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The effect of seed size on germination and seedling
growth of Cryptocarya alba (Lauraceae) in Chile
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ABSTRACT

Seed size is a life history trait that may affect the fitness of parent plants and the population regeneration process. It has
been observed that large seeds increase germination, seedling growth, and survival. As a consequence, large seeds can
produce more vigorous and competitively superior seedlings. In this study, we evaluated the effect of seed size on
germination and seedling growth in Cryptocarya alba (Mol.) Looser (Lauraceae), a common tree of the central Chilean
matorral. We collected seeds at “Quebrada de la Plata” (Metropolitan Region), and we sowed them under laboratory
conditions. We defined three seed size classes based on seed length: small, medium and large seeds. Large seeds
germinated in greater numbers than small seeds. Seedlings coming from large seeds had larger shoots and a greater
probability of producing leaves. Further, seedling size (measured as dry biomass in roots, shoots and leaves) was strongly
affected by seed size, although root allocation was proportionally higher in seedlings coming from small seeds, while leaf
allocation was higher in seedlings coming from large seeds.
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RESUMEN

El tamaiio de la semilla es una caracteristica de historia de vida que puede afectar la adecuacion biolégica de las plantas
madres y los procesos de regeneracin poblacional. Se ha observado que las semillas grandes aumentan la germinacién, el
crecimiento y la sobrevivencia de las pldntulas. Como consecuencia, las semillas grandes pueden producir pldntulas mds
vigorosas y competitivamente superiores. En este estudio se evalué el efecto del tamaiio de la semilla en la germinacién y
crecimiento de plantulas de Cryptocarya alba (Mol.) Looser (Lauraceae). Se recolectaron semillas en la “Quebrada de la
Plata” (Regién Metropolitana) y posteriormente fueron sembradas bajo condiciones de laboratorio. Se definieron tres clases
de tamaiio de semillas basadas en la longitud de estas: semillas chicas, medianas y grandes. Las semillas grandes germina-
ron en mayor proporcién que las semillas chicas. Las pldntulas derivadas de semillas grandes tuvieron tallos mas largos y
una mayor probabilidad de producir hojas. Ademds, el tamafio de las pldntulas (medido como biomasa seca de raices, tallos
y hojas) fue fuertemente afectado por el tamafio de la semilla, aunque la asignacidn de biomasa a la raiz fue proporcional-
mente mayor en pldntulas derivadas de semillas pequefias, mientras que la asignacién de biomasa a las hojas fue mayor en
plantulas derivadas de semillas grandes.

Palabras clave: tamafio de semilla, germinacién de semillas, crecimiento de pldntulas, tamaiio de pladntulas,
Cryptocarya alba.

INTRODUCTION Large seeds have positive effects on

germination (Schaal 1980, Weis 19380,

Seed size is a life history trait that may  Zimmermann & Weis 1982, Dolan 1984,
affect the fitness of parent plants and the  Stanton 1984, Morse & Schmitt 1985,
population regeneration process (Harper ~ Winn 1988, Tripathi & Khan 1990, Vera
1977, Fenner 1985, Silvertown 1989). 1997), shoot growth rates (Weis 1980,
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Zimmermann & Weis 1982, Bonfil 1998),
seedling biomass (Weis 1980, Howe &
Richter 1982, Dolan 1984, Stanton 1984,
Morse & Schmitt 1895, Hendrix et al.
1991, Bonfil 1998), and seedling survival
(Schaal 1980, Morse & Schmitt 1985,
Wulff 1986, Tripathi & Khan 1990, Vera
1997). Thus, seedlings originated from
large seeds have greater competitive
abilities in late-successional habitats
(Salisbury 1942), in areas where water
stress is an important source of seedling
mortality (Baker 1972, Venable & Brown
1988) or in places where the duration of the
growth season is short (McWilliams et al.
1968). One possible explanation for such
success is that seedlings originated from
large seeds develop deeper and larger roots
which allow greater survival and growth
when resources are scarce (Harper 1977,
Stanton 1984). In some cases, seed size is
positively correlated with the size of adults
and their reproductive output (Stanton
1984, Dolan 1984).

