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Resumen

El tema central de los experimentos que forman esta tesis es plasticidad en
plantas. Este topico es abordado desde el punto de vista de las respuestas de
diferentes especies a diferentes disponibilidades de los recursos luz y nutrimentos,
evaluadas principalmente por medio de su influencia en el crecimiento. Se inicia con
disefios experimentales con un gran nimero de especies (34) que evalian y
describen patrones generales de crecimiento ante disponibilidades contrastantes de
algin recurso, para lo cual se comparan, las respuestas en ¢l crecimiento y su
relacion con los diferentes parametros que pueden influenciario. Después, en un
menor nimero de especies (10), se evalian el efecto de cambios en la disponibilidad
de algin recurso (luz) en el crecimiento, fotosintesis y condutancia estomatica. Para
continuar con mayor detalle, se incluyen disefios donde se pretende integrar las
respuestas a variaciones en recursos capturados por la parte aérea de la planta (luz) y
los capturados en el suelo (nutrimentos). Los cambios en luz aplicados pretenden
simular las variaciones abruptas de este recurso causadas por eventos como:
perturbaciones o los cambios dados por el caracter estacional de la selva baja
caducifolia. I.os cambios en la disponibilidad de nutrimentos en el suelo pretenden
simular la caracteristica distribucion en parches de la disponibilidad de estos
recursos en sistemas naturales. Finalmente, considerando que variaciones en la
disponibilidad de recursos pueden generarse por la actividad de individuos vecinos,
ya que éstos al consumir los mismos recursos reducen su disponibilidad, se analiza la
relacion entre las respuestas a variaciones en luz, nutrimentos distribuidos en parches
y la influencia de vecinos en individuos de dos especies.

Se apoya que las especies de rapido, en comparacion con las de lento
crecimiento, tienden a producir mayor cantidad de biomasa y area foliar (AF), sus
hojas son mas delgadas con menor contenido de carbono, su produccion de biomasa

y tasa de crecimiento (RGR) es mas afectada en condiciones de deficiencia de
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nutrimentos y luz, cuando crecen en baja disponibilidad de nutrimentos asignan
mayor cantidad de biomasa a {a raiz (mayor proporcion raiz/vastago: R/S y biomasa
de la raiz respecto a la biomasa de toda la planta: RWR). Al analizar en gran nimero
de especies la relacion entre la RGR y los diferentes parametros que pueden influir
en ella se obtuvo que las variaciones interespecificas del cociente de drea foliar
(LAR) v el area foliar especifica (SI.A) son los principales determinantes de la RGR
v no variaciones interespecificas en parametros de asignacion de hiomasa como R/S
o RWRK. Existe también una relacion directa y significativa entre la respuesta en la
tasa de crecimiento (ARGR) y la tasa de crecimiento alcanzada en condiciones de
alta disponibilidad de nutrimentos y luz, considerando la ARGR como una medida
de la magnitud de la plasticidad por estos recursos, las especies de rapido RGR son
mas plésticas que las de crecimiento lento.

Ante cambios en la intensidad de luz las especies de rapido RGR mostraron
mayor capacidad para aclimatarse y su patrén de aclimatacion fue diferente al de las
especies de lento crecimiento. Esto es, la RGR en las especies de rapido RGR fue
mayor en los individuos transferidos de luz baja a alta, incluso que la de los
individuos en luz permanentemente alta (LH > HH) y, fue menor en los transferidos
de luz alta a baja (HH > HL > LL) incluso menor que en los de luz permanentemente
baja (LL). En las especies con RGR intermedias la aclimatacion de RGR fue como
sigue HH = LH > LL = HL. La especie de lento crecimicnto mostré un patrén de
aclimatacion opuesto HH = HI. > LL = LH. Estas tendencias de aclimatacion estan
asociadas con cambios ¢n la tasa de asimilacion neta (NAR) y en SLA, esto sugiere
la importancia de las hojas y sus caracteristicas en determinar la RGR.

Cuando los nutrimentos en el suelo estan distribuidos en parches, la tendencia
indica que a mayor RGR mayor capacidad de Forrajeo por dichos parches. La
especie de lento RGR fue incapaz de localizar sus raices en parches ricos, séio

responde a variaciones en luz. Las especies de rapido RGR tienden a producir raices
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en parches ricos y obtener beneficic produciendo mayor érea foliar, biomasa y RGR,
esta tendencia se reduce significativamente cuando la intensidad de luz es menor,
Cuando la luz cambia los individuos que muestran mayor aclimatacién por luz (LH y
HH) muestran mayor capacidad de forrajeo por parches ricos. La prescncia de un
individuo de otra especie puede modificar la relacidn que existe entre la capacidad
de aclimatacion a cambios en luz y la capacidad de forrajeo por nutrimentos,
provocando una reduccion en la biomasa de raices. producida en el parche rico y la
biomasa totai de la planta. Esta reduccion ocurre en los individuos que crecen en ias
condiciones de luz donde se logra mayor respuesta (HH y LH) y es mayor en la
especie con mayor RGR, aunque provoca en ambas la modificacion de los patrones

de aclimatacion y forrajeo en algunos pardmetros.
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Abstract

The central topic of this thesis is plasticity in tropical deciuous woody
species, this mechanism is studied considering the plant growth responses to
different light and nutrients availabilities. The thesis begins with a comparative
experiment designed to estimate the growth responses of 34 woody-seedling species
to contrasting nutrient availabilities. Following, 1 evaluate the responses of 10
woody species to reciprocal transfers of light conditions, in this experimeni I
included, additioral to the growth analysis, the photosynthesis and stomatal
conductance respenses. A third experiment was designed to estimate the root and
above-ground responses of the plants when confronted contrasting and discrete
nutrient and light availabilities. In particular the changes in light conditions simulate
the kind of light environments that are induced with natural disturbances and/or with
the influence of the markadely seasonal drought. Finally, considering that the
activity of other species generate variations in the availability of resources, I
analized the responses of different species to variations in light, patchy distribution
of soil nutrients and the influence of neighbours.

With these experiments it is supported that species with fast growth rate, that
seems to predominate in sites with high abundance of resources tend to produce
higher biomass and leaf area and their leaves are thinner with lower carbon content
than slow-growing species. Their production of biomass and growth rate is more
affected when grown under nutrient and light deficiency. When the fast-growing
species are under low nutrient availability they allocate more biomass to the root
(higher root/shoot ratio and root weight ratio: RWR). Analyzing in a high number of
species, the relationship between the relative growth rate (RGR) and the different
parameters that can influence their expression it was obtained that interspecific
variations of leaf area ratio (LAR) and specific leaf area (SLA) are the main

determinants of the RGR. Interspecific variations in parameters related with the
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biomass allocation as R/S ratio or RWR were non-significantly associated with the
RGR. There is also a positive and significant relationship between the response in
the RGR (ARGR) and the growth rate under high availability of nutrients and light.
Considering the ARGR as a measure of the magnitude of plasticity for these
resources the fast-growing species were more plastic than the slow-growing species.

When the light intensity has variations the fast-growing species show a higher
capacity to acclimate and their pattern of acclimation is different to that of the slow-
growing species. That is, the RGR and the total biomass produced by the fast-
growing species is higher in the plants transferred form low to high (LH) light
intensity and even higher than those plants under high light conditions (LH>HH).
This response is lower in the plants transferred from high to low (HL) light intensity
and even lower than those plants that grow under low light conditions
(HH>LL>LH). In the species with intermediate growth rate the pattern of
acclimation of RGR was as folows: HH=LH>LL=HL. A contrasting pattern of
acclimation was showed in the RGR of the slow-growing: HH=HL>LL=LH. These
tcndencies. of acclimation in RGR are associated with changés in the net assimilation
rate (NAR) and in the SLA, this suggest the importance of thc leaves and its
characteristics to determine the RGR.

When the soil nutrients are distributed in patches, the tendency showed by the
species appears to indicate that at higher RGR higher capacity to forage for nutrient
rich patches. The slow-growing species was unable to localize their roots into the
rich patches. The fast-growing S};Jecies tend to produce roots in rich patches and tend
to obtain a benefit producing higher leaf area, biomass and growth rate; this
tendency is significantly reduced when the light intensity is lower. When the light
intensity has changes the plants that show a higher acclimation for light (LH and
HH) exhibit a higher capacity to forage for rich nutrient patches. The presence of

one plant of different species can modify the existing relationship between the
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capacity to acclimate to light changes and the foraging capacity for rich patches,
causing a reduction in the root biomass into the rich patch and in the total plant
biomass. This reduction occurs in the piants that were growing under a higher
response to light is obtained (LH and HH), and is higher in the species with higher
growth rate. However, a modification of the patterns of acclimation and foraging in

some of the growth parameters occurr in both species under competition.
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Introduccion General

El proceso de crecimiento de una pianta cs el resultado de una compleja
interaccion entre su genotipo y la influencia del ambiente. El potencial de
crecimiente de un individuo esta determinado genéticamente, pero el grado en que se
alcanza dicho potencial esta regulado por ia influencia del ambiente (Kozlowski et
al. 1991). En particular, los recursos esenciales para las plantas, como parte de su
ambiente, influyen en su crecimiento y asignacion de biomasa a través de cambios
en el balance entre su suministro (disponibilidad) y demanda (Marshall y Poorter
1991). Esto esta relacionado con cambios en las tasas y balances entre procesos
como: fotosintesis, respiracion, absorcion de agua y minerales, sintesis horrﬁonal,
entre otros.

Las plantas experimentan continuas variaciones ambientales en su habitat
natural. La disponibilidad de uno o varios de los recursos esenciales para su
crecimiento, como luz, nutrimentos y agua, frecuentemente se encuentran en niveles
menores a los optimos (Chapin 1991). Las variaciones en la disponibilidad de estos
recursos pueden deberse a diferentes causas. La intensidad y calidad espectral de la
luz pueden ser modificadas tanto por variaciones diurnas, estacionales y en las
condiciones del tiempo, como por la influencia de las plantas vecinas (Bjorkman
1981, Smith 1981, Vazquez-Yanes et al. 1990). La cantidad de agua disponible para
las plantas depende principalmente del patrén de precipitacion, la lcﬁlpcralura, las
caracteristicas del suclo y la actividad de las raices (Nobel 1991). Por otra parte, las
variaciones en la disponibilidad de nutrimentos obedecen a variaciones en las
caracteristicas de la roca madre, la topografia, la disponibilidad de agua, las
caracteristicas del suelo, la dindmica de descomposicion de materia organica y la
actividad de las plantas vecinas (Chapin 1980). Esta heterogeneidad se ha asociado,
en sistemas tropicales perennifolios, a la dindmica de perturbacion natural como la
formacion y cierre de claros (Chazdon y Fetcher 1984a, b, Denslow 1987, Chazdon
et. al 1988, Martinez-Ramos et. al 1988).



Introduccidn General

Debido a que las plantas estdn expuestas continuamente a variaciones
ambientales, pareceria ldgico suponer que evolutivamente hayan generado
mecanismos para adaptarse a éstas {Smith 1990). Uno de los mecanismos con que
cuentan las especies para afrontar las variaciones ambientales es la plasticidad, la
cual es la habilidad de un genotipo para modificar su morfologia y/o fisiologia como
respuesta a cambios en su ambiente (Bradshaw 1965, Schlichting 1986, Sultan 1987,
West-Eberhard 1989). Asi, la plasticidad es una manifestacion flexible de un
genotipo que esta intimamente relacionada con las variaciones ambientales (ya que a
partir de un genotipo, ¢l ambiente puede influenciar la expresion de diferentes
fenotipos). La plasticidad le da cierto valor adaptativo a un individuo, ya que le
confiere mayor capacidad para aclimatarse a Jas condiciones ambicntales (Smith
1990). Las especies pueden diferir en su capacidad de respuesta a variaciones
ambiéntales, lo que podria implicar que bajo un rango de diferentes ambientes la
seleccion natural favorezca distintos fenotipos mas que uno solo (Oyama 1994).

En investigaciones realizadas principalmente con plantas herbéaceas de zonas
templadas se han descrito las caracteristicas que presentan las especies adaptadas a
sitios donde prevalecen condiciones de alta vs. baja disponibilidad de recurses
(Grime y Hunt 1975, Grime 1979, Chapin 1980, 1988, Grime et al. 1986, Grime et
al. 1988, Chapin et al. 1993). Estos grupos de caracieristicas representan los dos
extremos de un gradiente continuo de respuestas que pueden existir en la naturaleza.
De acuerdo con estos estudios las especies que habitan en sitios con disponibilidades
de recursos prevalecientemente altas, tienen tasas de crecimiento rapidas, que son
mantenidas por tasas fotosintéticas y de absorcion de nutrimentos también répidas.
Estas especies producen hojas poco longevas que se recambian continuamente e
invierten pocos recursos en la defensa contra herbivoros. En contraste con las
anteriores, ias especies que habitan sitios donde prevaiece la baja disponibilidad de

recursos presentan tasas de crecimiento, de absorcién de nutrimentos y fotosintéticas
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lentas, producen hojas que permanecen activas durante largos periodos de tiempo,
invierten en la produccion de metabolitos de defensa contra herbivoros y son
beneficiadas al asociarse con otros organismos como las micorrizas (Allen 1991).
Estas caracteristicas les confieren tolerancia a la ¢scasez de recursos.

De acuerdo con la teorfa de optimizacion de recursos, los grupos de
caracteristicas antes mencionados surgen evolutivamente por la accion de la
seleccion natural y tienden a lograr la optimizacién de la captura de recursos que
lleva a ia expresion de la méxima sobrevivencia, crecimiento y reproduccién
posibles bajo las caracteristicas ambientales de alta y baja disponibilidad de
recursos, respectivamente.

Se ha propuesto que cuando las condiciones ambientales cambian, por
ejemplo de prevalecientemente altas a bajas y vice versa, ya sea temporal
(man.ifcsténdose como pulsos) o espacialmente (manifestindose como parches),
(Grime et al. 1986, Crick y Grime 1987, Campbell y Grime 1989, Grime 1994), en
las especies de lento crecimiento, que habitan sitios donde prevalece una baja
disponibilidad de recursos, la productividad, crecimiento y asignacion de biomasa se
ven poco afectados por cambios en la disponibilidad de recursos. Adicionalmente se
ha propuesto que estas especies presentan gran capacidad para responder a pulsos de
alta disponibilidad de recursos; debido a su capacidad para mantener activas sus
estructuras de captura de recursos durante todo ¢l tiempo. Esto se ha interpretado
como la manera en que estas especies manifiestan su plasticidad ante un ambiente
cambiante. En cambio, en las especies de sitios donde prevalece una gran
disponibilidad de recursos, su productividad, tasas de crecimiento y fotosintesis asi
como su asignacion interna de biomasa son fuertemente afectadas por la disminucion
de los recursos disponibles. Cuando un recurso disminuye, estas especies son
capaces de asignar mayor cantidad de energia a la produccion y desarrollo de las

estructuras necesarias para capturar el recurso que esia limitando su crecimiento,
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presentando gran capacidad de aclimatacién (capacidad plastica para responder a |
cambios en el ambiente, comparada con la respuesta a condiciones
prevalecientemente altas o bajas en cuanto a disponibilidad de recurses) (Strauss- f
deBennedetti y Bazzaz 1991). Adicionalmente, las especies de tasa de crecimiento
rapida que habitan sitios ricos, tienen la capacidad plastica para continuamente
buscar, localizar y explotar parches ricos en recursos, los cuales son rapidamente
consumidos por la gran actividad del propio orga:nsm.o y de sus vecinos {Grime ct
al. 1986). A esta manifestacion de la plasticidad se le ha denominado forrajeo
(Grime et al. 1986, Slade y Hutchings 1987). La existencia en el suelo de parches
ricos en nutrimentos v el hecho de que las raices de algunas especies al encontrarlos,
incrementen su actividad, biomasa y ramificacion para explotarlos se ha
documentado ampliamente (Drew et al 1973, Drew 1975, Drew y Saker 1975 ,
Grime 1979, Grime et al. 1986, Crick and Grime 1987, Slade y Hutchings 1987,
Eissenstat y Caldwell 1988a, Jackson y Caldwell 1989, Campbell et al. 1991 a, b,
Caldwell 1994, Hutchings y de Kroon 1994). Aunque los parches ricos en recursos
que las raices de una planta pueden ocupar generalmente son una porcién muy
pequeiia del volumen total de suelo, son suficientes para provocar un beneficio en el
crecimiento (Grime ct al. 1986, Chapin 1980). Sin embargo, diferentes especies
pueden manifestar diferente capacidad de forrajeo (Caldwell 1994).

En la presente tesis se plantean una serie de objetivos e hipotesis para evaluar
la piasticidad de diferentes especies de la selva baja caducifolia a variaciones en la
disponibilidad de luz y nutrimentos. Con este propodsito general se disefiaron 4
experimentos:

1) Para probar las predicciones generadas a partir de plantas herbaceas de
zonas templadas respecto a las respuestas de diferentes especies a disponibilidades
contrastantes de recursos, sc¢ disefi® un experimento con 34 especies lefiosas

(principalmente arboles), donde se evalia el efecto de disponibilidades contrastantes
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de nutrimentos en el crecimiento y asignacion de biomasa (capitulo 2). Se incluy6 un
gran nimero de especies para establecer tendencias en cuanto a las caracteristicas de
crecimiento v los diferentes pardmetros que influyen en €.

2) Para evaluar las respuestas de diferentes especies a cambios en la
disponibilidad de recursos (aclimatacion), se disefié un experimento con 10 especies
con diferentes tasas de crecimiento, para evaluar su respuesta en condiciones
contrastanies de intensidad de luz (prevaiencientemente alta vs. baja) y compararla
con aquella mostrada ante cambics de dicho recurso (plantas transferidas de alta a
baja y vice versa) (capitulo 3).

3) Con la finalidad de integrar las respuestas plasticas que pueden mostrar
diferentes especies para la captura de recursos en la parte aérea vs la parte
subterranea, se siguié el mismo disefio planteado en el inciso anterior y se le
adiciono el efecto de la capacidad de las especies para explorar y explotar un parche
rico en nutrimentos en el suelo (capitulo 4). Esto esta relacionado directamente con
el compromiso entre el costo y el beneficio de la captura de un recurso respecto a su
disponibilidad y a la disponibilidad de algin otro recurso esencial para el
crecimiento.

4) Para evaluar la relacion entre la respuesta a cambios en la intensidad de
luz, la capacidad de forrajeo y su efecto en la interaccion competitiva entre las
especies, se realizé un experimento con 2 especies usando el disefio mencionado en
el inciso 3, pero adicionando el efecto de la competencia interespecifica (capitulo 4).

Las hipotesis a falsificar son las siguientes:

La plasticidad de las especies en cuanto su capacidad de respuesta en el
crecimiento y asignacion de biomasa ante diferentes disponibilidades de luz y
nutrimentos sera diferente.

Ante cambios en la intensidad de luz, la expresion de plasticidad sera

diferente, en el grado (i. e. magnitud) v la direccion (i.e. pat.rén, Schiichting y Levin
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1984, Schlichiing 1986, Kuiper y Kuiper 1988) de la respuesta plastica, entre las
especies de rapido y lento crecimiento. En comparacion con las de iento crecimiento,
la manifestacion de plasticidad en las especies de rapido crecimiento sera a través de
una mayor respucsta en ¢l crecimiento, asignacion de biomasa y fotosintesis a la
nueva condicion luminica.

Las especies mostraran diferente magnitud en la respuesta a variaciones en
luz y en la capacidad para exp!ofar y explotar parches de abundancia de nutrimentos
en el suelo. La mayor respuesta la mostraran las especies de rapido crecimiento. A
su vez, la capacidad de forrajeo de estas especies sera mas afectado por la
disminucién de luz que en las especies de lento crecimiento.

Se espera un mayor éxito competitivo (evaluado en cuanto a produccion de
biomasa y tasa de crecimiento) en las especies con mayor plasticidad por luz y

mayor capacidad de forrajeo por nutrimentos.

