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ABSTRACT. The Chilean genus Leucocoryne has exceptional qualities as an ornamental plant that is being developed 
through breeding. Little is known about the origin of its genetic variation for fl ower phenotype. Our hypothesis is that, 
despite having a perfect fl ower, Leucocoryne has an outbreeding behavior due to self-incompatibility. Greenhouse stud-
ies were conducted to study self-incompatibility. In 2000, one species L. purpurea Gay. and two distinct populations 
Leucocoryne sp. Pichicuy and Leucocoryne sp. Chigualoco were used, whereas in 2001, L. coquimbensis F. Phil. and 
Leucocoryne sp. Alcones and Leucocoryne sp. Talinay were added. Field studies were carried out in 2001 at La Campana 
(lat. 29°S, Valparaíso Region, Chile) and Bosque de Fray Jorge (lat. 33°S, Coquimbo Region, Chile) National Parks 
with L. ixioides Lindley and L. purpurea, respectively. The index of self-genetic incompatibility (ISI) was measured as 
the average number of seeds per fruit produced by self-pollination divided by the average number of seeds per fruit 
produced from cross-pollination. The average ISI values for 2000 and 2001 were 0.08 and 0.06, respectively, meaning 
that Leucocoryne is largely self-incompatible. In the fi eld seed set was compared between fl owers that were isolated 
from insects and those that were not. None of the isolated fl owers produced seeds, instead nonisolated fl owers produced 
an average of 29 seeds per fruit at La Campana and 56 at Bosque de Fray Jorge. Leucocoryneʼs self-incompatibility 
and outcrossing behavior plus its capacity to fi x any genotype via asexual reproduction, most likely contribute to its 
large variation for fl ower color, shape, size, design, and aroma. Due to Leucocoryneʼs reproductive behavior it would 
be diffi cult to breed for homozygous inbreds and pure hybrid cultivars 
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The genus Leucocoryne, commonly called Huilli, is endemic 
to Chile, and has exceptional qualities as an ornamental plant 
both as a cut fl ower and in landscaping. Its potential is being 
developed by plant breeding in Chile (Mansur, 2004). The habitat 
of the genus extends from the Atacama desert in northern Chile, 
near the city of Iquique (lat. 20ºS) (Pinto, 1997) to the southern 
region in the humid Lake District, X Region, Chile (lat. 39ºS) 
(Muñoz, 2000). Its center of diversity appears to be in Central 
Chile. About 75% of the described species are found in Chileʼs 
IV and V Regions (Mansur, 2004; Zoellner, 1972), in an area 
bound by the cities of Valparaíso (lat. 33ºS) in the south to just 
north of the city of La Serena (lat. 29ºS) and from sea level to 
2800 m above seal level.

For a geneticist, the most attractive characteristic of the genus 
Leucocoryne is its great variation in the shapes, designs, colors, 
and scents of its fl owers (Mansur, 2004; Zoellner, 1972). Except 
for the pioneering work of Zoellner (1972) little is known about the 
origin of this diversity. He revised the genus using conventional 
morphology-based taxonomy and described 14 species. Crosa 
(1988) and Araneda et al. (2004) carried out cytogenetic studies 
and found that there is also variation for chromosome numbers with 
diploid (2n = 10) and tetraploid species (2n = 18). Further, there 
is karyotypic evidence (Araneda et al., 2004; Salas and Mansur, 
2004) and morphological evidence (Moreno and Arancio, 2001) 
that there is gene fl ow between species from different ploidy 
levels. These studies concluded that intermediate individuals 
originated from natural hybridization between the diploid 2n = 
10 L. purpurea and the tetraploid 2n = 18 L. coquimbensis. The 
morphology of the genus Leucocoryne corresponds to a perfect 

fl ower of a self-pollinating plant. Its stigmas and stamens are 
enclosed in a staminal tube that would seem to facilitate seed 
production with its own pollen, instead of out-crossing (Mansur, 
2004). Arroyo and Uslar (1993) found preliminary evidence for 
self-incompatibility in L. ixiodes. In this study we seek to show 
that the genus Leucocoryne is largely self-incompatible.

Materials and Methods

PLANTS. The germplasm used in this research is listed in Table 
1. When the population has been taxonomically classifi ed, its 
species name is indicated; those not yet taxonomically classifi ed 
are denoted as populations and they are listed as Leucocoryne 
sp. followed by the name of the locations where they were col-
lected. Photographs of these plants can be found in a published 
manual (Mansur, 2004). 