The aim of this study was to evaluate
the effect of seed size on germination and
seedling growth in Cryptocarya alba
(Lauraceae), a common shade-tolerant tree
of Central Chile. First, we documented the
size distribution of seeds deposited in the
field. Second, we studied the percentage of
germination, seedling growth and seedling
biomass as a function of seed size under
laboratory conditions. Third, we
determined the probability that seedlings
will produce three or more leaves as a
function of seed size.

METHODS

Cryptocarya alba is a sclerophyllous tree
distributed in south-facing slopes of the
Chilean matorral. Fruits are red, one-
seeded drupes with a thin pericarp, birds
being the major dispersal agent. Dispersal
occurs from March to July and seedling
emergence occurs from September to
October (Bustamante 1992). Bird-dispersed

seeds are easily identified in the field
because they are regurgitated intact and
without pericarp under perch trees
(Bustamante et al. 1996). The seeds are
recalcitrant because they lose viability and
die during the fifth or sixth month after
dispersal (Bustamante et al. 1996).

We collected bird-dispersed seeds at
“Quebrada de la Plata”, Metropolitan
Region (33° 28’ S and 70° 51° W), during
May 1996 from the ground and under perch
trees. The study area is located in the
Mediterranean region of central Chile,
characterised by a climate with hot dry
summers and cold rainy winters (Armesto
& Martinez 1978). For lab experiments, we
defined three size classes based on seed
length: small (< 12 mm in length), medium
(12 - 15.9 mm) and large (> 16 mm). These
classes were defined arbitrarily from the
seed size distribution observed for bird-
dispersed seeds (Fig. 1). Seed length was
considered an adequate estimate of seed
size because there is a significant and
positive correlation between seed length
and fresh seed biomass (Spearman
Correlation, R = 0.87, p < 0.0001). Bird-
dispersed seeds show a similar size range
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Fig. 1. Seed size distribution of bird-dispersed
seeds in Cryptocarya alba collected at “Que-
brada de la Plata” (Metropolitan Region). N =
238, (the total number of observed seeds).
Distribucién de tamaiio de semillas dispersadas por aves en
Cryptocarya alba recolectadas en “Quebrada de la Plata”
(Regioén Metropolitana). N = 238, (nimero total de semi-
llas observadas).
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to that of gravity-fallen seeds (undispersed
seeds): bird-dispersed seeds ranged from
8.4-19 mm (14.1 = 0.29, 2 SE) and
undispersed seeds ranged from 9.0 to 20.2
mm (13.8 £ 0.27, 2 SE). We used bird-
dispersed seeds because birds are the major
dispersal agents and because they remove
the pericarp of fruits, and therefore
increase germination and establishment
significantly (Bustamante et al. 1996).

Thirty seeds of each size class were
randomly selected and sown in individual
plastic pots filled with topsoil and placed
at 20 £ 1° C and water ad libitum. The
number of germinated seeds was recorded
for a period of 2 months every 3 days. We
considered that a seed had germinated if
the radicle emerged at least 1 mm beyond
the seed coat (Tripathi & Khan 1990).
During the following two months, shoot
length and the number of leaves were
recorded every 10 days. Shoot growth rate
(SGR) was calculated using the algorithm
SGR = shoot length (t,) - shoot length (t; )
/ 10 days, with t; and t, being two
consecutive measuring periods. At the end
of the experiment, seedlings were placed
in a drying oven at 75°C for 72 hours and
weighed to the nearest 0.01 mg. Shoots,
Jeaves and roots of each seedling were
weighed separately. With this information,
we calculated the proportion of biomass
allocated to roots, shoots and leaves for
each seed size class in relation to total
biomass and we compared them by using
an ANOVA with data arcsine transformed,
to meet the assumptions of the test.