Como ya se menciond, los estudios con gran nimero. de especies, donde s¢
analiza qué determina la tasa de crecimiento y como ésta puede ser modificada por
diferentes disponibilidades de nutrimentos se han realizado con plantas herbaceas de
zonas templadas. Sin embargo, no existen estudios similares sobre las respuestas de
plantas de cSpecies-tropicales con crecimiento secundario.

La mayoria de las investigaciones que se han reportado sobre la respuesta de
las plantas a cambios en la inlgnsidad de luz, se han realizado con una o pocas
especies, lo que reduce la posibilidad de establecer tendencias en las respuestas.
Ademas, se¢ han incluido principalmente especies de plantas de selvas tropicales
perennifolias (Rice y Bazzaz 1989a, b, Ramos y Grace 1990, Pompa v Bongers
1991, Sims y Pearcy 1991, Strauss-Debenedetti v Bazzaz 1991, Ackerly 1993,

Turnbull et al. 1993) en las cuales no existe una restriccion en disponibilidad de
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recursos regulada principalmente por el patron de precipitacién como en las selvas
tropicales caducifolias.

En sistemas naturales, como en la selva baja caducifolia, existe variacion en
la intensidad de la luz y en la distribucion espacial de los nutrimentos en el suelo
(ver descripcion del sitio de estudio), de tal forma que la captura de un recurso
depende de la disponibilidad del otro. Como s¢ mencion anteriormente las especies
difieren en su capacidad para responder a cambios en luz y para obtener beneficio de
parches en el suelo ricos en nutrimentos. Sin embargo, no existe informacidn sobre
la interaccion entre variaciones en los dos recursos, es decir, como cambios en la
disponibilidad de luz pueden influir en la capacidad de forrajeo por nutrimentos, o si
el tener acceso a un parche rico en nutrimentos modifica la capacidad de
aclimatacion a cambios en luz. Tampoco se sabe si la interaccion entre los dos
recursos antes mencionados difiere entre especies con tasas de crecimiento
diferentes.

Algunos estudios han documentado que diferencias en la capacidad de
forrajeo entre las especies pueden influir en la interaccién competitiva entre éstas
(Caldwell 1988, Eissenstat y Caldwell 1988b, Caldwell et al. 1991 a, b, Caldwell
1994), debido a que el tener acceso a mayor cantidad de recursos, por tener la
capacidad de explotar parches ricos, favorece la produccion de individuos con mayor
talla y tasa de crecimiento, y a su vez provoca la reduccion de los recursos
disponibles para individuos vecinos. Sin embargo, esta ventaja podria disminuir si
algin _otro recurso esencial como la luz disminuye, debido tanto a la
interdependencia entre la captura de recursos en la parte aérea y subterrinea (Grime
1994) como a diferencias en la capacidad de respuesta a cambios entre las plantas de
especies vecinas.

Recientemente ha cobrado mayor interés ¢l efecto de modificaciones cn el

ambiente, y por lo tanto en los recursos disponibles, causados por las actividades
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humanas (¢! 44% del area tropical latinoamericana para 1980 se deforestd para
convertir en pastizales, Houghton et al. 1991) y el posible efecto del cambio global
sobre la vegetacion del planeta. Esto acentia la necesidad de conocer la forma en
que las posibles modificaciones causadas al ambiente pueden tener efecto sobre la
sobrevivencia y crecimiento de las especies, y por lo tanto, sobre la diversidad. Sin
embargo, la mayoria de los estudios realizados sobre el efecto de variaciones en la
disponibilidad de recursos en él crecimiento y asignacion de recursos se han
realizado con plantas herbaceas de zonas templadas, pocas investigaciones s¢ han
realizado con plantas tropicales, como es el caso de variaciones en luz; no obstante,
estos estudios incluyen casi exclusivamente especies de la selva alta perenifolia.
Esto es sorprendente ya que hasta 1986 se habia reportado que aproximadamente el
42% de las selvas tropicales son selvas bajas caducifolias (Murphy y Lugo 1986).
Entre las selvas bajas caducifolias, la de Chamela, Jalisco alberga la mayor
diversidad de especies vegetales (Lott et. al 1987). Aunado a esto se conoce que las
selvas bajas caducifolias son de los sistemas sometidos a las tasas mas altas de
deforestacion para su conversion a pastizales (1.35X106 ha/afio), se estima que
aproximadamente el 78% de su area original ya ha sido modificada (Houghton et al.

1991).

Sitio de estudio

Los estudios presentados en esta tesis fueron realizados con plantulas de
especies lefiosas de la Selva Baja Caducifolia de Chamela, en la costa de Jalisco,
Meéxico (19° 30°N, 105° 03'W). Esta region tiene un clima clasificado como calido
subhiimedo (AwO(x")), el més seco de los subhiimedos, tiene una temperatura
promedio de 24.9 °C (1977 -1984). Presenta un régimen de lluvias claramente
estacional con una precipitacion total anual de 748 mm, concentrados principalmente

entre los meses de julio y octubre (80% de la precipitacion total) (Bullock 1986).
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Este patron esta fuertemente influenciade por la incidencia de ciclones tropicales, los
cuales ocurren principalmente entre agosto vy octubre. Debido en parte a la presencia
de ciciones en esta zona, tanto la cantidad de liuvia como la frecuencia de dias
lluviosos son impredecibles (Garcia-Oliva et al. 1991), pudiendo existir anualmente
al menos un periodo mayor a 20 dias y otro de al menos 13 dias sin precipitacion
dentro de la época de lluvias (Bullock 1986). Este régimen de lluvias provoca
variaciones en la caida de la hojarasca, en el proceso de descomposicion de la
materia organica, en la disponibilidad de agua en el suelo y por lo tanto, en la
disponibilidad de nutrimentos. Dichas variaciones ocurren tanto estacionalmente
(sequia vs. lluvia) como dentro de la época de lluvias (Martinez-Yrizar, 1980,
Martinez-Yrizar y Sarukhan 1990, Solis 1993). Adicionalmente, existen variaciones
espaciales en la disponibilidad de nutrimentos en el suelo causados por la
heterogeneidad en las caracteristicas del suelo, por diferencias en las propiedades de
la materia orgéanica que provocan diferencias en la cantidad, tipo de nutrimentos y
tasas de descomposicion (Martinez-Yrizar, 1980).

Las variaciones de luz en la selva baja caducifolia sin duda estan relacionadas
con ¢l caracter caducifolio de esta selva, donde durante el periodo de sequia se
registran valores de radiacion fotosintéticamente activa (PAR) de 58 mol m-2 dia-!
arriba del dosel y aproximadamente 45 y 30 mol m2 dia-lalos 5y 6.2m de altura,
respectivamente. Estos valores se reducen considerablemente durante el periodo
lluvioso siendo aproximadamente 35, 10 y 3 mol m2 dia-! arriba del dosel y a los 5
y 0.2 m de altura, respectivamente (1978-1988) (Barradas 1991). Cuando inicia el
periodo de lluvias y los arboles producen hojas, las plantas del sotobosque
experimentan grandes cambios en la cantidad y calidad de la luz provocados por la
sombra que producen las numerosas capas de hojas de los arboles que las rodean,
existiendo solamente el 19% de transmitancia de PAR a 0.2 m de altura comparada

con 95% a 10m (Barradas 1991). Cambios repentinos en ia luz pueden también

10
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ocurrir como resultado de la apertura de pequeiios claros creados por la caida de
ramas o arboles muertos que permanecen en pie y son derribados por los fuertes
vientos durante los ciclones o tormentas tropicales, asi como por los rayos de sol que
penetran el dosel e incrementan, por cortos periodos de tiempo, la intensidad de luz
que reciben las plantas del sotobosque (Chazdon 1988).

Otra caracteristica sobresaliente de esta selva es la gran diversidad de especies
que alberga. El namero total de Icspecics cn un drea de 350 Km? es de 1120 (Lott
1993) y el namero de especies por cada 1006 m2 es de 83 a 92, con una densidad
promedio de individuos de 4500 por hectérea (didmetro a la altura del pecho < 2.5
cm) y un indice de diversidad de Shannon-Weiner de 4.76 a 6-06, el cual es superior
al de otras selvas caducifolias que reciben mayor cantidad de precipitacion (Lott et

al. 1987).
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Summary

1. To test the predicted relationship between growth rate and biomass allocation in
relation to nutrient availability, seedlings of 34 woody species from the tropical decid-
uous forest in Mexico were grown under two contrasting nutrient conditions.

2. Dry biomass. relative growth rale (RGR). rdovshoot ratio (R/S). specific leai’ area
(SLA). leaf area ratio (LAR), leaf weight ratio (LWR). root weight ratio (RWR. net
assimilation rate (NAR) and the nitrogen and carbon Icaf percentage were determined
following an initial and final harvest. In all the parameters evaluated, the trend fol-
lowed by the species under low nutrient conditions was similar to the rend atained in
high nutrient conditions but with different magnitude.

3. The species with the largest seed biomass was Theveria ovara (3808-6mg},
Lagrezia monosperma had the smallest seeds {0-13mg) and the highest RGR ia the
high nutrient reatment. However, the relationship between RGR and seed bio nass
among the 34 species studied was weak (r=~0-50 in Jow and -0-62 in high nutrients)
4. Higher biomass allocation to roots was shown under low nutrient condition but the
relationship between RGR and root/sheot ratio was non-significant.

5. Species variation in RGR to both the nuirient reatments employed is followed by
species variations in LAR (r=0-50) more than changes in NAR (r=0-20). Changzs in
LAR ure explained by LWR (r=0-62) and SLA (r=0-70). Under low and high nutri-
ents. the RGR was highly correlated with SLA (r=0:67 and 0-60). suggesting the
importance of both the total leaf area produced and the leaf morphological characteris-
tics in determining the RGR.

6. A general charactenistic of the distribution of the species’ responses in RGR to both
nutrient treatments was the existence of a continuum. for all of the parameters studied.
Thix suggests differences in the species” resource utilization and tolerance. whicl: are
reflected in ditferent plastic capacities.

Kev-wards: Biomass allocation, growth analvsis. nutricnt availability, plasticity
Funcrional Ecelogy 11995) 9, B49-838

Intreduction

Much of our current ccological knowledge about the
influence of nutrient suress on relative prowth rate and
biomass allocation originated {rom studies conducied
with herbaceous temperate species (Chapin 1980:
Hunt & Lioyd 19%7: Kirner & Rerhardi 1987 Gnime.
Hodgson & Hum 1988: Shipley & Keddy 1988:
Shipley & Peters 1990: Robinson 199!: Lambers &
Poorier 1992). Bused on these studics. it has been suy-
gested that species from infenile soils have lower
maximum relative growth rates. larger investment in
chemical defences and higher biomass allocation to
roots than plants from fertilc habitats (Grime & Hum
1975: Grime 1979: Chapin 1980, 1988). Species with
low maximum relative growth razes have Jess allocation

10 roots when growan under fertile conditions (Hunt &
Lloyd 1987: Shipley & Peters 1990: Gamier 19911, In
this sense. il has been suggested that pla s with high
potential maximum RGR do not tend to predominate
in infertile environments because they ar: more sensi-
tive 10 low nutrient supply. When grown under nutri-
ent swess, species associated with fer.ile environs
ments show 3 nighcr specific [cal area (SLA leaf arca
per unit leal weight) than species reiate 1 Lo infertile
environmeots. Studies on resource capluic specializa-
tion in fertile and inferuie cnvironments (Grime.
Crick & Rincon 1986: Crick & Crime 1987:
Campbell & Grime 1989). in additian to the economic
interprewation of resource limitation in plants, have
contended that the responses of planis 10 vanauons in
nutrient supply should involve compensa ory changes
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in root/shoot allocation in order to increase the dcqui-
sition of the soil resources which are limiting growth
(Bloom. Chapin & Mooncy 1985; Chapin 1991). The
studies mentioned above have also contributed to
establishing that plants adapted to infertile cnviron-
ments show nutrient accumulation in plant tissue and
low tssue turnover rates coupled with a long-lived
Toot sysiem and low morphological plasticity (Gnme
ef al. 1986: Crick & Grime 1987). In addilion. it has
been predicted that in response (o nutrient cnrichment.
species adapicd to poor soils usualiy show smaller
changes in their characteristic low growth and absorp-
tion rates (Chapin 1980; Shipley & Keddy 1988).
These plants maximize nutrient intake more through a
constant high root/shoot ratio and possibly mycor-
rhizal associations than through high root absorption
capacity (Chapin 1980. 1988). In conwrast. species
adapted to nutrient-nich soils sustain fast growth and
high yield muintined by 3 high rac of nutrient
absorption under abundan resources but the growth
ratc and biomass production and allocution of such
species are highly affected by resource limitation.
When nutrients are scarce. these species reduce their
yield and growth rate und increase the biomass alloca-
tion W roots as a mechanism 1w acquire resources
through plastic morphological adjustments (Grime ¢7
al. 1986).

More recently. the impact of human activities and
the passible influence of climatic global chunge on
vegetation processcs and biodiversity of tropical
ecosystems. has prompted the need Lo apply 3 more
inlegrauve comparative approach, which would
increase our undersianding about how plants respond
to changes in the availability of soil resources. The
pioneering comparative expenmental  studies of
Grimc and co-workers (Grime ¢1 al. 1988) and the C-
S-R model of plant sirategies (Grime 1977} have
proved 1o be useful methedologies and conceptual
frameworks to identify groups of species showing
similar responscs (o variations in resources in temper-
il ccosystems (Grime & Hillier 1992; Chapin 1993:
Chapin. Rincén & Huante 1993). A similar approach
has not been used in tropical deciduous forests, where
human activitics are increasinply affecting natural
vegetalion. causing destruction and derelicion and
inducing changes in soii resources. This is surprising
in view of the urgent need to predict specics responses
10 variations in resources and species recovery from
disturbance in highly diverse seasonul tropical envi-
ronments. In this sense. comparative studies reluted 1o
the growth responses of the species 1o different levels
of soil resources are needed (o gain more insight into
specics responses 10 changes in the environment and
the mechanisms controiling species regencration and
maintenance of diversity. The tropical deciduous for-
esi in the Pacific Coast of Mexico provides a good
opportunity to conduct comparative rutrent related
growth experiments owing o the high diversity of
plant species (83-92 species per 1000m®) (Lou.

Bullock & Soclis-Magallanes 1987: Lot 993). co-
occurring in an environment in which the availability
of soil resources is restricted by. among olier-things.
seasonal drought (8 months).

The experiment described here tests the predicled
relationship berween the relative growth rate. the
biomass allocation and the external nutrient supply in
34 ropicai deciduous forest seedling specics and the
relevance of growth parameters such as net assimila-
tion rate, leaf area ratio. specific teaf are: and leal
weight ratio 1o explain interspecific variatien in rela-
uve growth raic in tropical woody plants,

Materials and methods

The woody species siudied in thix rescarch are listed
in Table 1. Mawre seeds of cuch species were col-
lected from at least 10 different individuuls. in the
Biology Station at Chamcla in the Pucific Coust of
Mexico (19°30°N, 105°03'W), Avcrage seed dry
biomass was determined from 50 randomly selected
seeds {including seed couts). Preliminary geiminauon
tests were conducted in all specics Lo detennine ger-
mination requircments und ume of emergence.
Scanfication was conducted in somc  species.
Secdlings at 5 days old were trunsplanted in frec
drainage PVC pots {35 |2em) containing 5000 cm '
of purc silica sand. A rich and poor nutricnt cnviron-
ment was provided by adding 242 and 1/10 of 14-|3-
14 NPK coniinuous 120duve feeding fertilizer
(Osmocotc™; at the beginning of the experin.ent. Onc
seedling per pot was ailocated rundomly for each
nutricnt treatment. The complere design cor sisted of
340 plams. two nutrient tremments (24 and 24§ per
pot1. 34 native species. initial harvest at the beginning
ol the experiment and a final harvest with five repli-
cates per ucatment. specics and harvest, The plants
grew in u glasshousc for 60 days in the Biolog v Station
a1 Chamecla during the rainy months of Auzust and
Sepiember. All seedlings were watered \wice Jaily.
Aficr 60 days plants were harvesied, leaf wrea was
mcasured (Delia T. England). plants were dr ¢d in an
oven (80°C) for 48h and ihe dry weights of leaves.
steims and roots were oblained separately, These daa
werc unalysed following the classical growth analysis
methods desceibed by Evans (1972) und Hun (1982).
The averuye relative growth rate (RGR. dry biomass
increment per unit total plant biomass per unit time)
of each specics was deiermined according : RGR=
(In Wre—In Wi, Wit ~i,) whete W is the uvenige toal
plant dry biomass in g and 1 15 ume in days.
Caleulations were made for the nel assimilaiion rute
(NAR. the rate of dry matter production pet unit of
Icaf area). the specific leaf area (SLA. the ratio of
[oliage ieaf area to foliage dry biomass). the leal ares
ratio (LAR. the ratio between toial leaf areu : nd total
plan! dry biomass) as wcll as the jeal, siem :nd root
weight ratios (LWR. SWR and RWR. the ratio of
foliage. stem and root weight © 1otal dry weight.



8s1

Tropical plurt
growth
responses io
nurrients

© 1995 British
Ecological Society.
Funchional Ecology,
9. 849858

Table 1. List of specics studied. nomenclature in accordance with Low (1985, 1993 In addid g¢ seed
(n=30), growth form (Sh=3hrub and ST =5 hrub or vinall tree) and wood density (WD) are prescnted

Seed biomass wD

Species Family (mgi Growth form tgem™)

I Acacid farmesigng Leguminosac 458 Shor ST —_

2 Albitia eccidenalis Leguminosie 109-7 Shor ST oK1

3} Amphipteryiivm adstringens Julianaceae 383 Tree 41"

4 Bernardiu spongiesu Euphorbiaceas 2473 Shac ST -

5 Caesalpiniu coraria Leguminosae 654 Tree 114’

& Caesalpinic enasigehvy Leguminosac 2306 Tree 0.74°

1 Cuesalpinia plarvinba Leguminosae 3059 Shor ST 09"

8  Cuesalpiniu sclerocarpu Leguminosae 709 Tree 1297

9 Ceiba pentundra Bombacacene 1160 Tree 036
10 Celacnadendrom mexicanin Euphorbiaccae 9.7 Trec 093
1l Chinroleucon mangense Leguminasae QR Tree (-94°
12 Cochlusperntien viifolium Cochlospermaceas 9.3 Tree 027
13 Cerdia allindora Borraginaceas 120 Tree 098
14 Cordiu claesgnoides Bomaginaceae 273 Tree 0-88°
15 Covenloba barbudensis Palyzonaceae 1208 Tree o1y’
& Crescentio aloig Bignonisccac 4 Tree o’
17 Emtervolvhivm oyclocarpum Leguminusae 7052 Tree [P
1% Guazuma ulmifolia Sterculiaceac 9 ShorST &7
19 Helivearpus pallidis Tiliasceae 060 Tree 09"
20 Himonia larifiora Rubisceue 14 Shur ST N4
21 Ipamoes walcoltiana Convolvulaceae LB Tree 0.57°
23 Lugresia numosperma Amaranthaceae 014 Shruk 047
2 Lusiluma micraphyllum Leguminosae 305 Shor ST ue2'
24 Mimnsa renuiflurg Leguminoxae L8] Shrub -—
25 Pitheceilobium dulce Leguminasae 1774 Tree 10"
26 Plumeria rubra Apocynaceae 491 Tree —
21 Recchia mexicana Simaraubaceae 4258 Tree 102
I8 Ruprechtio fuscu Polygonuceae 08 Tree 070"
29 Spondias purpurea Anacardiaceue 16245 Tree oxr’
W Tubehwia donnell- sy Bignoniaceae 47 Tree 053"
11 Tabebuia chrysantha Bignoniaccusc EEt | Tree 072
32 Theveria mata Apucynacede IRUR-A Shrub o7
31 Thouinia paucidentaia Sapindaceac 157 ShorST 094"
34 Trichilia trifolia Melisceae 323 Shor ST o-50°

+ From Barajus-Morales ( 1985) and Buryjus-Morales & Gimez (1989).

