populations on the east coast (T2
n is the number of seeds that emitted the first leaf on and T4), which required between 49 and 75 days to
dayt; and (2) coefficient of uniformity of germination, reach 25%, between 65 and 98 days to reach 50%,
CUG =Y _n/>[(f — 1)? - n]. between 81 and 102 days to reach 75% and between

Results

Analysis of data

Cumulative percentage of germination was ad-
justed to a sigmoid curve on a log scale, using IN-
PLOT (1992). The four parameters of the logistic
equation were calculated, where A is the bottom of
the plateau, B is the top of the plateau (A and B are

129 and 159 days to achieve 100%, and (b) late-
germinating populations, composed of the populations
K1 and K2 of the east coast, which required between
142 and 154 days to reach 25%, between 172 and 175
days to reach 50%, between 191 and 193 days to reach

expressed in units of the axis), C is the value of the
X axis at the middle of the curve, and D is the Hill Means and standard deviationsradnd CUG are
coefficient or slope factor which has no units. presented in Table 3. Significant differences were
Means and standard deviations were obtained from found between populations regarding the mean time
three repetitions for each index, coefficients and para- to complete germination. The populations, K1 and
meters of the curve. Differences between populations K2, of the east coast took longer to germinate (be-
were analyzed by ANOVA using the procedure in- tween 170 and 172 days) than populations distributed
cluded in the Statistical Analysis Systems Release on the west coast, which took between 67 and 83
6.04 (SAS, 1985). Comparison of means was done days to germinate. There were also significant dif-

75% and between 229 and 238 days to reach 100%.
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Table 1. Code, name of the population, state, mean, and standard deviation (Std) of percent emergence at first leaf (E), percent
mortality between germination and emergence (M), percent germination capacity (C), and 25%, 50%, 75%, and 100% germination
and emergence of the first leaf in 20 coconut populations in Mexico

Code Population State E M C 25% 50% 75% 100%
(%) (%) (%) (days) (days) (days) (days)
Mean Std Mean Std Mean Std Mean Std Mean Std Mean Std Mean Std

Gl Marquelia  Guerrero 63.3 100 122 77 756 51 700 00 863 40 98.0 0.0 179.7 359
G2 ElCarrizo  Guerrero 76.7 100 6.7 0.0 833 100 490 70 700 0.0 887 4.0 151.7 748
G3  Nuxco Guerrero  100.0 0.0 00 0.0 1000 0.0 607 81 770 0.0 910 7.0 147.0 485
G4  Tecpan Guerrero 90.0 33 33 00 933 33 490 121 67.7 4.0 817 4.0 1470 140
M1 ElCaiman Michoacan 756 6.9 111 84 867 33 700 70 793 81 910 7.0 1283 4.0
M2 ElManglar Michoacan 678 9.6 133 33 811 69 630 00 770 00 863 4.0 1260 37.0
M3 Coahuayana Michoacan 689 10.2 11.1 51 800 88 60.7 40 723 40 840 7.0 1237 8.1
Cl Callejones Colima 789 69 56 38 844 51 653 81 793 40 933 4.0 1587 323
C2 C.Ortega Colima 889 19 00 00 889 19 560 00 747 40 887 4.0 1563 359
C3  Tecoman Colima 90.0 33 44 51 944 38 583 40 653 40 793 40 980 14.0

C4  Cuyutlan Colima 822 51 22 19 844 69 607 40 747 81 817 81 116.7 21.4
C6 Centinela Colima 911 38 00 00 911 38 723 4.0 793 40 0957 4.0 1447 46.6
J1 Cihuatlan Jalisco 911 19 22 19 933 33 747 40 863 40 980 0.0 137.7 10.7
J2 B. Navidad Jalisco 867 33 11 19 878 19 747 81 933 4.0 1050 7.0 161.0 14.0

N2  Matanchen Nayarit 789 77 11 19 800 88 583 265 84.0 7.0 102.7 10.7 1283 214
T2  Sanlaquito Tabasco 956 19 00 00 956 19 653 4.0 980 0.0 1143 4.0 158.7 16.2
T4 Dos Bocas Tabasco 944 38 00 00 944 38 537 107 770 140 957 4.0 1353 40
K1  Champoton Campeche 91.1 69 0.0 00 911 6.9 1423 4.0 175.0 12.1 193.7 10.7 228.7 8.1
K2 Cd.Carmen Campeche 722 38 00 00 722 3.8 1540 0.0 1727 16.2 191.3 8.1 238.0 12.1
C5 Tecoman Colima 844 69 44 38 839 69 677 40 723 40 887 81 1143 8.1

ferenf:es.between populatlons rela.tlng to the rate of Table 2. ANOVA for eleven indixes, coefficients and parame-
germmatlon_ (Tf”‘_ble 2). The populations, K1 and K2, o5 ofthe accumulative germination, in 20 coconut populations
presented significantly lower values (between 0.58 and  from Mexico.