We determined the following
probabilities for each seed size class: (1)
P(G): probability that a seed germinates,
(2) P(S): probability that a germinated
seed develops a shoot, and (3) P(L):
probability that a seedling produces three
or more leaves at least of lcm of length.
We obtained a final result for each seed
size class by calculating P (L|GmS): the
probability that a seedling will produce
leaves given that the seed germinated and
developed a shoot.

RESULTS

The cumulative germination curves
differed significantly among the three seed
size classes (2 =17.6,d.f. =2,p<0.05,a
posteriori Peto-Peto Wilcoxon test, p <
0.05 for all pair-wise comparisons) (Fig.
2). The final percentage of germination
was different for the three seed size
classes (Chi-square test for proportions, x?
=1942,d.f. =2, p <0.05) (Zokal & Rohlf
1995); medium and large seeds did not
differ (78.6% and 86.7% respectively, a
posteriori Tukey test, p > 0.05), but these
two size classes differed significantly
from small seeds (43.3%, a posteriori
Tukey test, p < 0.05). Germination time
was significantly higher for medium sized
seeds (Kruskall-Wallis test, H = 16.86, p <
0.0001; 32.54 £ 3.95 (X £ 2 SE), 39.77
2.86 and 30.92 + 2.29 days for small,
medium and large seeds respectively),
while no differences were detected
between large and small seeds
(a posteriori test, p > 0.05) (Siegel &
Castellan 1988).

The effect of seed size on shoot length
was significant (Repeated Measures
ANOVA,F=42,d.f =2, 164; p =0.02;
Fig. 3a), but no differences were detected
between medium and large seeds (a
posteriori Newman-Keuls test, p > 0.05).
Shoot growth rate was affected by seed
size (Repeated Measures ANOVA, F =
10.5, d.f. = 2, 141; p = 0.0002; Fig. 3b).
Seedlings coming from small-sized seeds
grew at the slowest rate (a posteriori
Newman-Keuls test, p < 0.05) .

Root biomass was significantly different
for the three seed size classes (Kruskall-
Wallis test, H = 32.17, d.f. =2, p < 0.0001)
being greater in seedlings coming from
large seeds, followed by seedlings coming
from medium and small seeds (Fig. 4a).
Shoot and leaves biomass differed
significantly as well (Kruskall-Wallis test,
H = 15.064, d.f. = 2, p = 0.001 and H =
16.197, d.f. = 2, p < 0.0001 respectively;
Fig. 4a). However, we only observed
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Fig. 2: Cumulative percentage germination curves of three seed size classes of
Cryptocarya alba . The initial number of seeds placed for each seed size class was 30.

Curvas del porcentaje de germinacién acumulado de las tres clases de tamafio de semillas de Cryprocarya
alba. El nimero inicial de semillas dispuestas por cada clase de tamafo fue de 30.

significant differences between seedlings
coming from small and large seeds in the
case of shoots (a posteriori test, p < 0.05)
and between seedlings coming from small
and medium seeds, and seedlings from
small and large seeds in the case of leaves
(a posteriori test, p < 0.05) (Fig. 4a).

The proportion of biomass allocated to
roots was significantly greater in seedlings
coming from small seeds relative to that
produced from medium and large ones
(ANOVA, F =3.69, d.f. =2,45; p = 0.033;
Fig. 4b). No differences were observed in
the allocation of biomass to shoots by the
three seed size classes (F = 0.55, d.f. =
2,45; p = 0.58; Fig. 4b). Finally, seedlings
coming from large and medium sized
seeds allocated significantly more biomass
to leaves, than seedlings coming from
small seeds (F = 6.893, d.f. =245, p =
0.002; Fig. 4b).

P (LIGmS) was significantly different
for small, medium, and large seeds,
respectively  (Chi-square test for
proportions, 2 = 102.8, p < 0.05) (Table 1).