* From Kitajima (19941
{ From Borchert 11994,

respectively) (Causton & Venus 1981: Humt 1982)
and the root to shoot dry biomass ratio (R/S).

In addilion. the plastic response in RGR to both
nutrient reatments was estimaied by considering the
difference between the average RGR uchicved by the
specics, in high minus low nutrient treatment. The lcaf
nitrogen and carbon percemiage was determined by
complele und instantancous oxidation of samples by
‘flash combustion’ and separation by pus chromato-
graphy in a carbon/mitrogen analyser (Curlo Erba
instrument. NA 1300, lalv). Differences belween
nuinent treatments were tested by a Studeri’s r-iest
using loa-transformed data in order to meet the
assumptions of the test.

Using daia from low and high nutrients the relation-
ships between relative growth rale and parametcrs
such as NAR. LAR. SLA. LWR. RWR. SWR. R/S
ratio were calculaied. as well as the associstion with
seed dry biomass. wood density and the response in
RGRK 10 both treamments. The relationships between

the several parameters determined were tested with
linear regressions using log-transformud 10 meet the
assumplions of the analysis (Zar 1974).

Results

The list of the woody <pecies studied including their
family. seed binmass, growth form and wood density
(WD) values are shown in Table | The swdied
specics belong 1o 17 families. Leguminosae was the
larges: family studied. compnsing 11 species. The
Bignomiaceae family was represcnted by three specics
and the Apocynaccae. Buraginaceae. Zuphorbiaccac
and Polygonaceae by two species cach. Twenty-onc
of the species included are trecs. 10 are shrubs or
small wrees and three are shrubs {Lov 1983, 1993).
Seed biomass vanied from 3808-6mz in Theveria
wvale  (Apocynaceae) to 0013mp in Lagrezic
manosperma (Amaranthaceae). Considering wood
density. Caesalpinia sclerocarpa ani Caesalpinia
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coriaria had the hardest wood (139 and 1-14 WD,
respectively) and the species with softest wood were
Cochlospermum virifolium, Spondias purpurea and
Amphyprerigium adsthingens ¢0-27, 0-31 and 0-39,
respectively).

The range of biomass produced by the 34 species
under low nuurients was from 0-028 to 7-29 ¢ (260%}

-and from 0-14 10 29:02 ¢ (207x} in high nutnents. All

species, excepl Trichilia irijolia. produced more
biomass under higher nutients supply. The total dry
biomass ataired under low ané high nutrienis avail-
sbility is shown in Table 2. The lurgest difference was
shown by 5. purpureq with 486 g in low and 2502 g in
high nutsents. Non-significant differences between
treatments were shown only by T. trifolia. which appar-
ently was not affecied by the low nutrient treatment,

The dry biomass allocation (o roots i listed, as the root
weight o (RWR) and the R/S ratio. in Table 2. All
species had a clewr lendency 1o allocate more biomass 1o
roots in the nutrieni-poor Urcatment. Non-signiticant dif-
ferences were detected in RWR and R/S ratio between
high and low nutrients for Plumeria rubra, T. ovata and
T. trifolia. These last two species had a high R/S ratio in
high nutrients. When nutrients were abundant (+N tret-
ment) all species allocated more biomass to the shoot but
under conditions of nuaient limitation (-N treatment) the
allocation 1o roots was hugher than biomass allocation 10
shoot (R/S ratio > 1) in A. adstringens. Ceiba peniandra,
C. vitifolium. Chioroieucuin mangense. 5. purpurea and
Tubebuia chrvsantha, These species showed the larpest
difference in R/S ratio bepween treauments but not the
highest RGR, The stem weight radio (SWR. Table 2) way
higher under high nutricnis in most species: A, adsirin.
gens and C. pemandru showed the larnest difference
berween trcatments. Thevelia ovate and P, rubra showed
greater SWER under low nutnents bul this was not relaied
to biomass allocation to roots or wood density.

Differences in total leat area (Table 3) were larger
in high than in low nutnents. Only T, trifolio showed
non-significant differences. The (2st growing specics
Albizia occidentalis. C. pentandra. Helincarpus pal-
lidus. [pomoca wolcomiana. L munosperma and
5. purpurea showed 1 large increase in leaf area when
grown under high-nutrient avalability. The leaf area
ratio (LAR. Table 3) was larger under high nutrients
but was non-significant for 19/34 species. Tabebuia
donnell-sniichii was the most responsive species. The
SLA was non-significnatly different among nutrem
treatments in 25/34 specics. and significandy higher
{r-iest, P<0-05) in the nch wreatment for six specics.
where T. dunnell-smithii. Puthecellobium dulce and
C. sclerncarpu uchicved the jargest differcnce
between nuiricnt treauments (Txble 35 The LWR
ranged from 0-193 (P, rubra) in low nutrient 1o 0649
(Ruprechtia fusca) in high-nutrient level. The largest
differenccs  between (rearments in LWR werc
schieved by C. coriaria and T. chrysantha. Only
18/34 species showed significant differences berween
both treatments (Table 3).

The relative growth rates atiained by thz specics
in both nutrient ucatments are presented i Fig. 1.
Excepting T. rrifolia. all species achieved hi;ther RGR
when grown under high nurients. The range of values
in the nutrient-rich treatment from Celueriodendron
mexicanum and T. trifolia to L. monospenna repre-
sents a five-fold difference in values of RGR (0-03i 1o
0157 pg day™". respectively), A similar difference
among species (4:9-fold) was tnaintained vnder low
nutrients (from Recchia mexicana. 0-021. 1> H. pal-
lidus. 0-103 gg™' duy™"). The RGR for C. mexicanum.
R mevicana and T. trifoliu under both autricnt condi-
tions was lower than the RGR attained for most of the
species, even under low autrients

In most of the ipecics (30/34) the net assimilation
raie (NAR) was greater under high nutrient.. but was
significantly different between high and low nutrients
{11251, P<00S5i only in 17/34 species. Mimosu
tenuiflora and Entherolobium cvclocarpum showed
the highest difference between high and low nutnients.

In the rest of the species the NAR under low nutrients |

was close to the NAR under high nutricnts exen when
the differences were significant (Table 31

As an indicator of plasticily. the species re:ponse o
nutricnis. based on RGR values vs the RGR amained
under high nutrients. is presented in Fig. 2 for each of
the specicy studied. Mimosa tenuiflora. L monosperma
and T. donneli-smithii werc the species with higher
growth respensc values and T. triinlia had the lowest,

The pereentage of leal’ nitrogen (Tabie 2) was
greier in high nutriems for abl specics. except Jor
Hintoma latiflora. R. fusea and Thouinia pauctden-
tata. The largest difference between leaf nivrogen
attained in high vx low nutrients was shawn by
C mangense. T. irifolia. H. luriffora and Bemardia
spengiosa. All species showed a higher percentage of
leal carbon under high nulricnts bui the difference
bctween both nutrient treatments was greater for
Guazumg u/mifolia and nan-significamt for 1 0/34 of
the specics studied (Table 2),

Discussion

In the early 60days of scedling growth investiguted. a
consisicnl contlinuous gradicnt was observed in the
distribution of the growth responses of the specics
studied under both nutrient treatmenis (Fig 2). In
addition, the trend shown by the species uncer high
nutrients was similar to the trend under low putrients.
Tor all the growth parameters (Table 4) bul witi differ-
ent magnitude and slightly different order of :pecies.
Considering this we must recognize that both nutrient
treatments employed represent two distant aviulabili-
ties in 4 continuum between low and high nutrient
availability and the 34 species investigated represent
approximalely 7% of the tolal woody specics present
in the tropical deciduous forest. It must also e indi-
cated that nutrient requircments of the speci:s may
change during their lifc cycle and are influenced by
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Table 2. Total dry biomass (). reotshoot iatio (R/S), root weight eatic (RWR), stem weiph ratio (SWR), leaf nitrogen (%) and Icaf carban (%5) alisincd by ihe 34 species studicd wader low (--N) and high (+N)

whole marient level

Total dry biomass R/S ratio RWR SWR Leaf nitrogen Leal carbon
Species -N +N -N +N ~-N +N ~N +N -N +N -N +N
Acacia farnesiona 124 10- 3644 0-557 0327+ 0387 0-242¢ 0222 378 a0 529+ 44.45 q41.51%¢
Albizia occidenalis 1-5 14.074n ¢ 0-893 0-530%** 6471 0-145%4# 0217 02674 s 342 4348 42-18°
Amphipteryginm adstringena 249 13490 1- 33 O-7409¢ 0557 041X+ 0-154 9-2R4¢ R 1) 387 41.90 44R1*
Bernardia spongios 21 1357 ¢ee 0-154 0-218¢* 0260 0-179%* 0301 0-3:2° 2:28 AJ0ne 40-2) 42.26°°
Cuarsalpinia coriaria 1-45 TS 0-661 0401+ 0-396 1):285* 0-197 0245 4-22 455 4375 45.22%
Carsalpinia erinstachys 2-48 K-56%+* 0973 0-449%* 0491 0:293%¢¢ 0235 032740 308 396 46-71 45-90++
Carsalpinia pintyinba 28 R+ 0-851 (45200 0459 D309 0-202 0-2R4 2-8¢ 3-76* 45-58 42.58¢
Caesalpinia scleracarpn 0-45 2.0 0-964 0-a57¢+ 0-4R7 03200 0-224 ()-2BRe ¢ 390 4-84 4451 43-04%
Ceiba pemtandra 2.85 24.05%¢¢ 1-455 0-635%+ 0-585 0-384** 0177 012244 284 286 11.04 43.220¢
Celaenadendron inexicanum 029 37 0-602 0-164% 03 0:266* 0-163 0-152 277 7 b L 44-26 43014
Chlorolencon mangense 023 2.6 1039 0-466*%* 0-504 0-)15%++ 0-233 0- 624" 415 6:10v0° 44-19 41.290%*
Cachlospermuum vitifolivon B-14 173004 1-530 0:526* 0-585 0-144%+ 0-191 0-292* 332 41780 44.97 45-28¢
Cardia ellindora o 5-27¢> 0820 0-510° 0449 [ ARD AL 0-128 0100 407 448+ 40-04 45.4%*
Cordia elaeagnnides 07 2-02°¢ 0-562 0-403° 0359 0284* 0-137 0-22340 405 399 40-98 13-46*
Cavcaloba barbadensis b-48 T-13~ 0317 0-316%* 0340 028" 0-155 0119 379 3164 42-44 42-13*
Crescentia alata 26 JT-26% 0-R30 O-Si4*e 431 [UARY A4 0173 (:212¢ 2:84 Y66 42-82 46-26
Enteralobivn cyvlocarpum 2.96 13-84* 0-7169 0611 0434 0378 0-310 (2875 106 4-154 45-08 41.82
Cunmzuma ubnifolia 0-28 5-324¢ 0-494 0387 0-326 0278 0180 0-255* M8 451 19-67 42-92¢
Heliocarpus pallidus 0-49 11-96** 0629 0-389* 0386 0-279°* ¢ 0-164 0-230%= 289 AR L] 4158 42.67°*
Himtonia latiflora 0-03s O-18** 0-52) 0246 0342 0-197°+ 0176 0-211 549 194490 41-99 4) 4R+
Ipomaoen wolcottiona 68 24-75=* 0812 0453 0450 07O 0-320 0-347 276 4.07* 4339 4103
Lagresia monosperma 029 695+ 0-528 0297+ (345 0-227+* 0-160 0-26%* 404 481 41-49 4).81
Lysiloma microphyltum 0-84 3580w 0699 0-290** 0408 0-224° %4 0-247 01564 365 406 4578 45-25°%°
Mimosa teanifinrn 01 599+ 0-62) 02271+ (U] 0184+ 0-278 040441 4-56 465 4421 46-16***
Pithecellobium duice o9 55704 0611 0-375%¢* 0387 (> 21 Rl 0-3M (19204 4-42 566 478 LRy b
Plumerio rubra 043 [-d4ree 0126 0-252 o210 0-257 0-367 049K T} 4.20¢ 42-75 44-2
Recchia mexicann 09 2-4r 0-649 0-330%** 9-391 02464 * 0-306 [UR1.1] 2-80 180+ 4531 4).4*
Ruprechtia fusca 012 295 0565 02570 0159 0-203¢+4 0-104 01514 4-18 Y.5740 4278 44.78
Spondias purpurea 49 30-22%24 1-569 0473+ 0-604 0465+ 0-12% (23804 102 239 4083 46-42°*
1 eIPEBUIC ANNIICH - SIUDI [VAVA) Gare (IR DL AR Ul weuse V166 [YRLU} RX Y] LR LN s LR T A
Tabehuia chrysantha 112 4-|eer 1059 0-429°% 0510 0-299¢¢+* 0-14] 0 18109 1M 4:22* 44-88 44.87
Thevertia cvato 7-M 15-65** 0475 0430 0121 0299 0:367 0-316° 214 A §ewe 44-41 45-16
Thowinia pancidentata 015 2:32808 0468 (2504 01R 1994+ 0-138 0-184 281 316t 43-64 45-35
Triciilia irifolia 011 014 0:59) -608 0371 0 [(AA] 0-192 242 430434 £2-1] 44-60*

Asterisks dennie significant differences between nutrient treatments (/-test) at * P <005, ** £ <001 and *** P <0.00¢
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‘Table 3. Lead area (cm’), leafl atea ratio (LAR, cm* g™ ). specific leaf area (SLA. cm™ g7'). leat weight ralio (LWR. g g7*) «od net assimilation rate (NAR. g cm™ day ™) altaimed by the 34 species stidied under
tow (=N} and high (+N) whole nutrient level

Leal arca LAR SLA LWR NAR

Species -N +N ~N +N -N +N -N +N -N +N
Acacia farnesiuna 20197 101745 120-57 14]-51 1R4-47 174-49 U-114 0-184 00008 0-0009
Albizig oceidontelis LR B 1ROV-RY e 119492 [RAF ) 176:52 618 -6 ARG 00005 (-0007*
Amphiptersgines walsteingeny 226-08 1274-24" ¢ 10141 11584 Mo8-54 16010 0-276 027 0002 00012
Bemardia sponginsa 19%.59 1007 54 101 1077 22864 23068 0-441 460 6003 o¢00is
“acsalpinie corinria RN QY9-TAre 59-30 154-04* 28518 407-29¢4 0204 0375 00010 08012
Caesalpinia erinstuchyx 172.15 759 194+ 20-78 90-77** 252-719 21935 0274 O-TRI* 0-00069 O-00082%
Caesalpinia plotslobu 142.26 62618+ R 77.62¢ 161-15 194-68 4337 0-40? 000112 00011
Caesalpinia scicrociipu 44-24 372.RB ¥ 7600 1671142 15965 J16:25¢0 0+ 0-2N) D402 0-0005 O-0004 7
Ceiba pewtandra 210-2) 20004+ 7407 aN-57 Mo 299-R7 236 N295+ 00008 000 [+
Celaenodendrow mesicomum M-59 [C RN RS 91.50 128. 0042 20329 2025 0462 0578 000024 Q00031
Cllorpiencou mungense 12.8) 28B- 744 5495 120412 20638 AS6:-00 0 0266 034 000049 0-00074*
Caclilospermum vidifotien 5068 AR L 79-37 12991 13679 55408 023 0-166" 0-00064 000078
Cordia allivdora 195 304604+ 8513 KO- 764+ 19969 A22-37¢ 0424 (559 ras 000035 Q-0 7
Cordia elucagnaides 109-58 1048 .4+ 19916 204-14 197906 411-63 Q-500 0-495 0-00035 0.0)055*
Caceoloba brbadenyis 1541 210644 [RIRT 128.51 220-5K 20834 0-500 06214 40007 000077
Crescentin telirte 21216 6UX-SRev 8507 87-14 22541 199-87 0178 434 0004 00012
Ewerolobium cvclovarpan: 14582 T43.79% s 5945 66-6:4 22317 25786 0-265 0-259 0-00071 000117+
Guazwma ulmifolia 10940 829.94%° 178-94 16940 1547 6603 0478 0-364 0-00044 o007
Helincarpus pullidus 11420 15486744 138-16 1 5644 204.37 A28.64 0466 0-4R80 000073 0-0009)
Hintonia latifiora 383 29:204*r [RIER 17803 22351 29484 0-4%1 06t 000028 000043
Ipamoea yweolcothiana S08.04 2771-3%2¢ 8515 124904 5176 RAXE 0-241 0-150* 0-000R9 0-00087
Lagreia monasperma A [1900%* 21449 194-37 47091 I6K-BS* 0-500 0526 004 S 00008+
Lysiloma miceaphytium 7541 4027+ 2000 92-51 26298 21204 0-344 (426¢ 00062 000097
Mimosa tenuifiorn Y-RK 248742 1208 N9-KR KK-RO 4s-37 0361 0419 0N 4s o271 ¢
Pitheceitohivm delee 6439 441-5yrer 22 RO-40 256-60 237117 0-245 0-136* 000063 0-00102°*
Plumeria rubra 2580 7496 5785 49-68 29789 201-47%+ 0-19} 0-243 0-00068 000118
Recchia mexicann 49.17 158974+« 5200 67894 142.99 134.22¢ 0-166 0405+ 0-0003 ¢ Q00019
Ruprechia fusea 5200 449607~ 164-51 16446 1928 258216 0-530 06494~ G-0M8 000065+
Spondias purpniren 41496 267754 ¢ BRA7 91-61 3240 307-32 0-266 0-29K 00144 nept7ey
Tabrbuin donoell-smithii 820 40037 16041 29303 An 473-42+ 0479 0-60K* 000021 0-00038*
Tabebusa chryraniha 12318 629:03 ¢4 % 175 16293+ A3 31203 0-351 0-520%4* 000057 006G
Thevetio avuta 41154 1108.2¢4 56-04 1041 181-04 18443 03 01829 400121 000125
Thewinia paucidentiig 26-R4 ARS.RAA - L4608 17ras WA 1385 323 w624 000045 0-00064**
Trichitia trifolin 17-79 1845 13640 137:90 0144 A28.05 0-454 0424 900042 0-00044

Asterisks denote significant ditferenves between nutrient treatmecnis (2-4est) ot * P <08, ** P <001 and **# P <000,



855 other factors including mycomrhizac (Huante, Rincén
Tropical piant & Allen 1993) or nitrogen-fixing 2ssociations.
growth Predictions about plant responses 1o different
respanses 1o nutrient availability, already established with temper-
AuLFienTs ate plants (Grime & Hunt 1975; Grime 1979; Chapin
1980: Hunt & Lloyd |987: Kmer & Renhardr 1987
Grime, Hodgson & Hunt 1988: Shipicy & Keddy
1988: Lambers & Poorier 1992) are supponicd here.
There was a clear tendency o allocate more biomass
to rools when nutrients were limited. Under low nuwn-
ent conditions most of the spesics reduced their SLA.
This decrease in SLA has heen atributed to accumu-
lation of non-strucwural carbohvdrates (Lambers er al.
1981) or secondarv compounds (Waring er al. 1985)
Considering interspecific differences of RGR in the
conrrasting nutrient treatments tested. the species with
018 -
' :
o015 !- . L
] I.I E
0"’3 [ - i : n :
3 12 3 + “'
3 o lr.:‘L ‘; ol 4
‘ a -
- z ’,‘:,‘;‘ »o
5 ¥
°om - u"" :
u 1 i ' L o s J
] o 004 o008 o008 o1 012
RGA N

Fig. 1. Relationship between the relutive prowth rate (g g™ day™" 1 wtained for the 34
studied species under low (N=j and high (N+} netricm levels. Numbers correspond 0
species 2s listed in Table |,

Response In AGR

§ 8 &8 % 8 8 8§

(=]

[ -
| - a
[ : ’
! n
| LY " "
] = B =
r e !' L ~ Ll -
| #

=
|8 " + 2 5 ; 4 =

'E+ 3y .