0.59) compared to the rest of the populations (between —
1.1 and 1.5). Regarding the coefficient of uniformity, ~ 'ndexes, Coefficients, and parameters £ P
significant differences were also found between WO percent emergence of the first leaf 8.2 0.0001
groups of populations (Table 2): (a) populations with Percent mortality germination/emergence 7.8 0.0001

high values between 0.35 and 0.39, indicating rela- Germination capacity 51 0.0001
tively uniform germination, included M2, M3, C3, Days to 25% of germination 28.0 0.0001
C4, C5, and J1; and (b) populations with low values Days to 50% of germination 56.0 0.0001
between 0.07 and 0.016, indicating a relatively hetero-  Days to 75% of germination 77.3  0.0001
geneous germination, included G1, G4, C1, C2, J2,  Daysto 100% of germination 3.6 0.0001
T2, T4, K1 and K2. The populations, G3, G2, M1, N2 Mean time to germinatiori 83.1 0.0001
and C6 were intermediate and were no significantly ~ Uniformity of germination (CUG) 3.4 0.0002
different from the two groups. Botton plateau (A) 15 ns
The graphic relation7 / CUG, indicates three Top plateau (B) 8.1 0.0001
population groups with different germination patterns; ~ Pays atthe halfway pointto the curve (C)  70.8 0.0001
(a) populations with early and uniform germination, Hill coeficient or Slope factor (D) 6.1 0.0001

which include C3, C4, C5, J1, M2, M3, M1, G3
and C6; (b) populations with early and heterogeneous
germination, which include G1, G2, G4, C1, C2, J2,
N2, T2 and T4; and (c) populations with late and



469

Table 3. Mean and standard deviation (Std) of the mean time to complete the germirtiticoefficient

of uniformity of germination (CUG), and the parameters of the logistic equation: bottom plateau (A), top
plateau (B), days to the halfway point of the curve (C), and Hill coefficient or slope factor (D), in 20 coconut
populations of Mexico.

Code t CUG A B C D
Mean Std Mean Std Mean  Std Mean Std Mean Std Mean Std

Gl 888 22 011 0.04 -005 0.31 187 27 804 1.1 0.027 0.007
G2 743 7.6 0.15 0.10 -0.60 056 222 36 722 7.8 0.0381 0.008
G3 780 45 024 0.20 064 046 297 05 747 25 0.049 0.015
G4 679 33 014 0.01 034 028 266 14 642 28 0.031 0.002
M1 824 68 029 0.04 -0.30 0.07 226 21 772 7.0 0.040 0.002
M2 780 31 035 018 -0.12 008 203 28 732 14 0.046 0.006
M3 765 16 037 0.10 052 013 206 3.2 70.5 3.3 0.044 0.002
C1 815 15 0.13 0.03 0.11 090 234 19 76.3 3.1 0.036 0.010
Cc2 782 47 014 0.02 -090 0.06 265 0.7 68.6 55 0.031 0.003
C3 676 59 039 0.10 0.11 120 270 1.0 64.3 3.2 0.049 0.005
C4 736 42 036 0.20 0.06 1.00 245 1.4 67.2 9.2 0.059 0.021
C6 83.1 44 027 0.15 0.15 079 272 1.0 788 3.4 0.042 0.003
J1 871 12 037 006-010 028 273 06 826 14 0.051 0.002
J2 936 4.6 0.18 0.02-029 0.22 258 10 87.7 35 0.036 0.004
N2 79.2 93 0.11 0.04 0.70 180 239 24 79.5 12.7 0.030 0.015
T2 928 13 0.12 002 -0.73 0.75 289 05 882 1.2 0.022 0.003
T4 788 58 0.13 0.00-190 190 284 11 70.0 85 0.022 0.002
K1 172.2 9.2 009 002 -0.33 0.21 28.7 27 1722 11.0 0.018 0.003
K2 170.7 8.2 0.08 0.02 033 052 217 09 1696 7.5 0.027 0.006
C5 785 34 039 0.09-050 030 253 21 735 3.1 0.044 0.006

heterogeneous germination, which include K1 and K2
(Fig. 2).