DISCUSSION

This study reveals that seed size is a life
history trait relevant for germination and
growth of seedlings in Cryptocarya alba.
Large seeds germinated in greater numbers
compared to the smaller ones. Moreover,
seedlings coming from large seeds grew
faster and achieved a greater biomass in
terms of roots, shoots and leaves. Our
results are in agreement with the general
assertion that the amount of reserves
contained in the cotyledons (a correlate of
seed size) is positively related with root
length (Harper 1977). This point is



SEED SIZE, GERMINATION AND SEEDLING GROWTH
(a)
14 1

12 A

S
L

——small seeds
—f— medium seeds
—O—large seeds

o]
"

SHOOT LENGTH (cm)

0 L] T T L 1
0 58 68 78 88 o8

TIME (days)
(b)

o
[0}
J

o
H
A

—— small seeds
—&— medium seeds
—O—large seeds

o o
o W
L Il

SHOOT GROWTH RATE (cm/day)
o

0,0 T T T l
0 68-58 78-68 88-78 98-88

TIME INTERVALS (days)

Fig. 3: Shoot length (mean * 2 SE) (a), and shoot growth rate (mean £ 2 SE) (b), in
seedlings coming from small, medium and large seeds in Cryptocarya alba.

Longitud de los vastagos (media + 2 EE) (a), y tasa de crecimiento de los vdstagos (media + 2 EE) (b), en
plantulas provenientes de semillas chicas, medianas y grandes en Cryprocarya alba.
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Fig. 4: Root, shoot and leaf biomass (mean £ 2 SE) (a), and biomass allocated to
roots, shoots and leaves (mean * 2 SE) (b), in seedlings coming from small, medium
and large seeds in Cryptocarya alba. Means with different letters differ significantly.
Biomasa de la raiz, tallo y hojas (media £ 2 EE) (a), y biomasa asignada a raices, tallos y hojas (media + 2
EE) (b), en pldntulas provenientes de semillas chicas, medianas y grandes en Cryptocarya alba. Los
promedios con letras diferentes difieren significativamente.
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TABLE 1

195

Final seedling outcome estimated through P(G), P(S), and P(L) in Cryptocarya alba. P(G):
probability that a seed germinates; P(S): probability that a germinated seed develops a shoot, and
P(L.): probability that a seedling produces 3 or more leaves at least 1 ¢cm in length each.

Desempefio final de las pldntulas estimado a través de P(G), P(S), y P(L) en Cryptocarya alba. P(G): probabilidad que una
semilla germine; P(S): probabilidad que una semilla germinada desarrolle un véstago, y P(L): probabilidad que una plantula

produzca 3 o mds hojas de al menos 1 cm de longitud cada una.

Small seeds

Medium seeds

Large seeds

30 28! 30
L 4 L 4 L4
P(G)=0.43 2 P(G) = 0.79 b P(G)=0.87"
¥ 4 1 4
13 22 26
¥ 1/ 4
P(S) = 0.69 2 P(S) = 0.60 2 P(S) = 0.60 »
L 4 ¥ 4
9 13 22
4 L/ 4
P(L) =0.11 P(L)=0.62" P(L)=0.77¢
¥ ¥ +
1 8 17
P(LIGNS)=0.032 P(L]GNS)=029" P(L|GNS)=057¢

Note: Means with different letters differ significantly (Chi-square test for proportions, p < 0.05). ! Two medium sized seeds

were lost.

important because seedlings with larger
roots are able to compensate for water lost
by transpiration (Baker 1972), specially in
areas where seedlings must overcome dry
seasons such as the Mediterranean region
of central Chile (Di Castri & Hajek 1976).
Differences observed between seedlings
coming from large versus small seeds have
profound demographic implications as tiny
differences in early stages become
disproportionately greater in later ones in
terms of plant survival and vigour (Howe &
Richter 1982).