1 ne ' ® »
L ar Lo
! - a WY -
| . *n
r H
i A L S 1 i - S
o

oo L] 006 o 01 012 044 o8

AGR A~

Fig. 1. Relationship berween the response in RGR (diffefence berween the RGR
amained under high minus KGR in low nutrient treaiment) and the relative growth raic
stwined under the high nutrient treatment (N+) for the 34 species studied. Numbers
commespond 1o species as listed in Table |

Table 4. Linear regression coefficients and th: probability
of the cocfficient being differcat (rom zera for the values of
each parameter sttained in low v+ high nutrient ircstmenis

r P
Total dry biomass 083 0000001
Leuf area 078 0-000001
Relauive growth raie (LB 0-000001
Leaf area ratio 071 0-000002
Net assimilation rate 0.85 000000
Specific leaf arca 070 000015
Leal weight ratio 92 0-000001
Stem weight ratio 0-36 (000001
Root weight ratio 73 0-00001
Root:shoot ratio 072 000001

' higher RGR under high nutrient conditions had also a

higher RGR undcr low nutrient condition: (G. ulmife-
lig, H. pallidus. L. menaspenna. M, tenuiflora and 5.
piirpurea). The net assimilation ratc was greater in the
high nutrient level for the speciex with high RGR and
non-significantly different between treatments in
most of the species with low RGR. Species with a
high growth rate (Fig. 1) showed u hijher growth
plasticity (Fig. 2). For example. a low “lasticity in
RGR and a larger tolerance 1o nutrient Timitation was
exhibited by T. rrifolia, while a high growth plasticity
and low wlerance to nutrient deficit wai shown by
species such as M. tenuiflara, L. monaiperma and
T donnell-smithii (Figs | and 2).

The diffzrences in growth parumeiers o the specics
studied were not associated 1o srowth form or 1o wood
density (Table 5). Studies with wopical scinideciduous
specics have supgested a reiationship beiween wood
density and the specics toleruance 10 shade ( Augspurzer
1984) and tree water stmus (Borchenm 1994). Qur
results show 2 weak relationship be ween  sced
hiomass and RGR (r=—062. P<00! in high and
r=-(-34, P<0:01 in low nutrients). as weli as between
sced bromass and 10tal dry biomass in both nutrcnt
reatments, (r=04, P<005 in high and r=055,
P<00! in low nutriems). Seed biomars has beon
reponted te have 2 positive correlation with the total
bimoass produced and a ncgative com:lation with
plani relative growth rate (Fenner 1983) as well as with
the resource availability where the spevies tend W
cstablish. In this sense. it has been sujgesied thal
species with big sceds tend to produce plar ts with large
biomass, in order to achicve a3 low RGR i nd (o estab-
lish under conditions with low availability >f resourccs.
like the low light environment under the canopy. In
conurast. species with small seeds have plunts with low
bromass sccumulation and high RGR (Tatle 5) and are
able to establish in resources-rich sites such as canopy
gaps (Foster 1986; Mazer 1990 Maradon & Grubb
1993; Rincén & Huante 1993). However. fien a weak
negative comrelation between growth raic and seed
biomass has been found, suggesting the irnportance of
other factors (biomass allocation. generztional time.
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Table 5. Lincur regression coefficients between pairs of
parameters at * F<0-05. TCE. towi dry biomass: RGR. rel-
ative growth rate. NAR. net assunilation rate; LAR. leaf
area ratio: SLA. specilic leaf area; LWR, leai weight ratio:
RS, rooy/shoot ratio; WD, wood density: RWR. rooi weight
ratio; SWR, stem weight ratio. =N, Jow nutrien: treatment:
4N, high nutrient treatment

Biomass allocation among leaves. stem and rools in
our 34 species is closely associated (Table 5). Under
the high nutrient levels the tiomass allccation o
leaves (LWR) is highly negatively correlated to allocu-
tion to stem (r=-0-79. P<0-001) and roots 17=-0-61.
P<0-01). Under thc low nuirient level there s a
greater biomass allocation o roots and consequently a
lower allocation 1o leaves. This is confirm:d by the

Low (=N} High (+N)
r r
TDB vs Seed biomass 040 55+
TDB vr Leuf area O-4g" 092+
RGR vs Seed biomass .54 -062¢
RGR s WD =0-29 =028
RGR vy Leaf ures 041t 063
RGR ve NAR 029 033
RGR vs LAR 0-50 0.50*
RGR vs SLA 0-68° 60"
RGR vs LWR 024 0.02
RGR vs RIS 024 011
RGR vs RWR 020 (06
RGR vs SWR 027 (104
LAR s SLA [ 071"
LAR vs LWR 062" 62
LWR vx RWR -0-57 D61
LWR vx SWR {55 079+
SWR vx RWR 038t 008
NAR vs RWR 022 028
WD v LWR ad} 030
WD RWR 45 -0.52"
WD s SWR 0-24 004
NAR vs Nitrogen 5 -0:20
RGR 11 Nitrogen 0! =104
LAR vx Carbon 055 -0.36"
SWR 5 Carbon 032 0-40*
RGR vs Carbon o41* 35

stress and disturbunce) in the RGR variation (Shipley
& Perers 1990). as well as the iusvnomic relatedness
of the species. as proposed by Kelly & Purvis (1993).

Different attempts have bcen made (o explain inter-
specific differences in RGR through analysis of NAR
and LAR (Hunt 1982: Lambers & Poortcr 1992). In
several comparative arowth studics with a large num-
ber of species. LAR und its components SLA and
LWR. morc than NAR. were ihe most imporani
parameters influencing RGR (Lambers & Poorter
1992). In this investigation. the total leal area pro-
duccd (r=04. P<0-05in low and r=063. P<0:01 in
high nutrients) and the LAR (r=0-5. P <0-01) arc sig-
mificant and posiuvcly correlated with RGR in both
nulsicnt conditions (the high and Jow) bui not with
LWR (Table 5). Those differences shown in LAR are
explained by its two components. LWR (r=062,
P<001) and SLA (r=07. P<0-001),. Under both
low and high nutnents, the RGR was highly correlated
10 SLA (r=0-68 and 0-6. #<001). This could indi-
cate the importance of the (cdal amount of jeaf area
produced as well as other leaf characteristics, such as
unatomy, morphology and leaf chemical composition
(Lambers & Poorter. 1992: Van Arendork & Poorter
1994) 10 derermine the RGR.

latjon between root to shoot ratio with LWR and
RWR (r=-0-55, P<00]. and r= 09, P <Q0C |. respec-
dvely). The negative comelmions beiwern LWR,
SWR and RWR are logically necessary. given tha!
LWR+RWR+SWR= |,

Considering the relationship of RGR anc biomass
allocation 1o roots and shool. Gamnicr (1991) showed
that under productive conditions. the diffirence in
growth rate among the specics is linked o difTercnces
in the specific activities of their leaves and 10015, and
much less 1o differences in biomass allocat on. mea-
sured as R/S ratio. In this sense. he proposed that fast-
growing species are those for which the rajio of the
specific activities of roots and leaves is hijh. while
slow-growing species are those for which this ratio is
low, In this study the comelation between RGR and
R/S railo was very low (r=0-24 and 0-11. ,2>0-08).
Biomass allocation to roots (RWR) was higher in low
nutrients but this change in allocation was nct propor-
tional (0 the changes in RGR shown by the species:
i.c. the interspecific variations in allocation o roois
are not associated 1o interspecific variations in RGR.

In a comparative investigation of 24 herbaceous
plants with different growth rate, Poorter. Resmkes &
Lambers ( 1990) found a positive relationship between
plamt nitrogen concentration and RGR,,,, for grasses
and a non-significant relation for dicots. which they
auribuied 1o differences between taxonomic groups.

“ Nitrogen concenuration of the species studied here

was not comeluted to the RGR anained under high
nutriems (presumably RGR,,). not even arong the
11 species of the Leguminosae family studied. The
difference berween the leaf nirogen conceniration ut
high v low nutricnis was similar in species vvith high
(T. donnell-smithiiy and low (T. trifelio RGR
response. The greatcr nutrient concentraticn under
resource abundance appears (o be caused by a higher
nitrogen allocation 1o lcaves likely to produce a higher
photosynthetic rate (Chapin ef al. 1987) and 10 main-
tain a fasicr growth rate,

Lower leaf carbun concentrations were shown by
the six species with the highest RGR {fuxi-growing
specics). This pattern has been partially explined by
Lambers & Poorter (1992) but as they indicztcd. and
our comrelation coefficients suggest (r=-0-41. P <0-05
in low and r=-0-35 in high numnients). this i: oniy of
minor importance 10 explain the varjations in RGR.

A wide vaniety of response values in F.GR and
biomass allocation among species is docum:nted in
this investigation. The great differcnces betveen the
RGR in high and low suggest greater plastic adjusi-
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ments of the species in growth rate, The distribution of
the plastic growth responses amained by the woody
seedlings followed 2 continuum rather than discrete
easily identifiable groups. This response pattem pro-
vides &n indication of the ecoiogical potential of the
species 10 compensate for nulrient deficiencies and,
indirectly, the sort of habitats in which they can cstab-
lish and successfully compete for soil resources. In
spite of this continuum of the growth parameters, it Is
possible 1o distinguish, a1 the exiremes of the gradi-
enl. lwo contrasting groups of species using the
biomass allocaton pattemns and relative growth rate
shown by the species in both the nulricni treatments
tested (Fig, 2). The first corresponds to M. renwifiora.
L monosperma and T. donnell-smithii. which are fast-
growing specics that achieved more biomass and
greater RGR under high nutrients. which had a larger
biomass allocation to the rooi sysiem when grown
under low nutrients and showed a greuler growth
plasticity 10 nutriems. Fasi-growing species of this
tropical deciduous forest have been found to be highly
demanding of other resources such as light (Rincén &
Huanie 1993} and phosphorus (Huanie, Rincon &
Chapin 1995) as well as being Jow or non-mycorrhizal
dependent (Huanle er al. 1993). These species present a
dichotomous root branching pattemn (Huante. Rincon &
Gavito 1988), which has been associated with a more
effecuive exploration and exploitation of zoncs with
high nutrient availubility (Firter 1985). Based on the
characteristics described above, it could be ¢xpecicd
that fast-growing species would tend to occupy sites
with abundant resources, such us disturbed sites or
gaps. This trend suggests that research related to the
role of natural disturbonce in maintaining plant diver-
sity in this seasonal ecosystem might be relevant. The
second conrasting group of species in the gradient of
growth responsc {Fig. 2) includes T, 1afofia. C. mexi-
canum and T. evaie, which had a low relative growth
rate unger both nutnicnt treatments. even lower than the
RGR for most species  under low nutenis. These
species also had u consistent high biomass allocation 1o
roots under both nutrient treatments and cxhibit low
growth plasticity. Celaenodendron mexicanum has
been documented (o have a poorly branching root pat-
tem (Huantc e al. 1988) and to be shade iolcrant
(Rincon & Huante 1993). These slow-prowing and tol-
erant species could be expected 10 occur in sites with
low resource availability. Considenng these 1wo
exireme growth responses. it is reasonable 10 suggest
that different swresses and disturbances creatc 3 wide
range of hubitats where specics with contrasting nutn-
enl resource requirements will be able to eswablish and
sustain growth.
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Light-ceclimation of tropicel tree-seedlings

Abstract

We evaluated the plasticity and acclimation responses in growth. biomass
allocation, photosynthesis and stomatal conductance, to changes in light intensity
(transfers) in woody species from the tropical deciduous forest. We studied the fast-
growing species Apoplancsia paniculata, Cochlospermum vitifolium, Cordia
alliodora, Heliocarpus pallidus and Ipomoea wolcottiana, the slow growing species
Celacnodendron mexicanum and the species with intermediate growth rates
Cagsalpinia eriostachys, Caesalpinia platyloba, Plumeria rubra. and Trichilia trifolia
Treatments consisted in two contrasting light intensities (high, H, 1200 pumol m-2 s-!
and low, L, 400 umol m-2 s-1) during 52 days and two transfers: from high to low
(HL) and from low to high (LH) light intensity, maintaining plant controls in high
(HH) and low (LL) light. We conducted a growth analysis based on plant harvests at
the beginning of the experiment (five days old seedlings), at the time of transfer (57
days old) and at the end of the experiment (109 days old). The photosynthetic
capacity (Amax) and stomatal conductance were measured at day of the transfer of
light condition and at the end of the experiment. We hypothesized that the -
expression of plasticity and acclimation (in magnitude) is related with the growth
rate of the species. It is expected different responses among species, the fast-growing
are expected to sh;)w the highest plastic and acclimation response and the slow-
growing species the lowest response, in terms of growth rate, biomass allocation and
photosynthetic capacity.

After 52 days of growth under high light intensity, the fast-growing species
had high biomass production, leaf area, RGR, net assimilation rate (NAR), Amax
and stomatal conductance. Under low light intensity these parameters were highly
reduced. The proportion of total biomass allocated to leaves was higher under L and
the leaves produced were thinner (higher specific leaf area) than under H.

Compared with the fast-growing, the slow growing species had lower leaf area, »
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RGR, NAR, Amax and stomatal conductance. These parameters were slightly higher
under H than under L, but the total leaf area produced and leaf weight ratio was not
significantly different between L and H, they produced thinner leaves under L. The
species with intermediate growth rate had an intermediate response to light, their
trend in biomass, leaf area, RGR, NAR, Amax and stomatal conductance is similar to
the fast-growing species but with lower magnitude, however the pattern of biomass
allocation to leaves is similar to that of the siow-growing species.

After 104 days of growth, the fast-growing species acclimated its RGR and
NAR of the phenotype LH with respect to the phenotype HH, showing the highest
values under LH. In the species with intermediate growth rate the acclimation was in
the same direction (LH with HH), but with non-significant differences between these
phenotypes. The slow-growing species Celaenodendron mexicanum had the lowest
acclimation. In addition, the pattern of the acclimation of RGR, NAR, Amax and
stomatal conductance in this species was opposite to the rest of the studied species,
that is, the phenotype LH acclimated with respect to LL, and HL acclimated with
HH. In conclusion, the results support that the fast-growing species exhibit a higher
and the slow-growing species a lower plasticity and acciimation capacity,
respectively, but with different pattern of acclimation to increments and decrements
of light intensity. This was associated to leaf characteristics as the specific leaf area
and the net assimilation rate rather than the biomass allocation to leaves (leaf weight

ratio) or the root:shoot ratio.

Key words: tropical deciduous forest, growth analysis, biomass allocation,

photosynthesis, light transfers, acclimation, plasticity.
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Introduction

The light environiment that plants experience in their natural habitat is highly
heterogeneous in time and space therefore, a sun or shade adapted species could
experience sudden changes in light availability caused by sunflecks, clouds. tree or
branch fall, canopy closure, phenological processes in seasonal systems, etc
(Chazdon and Fetcher 1984a, b, Vézquez—YanEs et al. 1990). Considering the light
heterogeneity, it is reasonable to infer that the successful growth of sun and shade
adapted plants will depend, to some extent, on their ability to respond to a range of
light conditions (plasticity) (Bradshaw 1965), and their capacity to adjust its
morphology and physiology when those light conditions change (acclimation)
(Strauss-Debenedetti and Bazzaz 1991).

Considerable attention has been given to investigate the characteristics of
species adapted to sun and shaded environments (Boardman 1977, Grime 1979,
Bazzaz and Pickett 1980, Bjorkman 1981, Smith 1981, Mooney et al. 1978, 1983,
Augspurger 1984, Oberbauer and Strain 1985, Walters and Field 1987, Sims and
Pearcy 1989, Denslow et al. 1990, Sanchez-Coronado et al. 1990, Lambers and
Poorter 1992, Rincon and Huante 1993, Kitajima 1994). These studies have
provided information about the plastic capacity of different species adapted to
habitats in which high or low light conditions prevail. In general, species adapted to
high light intensity show higher biomass production and relative growth rate, lower
specific leaf arca and have higher rates of photosynthesis per unit of leaf area than
species adapted to low light intensity. Species adapted to shade have lower biomass
production, relative growth and photosynthetic rates, have a high investment to
leaves with high specific leaf area and less non-structural carbohydrates than sun
adapted species.

Most studies of the response of tropical plants to changes in light environment

have been conducted with plants from the tropical rain forest. In this forest the
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variations in light conditions are associated, among other factors, with the dynamics
of natural gaps (Bazzaz 1979, Denslow 1980, 1987, Martinez-Ramos 1985).
However, some characteristics of the highly diverse tropical deciduous forests
(Gentry 1982, Lott 1993) suggest other sources of light variations, and that gap
dynamics could be different than in tropical rain forests. The tropical deciduous
forest has a characteristic s¢asonal pattern of rain (Bullock 1986), this pattern cause
variations in plant phenology (périods of leaf production and shedding), which in
turn modified the light available at soil level. During the rainy season there is a
characteristic dry period termed "canicula" (some vears on¢ month long) which
contribute to the lost of part of the tree leaves (Bullock 1986), resulting in changes in
light availability. Seed dispersal generally occurs during the dry season (Bullock and
Solis-Magallanes 1990) and it appears that seeds remain in the seed bank until the
arrival of the rainy period which provides favorable conditions for germination and
growth. However, at least the firsts stages of seedling growth occur during the tree
leaf production and, hence during changes in the light conditions. Another factor that
produces light variations in tropical deciduous forests is the occurrence of standing
dead-trees and branches creating small gaps with higher light intensity. These dead-
trees can also fall and create gaps during the windy periods of tropical storms.
However, tree fall appears to create bigger gaps in the tropical deciduous forest, but
with smaller size than those produced in tropical rain forests, because the tropical
deciduous forest is less dense, less stratified (Lott-et al. 1987) and with lower
maximum tree height (about 15 m) (Lott 1985).

In spite of the importance of light changes in plant growth, most studies have
been focused on plant responses to different constant light conditions and few
investigations have evaluated the effect of changes in light intensity on the growth
(Fetcher et al. 1983, Rice and Bazzaz 1989a, b, Pompa and Bongers 1991) and
photosynthesis (Ramos and Grace 1990, Strauss-Debenedetti and Bazzazz 1991,
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Sims and Pearcy 1991, Turnbull et al. 1993). In addition, these studies have been
conducted with one or few plant species, reducing the possibility of a comparative
analysis. In this study, we evaluated the capacity of ten woody-species from the
tropical deciduous forest, to show plastic and acclimation responses to contrasting
changes in light intensity (transfers). The selection of the species studied was based
on previous results, which indicated contrasting growth response of the species to
light intensity (Rincén and Huante 1993) and nutrient availability (Huante et al.
1995). Thus, the ten species selected cover a wide range of growth rates for woody-
seedlings in this forest. We hypothesized that, the expression of plasticiiy and
acclimation (in magnitude and d.ircction) in the different parameters of growth and
photosynthesis is related with the growth rate of the species. It is expected different
plasticity to contrasting light intensity and acclimation to changes in light intensity
among the different species. It is expected that the fast-growing species showed the
highest plastic and acclimation response and the siow-growing species the lowest
response, in terms of growth rate, biomass allocation and rate of photosynthesis.
Considering that fast-growing species has been associated to changing environments
as canopy gaps where there is a sudden increment of light intensity , it is expected
that these species showed a higher response to light transfer from low to high light

intensity than slow-growing species.
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Materials and Methods

Plant material

The fast-growing woody species Apoplanesia paniculata Presl
(Leguminosae), Cochlospermum vitifolium (Willd) Spreng. (Cochlospermaceae)
Cordia alliodora (Ruiz & Pav.) Oken (Boraginaceae), Heliocarpus pallidus Rose
(Tiliaceae) and lpomoea wolcottiana Rose (Convolvulaceae), the slow growing
species Celaenodendron mexicanum, Standi. (Euphorbiaceae) and the species with
intermediate growth rates Caesalpinia eriostachys Benth. (Leguminosae),
Caesalpinia platyloba S. Wats. (Leguminosae), Plumeria rubra L. (Apocynaceae)
and Trichilia trifolia I.. (Meliaceae) were used in this study (Rincén and Huante
1988, 1993, 1994, Huante et al. 1995). Nomenclature of the species is in accordance
to Lott (1993).