All the curves registeredR? values higher than
0.98. Means and standard deviation for the four pa-
rameters of the curve are shown in Table 2. Parameter
A was similar for all the populations. For parameter
B, significant differences between populations were
observed between population which showed 100%
germination, and populations M1, M2, M3, and G1
which showed a high mortality between germination
and emergence: For parameter C, significant differ-
ences were registered between the populations of the
east coast, K1 and K2, which showed values between
169.4 and 172.2 days, compared to the populations
on the west coast averaged between 64.4 and 88.2
days. In the case of parameter D, there were signifi- )
cant differences between two groups of populations: Mean time (t) to complete germination (days)

(a) populations with higher values, (between 0.042 Fig. 2. Relation between coefficient of uniformity of germination

and 0_049) such as M2, M3, C3, C4, C5 and J1; and (CUG) and mean time to qomplete the _germinatid'»)] n 20

(b) populations with lower values, (between 0.018 and coconut populations in Mexico. Germination patterns: (a) early
and homogeneous, (b) early and heterogeneous, and (c) late and

0.031) such as G1, G4, C2, J2, N2, T2, T4, K1, and heterogeneous.

K2. The parameter D for the populations, G2, N2, C6,

0.0056

0.004

a
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(a) early and homogeneous germination, one repetition of popula-
tion C4, (b) early and heterogeneous germination, one repetition
of population G2, and (c) late and heterogeneous germination, one
repetition of population K1.
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days at the halfway point of the curve

Fig. 3. Relation between the parameters of the sigmoid curve: days
at the halfway point to the curve (C) and slope of the curve (D) in
20 coconut populations in Mexico. Germination patterns: (a) early
and homogeneous, (b) early and heterogeneous, and (c) late and
heterogeneous.

M1, C1, and J2, were not significantly different from tions distributed on the Gulf coast, which showed no
the two groups. The graphic relationship between the mortality.
C and D parameters indicates three general patterns The germination pattern of the time required to
of germination (Fig. 3). One curve type representative reach 25%, 50%, 75% and 100% to germination and
curve of each germination pattern is showed in the emergence of the first leaf, indicates the presence in
Fig. 4. Mexico of two populational groups with high differ-
We found a very low positive correlation between entiation, one group distributed on the west coast and
the time elapsed between collecting and planting and another group on the east coast. This differentiation
the parameters studied:(R? = 0.31), CUG R? = has been presented as a possible result of the domes-
0.30); B (R2 = 0.005) and D g2 = 0.02). This in- tication process, which took place in the Malesian
dicates that the time elapsed between collecting andregion, a long time before its introduction into Mexico
planting had no important effect on germination. in the 16th Century (Harries 1990). Therefore, the co-
conut introductions must have be done independently
on the two coasts with different genetic populations or
. . ecotypes.
Discussion The graphic relations,/CUG and C/D parameters
of the curve, indicate three differentiated populational
Overall germination capacity of the different popu- groups: (a) populations with late and heterogeneous
lations was high. A group of populations consisting 9germination, K1 and K2; (b) populations with early
of G1, M1, M2 and M3 presented a high percent and uniform germination, M1, M2, M3, C4, C6, and
mortality from germination to emergence. Mortality J2; and (c) populations with early and heterogeneous
was apparently caused by the same pathogen, thusggermination, G1, G2, C1, and C2. This differentiation
indicating that these populations are less adapted tosuggests that introductions were not made indepen-
the environment into which they were introduced. dently with different ecotypes on both coasts, but
This also suggests ecotypic differentiation from the that there could have been several introductions with
rest of the populations of the Pacific and the popula- differentiated populations on the west coast.
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Comparison between the patterns of germination and (C6 and J1). The populations of the morphotype ‘Pa-
morphological variation cific 2', with early and heterogeneous germination are

) . distributed on the border between the states of Colima
We observed the same populational grouping when 5,4 Michoacan (C1 and C2), and in the regions of

comparing morphological characteristics of the fruit cgta Chica and Costa Grande in the state of Guerrero
as when comparing germination coefficients and para- (G1 and G2) (Fig. 1).