GREENHOUSE STUDIES. In 2000, one species (L. purpurea) and 
two populations (Leucocoryne sp. Pichicuy and Leucocoryne sp. 
Chigualoco) were studied. Eighty bulbs from each group were 
planted in 80 pots and placed under two insect isolation structures 
with 40 pots each. In 2001, 80 bulbs from each of the species or 
population were also used and L. coquimbensis and Leucocoryne 
sp. Alcones and Leucocoryne sp. Talinay were added to the experi-
ment. In this case, 40 pots from each species or population were 
left to naturally pollinate and were used as controls outside the 
isolation structure. The structures consisted of a wooden frame 
(1.0 × 2.6 × 0.8 m) covered with a 50-mesh net usually used to 
keep aphids out. All of these studies were conducted at the La 
Palma Experimental Station of the Facultad de Agronomía of the 
Pontifi cia Universidad Católica de Valparaíso, Quillota, Chile.

The level of genetic self-incompatibility was measured using 
the method described by Saavedra et al. (1996). Three fl owers 
of the pseudo-umbel of the isolated plants that produced at least 
three fl owers (Table 2) were subjected to three treatments. One 
random fl ower was emasculated at bud stage when the petals start 
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to gain pigmentation and then manually cross-pollinated with 
pollen from another plant of the same species or population. A 
second fl ower from the same stem was also emasculated at the 
same stage and manually self-pollinated with mature pollen from 
the same fl ower or from another fl ower from the same plant. A 
third fl ower from the same stem was not manipulated at all and 
was allowed to self-pollinate and left as a control. Crosses were 
made with mature pollen and receptive pistils. From experience 
it is known that mature pollen is released by a dehiscent anther 
and a pistil is receptive as soon as the petals in the buds start 
gaining pigmentation. The response variable was the number of 
seeds per fruit.

FIELD STUDIES. In 2001, two fi eld trials were conducted in 
both La Campana (Valparaíso Region, lat. 29ºS) and Bosque de 
Fray Jorge (Coquimbo Region, lat. 33ºS) National Parks with L. 
ixioides and L. purpurea, respectively. A group of randomized 
plants was located in each park before fl owering and used for the 
experiment. At La Campana, 11 plants were used and data were 
taken from one stem per plant. One fl ower per plant was covered 
preventing insect pollination. The remaining fl owers were not 
manipulated. Instead, at Bosque de Fray Jorge four plants were 
covered with a structure similar to the one described before, and 
nine plants within a 30-m radius were left uncovered as controls. 
In this case, fl owers from all the stems produced by the plants 
were evaluated. The fruits were collected 16 and 18 Nov. 2001 
in La Campana and in Bosque de Fray Jorge, respectively.

STATISTICAL ANALYSES. The greenhouse experiments were ana-
lyzed considering each species or population of plants each year 
as independent experiments. Later, the data set from all species 
and populations was combined and a single analysis done for Leu-

cocoryne as a genus each year. The experiments were conducted 
in a complete random block design where an infl orescence with 
its pseudo umbel having at least three fl owers (i.e., treatments) 
was considered a block. Due to the lack of normal distribution 
of the data; we used Friedmanʼs two-way rank analysis, which 
is a nonparametric method of statistics analysis. To test the null 
hypothesis that the treatments within a block are identical, a test 
of multiple comparison of free distribution based on the sum of 
ranks was used (Friedman, 1937; Hollander et al., 1973). For this 
purpose, plants without fl owers and those producing no seeds in 
all three treatments were discarded. The number of plants used 
for the analyses is listed in Table 2. The index of self-genetic 
incompatibility (ISI) (Arroyo and Uslar, 1993), was calculated 
as follows: ISI = average number of seeds per fruit from self-pol-
lination treatments / average number of seed per fruit from cross-
pollination treatments. The upper ISI value for self-incompatible 
species is 0.2 and the lower ISI value for complete self-compatible 
species is 0.5 (Arroyo and Uslar, 1993)

For the fi eld experiments, the number of seeds per fruit of 
covered and uncovered plants was counted and to make mean-
ingful comparisons, the standard error for the averages were 
computed (Table 2).