Experimental procedure

Mature seeds of the studied species were collected from at least ten
individuals at the Station of Biology Chamela, at the Pacific coast of Mexico (199
30" N, 1059 03" W). Seeds were germinated on humid pure silica sand. Five days
after germination, seedlings were transplanted to 5 kg black plastic bags (one
seedling per bag) filled with a mixture of soil from the forest and silica sand (2:1
v/v). This mix was fertilized with 10 g of 14-14-14 NPK continuous 120 days
feeding fertilizer (Osmocote ®) at the beginning of the experiment, in order to
prevent nutrient limitation and were watered every day. Seedlings were grown inside
a greenhouse built in a solarium at the tropical deciduous forest. Two light sections
were created in this greenhouse: a high light section (H) with an average maximum
daily intensity of 1200 umol m-2 s-! (80% full-sun) and low (L) with 400 pmol m-2
5] (25% full-sun), registered with quantum sensors (LI-COR, Nebraska). These
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light conditions were designed to simulate the light intensities experience by
scedlings growing in a small gap and under a nct very dense¢ canopy (E. Sanchez-
Coronado unpublished data). These conditions were created covering the greenhouse
walls with white and black plastic screen, respectively. The red:far red ratio was
always higher than 1 (measured with a spectroradiometer LI-COR, Nebraska). No
artificial light was provided. The day length during the time of the experiment was
of 13 hours.

Thirty six plants of each specics were growing one per plastic bag. These
plants were randomly divided and assigned to the two contrasting intensities
described above during 52 days. After this time six individuals under H and six
under L. were harvested as described later, in addition six plants growing under high
light were transferred to low light (HL) and six of the individuals growing under low
light were transferred to high light (LH), the rest of the plants were maintained
growing under high (HH) and low (LL) light intensity. The plants were under these
last conditions during another 52 days. Thus, the total growth period was 104 days.

Growth and allocation measurements

At the time of transplanting (five days old seedlings) the seedlings leaf area
and the plant dry biomass of six individuals was registered. At 52 aﬁd 104 days of
growth under the different light conditions (57 and 109 days old plants,
respectively), six plants per treatment and per species were harvested, leaf area was
measured (Delta T, England), roots were carefully washed and leaves, stems and
roots were obtained separately. Plants were oven dried (80 ©C) for 48 hours and dry
bicmass of each plant part was obtained. Data were analyzed following the classical
growth analysis methods described by Evans (1972) and Hunt (1982). The average
relative growth rate (RGR, dry biomass increment per unit total plant biomass per

unit time) of each species was determined for two time periods (initial harvest to 52
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days and 52 to 104 days) according to: RGR = (In Wt, - In Wt,)/(t, - t,) where W is
the average total plaat dry biomass in g and t is time in days. The net assimilation
rate (NAR, the rate of dry matter production per unit of lcaf area), the specific leaf
area (SLA, the ratio of foiiage leaf area to foliage dry biomass), the leaf area ratin
(LAR, the ratio between total leaf area and total plant dry biomass) as well as the
leaf weight ratio (LWR, the ratio of foliage weight to total dry weight) (Causton and
» Venus 1981, Hunt 1982) and th.c root to shoot dry biomass ratio (R/S) were also
cafculated. Differences between light treatments (H and L) at 52 days were tested by
student "t" test (p < 0.05). At the end of the experiment (104 days) the differences
(between HH, HL, LH and LL) were tested by one-way analysis of variance (p <
0.05), using log-transformed data when needed, in order to meet assumptions of the
analysis. After ANOVA differences among means were tested by Tukey multiple
comparisons test (Zar 1974). As a measure of the magnitude of plasticity or
acclimation we calculated the difference in RGR between the treatments where the
highest and the lowest RGR value was attained (ARGR). Spearman rank correlations
were calculated to identify the relationship beiween the highest relative growth rate

and the different parameters studied at 52 and 104 days of plant growth (Zar 1974).

Gas exchange measurements

Measurements of the maximum rate of photosynthesis (Amax) and stomatal
conductance were made on the siow-growing specics Celaenodendron mexicanum,
the fast-growing species Heliocarpus pallidus, and the species with intermediate
growth rate Cacsalpinia eriostachys and Caesalpinia platyloba. Photosynthesis
measurements were taken after ten minutes of exposure to 400-500 and  1300-1400
mol m-2 s-1 for plants growing under low and high light intensity, respectively.
Based on light curves reported for tropical plants, the maximum photosynthetic

capacity is reached in general between 1000-1500 and 300-800 for sun and shade
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plants respectively (Walter and Field 1987, Pearcy 1987, Ramos and Grace 1990,
Strauss de-Benedetti and Bazzaz 1991, Tinoco-Ojanguren and Pearcy 1992, Ackerly
and Bazzaz 1995). Thus, our photosynthesis measurements can be considered as
maximum photosynthetic capacity (Amax). Piants transferred trom high 1o low were
measured at low light and the plants from low to high were measured at high light
intensity. These light intensities were maintained using a halogen lamp (100 watts)
during the gas exchange measurements when needed. In order to prevent an
increment of temperature, the artificial light was passed throughout a transparent
acrylic box filled with water, the box was located between the lamp and lHe leaf,
Ambient temperature was 32 + 1.5 OC. Measurements were made in the third
youngest leaf per plant (three replicates) just prior the light transfer and 52 days after
the transfer (the end of the experiment). We used a portable, closed gas exchange
system (LI-COR, Model 6200, Nebraska), equipped with a quarter litre chamber.

Results

Growth responses to contrasting light intensities before transfers

After 52 days of plant growth under high and low light inleﬁsities, and just
before the light transfers, the total dry biomass (Fig. 1a) and the relative growth rate
(Fig. 1b) attained by the species was higher in H than in L, excepting for the species
with the slowest growth rate (Celacnodendron mexicanum and Trichilia trifolia)
which had non-significant differences between treatments (p > 0.05). The total leaf
area produced was larger in H for all species excepting Caesalpinia platyloba,
Celaenodendron mexicanum and Trichilia trifolia which in both light treatments
achieved similar leaf area (Table 1). The ieaf area ratio (LAR) and its components:

the specific leaf arca and the lcaf weight ratio also showed large differences among
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species. All species (except Celaenodendron mexicanum) showed lower LAR and
SLA under H. The proportion of the total plant biomass allocated to leaves (LWR)
was higher under L. for the fast growing species Apoplanesia paniculaia, Cordia
alliedora, Heliocarpus pallidus and Ipomoea wolcottiana (Table 1).

Growth responses to light transfers

The responses showed by all species under contrasting light intensities at 52
days (H vs L) were maintained after 104 days of growth in HH and LL, however, at
this time, the species Celaenodendrop mexicanum and Trichilia trifolia showed a
significant higher total dry biomass (Fig. 2a) and leaf area under HH than under LL
(Table 2).

All species showed the highest biomass production under HH and the lowest
under LL (Fig. 2a). For Celaenodendron mexicanum there were significant
differences in biomass between HL and LH, but there were not significant
differences between HL and LH for any other species (Fig. 2a).

All species (excepting Celaenodendron mexicanum) showed the highest RGR
(Fig. 2b) and NAR (52-104 days) under LH (Table 2). RGR was significantly
greater under LH than under HH for the fast-growing species, but there were non-
significant differences between HH and LH in the species with intermediate RGR
(Fig. 2b). Contrasting with these trends, Celaenodendron mexicanum (the species
with the slowest RGR) showed a higher RGR under HH and HL than under LH and
LL (Fig. 2b).

After 104 days of growth, the leaf area produced by all species (Table 2) was
the highest under HH and the lowest under LL. The leaf area produced under HH
was non-significantly different to that under LH for Caesalpinia platyloba, Ipomoea
wolcottiana and Trichilia trifolia and that under HL for Celacnodendron mexicanum.

In the light transfers the leaf area produced under HL was similar to LH for
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Caesalpinia eriostachys, Cochlospermum vitifolium, Heliocarpus pallidus and
Plumeria rubra. LL was ncn-significant different to LH for Celaenodendron
mexicanum. The leaves with higher LAR and SLA were those under LL, in
Celaenodendron mexicanum LL was not different to LH. In all species the LAR was
the lowest under HH. In the fast-growing species and in Plumeria rubra and Trichilia
trifolia the LAR under HL. was higher than that under LH. The SLA under both
transfers (HL. and LH) were not different for Caesalpinia eriostachys, Caesalpinia
platyloba and Plumeria rubra. The LWR (Table 2) was unchanged under all
treatments by Caesalpinia ecriostachys, Caesalpinia platyloba, Celaenodendron
mexicanum, Plumeria rubra and Trichilia trifolia. . WR was higher under LL in the
fast-growing species Heliocarpus pallidus, Ipomoea wolcottiana, Apoplanesia
paniculata, Cochlospermum vitifolium and Cordia alliodora.

The R/S ratio (Table 2) was unchanged among all treatments for Apoplanesia
paniculata, and Caesalpinia platyloba. In Caesalpinia eriostachys, Cordia alliodora,
Heliocarpus pallidus, Ipomoea wolcottiana, Plumeria rubra and Trichilia trifolia,
there was a higher allocation to the shoot (lower R/S ratio) under LL than under HH.
These R/S values under LL were similar to that under HL for Caesalpinia
eriostachys, Cordia alliodora and Ipomoea wolcottiana.

Gas exchange

Before light transfers, at 52 days of growth under H and L (Table 3) the
photosynthetic capacity (Amax) and the stomatal conductance for Celaenodendron
mexicanum in H and L was similar, while Heliocarpus pailidus, Caesalpinia
eriostachys and Caesalpinia platyloba had the highest Amax and stomatal
conductance under H. Heliocarpus pallidus had the highest difference in Amax
between H and L treatments. After 52 days of light transfer, the pattern of

acclimation (direction of the response, Kupier and Kupier 1988} was differcnt

12
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among species. The highest Amax and stomatal conductance for the siow-growing
species Celaenodendron mexicanum was showed under HL, LH and HH and the
lowest under LL. In the rest of the species the highest values of both parameters
were exhibited under LH and HH and the lowest under HL and LL, but in
Heliocarpus pallidus stomatal conductance in LL was lower than in HL.

Fig 1. shows the relationship among the highest values of RGR, NAR and
Amax for the species studied. The species with high RGR (Heliocarpus pallidus)
have also a high Amax and NAR. The species with the lowest RGR (Celaenodendron
mexicanum) has also a lowest Amax and NAR.

The relationship between the highest RGR and the difference between the
highest and the lowest RGR (ARGR) attained by each species is showed in figure 2.
The aRGR is considered as a measure of the response in RGR to the light treaiments,
in this sense, ARGR is considered as a measure of the magnitude of acclimation.
There was a positive relationship between the highest RGR and the response in RGR
among the species studied. where at higher RGR greater response in RGR (ARGIR} to
light changes. The fast-growing species Cochlospermum vitifolium, Cordia aliiodora
and Ipomoea wolc
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among species. The highest Amax and stomatal conductance for the slow-growing
species Celaenodendron mexicanum was showed under HL, LH and HH and the
lowest under LL. In the rest of the species the highest values of both parameters
were exhibited under LH and HH and the lowest under HL and LL, but in
Heliocarpus pallidus stomatal conductance in LL was lower than in HL.

Fig 3. shows the relationship among the highest values of RGR, NAR and
Amax for the species studied. The species with high RGR (Heliocarpus pallidus)
have also a high Amax and NAR. The species with the lowest RGR (Celaenodendron
mexicanum) has also a lowest Amax and NAR.

The relationship between the highest RGR and the difference between the
highest and the lowest RGR (ARGR) attained by each species is showed in Fig. 4.
The ARGR is considered as a measure of the response in RGR to the light treatments,
in this sense, ARGR is considered as a measure of the magnitude of acclimation.
There was a positive relationship between the highest RGR and the response in RGR
among the species studied. where at higher RGR greater response in RGR (ARGR) to
light changes. The fast-growing species Cochlospermum vitifolium, Cordia alliodora
and [pomoea wolcottiana showed the highest acclimation and the slow-growing
species Celacnodendron mexicanum showed the lowest. Among treatments the
highest RGR cccurred in the phenotype i_H for the fast-growing species, in the LH
and HH for the species with intermediate RGR and, in the phenotypes HL and HH
for the species with the slowest RGR (Celaenodendron mexicanum).
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Discussion

The growth characteristics showed by the species studied reflect different
amount (i.e. magnitude of response) and pattern (direction of the response) of
plasticity (Schlichting 1986, Kupier and Kupier 1988). Fast-growing species showed
10 be more plastic, followed by the intermediate growth rate species. and the slow-
growing species with the less plésticity. Some plant characteristics exhibited greater
plasticity (RGR in this study) than others (LWR), likely because the plasticity of
some traits may allow the homeostasis of others (Bradshaw 1965). The overal! effect
of the plasticity of some plant characteristics and stability of others should allow to
have a growth advantage under heterogeneous conditions (Rice and Bazzaz 1989b).

The attributes showed 5y fast-growing species when grown under high light
intensity (high leaf area production, RGR, NAR, Amax and stomatal conductancc)
have been associated with adaptation to establish and grow in sites where abundance
in resources prevails (e.g. high light) as canopy gaps (Bazzaz 1979, Denslow 1980,
Augspurger 1984). In addition, it has been suggested that a slow rate of growth
indirectly confers stress resistance by reducing carbon demands for growth (Chapin
et al. 1990, 1993). In general, Amax and stomatal conductance follow a similar
pattern, this has been attributable to an internal regulation of carbon dioxide
concentration by matching stomatal conductance tc photosynthetic potential
(Farquhar and Sharkey 1983), plants with low photosynthetic rate have low stomatal
conductance and, therefore, low transpiration rate (Chapin et al. 1993). It has also
suggested that the reduction of carbon demand for growth allows greater allocation
to other processes that directly contribute to stress resistance such as storage {Chapin
et al. 1990, 1993) and chemical defenses against pathogens and herbivores (Mooney
and Gulmon 1982). These characteristics enable the species with slow growth rate to

grow in sites where low availability of resources prevails (e.g. shade conditions) as
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the forest understory (Bazzaz 1979, Denslow 1980, Augspurger 1984). In the
tropical deciduous forest of Chamela, Jalisco trees and saplings of Celaencdendron
mexicanum dominate the canopy and the understory forming small and relatively
dense monospecific-forests surrounded by the contrasting highly diverse tropical
deciduous forests (Lott 1985, Martijena and Bullock 1994), suggesting shade
tolerance of saplings and seedlings of this species. Celaenodendron mexicanum has
been documented to be a drought- (Martijena and Bullock 1994) and low-nutrient-
resistant species, which has a slow growth (Rincon and Huante 1988, Huante et al -
1995a, Chapter II), forms associations with arbuscular micorrhyzae fuﬁgi (E.
Rincon, unpublished data), has thick leaves (low SLA). more coriaceous (96.5 g m-
2) than leaves of other species from the tropical deciduous forest (22-87 g m-2, n=15
species) (Castellanos et al. 1989) and with high content of secondary metabolites as
terpenes and flavonoids (Castafieda ct al. 1992), which suggest a plant investment in
defenses against herbivory. Previous studies of herbivory {Filip et al. 1995) realized
with several of the species included in this study show a higher percentage of leaf
area loss by folivory (long-term measurements) in the fast-growing species Jpomoca
wolcottiana (29.65%) and L{;lumamus pallidus (17.88%) than in the species with
intermediate growth rate Plumeria rubra (8.67%) and Trichilia trifolia (1.95%), this
last species had the lowest RGR among the species with intermediate RGR. [pomoea
wolcottiana and Heliocarpus pallidus are species that grow in disturbed sites (Lott
1993), which presumably have a high resource availability. This suggest a positive
relationship between growth rate and the percentage of herbivory, where at low RGR
low herbivory and vice versa.

Previous investigations related with responses of tropical seedlings to
transfers of light intensity (Rice and Bazzaz 1989a, b, Sims and Pearcy 1989,
Denslow et al. 1990, Pompa and Bongers 1991, Ackerly 1993, Turnbull et al. 1993)

revealed that shade plants transferred to the sun have a higher RGR than plants

15
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growing in the sun. In the reciproca!l transfer, sun plants transferred to the shade do
have lower RGR than the shade plants. In this study the plants under LH had the
highest RGR only in the fast-growing species, in the species with intermediate
growth rate there is a benefit in RGR in the transfer LH because the RGR was
similar to that achieved under HH, but an opposite pattern of response that suggest
the lack of any effect of the transfer of iight intensity was showed by the slow-
growing species. It has been suggested that shade leaves have a higher benefit (in
terms of return of carbon invested) than sun leaves, owing to their lower C
investment per unit leaf area (Sims and Pearcy 1991), which results in a higher LAR
(Rice and Bazzaz 1989a) and hence, a higher capacity for light capture, which
allows a faster growth. Our fast-growing species had higher LAR and RGR under
LH than under HH. These studies do not support the predictions of Rice and Bazzaz
(1989b) who proposed that in light transfers it could be expected that growth rates
observed in a particular environment should be highest in plants that have developed
in that environment, while plants transferred from a different set of conditions
should exhibit lower growth rates. In this sense, sun plants are predicted to grow
more rapidly in a sun environment than shade plants transferred to sun environment,
and the converse in the shade environment. A plastic response to changes from low
to high light intensities could be expected in species that naturally experience
increases in light as those produced by gap formation. As mentioned above Cordia
alliodora, Heliocarpus pallidus and Ipomoea wolcottiana can be found growing in
natural or man-disturbed areas (Lott 1993) where changes form low to high light
intensities can be expected.

A plant transferred from L to H will face the new light environment with
leaves acclimated to shade. Thus the potential of acclimation to the new environment
will depend in some extent by the plant ability to modificate the leaves developed

under the previous environment or by the rate of new leaves preduction with
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characteristics favourables to the exploitation of the new conditions. In the shade
species  Alocasia macrorrhyza has been documented that leaf anatomic
characteristics such as: number of celi layers and differentiation are determined early
in the leaf ontogeny (Sims and Pearcy 1992), thus, the acclimation of planis
transferred to other light condition will depend, among other things, of their ability
to produce new leaves. However, certain degree of acclimation in leaves produced
before the light transfer has been reported in other species (Chow and Anderson
1987, Sebaa et al. 1986). It has been documented that the rate of plant leaf
production is higher in sun leaves and lower (higher longevity) in shade leaves
(Chabot and Hicks 1982). In addition fast-growing pioneer tree species have a high
rate of leaf production with low leaf longevity (Ackerly 1993) and slow-growing
species produce leaves at slower rates. For example, in a 50 days period growing
under high light intensity Ipomoea wolcottiana was able to produce 19 leaves and
Celaenodendron mexicanum five leaves (Huante 1992). It is probably thai this low
rate of leaf production cause, in some extent, the lack of responsiveness to light
transfers in Celaenodendron mexicanum.

The correlations between the different parameters evaluated and the highest
RGR attained for all the species (Table 4), show that interspecfic variations in NAR
and SLA are highly associated with interspecific variations in the'R.GR, at both
times 52 and 104 days of plant growth. Species with high SLA, NAR and Amax
have high RGR and species with low SLA, NAR and Amax have low RGR (Fig. 3).
Most of the studies conducted with a high number of species (Lambers and Poorter
1992 and references there in) have shown that the main parameter correlated with
RGR is the LAR (as well as its components SLA and LWR), and interspecific
differences in the rate of biomass gain per unit leaf area (NAR) are of secondarv
importance. This was also found in a comparative study conducted with 34 woody

species grown under contrasting nutrient availability, where the species studied here
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were included (Huante et al. 1995). A low NAR rather than low LAR has been
suggested to cause the low RGR of shade adapted species, when grown under high
light intensity (Poorter 1989). Variations in LAR, are caused by variations in SLA or
LWR. Variations in the leaf mass area (LMA, proportion of leaf mass per unit of leaf
area, the inverse of SLA) has been correlated with variations in leaf toughness, leaf
chemical defenses and life span (Koike 1988, Lei and Lechowicz 1990, Reich et al.
1991). In this study the low correlation between RGR and LAR could be a
consequence of the low correlation between RGR and LWR. This last correlation
could be due to the low responsiveness of the allocation to leaves (LWR). Prévious
studies have also showed that leaf allocation varies little or not at intensities about
50% of full sun (Ackerly 1993).