meters. The populations with late and heterogeneous

germination correspond to the morphotype, ‘Atlantic ¢ ¢oconut into Mexico via the coasts of the Gulf
Tall’, presenting fruit with a high mesocarp content, ¢ Mexico, originated from West Africa (Zizumbo-

low content of liquid endosperm, elongated fruit and jjjiarreal, 1996). The germination and morphological
seed, and fruit with pronounced aristas. The popula- patterns support this hypothesis. For instance, popu-

tions with early and uniform germination belong 0 |a4i5ns K1 and K2, showed a late and heterogeneous
the morphotype, ‘Pacific Tall 1", presenting relatively 4armination similar to that reported for the varieties,

large frqit V_Vith a low mesocarp content,_a high con- ‘West African Tall' and ‘East African Tall' (Harries,
tent of I|qU|d_ endosperm, and round fruit and seeds. 1981a). They also showed a marked morphological
The populations with early and heterogeneous ger- gimjarity to the imported variety, ‘West African Tall’
mination belong to the morphotype, ‘Pacific Tall 2’, (Zizumbo-Villarreal & Pifiero, 1998).

presenting medium S'_Zed fruit, with a _lOW percent- According to historical records, the populations
age of mesocarp, a high content of solid endosperm, yiiribyted on the Pacific coasts came from indepen-
and round fruit, characteristics pertaining to the ‘do- 4ant introductions from Panama. from the Solomon

mestic’ type. However, individuals with the ‘wild" |gjands, and from the Philippine Islands (Zizumbo-
type characteristics were also present in early and het'ViIIarreaI, 1996). The germination and morphological

erogeneous germination populations. The ‘Malayan 4 iation patterns support this hypothesis, as the pop-
Dwarf” presented an early and uniform germination, jations distributed on the west coasts of Mexico

forming part of the same group as the morphotype germinated early, similar to that reported for popu-

‘Pacific Tall 1". Regarding the intra-populational vari- - 3ions from the region of the south Pacific (Harries,
ation, both the dwarf coconut and the tall populations 1981a).

M2, M3, C4, and C6, showed the highest values
for homogeneity and the lowest profiles for mor-
phological variability, while populations such as G4,
G2, G3, and N2 of the morphotype ‘Pacific Tall 2’,
showed the lowest values for germination uniformity
and the highest profiles for morphological variability
(Zizumbo-Villarreal & Pifiero, 1998). Differentiation
was observed in both morphological and physiolog-
ical characteristics, therefore, genetic differentiation
between the population groups is possible.

Historical evidence indicates that the introductions

The populations with early and uniform germina-
tion of the morphotype, ‘Pacific Tall1l’, showed a high
morphological similarity to the imported population,
‘Rennell Tall’, while the populations with a hetero-
geneous germination of the morphotype, ‘Pacific Tall
2', showed a high morphological similarity to the im-
ported population, ‘Tahiti Tall' (Zizumbo-Villarreal
1996). The presence of individuals in the ‘Pacific Tall
2’ populations that require between 210 and 231 days
to germinate suggest the possibility that seeds of this
populations could have dispersed naturally towards the
American coasts. Ward and Bookfield (1992) found
that coconut could have reached America between 5
The populations of the morphotype ‘Atlantic Tall’ (K1 ~ Latitude south and TOLatitude north, if the seeds
and K2), with late and heterogeneous germination, are remained viable for a period of 245 days. Histori-
distributed on the coast of the Gulf of Mexico, in the cal records of the morphological diversity present in
states of Yucatan, Campeche and Tabasco, while theAmerica around 1514, specifically indicate the exis-
populations of the morphotype ‘Pacific 1', with early tence of fruit similar to the morphotype ‘Pacific Tall
and homogenous germination, are distributed mainly 2’ on the west coast of Panama (Zizumbo-Villarreal
in the area of Lazaro Cardenas in Michoacan (M1 and & Quero 1998). The populations with late and hetero-
M2), on the border between the states of Michoacan geneous germination, T2 and T4, distributed on the
and Colima (M3), in the Tecoman Valley in Colima €astcoast, seem to originate from introductions carried
(C3 and C4), and at the mouth of the river Marabasco 0ut on the west coasts, near Acapulco on the coast of
on the border between the states of Colima and JaliscoGuerrero or from the banks of the river Tehuantepec on

Geographical distribution and origin of the
germplasm
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the coast of Oaxaca, as these populations registered aco (UNAM). This research was partially funded by
germinative behavior and morphological similarity to CONACyT, though project 0598-N9109.

the populations G2 and G1. Historical evidence also

indicates introductions from Guerrero into Tabasco in

this century (Zizumbo-Villarreal, 1996). References
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