Results and Discussion 

The differences in seed production indicated that Leucocoryne 
clearly tends to self-incompatibility and out crossing given that 
no differences were found, in all the species studied, between the 
manually self-pollinated and the unpollinated control treatments, 
however, a highly signifi cant number of seeds was produced by 

Table 1.  Collection date and place of origin of the Chilean endemic Leucocoryne species used for testing self-incompat-
ibility.

 Date of 
Species Collection Region Province City Locality
L. purpurea 1998–99 IV Limarí Ovalle-Coquimbo Talinay-Guanaqueros
Leucocoryne sp. Pichicuy 1999 V Petorca La Ligua Pichicuy
Leucocoryne sp. Chigualoco 1999 IV Choapa Los Vilos Chigualoco
Leucocoryne sp. Alcones 1997 IV Limarí Ovalle Alcones
L. coquimbensis 1996 IV Elqui Coquimbo Las Tacas
Leucocoryne sp. Talinay 1998 IV Limarí Ovalle Talinay

 

Table 2. Average number of seeds per fruit and index of genetic index self-incompatibility (ISI) for six genotypes of Leucocoryne  

 2000z 2001z

 Cross- Self-  Cross- Self-   No. of 
 polinization polinization Control polinization polinization Control ISIz blocks

 (Seeds/fruit) 2000 2001 2000 2001
L. purpurea 32.7 a 3.0 b 0.8 b 49.4 a 3.0 b 1.0 b  0.09 0.06 28 32
Leucocoryne sp. Pichicuy  16.0 a 1.2 b 0.7 b 23.9 a 0.2 b 0.3 b 0.08 0.01 32 21
Leucocoryne sp. Chigualoco 12.9 a 0.9 b 1.7 b 25.4 a 0.9 b 0.4 b 0.07 0.04 48 18
Leucocoryne sp. Alcones    13.3 a 0.5 b 3.3 b  0.03  23
L. coquimbensis    15.3 a 1.3 b 1.4 b  0.08  25
Leucocoryne sp. Talinay    34.0 a 4.6 b 0.0 b  0.10  7

Average across species 18.5 a 1.5 b 1.1 b 25.8 a 1.4 b 1.3 b
Standard error 1.49 0.3 0.34 1.8 0.36 0.3
No. of reps across species 127 127 126 163 163 163

*Means followed by the same letter within a row and a year are not signifi cantly different at the P ≤ 0.05 using Friedmanʼs multiple comparison
z≤ 0.2 self-incompatible, ≥0.5 totallly self-compatible
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cross-pollination in all cases (Table 2). All species and distinct 
populations behaved similarly and showed no signifi cant differ-
ences within each year. The average seed production per fruit 
for manually self-pollinated and unpollinated control for all 
the Leucocoryne studied was close to 1.0 in both the 2000 and 
2001. Meanwhile, the average seed production per fruit in the 
cross-pollination treatment was 18 in 2000 and 25 in 2001. This 
leads to ISI of 0.08 for the 2000 and 0.06 for the 2001 experi-
ments, respectively. These results are similar to those obtained 
by Arroyo and Uslar (1993) who calculated an ISI of 0.056 for 
L. ixioides, with 0.2 being the upper limit for self-incompatible 
species (Saavedra et al., 1996).

The experiments conducted in the fi eld confi rmed the above 
results. At La Campana out of 11 isolated fl owers of L. ixioides, 
none produced seeds, whereas those exposed to insects produced 
an average of 29 seeds per fruit. Similarly, at Bosque de Fray Jorge 
four isolated plants of L. purpurea, having 24 fl owers altogether, 
did not produce seeds. However, the nine surrounding plants, 
which were not isolated produced an average of 56 seeds per 
fruit. According to our observations Leucocoryne in the wild can 
produce up to 80 seeds per fruit and up to 500 seeds per plant 

It is reasonable to expect that Leucocoryneʼs self-incompat-
ibility and outcrossing behavior plus its capacity to fi x any geno-
type via asexual reproduction, contribute to its large variation 
for fl ower color, shape, size, design and aroma (Aliaga, 2003; 
Mansur, 2004).

Furthermore, self-incompatibility has important consequences 
for plant breeding in that it makes it diffi cult to produce homozy-
gous lines and breed for pure hybrids. In order to do this a breeder 
would need to overcome its self-incompatibility and inbreeding 
depression that is likely to occur due to deleterious recessives 
that may appear during the inbreeding process. Alternatively, 
any interesting genotype could be maintained or multiplied via 
asexual reproduction or propagation in vitro.
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