It has been suggested that plants growing under low light intensity shift its
biomass allocation to leaves in detrimental of the allocation of roots and stem (Pons
1977, Wemer et al. 1982, Lambers and Poorter 1992) which led to a higher LWR
and lower R/S ratio (Kitajima 1994) than plants growing under high light intensity.
However, the LWR was the least plastic trait and the interspecific variations showed
in the R/S ratio, reported here and in previous studies (Corré 1983) even when
nutrient availability is the resource tested (Garnier 1991, Huante et al. 1995), appear
to indicate that they are not associated with interspecific variations in RGR in any
simple way. Thus, in a changing light environment a high light harvesting and
growth rate appears to be reached by changes in SLA more than modifications in

LWR.
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Table 1. Net assimilation raie (NAR, g cm 5°1), total leaf area (LA, cm?), leaf area ratio (LAR, cm? g1}, specific
leaf area (SLA, em? g1}, leaf weight ratio (LWR, g g") and root/shoot ratio (B/S) showed by the ten species at 52
days of growth under high (H) and low (L) light intensity. Ap = Apopianesia paniculata, Ce = Caesalpiria
eripstachye, Cp = Caesalpinia piatyloba, Cm = Celeenodendron mexicanum, Cv = Cochlospermum vitifolium, Ca
= Cordia allidodra, Hp = Heliocarpus pallidus, Iw = Ipomoea wolcottiana, Pr = Plumeria rubra and Tt = Trichilia
trifolia. Small letters show significant differences (Student "t", p < 0.05)

Species

Slow RGR Intermediate RGR Fast RGR

NAR
H 0.00008% 0000652 0000707  0.00079% 0.00049% 000092 000070 000073 000093 co0ILI?
L 000004  0.0006i* 000038 000028° (0.00028® 0.00035" 0.00074* 000030°  0.00050°  0.c0038°

H 3072 576.61 36742 40472 5282 748.12 175.8* 61242 12047% 431362
i 27.9% 349,50 35108 155.1° 5632 213.4% 327.4% 216.7% s23.6" 528,60
LAR

H 168.2% 12572 116.1° 12370 18347 164 50 191,60 156.6° 17330 12180
i 18432 11422 19872 31992 3149 37112 286.5% 330.52 28763 27822
SLA

H 27120 285.0 284> 27800 3375% 35480 qaab 337b 384 45 367.9%
) 3.0 23842 406,47 686.2% 48412 729.62 75228 512.44 572.0% 47542
LWR

H 0.628 0.442 0470 0.443 0.542 0.462 0432 050b 0.45b 03
1 0.593 0.48°% 0492 0.483 0653 0.512 0398 0.642 0.50% 0.58"
RS

Hi 0432 0.45% 9372 0.15% 0392 0312 0.28% 0,548 0312 037
L e3P 03sP 027° 0.14% 021b 029% 0.25% 031b 021b G180
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Table 2. Net assimilation raie (NAR, 2 cm™2 s°1), total leaf area (LA, cm?), leal area ratio (LAR, cm? g'!), specific leaf
area (SLA, cm? g°13, leaf weight ratio (LWR. g2 g*') and rootshoot ratio (R/S) showed by the ten species at 104 days
of growth under high (HH), high-low (HL.}, low-high (LH) and low (LL) light intensity. Species names as in Table 1.
Sinall letters show significant differences at p < 0.05 after ANOVA and Tukey muitiple rank test.

Species

Slow RGR intermediate RGR Fast RGR
NAR
HH 000019 000027 000033 000049® 000037 000021® 000622 000029 (.00027%  0.00034
HL 0000178 000015°  0000n1® 000616  6.00017°  0.00002¢ 0.00017°  0.0000s%  C.00011IS  0.00012°
LH 0.00006° 0000278  000025®  0.00045%  0.00027° 0000325 000055  0.00034® 0.C0033®  0.000602
LL 0.00008"  0.00006° 0.00009® 0.00617® 000013% 000015 000013 0000165  0.00007°  0.00013°
LA
HH 87.52 133732 1029.8% 938.12 27492 799.52 47732 1377.98 331120 426452
HL  §52% 919.1 5206° 64610 1820° 21575 286680  6523¢ 25993%  2567.4b
LH o 421b 966.2% 929.72 609.5" 241280 47370 2513.4% 10096  20628% 407440
LL 50.3% 642.2¢ 41760 266.4° 13290 237.7¢ 524.6° 440.8° 1046 7€ 1617.6"
LAR
HH 10200 76.7¢ 71.6¢ 50.6" 109.2¢ 36.70 63.2¢ 78.1¢ 93 6° 38.0¢
HL 12972 88.40 o1 8P 9272 168.12b 4300 1390%  n7eb 1556 667"
LH 14898 83.50 104 1b 68.4° 134.8° 76.6° 946> 108.1° 98.5¢ 54.8b
LL 14602 12812 1222 11562 18822 10113 201 03 143,12 224 82 120,12
SLA
HH  2144> 21670 173.3¢ 2429° 206.6° 2170 38508 229.5¢ 35830 2988
HL  2241P 239,10 23808 347.1° 13497 31232 562.020 26932 52062 384,82
LH  2843%  23g6b 23430 3028% 2543 2575b  4sosbe 267380 3ggad  3p7.4P
LL 26238 37592 299.9% 43872 336.02 31992 658 52 300.8% 510.6% 36738
LWR
HH  048% 0352 0412 0213 0.538 027b 0.17° 0340 0.26" 0130
HL 0482 0.382 0.39% 0272 050 0132 0253%  g43@b  g3b ot
LH 0528 0.350 0.44% 0.24% 0538 0.30" 0202® (402 0.26° .18
12, 0.56% 0.352 0412 0.26" 0562 0320 0332 0.472 0443 0318
RS
HH 0.38% 0.532 0373 0298 0402 0.462 0.54° 0928 0358 0773
HL  02sP 03 0382 0242% 0492 0.543 6.39° 0.56° 032° 0558
L 0.382 0462t 0367 0242b 0 392 0.492 0.672 0.79b 0313 0.753
L 033 0.41® 0.302 0.19 0.25b 0492 0stb 0.45° 02sb 041t
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Table 3. Photosynthetic rate (umol CO, m-2 s°!) and stomatal conductance (mol m2 s-!)
measured in A) 52 days old plants under high (H) and low (L) light intensity and B) for 104
days old plants under prevailing high (HH). low (LL) and tranfered from high to low (HL)
and low to high (LH). Species names as in table 1. The average of one leaf of three different
planst. Small letters show significant differences p < 0.05 (ANOVA and Tukey multiple

comparisons)
A)

Cm
Photosythesis
H 2a
L 2.62
Stomatal Cond
H 0.04072
L 0.0442
B)
Photosythesis
HH 5.8762
HL 4.582
LH 4.732
LL © 3.706b
Stomatal Cond
HH 0.1232
HL 0.08a>
LH 0.0912
LL 0.059b

Cp

10.472
520

0.132
0.018b

8.456
5.486b
8.0262
5.29b

0.152
0.076b
0.1152
0.0769°

Ce

11.992
3.72b

0.1162
0.048v

7.302
487b
8472
5.49b

0.1022
0.084b
0.1263
0.086b

Hp

12.432
3.19b

0.373=
0.0476b

15.583
10.13b
15.662
7.63b

0.362

0.215b
0.4762
0.169¢
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Table 4 Spearman rank correlation between the highest
relative growth rate (RGR) and different growth parameters
considering the ten species studied at 52 and 104 days of plant
growth. TDB = Total dry biomass, SLA = Specific leaf area,
LAR = Leaf area ratio, LWR = Leaf weight ratio, NAR = Net
assimilation rate and R/S = Root/shoot ratio.

RGR vs TDB
SLA
LAR
LWR
NAR
R/S

52 days

r
0.76
0.73
0.05

-0.55
0.89
-0.42

p
0.01

0.02
0.09
0.1
0.0004
0.22

104 days

T
0.52
0.62

-0.13
-0.57
0.88
0.46

P
0.12
0.05
0.71
0.08
0.0008
0.17
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Total dry biomass (g)

Light-acclimation of tropical tree-seedlings
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Figure 13. Total biomass production (g) by the ten species at 52 days of growth under high (H) and low (L)

" light intensity. Ap = Apoplanesia paniculata, Ce = Caesalpinia eriostachys, Cp = Caesalpinia platyloba, Cm

= Celaenodendron mexicanum, Cv = Cochlospermum vitifolium, Ca = Cordia allidodra, Hp = Heliocarpus
pallidus, lw = IJpomoea wolcottiana, Pr = Plumeria rubra and Tt = Trichilia trifolia. Small letters show
significant differences (Student "t", p < 0.05).
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Relative growth rate (g g1 day!

Light-acclimation of tropical tree-seedlings
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)
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Species

Figure 1b. Relative growth rate (RGR, g g'! d!) showed by the ten species at 52 days of growth under high
(H) and low (L) light intensity. Species names as in figure 1a. Small letters show significant differences
(Student "t", p < 0.05).
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Light-acclimation of tropical tree-seedlings

Figure 2a. Total biomass production (Biomass, g) showed by the ten species at 104 days of growth under
high (HH), high-low (HL), low-high (LH) and low (LL) light intensity. Species names as in Table 1. Small

letters show significant differences at p < 0.05 after ANOVA and Tukey multiple rank test.
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Light-acclimation of tropical tree-seedlings
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Figure 2b. Relative growth rate (RGR, g g'! d"!) showed by the ten species at 104 days of growth under high
(HH), high-low (HL), low-high (LH) and low (LL) light intensity. Species names as in Table 1. Small letters
show significant differences at p < 0.05 after ANOVA and Tukey multiple rank test.
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Figure 3. The relationship among the highest relative growth rate (RGR), net
assimilation rate (NAR, O)and the rate of photosynthesis (A, +) showed by the
species. Species names as in Table 1.
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Figure 4. The relationship between the difference of the highest minus the lowest
RGR (ARGR) and the highest relative growth rate (RGR g g-! day-1) showed by the
species. Symbols represent the treatments where the highest RGR was attained (+ for
LH, O for HH and LH and # for HH and HL). Species names are as in Table 1.
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Abstract

In this study we compare the capacity of five species to respond to changes in
light intensity and the ability to search and exploit soil patches with abundance of
nutrients (foraging). In addition, it is evaluated if the responses to changes in light
intensity and the ability to forage for nutrients have an effect on the competitive
ability of the species. Two experimental designs were used: in the first, plants were
exposed to high (H) and low (L) light intensity during 42 days. At this time half of
the piants from H were transferred to L (HL treatment), and half of the plants from L
were transferred to H (LH). In a factorial combination with these light conditions,
two soil nutrient patch treatments: fertilized (+Fp) and unfertilized (-Fp) were
included. The patch consisted in a plastic net cylinder (5% of the soil volume)
introduced to the soil avoiding the center of the bag. The +Fp treatment was created
adding to the center of the patch 10g of fertilizer and the surrounding area was filled
with soil from the forest and sand as the rest of the soil volume. Plants were growing
under these conditions during another 42 days. The second design included the same
light and patch treatments described above but the effect of interespecific
competition between two species was included, plants were growing individually or
with the presence of one plant of different species.

The studied species showed different abilities to respond to changes in light
intensity and to forage for a soil nutrient patch. Three different tendencies were
distinguished: 1) the slow-growing species Celaenodendron mexicanum was unable
to localize and produce roots into the patch area. The responses exhibited by this
species were those related with the different light conditions as: slightly higher plant
dry mass and growth rate under HH and HL than under LH and LL, with thinner
leaves (higher SLA) under LL and LH. 2) In the second trend are the species with
intermediate growth rate, which were able to produce more root mass into the
fertilized patch but only under HH and LH. The RGR and total dry mass in both
species was HH > LL and the light transfer LH = HH and HL = LL. However, the
total dry mass produced was: LH-Fp = HL+Fp. There was in LH a strong reduction
owing to the lack of fertilized patch (LH-Fp) which eliminate the benefit of the light
condition, this response suggest a change in the pattern of acclimation to light
changes. 3) The third trend is exhibited by the species with the highest RGR, which
showed the highest plasticity. Under LL and HL these species did not show an effect
of the fertilized patch. The highest patch exploitation, productivity and RGR
occurred under LH and HH (LH was even higher than HH in H, pallidus). Under LH

J
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and HH there was a strong reduction of productivity and RGR due to the absence of
a fertilized patch, thus the productivity under HH-Fp and LH-Fp was similar to that
under HL+Fp. Again the results suggest a modification of the acclimation pattern
expected by light changes cvaluated separately of nutrient resources.

When Caesalpinia eriostachys and Heliocarpus pallidus were growing in
competition showed a reduction in the total mass and leaf area produced as well as
the RGR attained, but even that the magnitude of the reduction was higher in H.
pallidus, their biomass achieved was always higher than C. eriostachys. Both species
had a benefit of the fertilized patch, in terms of dry mass and RGR, when growing
alone and under HH and LK, but not in the RGR under low light conditions. The
nutrient patch did not cause big changes in the characteristics of the leaves (LAR,
SLA) and the proportion of dry mass allocated to them (LWR), the changes
observed in theses parameters followed the expected changes caused by light levels.
When growing in competition there was a general reduction of the expected benefit
of the fertilized patch for the total dry mass under HH for C. eriostachys. In H.
pallidus this reduction was also in the leaf area produced and the RGR. In the leaf
area for H. pallidus, the pattern of acclimation to light changes growing individually
corresponds to: HH+Fp and LH+Fp > LL.+Fp and HL+Fp, this pattern was modified
when was growing in competition: HH, HL and LH (all under +Fp) > LL+Fp.

The trends showed in this study suggest a different magnitude and pattern of
plasticity among the species in response to light changes and foraging for soil
nutrients, as well as the magnitude and the pattern of plasticity can be modified by
the influence of a neighbour plant of another species.

Key words: growth analysis, resource allocation, acclimation, plasticity, soil nutrient

patch, root foraging, tropical deciduous forest, interspecific competition
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Introduction

In their natural habitat plants are exposed to continuous changes in the
availability of their essential resources (light, nutrients and water). In this sense, the
survival, growth and reproduction of the plants will be determined, in some extent,
by their capacity to exhibit modifications in their physiclogy and/or morphology as
response (o the influence of the environment {plasticity sensu Bradshaw 1965).
Numerous studies have reported how different resource availability, influence the
plant growth. these studies have been conducted mainly under prevailing high vs low
availability of the essential resources (Grime 1979, Chapin 1980, Denslow 1980,
Bjorkman 1981, Augspurger 1984, Robinson and Rorison 1988, Rincon and Grime
1989, Huante et al. 1995). The responses obtained from these investigations
provided information about the plastic ability of the species. In accordance, plants
adapted to grow in arcas with low resource availability, have low relative growth
rates, low nutrient uptake rates, low biomass production, low photosynthetic rates
and a constant allocation of biomass to acquire the limiting resource. In contrast,
high growth and photosynthetic rate maintained by high rate of nutrient uptake, has
been predicted to be the response of plants adapted to sites with abundance of
resources (Grime 1979, Chapin 1980, 1988, 1991, Lambers and Poorter 1992).
Recently the imereét in understanding the plastic responses that exhibit the plants
when are subject to changes in resources has increased. In this respect, experiments
have been conducted where plants are transferred between environments with
contrasting resource availabilities, and the phenotype that was subject to changes is
compared in relation to the phenotype developed under prevailing high or low
conditions {(Grime ct al. 1986, Crick and Grime 1987, Pompa and Bongers 1991,
Sims and Pearcy 1991, Strauss-Debenedetti and Bazzaz 1991, Ackerly 1993). From
these studies, it has been predicted that plants exposed to environments with

continuous changes show a higher plastic capacity than individuals that confront
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occasionally changes in their environment (Pearsons 1991). A high plastic response
in heterogeneous environments allows plants to allocate limiting resources in ways
that maximize the absorption of the essential resources (Gersani and Sachs 1992).
Grimie and co-workers suggested that the expression of plasticity in changing
environments is different among different species and is related with the
characteristics of resource availability of the habitat where the species have been
living (Grime 1979, Grime et al. 1986, Crick and Grime 1987). In accordance, when
the resource availability increase, plants from habitats with low resource availability
maintain its characteristic low biomass accumulation, low relative growth rate and
do not modify their internal pattern of resources allocation. The plastic expression in
these plants consist in maintaining active and with continuously high allocation of
biomass to structures that capture the resource that is limiting their growth (e.g. large
root biomass in plants from nutrient poor soils) (Grime 1979, Chapin 1980, Grime et
al. 1986). Large responses to changes in resources availabilities are expected in
plants from rich sites, in these plants a decrease in resources cause a reduction in
productivity and growth rates. Plasticity in these species is manifested by the
capacity to change continuously the allocation of biomass to structures that favor the
exploration and exploitation of the highly changing environment created by the sclf
plant activity and tl';cir neighbours (Grime et al. 1986, Crick and Grime 1987).

A particular case of changes in the availability of resources is the spatial
heterogeneity of the soil nutrients that experience the root systems of wild plants,
existing sites with higher abundance of nutrients (nutrient patches) than the
surrounding soil volume (Chapin 1980, Grime et al. 1986, Grace 1991, Hutchings
and deKroon 1994). Several plants respond to this heterogeneity showing a foraging
behaviour (Drew et al. 1973, Drew 1975, Grime et al. 1986, Crick and Grime 1987,
Slade and Hutchings 1987, Eissenstat and Caldwell 1988, Hutchings and Slade
1988, Jackson and Caldwell 1989, Hutchings and deKroon 1994 and references there
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in). In accordance to Grime ct al. (1986) plasticity in plants from habitats with low
stress and low disturbance is manifested throughout foraging behaviour. This
behaviour consist in a continuous placement of resource-acquiring structures (fine-
roots in the case of soil nutrients) into patches with higher resource abundance,
which enhance the acquisition of resources (Grime et al. 1986). In this sense, the
foraging response in a plant involve the search and/or ramification of structures to
exploit the high resource habitats (Grime et al. 1986, Slade and Hutchings 1987).

The ability to explore, to place acquiring structures and te exploit a patch with
abundance of resources is different among species (Caldwell 1994) and it can
influence the competitive interactions between them (Hutchings and de Kroon
1994). In an experiment with temperate herbaceous plants, Campbell et al. (1991a,
b) showed that a rapid proliferation of roots and develop of leaves in rich patches
appears to confer success to fast-growing species. Eissenstat and Caldwell (1988)
and Jackson and Caldwe!l (1989) showed in a field experiments a different
magnitude and speed of root growth in response fo local injection of enriched
nutrient solution. The most responsive species (Agropyron desertorum) was tested to
be a stronger competitor for water (Eissenstat and Caldwell 1988b).

The capacity of the species to show plastic responses is determined by the
genotype and the phenotypic expression is subject to trade-off relatioﬁships between
the cost to produce a structure to exploit the limiting resource and the benefit derived
from this exploitation. The magnitude of the plastic response depends on the final
balance between this trade-off relationship and the developmental pattern of the
species. It is expected that this balance change when more than one resource is
changing, in these situations relationships related with priorities of resources capture
are involved. For example, in nutrient poor soils piants will invest more energy to
root growth by the reduction of the allocation to the shoot and under low light

intensity the growth of photosynthetic tissue will increase at expenses of rocot
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growth. These changes in the allocation of plant biomass tend to maximize the plant
growth rate under the particular environmental conditions (Bloom et al. 1985).
However, few studies have analyzed if a reduction in light have an effect on the
ability of the roots to search and exploit soil nutrient patches (Caldwell 1994).