Although the biomass of roots, shoots
and leaves was always greater in large
seeds, there were differences in terms of
relative biomass allocation. In fact, large
seeds invested proportionally more biomass
to leaves whereas small seeds invested

proportionally more to roots. The net
primary productivity of seedlings is
positively correlated with photosynthetic to.
non-photosynthetic tissue ratios, specially
when Photosynthetically Active Radiation
intensity 1s above the leaf light
compensation point (Foster 1986). Thus,
because seedlings allocate more energy to
leaves, those coming from large seeds have
higher net primary productivity in
comparison to their smaller counterparts.
These differences in performance may be
crucial in determining which seedlings have
a better chance of reaching the canopy in
forest gaps. In general, tree species, such as
those belonging to Lauraceae, are termed
“persistent species” because they germinate
in the shade and form a seedling bank on the
forest ground “waiting for” the fortuitous
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appearance of a small treefall gap (Foster
1986). We expect that seedlings coming
from large seeds will have a greater ability
to grow and become dominant in gaps.

We did not find any other study
documenting that small seeds allocate more
biomass to roots. We can hypothesise that
in small seeds, with scarce reserves in the
cotyledons, energy investment to roots
allow them to explore a greater volume of
soil for water and nutrients.

Substantial differences among seedlings
originated from different seed size classes
emerged from the comparison of P
(L | GNS). We observed significant
differences among P(G) and specially
among P(L), but not in P(S). That is,
although seedlings coming from small
seeds developed shoots in the same
proportion than medium and large seeds,
their reserves were not sufficient to
produce 3 or more leaves.

Our study suggests that seedlings
coming from large seeds have enormous
advantages over seedlings coming from
small seeds. Therefore, seed size will be an
important demographic filter at an early
phase of the life cycle of C. alba. However,
Venable & Brown (1988) have suggested
that at least theoretically, under favourable
conditions of light or humidity, seedlings
coming from small and large seeds will not
present differences in recruitment, but
under unfavourable conditions, seedlings
coming from large seeds will show greater
recruitment. This is an hypothesis that
should be evaluate empirically.

Finally, we observed differences among
seedlings coming from different sized seeds
even though our experiment was carried out
without resource restrictions (water ad
libitum and one seed per pot). Others
authors (e.g., Dolan 1984, Stanton 1984) did
not find differences between seedlings from
different seed size when they performed
their experiments under similar conditions.
We predict that the differences observed in
the laboratory with respect to germination,
seedling growth and biomass allocation, will

increase under fields conditions, where
water availability is limiting during at least
six months of the year.

ACKNOWLEDGMENTS

Alejandro A. Muiioz and Rodrigo Vasquez
improved the English and made valuable
comments on the manuscript. This study has
been partially supported by FONDECYT
3950023 to Rodrigo Vasquez and Sigma-Xi
(USA) and Departamento de Postgrado y
Postitulo, Universidad de Chile: Beca PG/010/
97 to Paulina Chacén. Carolina Henriquez is
supported by CONICYT, Chile. This study is
a contribution to the “Programa Bosques
Nativos®, DID, Universidad de Chile.

LITERATURE CITED

ARMESTO JJ & JA MARTINEZ (1978) Relations
between vegetation structure and slope aspect in the
Mediterranean region of Chile. Journal of Ecology
66: 881-889.

BAKER HG (1972) Seed weight in relation to
environmental conditions in California. Ecology 53:
997-1010.

BONFIL C (1998) The effects of seed size, cotyledon re-
serves, and herbivory on seedling survival and
growth in Quercus rugosa and Q. laurina
(Fagaceae). American Journal of Botany 85: 79-87.

BUSTAMANTE RO (1992) Granivoria y espaciamiento
entre pldantulas y sus plantas madres: el efecto de la
distancia entre plantas madres. Tesis Doctoral, Uni-
versidad de Chile.

BUSTAMANTE RO, A WALKOWIAK, CA HENRIQUEZ
& 1 SEREY (1996) Bird frugivory and the fate of
seeds of Cryptocarya alba (Lauraceae) in the
Chilean matorral. Revista Chilena de Historia Natu-
ral 69: 357-364.