Most of the ecological investigations about plant respenses to changes in
resource availability have been conducted with temperate and mainly herbaceous
plants. Temperate ecosystems have several different characteristics in relation to
resource availability compared with tropical systems, these differences could be of
ecological relevance. Temperate environments have large annual fluctuations of
temperature and photoperiod which cause growth reduction, these ecosystems are
dominated by a few number of plant species. In contrast, tropical systems have a
characteristic high diversity of plani species and due to its geographical position
(near the Ecuator) the temperature is less variable. In particular, the tropical
deciduous forest has a characteristic seasonal pattern of precipitation which cause
high restrictions in water and nutrient availability during about cight months
(Murphy and Lugo 1986, Bullock 1986), this constrains plant growth and has an
important effect on the deciduous character of this forest. Furthermore, the large
heterogeneity in the spatial distribution of the soil nutrient availability is due, to the
rain pattern, the ds'namics of the organic matter decomposition and the spatially
variable soil characteristics (Martinez-Yrizar 1984, Solis 1993).

The objectives of this study were to evaluate, in scedlings from the tropical
deciduous forest 1) the relationship between the capacity of five species to respond
to changes in light intensity and the ability to search and exploit soil patches with
abundance of nutrients (foraging for nutrients), and 2) if the responses to changes in
light intensity and foraging for soil nutrients have an effect on the competitive
interaction of the species. Because nutrient absorption by roots is an energy

requiring process and species differ in their ability to adjust desbalances in resource
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availabilities which could modify the competitive interactions of the species. We
expect different ability to search and exploit a fertilized soil patch where higher
ability is expected in the fast-growing species and a lower in the slow-growing
species. Under light limitation we expect a lower ability to forage for soil nutrients,
this response is predicted to be higher in the species with the highest growth. When
light intensity change we predict a higher foraging response in plants that experience
changes from low to high light intensities (I.LH) for the fast-growing species and
under LH as well as continuous high light conditions (HH) for the species with
intermediate growth rate; because it has been tested that under these light conditions
the highest growth rate is reached (see Chapter III). In competition we expect a
higher competitive success in the species with higher light plasticity and foraging

response in terms of dry mass production and relative growth rate.
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Materials and Methods

The experiments were conducted in the tropical deciduous forest reserve of
Chamela, located at the Pacific coast of Mexico (19° 30° N 105° 03" W). The
climate in this region is the driest end of the hot-humids (AwO(x")), with 24.90C
mean temperature and with a characteristic seasonal pattern of precipiiation (total
annual average of 748 mm, 1977-1984). The rain falls between July and October,
but the amount and the periodicity of rain is highly variable (annual precipitation
range from 453.6 to 937.1 mm) (Bullock 1986), this variation causes changes in the
availability of nutrients in the scil (Solis 1993). Spatial distribution of soil mineral
nutrient content is highly variable where phosphorus is the element with higher
variation (Huante et al. 1995). Plant diversity is estimated as 1120 species in 350
km2 (Lott 1993) and 28-31 tree species (< 10 cm DBH) per 1000 m2 (Lott et al
1987), even higher than other deciduous forest with higher precipitation (Lott 1985).

The species studied were Caesalpinia eriostachys, Caesalpinia platyloba
(Leguminosae), Celaenodendron mexicanum (Euphorbiaceae), Cordia alliodora
(Borraginaceae) and Heliocarpus pallidus (Tiliaceae). These species were selected
based on habitat preferences, the characteristics of their root system (Huante et al.
1992) and the relative growth rates (RGR) exhibited in previous experiments where
they were grown dﬁring 60 days under contrasting nutrient availabilities; the RGR
under the highest nutrient treatment are the values considered here (Rincon and
Huante 1994, Huante and Rincén 1995b). Caesalpinia eriostachys is thec most
common species in Chamela, this species contributes to the standing-crop biomass
with 37% (Matinez-Yrizar et al. 1992) and has an intermediate RGR (average 0.067
g gl day-1). Caesalpinia platyloba is a mature forest species that has showed an
intermediate RGR (0.069 g g-! day-!) and low variation in RGR at different
phosphorus availabiiities (Huante et al. 1995a). Celaenodendron mexicanum tends to

dominate in smail areas inside the forest (Martijena and Bullock 1594), seedlings of
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this species show a high tolerance to shade and low nutrient conditions, its RGR
(0.031 g gt day"1) is the lowest among the species included in this study. Cordia
alliodora tends to grow in small disturbed sites (Lott 1993), its RGR is 0.088 g g°!
day-!. Heliocarpus pallidus contributes with 1.83 % to the standing crop biomass
(Martinez-Yrizar et al. 1992), has a high growth rate (0.147 g g-! day-!) and tends
to grow in disturbed sites (Lott 1993).

The experiments were conducted in a greenhouse built in a solarium. The
greenhouse was divided in two light sections: a high light treatment with an average
maximum daily intensity of 1200 pmol m-2 s-1 and a low light treatment with 400
pmol m-2 s-1 (quantum sensor LI-COR, Nebraska). The light treatments were
created covering the greenhouse walls with a black and white plastic screen for low
and high light intensities respectively, the red:far red ratio was always higher than 1.
Seeds used were collected from at least 10 trees and germinated on humid pure silica

sand.

Experiment 1.

Four species with contrasting growth rates were included: Cagsalpinia
platyloba, Celaencdendron meXicanum, Cordia alliodora and Heliocarpus pallidus.
Seedlings with three-days of germinated were transplanted to 7 kg black plastic bags
filled with a mixture of soil from the forest and silica sand (1:2, v:v), these bags
where designed to c;)ntain a soil patch area as showed in Figure la. The soil patch
(Fig. 1) was constructed with plastic net forming a cylinder (5 cm of diameter and 8
cm of length, corresponding to 5% of the total scil volume). Two treatments in this
patch were tested (with and without fertilization), in both treatments the cylinders
were filled with the same mix of soil:sand as ir the rest of the bag, but in one
treatment, the cylinder included 10 g of gradual liberation fertilizer (Osmocote 14-

14-14) located in the center of the patch and avoiding 1 cm in both top and bottom,
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in order to compensate for nutrient diffusion, this corresponded to the fertilized
patch treatment (+Fp). The unfertilized patch treatment (-Fp) corresponded to those
bags that contained a cylinder without fertilizer addition as showed in the Fig. 1.
The position of the patch into the plastic bag was avoiding the center of the bag.
place that was reserved to the seedling (Fig. 1), in that way the exploration of the
patch is not expected to occur by the main root by gravity, but throughout
ramification of lateral root growth. Tap water was supplied to the plants every day.

The patch treatments were run in a factorial combination with low (L) and
high (H) light conditions. After 42 days of growth, half of the plants under H were
transferred to L (HL treatment) and the half under L were transferred to H (LH
treatment), maintaining the respective controls under high (HH) and low (I.L) light
intensity. The time of light transfer was selected considering that from the maximum
to the minimum photosynthetically active radiation (PAR) registered in the forest
from leafless to leafed takes between 35 and 75 days (1984-1988, Barradas 1991).
The plant; were growing under these lasi conditions during another 42 days. Thus,
the total growth period of the experiment was 84 days. Five plant replicates per all of
the possible combinations between the two patch treatments and the four light
conditions were included.

Experiment 2 -

The design involved the same light (HH, HL, LH and LL) and patch (-Fp and
+Fp) treatments mentioned in the experiment 1 but, in addition, interspecific
competition was included in factorial combination with light and soil patch
treatments. The species studied were Caesalpinia eriostachys and Heliocarpus
pallidus, Treatments consisted in seedlings growing alone and in competition with
the other species. In this experiment, the position of the patch was located in the
center of the plastic bag and the seedlings were transplanted to an opposiie position

one each other avoiding the center of the bag as showed by the Fig. 1b, this
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arrangement give, to both species, the same probability of reach the soil patch. The
duration of the experiment was a little longer than the experiment 1, three days old
seedling were transplanted to the bags at three days, the light transfer treatments
were realized after 50 days of growth and the total growth period was of 100 days.
Five pots per treatment were included.

In both experiments three harvests were conducted, an initial realized after 3
days of seed germination (at time of transplanting), an intermediate conducted after
42 or 50 days of growth (experiment 1 and 2 respectively) and a final harvest after
84 and 100 days of growth (experiment 1 and 2 respectively). In each harvest the
whole root system was carefully obtained using water and sieves to facilitate the
separation of the soil particles and the roots inside the soil patch were separated.
The separation of roots by species was facilitated by the dark brown and white root
colour of Caesalpinia eriostachys and Heliocarpus pallidus, respectively. Plant shoot
was separated in stems and leaves and the leaf area per plant was measured (Delta-T,
England). All plant parts were dried in at 80°C oven during 48 hours and weighted.

The following parameters were calculated according with Evans (1972) and
Hunt (1982): the dry mass accumulation, the root dry mass inside the soil patch, the
relative growth rate (the dry mass production per unit of time, RGR), the leaf area
ratio (the ratio of total leaf area to whole plant dry mass, LAR), spéciﬁc leaf area
(the proportion of leaf area by leaf dry mass, SLA), leaf weight ratio (the proportion
of leaf dry mass by the total plant dry mass, LWR) and the root/shoot ratio {dry
mass accumulated in the root compared with the mass in the shoot, R/S).

For experiment 1, treatment effects in all parameters were tesied by two way
analysis of variance, at 42 and 84 days separately, with soil patch and light condition
as factors. In the experiment 2 a three-way analysis of variance was used with soil
patch, light condition and competition status as factors, for data at 50 and 10¢ days

of growth separately. In both experiments log-transformed data were used when
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needed to meet the assumptions of the analysis, means were tested by Tukey

multipie comparisons (Zar 1974).

Results
Experiment 1

The species studied showed a contrasting capacity to localize root biomass
into the soil patch (explore) and to obtain a benefit from the fertilized patch
(exploit). The responses exhibited 1o changes in light intensity were also different
among species, showing in some of them an interaction between both light condition

and foraging capacity.

Celaenodendron mexicanum

This species was the only one that, at any time and light condition, did not
produce root mass inside the soil nutrient patch (Fig. 2a). At 42 days, the total dry
mass prodhced and the RGR were higher under H than under L (Figs. 2a,b). The
total leaf area produced (LA), the LAR and SLA were higher under L independently
of the nutrient patch treatments. At 84 days of growth the total dry mass and the
RGR were higher- under HH ‘and HL and lower under LH and LL but were
unresponsive to the nutrient patch (Fig. 3). The LAR was higher under LL and HL (-
FP and +FP). At both 42 and 84 days the LWR and R/S ratio were unresponsive to

all treatments (Table 1 and 2).

Rest of the species at 42 days

The patch dry mass, total dry mass and RGR were the highest under B+Fp and
the lowest under L but without patch effect (Fig. 2). The LA was the highest under
H+Fp and not different of L+Fp in Cagsalpinia platyloba and Cerdia alliodora (Table
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1). The LAR and SLA were unresponsive to the fertilized patch and higher under L
than H. The LWR was the lowest under H-Fp and non different in the rest conditions.
The R/S ratio was the highest under H-Fp and non-different in the rest conditions
except in Cordia alliodora where H-Fp=H+Fp, no patch effect was showed under L
(Table 1)

Rest of the species at 84 days

For the three species, the biomass into the patch was +Fp > -Fp only in the
light conditions HH and LH. The highest value was under HH+Fp = LH+Fp for
Cacsalpinia platyloba and Cordia alliodora and under LH+Fp for Heliocarpus
pallidus. The total dry biomass produced and the RGR of Caesalpinia platyloba were
unresponsive to the fertilized patch. In the resting two species the dry biomass was
the highest under HH+Fp and the RGR had a patch effect only in HH and LH. In
Heliocarpus pallidus TH+Fp was the treatment with the highest RGR (Fig. 3).

The plant leaf area was higher in all light conditions +Fp than -Fp excepting
the LL and the LH for Cacsalpinia platyloba. The highest leaf area was under
HH+Fp. In general, the LAR and SLA were unresponsive to patch treatments
(except the LAR under LL for H. pallidus and the SLA under HL in C. platyloba)
and their variations were associated to light changes as follows: LL = HL >LH =
HH. Slightly changes were showed by Caesalpinia platyloba (HL-Fp > HL+Fp),
Cordia alliodora (LH-Fp > LH+Fp) and Heliocarpus pallidus (LL-Fp > LL+Fp), in
the rest of the treatments were non-different. The highest R/S ratios were under HH
and the lowest under LL (without patch effect) in Caesalpinia platyloba and Cordia
alliodora. (Table 2).
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Experiment 2

Both species Caesalpinia eriostachys and Heliocarpus pallidus responded to
light changes and foraging behaviour and were affected by the interspecific
competition. Although the magnitude of the response and the growth parameters
affected differed between these species.

Caesalpinia eriostachys

At 50 days of growth (just before the light transfers), the root mass into the
soil patch of plants growing individually and in competition, was the highest under
H+Fp and non different among the rest of the treatments (Tabie 3). The total dry
mass, RGR and leaf area were H+Fp > H-Fp at both growing alone or in
competition, however under L in these parameters were L+Fp > L-Fp growing alone
and L+Fp = L-Fp growing in competition (Table 3). Growing individually and in
competition there was a patch effect for the LAR under L (L+Fp > L-Fp) but not
under H (Table 3). The SLA was higher under L than H, but did not show significant
patch and-competition effects in both light treatments. The LWR was unresponsive
to the light conditions, but was +Fp > -Fp. The R/S ratio was -Fp > +Fp under both
H and L and in competition (Table 3).

At 100 days' of growth, HL was the only light treatment that did not show a
significant effect of the patch with respect to the root mass into the patch, for the
other light treatments this root mass was +Fp > -Fp, the highest values were showed
under HH+Fp and LH+Fp and the lowest under LL-Fp. In competition the values
under LH (in both + and - Fp) were reduced (Table 4). The total dry mass produced
was always higher under +Fp (Table 4). The highest production of dry mass was
under HH+FP > LH+Fp. In competition the dry mass was HH+FP = HL+Fp =
LH+Fp. The RGR was the highest under HH+Fp = LH (in both + and -Fp), in
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competition RGR under LH+Fp and HL+Fp has an increment (Table 4). The RGR
under LL and did not show a patch and competition effect.

The total leaf area produced had a patch effect (+Fp > -Fp) in all light
treatments growing alone, but LL-Fp = LL+Fp when in competition. The highest
value was showed under HH+Fp and the lowest in all light conditions with -Fp.
Competition caused a reduction in leaf area under HH+Fp and LH+Fp, owing to this
reduction the leaf area was under HH+Fp = HL+Fp and LH+Fp < HL+Fp. The
highest LAR and SLA was showed under LL (+Fp and -Fp) than for the other light
conditions. Competition only caused a reduction in LAR under HH-Fp. The R/S
ratio was higher in -Fp, showing the largest patch response under HH and the lowest
under HL and LL. In competition the R/S ratio under LH+Fp and HH-Fp was higher
than growing individually (Table 4).

Heliocarpus pallidus

At 50 days of growth, when was growing alone the root mass into the patch
was the highest under H and the lowest only at L-Fp, but in competition L-Fp =
L+Fp. The root biomass into the patch under H+Fp was higher in competition (Table
3). The total dry mass did not show modifications by competition and was the
highest under H+Fp and the lowest under L-Fp. The RGR and the leaf area produced
showed a light and patch effect: H+Fp > H-Fp > L+Fp = L-Fp, but for L-Fp the leaf
area in competition was higher than growing alone (Table 3). In the LAR and SLA
there was a non-significant effect of the nutrient patch, the differences showed
among treatments were due to light treatments when was growing alone but in
competition H-Fp > H-Fp. The LWR was the lowest in H-Fp, but in competition H-
Fp = H+Fp. The R/S ratio was the iowest under L+Fp in competition and the highest
under H-Fp (Table 3).
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At 84 days, the root dry mass into the patch was the highest under HH+Fp
and LH+Fp growing alone but only under HH+Fp (LH+Fp was reduced) when in
competition (Table 4). The total dry mass and leaf area at both alone and in
competition were +Fp > -Fp in all light conditions, HH+Fp = LH+Fp and were the
highest values. Competition caused a reduction in all of the treatments (except
HL+Fp). There was a patch effect on RGR only under LH and HL, the highest RGR
was under LH+Fp growing alene and the iowest under HL-Fp, competition only
caused a reduction in RGR under HL+Fp (Table 4). In the LAR there was not effect
of the patch in all light treatments growing alone and in competition. The highest
LAR was under LL. and HL. and the lowest under LH and HH (Table 4). In
competition the LAR was HL+Fp < HL-Fp. The SLA showed a similar light trend,
but LL-Fp > LL+Fp and in competition LH-Fp > LH+Fp (Table 4). The LWR was
the highest in HL.+Fp and no patch effect was showed in the rest of the treatments.
This significant difference between HL-Fp and HL+Fp and the light effect were lost
in competition (Tabie 4). The R/S ratio was under -Fp > -Fp for HH and LH. In
competition the R/S ratios increased under HH+Fp and HL+Fp (Table 4).
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Discussion

This study shows evidence about the different ability of the species studied to
respond to changes in light intensity and to forage for soil nutrients with a patchy
distributior.. Severai studies have separately documented plant responses to changes
in light intensity and the ability of plants to show a foraging behaviour. With respect
to changes in light intensity it has been documented that shade (low light intensity)
plants have a lower RGR than sun (high light intensity) plants. When plants from
high light are transferred to low light (HL.) its RGR, productivity and photosynthetic
capacity is lower than plants under high light. In contrast when plants developed
under low light conditions are transferred to high light (LH) they reach a similar or
even higher RGR and productivity than those plants under high light (Rice and
Bazzaz 1989, Sims and Pearcy 1989, Denslow et al. 1990, Pompa and Bongers
1991, Turnbull et al. 1993). In addition it has been suggested that shade plants are
able to acclimate rapidly to sun conditions, but high light plants acclimate slowly to
shade (Pompa and Bongers 1991). Several studies have documented a proliferation
of roots with an increase of root branching, biomass and the uptake of nutrients in
soil patches with high resource abundance (Drew 1975, Drew and Saker 1975,
Grime et al. 1986, Crick and Grime 1987, Hutchings 1988, Eissenstat and Caldwell
1988a, b, Jackson ;md Caldweil 1989, Caldwell et al. 1991, Caldwell 1994, Grime
1994, Fitter 1994, Hutchings and de Kroon 1994 and references there in). A general
increase of root functions cause a benefit in plant growth, even that often the soil
volume of the rich patch is only a small proportion of the total soil volume available
for the plant (Chapin 1980, Grime et al. 1986, Caldwell et al. 1991).

The exploitation of below-ground resources (as the ability to forage for soil-
patches with high resource availability) depends on the resources captured above-
ground, because the different root functions involves energy-demanding processes.

The relationship between light availability and root foraging behaviour has been
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studied by Jackson and Caldwell (1992) and in this study. Jackson and Caldwell
(1992) showed a higher uptake of phosphate in piants growing in enriched soii
patches than those under non-enriched patches when growing under high light
intensity, but this response in phosphate uptake was not evident when plants were
shaded. In the study reported here, the root foraging for a fertile patch was
influenced by changes in light intensity. A differential capacity to respond to both
light changes and patchy distribuied soil nutrients was found among species. These
differences were exhibited in the amount (i. e. magnitude of the response) as well as
the pattern of plasticity (direction of the response) (Kuiper and Kuiper 1988).