DI CASTRI F & ER HAIJEK (1976) Bioclimatologia de
Chile. Editorial de la Universidad Catélica de Chile,
Santiago, Chile. 128 pp. ‘

DOLAN RW (1984) The effect of seed size and maternal
source on individual size in a population of
Ludwigia leptocarpa (Onagraceae). American
Journal of Botany 71: 302-307.

FENNER M (1985) Seed Ecology. Chapman and Hall,
London, England. 151 pp.

FOSTER SA (1986) On the adaptive value of large seeds
for tropical moist forest trees: a review and
synthesis. The Botanical Review 52: 260-299.

HARPER JL (1977) Population Biology of Plants.
Academic Press, London. 892 pp.

HENDRIX SD, E NIELSEN, T NIELSEN & M SCHUTT
(1991) Are seedlings from small seeds always infe-
rior to seedlings from large seeds? Effects of seed
biomass on seedling growth in Pastinaca sativa L.
New Phitologist 119: 299-305.



SEED SIZE, GERMINATION AND SEEDLING GROWTH 197

HOWE HF & M RICHTER (1982) Effect of seed size on
seedling size in Virola surinamensis: a within and
between tree analysis. Oecologia (Berlin) 53:
347-351.

McWILLIAMS EL, RQ LANDERS & JP MAHLSTEDE
(1968) Variation in seed weight and germination in
populations of Amaranthus retroflexus L. Ecology
49: 290-296.

MORSE DH & J SCHMITT (1985) Propagule size,
dispersal ability, and seedling performance in
Asclepias syrica. Oecologia (Berlin) 67: 372-379.

SALISBURY E (1942) The reproductive capacity of
plants. Bell & Sons, London. 244 pp.

SCHAAL BA (1980) Reproductive capacity and seed size
in Lupinus texensis. American Journal of Botany
67: 703-709.

SIEGEL S & NJ CASTELLAN (1988) Nonparametric
statistic for the behavioral sciences. McGraw Hill,
New York. 399 pp.

SILVERTOWN JW (1989) The paradox of seed size
and adaptation. Trends in Ecology and Evolution
4:24-26.

SILVERTOWN JW & J LOVETT (1993) Introduction to
Plant Population Biology. Blackwell Science,
Oxford. 210 pp.

SOKAL RR & FJ ROHLF (1995) Biometry. Third Edition.
W_.H. Freeman and Company, New York. 887 pp.

STANTON ML (1984) Seed size variation in wild radish:
effect of seed size on components of seedling and
adult fitness. Ecology 65: 1105-1112.

TRIPATHI RS & ML KHAN (1990) Effects of seed
weight and microsite characteristics on germination
and seedling fitness in two species of Quercus in a
subtropical wet hill forest. Oikos 57: 289-296.

VENABLE DL & JS BROWN (1988) The selective
interactions of dispersal, dormancy, and seed size as
adaptations for reducing risk in variable
environments. American Naturalist 130: 370-398.

VERA ML (1997) Effects of altitude and seed size on
germination and seedling survival of heathland
plants in north Spain. Plant Ecology 133: 101-106.

WEIS MI (1980) The effects of propagule size on
germination and seedling growth in Mirabilis hirsu-
ta. Canadian Journal of Botany 60: 1868-1874.

WINN AA (1988) Ecological and evolutionary consequences
of seed size in Prunella vulgaris. Ecology 69: 1537-
1544.

WULFF R (1986) Seed size variation in Desmodium
paniculatum. 11. Effects on seedling growth and
physiological performance. Journal of Ecology 74:
99-114.

ZIMMERMAN JK & IM WEIS (1983) Fruit size variation
and its effects on germination and seedling growth
in Xanthium strumarium. Canadian Journal of
Botany 61: 2309-2315.



	Chacon et al (1998)367.pdf
	Chacon et al (1998)369.pdf
	Chacon et al (1998)372.pdf
	Chacon et al (1998)374.pdf
	Chacon et al (1998)376.pdf
	Chacon et al (1998)377.pdf
	Chacon et al (1998)382.pdf
	Chacon et al (1998)384.pdf
	Chacon et al (1998)388.pdf