Grime et al. (1986) proposed that plasticity in slow-growing species is
manifested throughout the ability to obtain benefit from short-time pulses with high
abundance of resources more than to exploit high-resource patches. In these species
the exploitation of rich pulses is possible due to their capacity to maintain active its
long-lived structures of resources capture, the duration of the rich pulses often is
insufficient to achieve morphological changes as those needed to exploit a rich soil
patch (Grime et al. 1986, Crick and Grime 1987, Campbell and Grime 1989, Grime
1994). In this study the species with the slowest RGR (Celaenodendron mexicanum)
was the only species unable to encounter the fertilized patch (looking at the lack of
root mass into lhe. soil patch) at any light condition. This could be due, in some
extent to its low RGR and the characteristics of their root system, as described
earlier by Huante et al. (1992) has a low rooting density. The responses showed by
this species were those related with light conditions and exhibited a lower plasticity
in RGR and an opposite pattern of light acclimation (HH = HL and LH = LL)
compared with the rest of the studied species. In addition, Celaenodendron
mexicanum produces thinner leaves (higher SLA) under LL and LH, which suggest

certain tolerance to shade.
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in response tc¢ changes in light intensity it has been documented a higher
acclimation in growth and photosynthesis of plants transferred from low to high
(LH) than from high to iow (HL), as weli as the growth and photosynthesis of LH
plants is similar or even higher to those plants under HH (Rice and Bazzaz 1989,
Simas and Pearcy 1989, Denslow et al. 1990, Pompa and Bongers 1991, Turnbull et
al. 1993, Ackerly 1993). Those responses could be due to a higher return in carbon
investment of the shade leaves than sun leaves, owing to their lower C investment
per unit of leaf area (Sims and Pearcy 1991) and io the rate of leaves production
(Ackerly 1993). As predicted in this study, under the light conditions (LH and HH)
with a higher response to light, there was a strong reduction of plant mass and RGR
due to the absence of a fertilized patch, in a way that the plant dry mass of
Caesalpinia eriostachys under LH-Fp = HL +Fp due to a strong reduction under LH-
Fp, in Heliocarpus pallidus the RGR and dry mas under HH-Fp and LH-Fp was
similar to HL+Fp again due to a strong reduction caused by the absence of a
fertilized patch. This suggest a modification of the expected pattern of acclimation to
light changes. It has been documented that when light is reduced the plant reduce
first the root growth than the rate of respiration (Crapo and Ketellapper 1981) which
leads to a reduction in nutrient demand, an increase in the shoot/root ratio and a
general reduction of the root function (Lambers et al. 1990). So, plaht shading can
reduce the growth rate of both shoot and root and consequently the demand for
nutrients is reduced. In this study the root biomass allocated to the patch was
reduced when light intensity decreased (HL treatment). In the species with high
RGR and high plasticity there were indications of an increase in LAR and SLA and a
higher allocation of biomass to the shoot (lower R/S ratio) under LL and HL,
characteristic that favour a higher light harvesting (Lambers and Poorter 1992).

In soiis with high abundance of nutrients distributed in patches, as those

experienced by wild plants, where there are sites {Chapin 1980, Grime et al. 1986,
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Eissenstat and Caldwell 1988, Hutchings and de Kroon 1994), it can he expected a
strong competiticn among individuais to place their roots and expioit the high-
resources patches. High nuirient patches can rapidly be occupied by species with
morphoiogically responsive root systems as those of the species with high growth
rate. However, these fast-growing species are highly affected by the reduction of any
of their essential resources, and it could be expected that different species showed
different sensitivity to resource reductions and thus a different capacity to acquire
above and below-ground rescurces {Lambers and Poorter 1992, Caldwell 1994). In
this sense, the presence of a neighbour exploiting a soil patch with high resource
abundance could modify in different magnitude the exploitation of their competing
plant through the reduction of the resources availables (Grime et al. 1986). It has
been documented that fast-growing species have a higher productivity than slow-
growing species, this difference is maintained even at low resource availabilities
(Lambers and Poorter 1992). Both Caesalpinia eriostachys and Heliocarpus pallidus
growing in competition showed a reduction in the total mass and leaf area produced
as well as the RGR attained, but even that the magnitude of the reduction was higher
in H. pallidus, the biomass achieved was always higher than C. eriostachys. M.
pallidus has been tested to show a higher plasticity in growth rate and biomass
production under ‘dif‘ferem light intensities (Rincon and Huante 1993), whole
nutrients (Rincén and Huante 1994, Huante et al. 1995b) and phosphorus (Huante et
al. 1995a). _

Both species benefited of the fertilized patch in terms of dry mass and RGR,
when growing alone and under HH and LH, but not in the RGR under low light
conditions. The nutrient patch did not cause big changes in the characteristics of the
leaves {LAR, SLA) nor in the proportion of dry mass allocated to them (LWR); the
changes observed in these parameters followed the expected changes caused by light

fevels. The main effect of competition for C. griostachys was the reduction of the

2]



Foraging for nut=ienis, light resy and camy

exploitation of the fertilized patch on the total dry mass produced under HH. The
influence in the amount of root proliferation in fertile soil patches by the presence of
roots of other species has been previously documented (Caldwell et al. 1991 a, b). In
H. pallidus the competition caused a reduction in dry mass (even under -Fp), leaf
area and in lower extent in RGR, it appears that the mass production and leaf area of
H. pallidus is more affected by competition than C. griostachys. The pattern of
acclimation to light changes showed in the leaf area produced when H. pallidus was
growing individuaily corresponds to: HH+Fp = LH+Fp > LL.+Fp = HL+Fp; this
pattern was modified when was growing in competition as follows: HH = HL = LH
(all under +Fp) > LL+Fp: thus, competition caused a reduction of leaf area in the
more productive conditions (HH+Fp and LH+Fp). As growing individually, in this
species, there were no big effects on the LAR, SLA and LWR, suggesting the
existence of bellow ground competition more than a strong shading between species.
It has been documented in previous studies that even in conditions where there is a
clear competiticn for light, root competition can be more pronounced (Martin and
Field 1984, Cook and Ratcliff 1985). Experiments about root competition for high
nutrient patches conducted by Caldwell and co-workers have suggested interference
in the root systems of the competing specics by different root densities and speed of
growth of the species (Caldwell et al. 1991a, Eissenstat and Caldwell 1988);
however, those densities were not proportional to the exploitation of P by the species
(Caldwell et al 1991b). Other studies (Drew et al. 1973, Hutchings & de Kroon
1994, Caldwell et al. 1991, De Jager & Posno 1979, Drew & Saker 1975, Birch &
Hutchings 1994) showed that whole plant growth in a patchy environment can be
similar to, or even higher than in an environment in which the same supply of
resources is uniformely distributed.

This study in address how can be affected the root foraging capacity of

different species by changes in light intensity and by the activity of neighbours. At
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the same time how the acclimation responses to light changes can be influenced by
the capacity to exploit a soil rich patch. The study suggest a different magnitude and
direction (i.c. pattern of response) of the plastic abilities among the species with
respect to light changes and foraging for soi! nutrients. Also, the magnitude and the
direction of plasticity can be modified by the influence of a neighbour plant of
another species. In systems such as the tropical deciduous forest where there is
heterogeneity of soil (Solis 1993) and light (Barradas 1991) resources, the plant
success could be determined, in some extent, by its growth responses to confront the

heterogeneity in resources and the influence of neighbours.
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Table 1. Total leaf area (LA, cm?2), leaf area ratio (LAR, cm2/g), specific leaf area (SLA, cm?/g),
leaf weight ratio (LWR, g g-1) and root/shoot ratio (R/S) showed by the four species at 42 days of
growth under high (H) and low (L) light intensity combined in a factorial design with a unfertilized
{-Fp) an fertilized {(+Fp) nutrient patch. Species names as follows: Cp = Caesalpinia platyloba,
Cm= Celaenodendron mexicanum, Ca= Cordia alliodora and Hp = Heliocarpus pallidus. Small
letters show significant differences (p<(.05) between treatments by species as indicated by the

underlines.
Cp Cm Ca Hp

-Fp +Fp -Fp +Fp -Fp +Fp -Fp +Fp
LA
H 1676° 28240° 1528° 23.72° 3505°  57.11° 157.94° 43929
L 2222° 303.61° 29.82° 29.53° 33.68° 60.11° 114.08° 147.40°
LAR .
H 10427° 140.89° 9670 111.03°  1154° 157.058°  214.95° 237.61°
i 142.05° 192.94"  238.60° 258.10° = 223.5" 268.74"  401.64" 438.84°
SLA
H 195.1° 263.10°  199.28" 195.53°  240.72° 298.92°  431.61° 411.22°
L 375" 396.06°  431.55" 479.23° 403.72" 467.56° 658.24* 718.17°
LWR -
H 037 053 0.48* 0573 0.486° 0.524° 0.495" 0.578°
E 0.53*  0.49° 055  0.544 0.555" 0.574* 0610 0.616'
R/S
H 0.53*  0.355° 0.44*  0312° 0.69° 063° 0.56" 0.26"
18 033" 034 0.40° 0396 051°  0.44° 024°* 023"
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Table 2. Total ieaf area (LA, cm?2), leaf area ratio (LAR, em? g 1), specific leaf area (SLA, cm? g'), leaf weight ratio
(LWR, g g‘]) and root/shoot ratio (R/S) showed by the four species at 84 days of growth under high (HR), high-low
(HL), low-high (LH) and low (LL) light intensity combinzd in a factorial design with a unfertilized (-Fp) and fertilized
(+Fp) soil nutrient patch. Species names as in Table 1. Small letters show significan differnces (p<0.05) among
treatinents by species as indicated by the underlines.

LA
HH

T
L

LH
LL
LAR
HH
HL
LH
LL
SLA
HH

HL
LH
LL
LWR
HH
HL
LH
LL

HH
HL
LH
LL

Cp Cm Ca Hp
-Fp +Fp -Fp +Fp -Fp +Fp -Fp +Fp
328.8> 459.3a 4793t 82923 172.51¢ 43852 789.2d 17042
289.3b 53368 38.88b 104,82 173.24¢ 233.98¢  448.9¢ 1083¢
352,50 366.5b 32.20b  53.90b 254.54¢ 324.6° 856.84 1455b
323.80  284.1b 34.07b 38.55> 194.20¢ 210.9¢c¢ 474.1¢  289.4¢
4955  58.38b 98.16> 130.5b 71.88% 56.61b 80.74¢  70.94¢
8422 101.862  171.92a 1783 12562 115.892 10i.5b  125.92b
64.80  58.58b 124.53b 135.3b 93.1126 70.43b 92.23b  97.14b
100.58  96.94a 186.282 164.4a 124,62 102.692 i3ga  105.3b
156.4¢ 167.2b¢ 505.7? 228.6b 202.5¢ 189.3¢ 251.53b 245b
202.1b  281.12 22570 226.6b 301.1a 272482 365.738 371.68
195.7b 188.3b 263.48 29742 241.2b¢ 205.96¢ 263.32b 294.5b
258.92 255672 283.32  285.82 327.78 2692 455.552 376.42
0.32b 0350 0483 0572 0.348> 0.30b 0.28> 0289b
0428 026 0.52a 0602 0.4072 (.42a 0322 (.3403
033t 031b 0482 (0.602 0.3828 (.34b 0352 03312
0.392  (.382 0462 (.582 0.3782 0.38a 0323 0279
0.542  0.562 0.522 0432 1.482 1.68° 0.74%  0.56¢
0.532 0.38b 0.462 0412 1.12%  1.05¢ 0918 0.44c
0.592  0.502 0612 (0482 1.26b  1.4jab 0.48¢  0.47¢
0.44b (.42 0432 0352 1.702  1.05¢ 0.842  (.982
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Table 3. Total dry mass into the soil nutrient patch (g), total dry mass production (g), total leaf area
(LA, cm?2), leaf area ratio (LAR, cm2 g}), specific leaf area (SLA, cm2 g-1), leaf weight ratio
(LWR, g g-1) and root/shoot ratio (R/S) showed by the four species at 50 days of growth under high
{(H) and low (1.} light intensity combined in a factorial design with a unfertilised (-Fp) an fertilised
(+Fp) nutrient patch. Species names as follows: Ce = Caesalpinia eriostachys growing individually
Ce-Hp = Ce growing in competition with Hp, Hp = Heliocarpus pallidus growing individually and
Hp-Ce= Hp growing in competition with Ce. Small letters show significant diferences among
treatments (p<0.05) as indicated by the underlines.

Ce Ce-Hp Hp Hp-Ce

-Fp +Fp -Fp +Fp -Fp +Fp -Fp +Fp
Patck dry mass
H 0.014b  0.052 0.010bc 0.0582 0.0096t 0.009b 0.007b¢ 0.0262
L 0.011b  0.024at  0.p09bc 0,0076¢  0.0034¢ 0.0076P 0.004¢  0.003¢
Dry mass
H 2.54bc 578 2365 5502 1270 4,608 093¢ 503
L 1.5¢ 2.91b 1.53¢  1.84¢c 0.58¢  1.79b 0.66¢  1.44b
RGR
H 0.061b  0.0772 0.06® 0.0772 0.186 0212 0173% 0.2072
I 0.051¢  0.064b 0.051¢  0.054b¢c  0.16¢  0.18b 0.167¢ 0.178b
LA
H 215¢ 558.372  195.80¢ 559.]1a 256¢ 1027.42 213.8¢ 92423
L 218.8¢ 553,92 229.9b¢ 32670 235.2¢  664.48b 270.1> 604 4
LAR
H 86.44¢  96.04¢ 85.34c  101.63¢  203.3bc 22913k 234.3b  184.1¢
L 14950  190.46a  147.8> 176.70 407.772 397.562 410.66° 45588
SLA
H 267.6¢d 242 5bc 275.9¢ 237.8b¢  4402¢ 4i8.9¢ 512b  400.8¢
L 39172 403.228  402.422 139532 74078 709.34a 802.772 780.5a
LWR
H 0.32¢d  0.40bc 0314  0.43ab 0.46¢ 0.558b 0.458¢ 0.459¢
I 0.38¢ 0.47ab 0.37¢  0.458b 0.553b  0.562 0.5112b Q5822
R/S
H 0.742 0.44bc 0.792  0.35¢ 0.512  0.25b 0.5i12  0.31b
L 0.46b 0.27d 0.39bc  (.284 027  0.19¢ 0.20c  o.12d
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owhi rate (RGR,

g g'l day’i ), totai leaf area (LA, cmz), leaf area ratio (LAR, cm? g‘!}. specific ieaf area (SLA, cm g'l). leaf weight
ratio (LWR, g g") and roat/shoot ratio (R/S) showed by the four species at 100 days of growth under high (HH), high-
low (HL), low-high (LLH) and low (LL) light intensity combined in a factorial design with a unfertilized (-Fp) and
fertilized (+Fp) seil nutrient patch. Species names as in Table 3 Small letters show significant differences among
treatments (p<0.05) as indicated by underlines.

Ce Ce-Hp Hp Hp-Ce

- +Fp -Fp +Fp -Fp +Fp -Fp +Fp
Patch dry mass
HH 0.0314 0.152 0.049¢ (.11a 0.034¢4 0,532 0.021d4  (.478a
HL 0.033¢¢ 0.046¢  0.063b> 0077  0.057¢ 0.037¢  0.177¢ 0.056°
LH 0.0364 0,103 0.017¢ 0.0324 0.040¢ 0.482 0.01969¢ (.281°
LL 0.017¢ 0.048¢  0.065b 0.03d 0.034¢d (.075¢ 0.01684de 0.0294
Dry mass
HH 391 2099 5994 1422t  874d 37402 6.06¢ 25.28b
HL 3141¢  7.80cd 342¢ 11.72b  687¢ 1567 391F  14.34¢
LH 5574 1141  597d j0.2b 8.73d 35682 6.20¢ 28.23b
LL 401t  698¢ 337¢ 4564 6.64b>  14.05¢ 434f  10.50d
RGR
HH 0.00684 0.026b 0.018¢ 0.018¢ 0.039¢  0.042¢ 0.035¢d 0.032¢
HL 0.00644 0.007d 0.0079 0.014¢d  0.034d 0.024¢ 0.0299 0.019f
LH 0.0276  0.028b 0.026> 0.0342 0.055b  0.0652 0.044> 0.0632
LL 0.018¢ 0.017¢ 0.016¢ 0.017¢ 0.049bc  0.046¢ 0.037¢d 0.042¢
LA
HH 221.2¢  1178.12  204.1¢  755.5b 766.9¢  3053.52  417.1f 1897b
HL 2544 587.93¢  202.5¢ 757.2b 10514 2440b 597.9¢f  1506bc
LH 28594  740.00b  301.99 571.3c 8456t 3041.82 5i17f  |792b
LL 328.5d  543.5¢ 301 441.1¢d  9288d 1979b 576.5¢f 1384¢
LAR
HH 60.77b¢ 55.59¢ 34.809 56.17¢ 87.63¢d 8147¢d  80.49¢d 77.44¢cd
HL 74.94b  75.71b 60.26b¢ 69.56bc 15432 168.522  157.208 117.3b
LH 51.46¢ 64235 5287 53.66¢ 98.65c 8541cd  8447¢d 71984
LL 82.71ab 78.693b  90.732 93492 13892 140,22 136.28b 134 eab
SLA
HH 218.9b 184.26¢  206.22¢ 188.3¢ 379.5¢d 315394  354.4d 299 4de
HL 25376 218.75¢  3253,11b 221.7bc  559.12b 513.54b  558.68d 43(.8bc
LH 233.6b 237.4b 255,294 230.2b 397.3¢d  328.3d 347.96 260.1¢
LL 3092 296.728 342792 322.]a 6052  511.9b 560.53b 495 2bc
LWR
HH 0.285c  (.308b 0.168¢ (2988  ¢23c  (26bc 0.226¢ .257b¢
HL 0.292b (3 35ab 0.237¢ 031286 (28> 0328 02770 0.271b¢
LH 0.22¢d  (.27be 0.208¢d (.235¢ 0.25bc  .26b¢ 0.244bc (.271bc
LL 0.27b¢  (.27bc 0.264bc (.294a>  (.228¢ (.27bc 0.242bc (,269b¢
R/S
HH 0.76c  0.52d 1278 0.57¢ 0.83b  0.48cd 1352 037d
HL 0.77%¢ 0514 0.993b  (44d 0.55¢4  (.35d 0.83t  0.44d
LH 0.83¢  0.62¢ 0.982b (91b 0.68b¢  0.40d 0.64%¢ .37
LL 08ibe  (.594 ¢.756c  0.48¢ 0.70bc  0.47cd 0.58¢d (.37
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a) Position of the soj patch area

:
)

Y
4

| Patcharea
Unfertilized patch treatment (-F) Fertilized patch treatment (+Fp)

B) Position of the patch in the experiment of competition

\\_________/
Unfertilized patch treatment (-Fp) Fertilized patch treatment (+Fp)

Figure 1. Diagram of the design of the soil patch treatments for A) the experiment 1
and B) the experiment 2.
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Figure 2. a) Root mass into the patch (g), b) total dry mass production (g) and c) relative growth rate (RGR, g g/
day']) showed by the four species at 42 days of growth under high (H) and low (L) light intensity combined in a
factorial design with a unfertilized (-Fp) an fertilized (+Fp) nutrient patch. Species names as follows: Cp = Caesalpinia
platyloba, Cm= Celaenodendron mexicanum, Ca= Cordia alliodora and Hp = Heliocarpus pallidus. Small letiers show
significant differences (p<0.05) between treatments by species.
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a)

Root mass into the

b)

Total dry mass (g)

c)

Relative growth
rate (g g-1day™' )

Figure 3. a) Root mass into the patch (g), b) total dry mass production (g) and c) relative growth rate (RGR, g g"
d.ay") showed by the four species at 84 days of growth under high (HH), high-low (HL), low-high (LH) and low (LL)
light intensity combined in a factorial design with a unfertilized (-Fp) and fertilized (+Fp) soil nutrient patch. Species
names as in Fig. 2. Small letters show significan differnces (p<0.05) among treatments by species.
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Appendix A. F values and the significance level (*, p<0.05, ** p<0.01 and *** p<(0.001,
numbers without asterisk are non-significant) of a two-way ANCGVA for the factors light

and soil patch nutrients at 42 days of growth.

Caesalpinia platyloba

Dry mass RGR
light 4.0* 4.05
patch 4.1* 4.08*
light x 3.7 3.71
patch
Celaenodendron mexicanum

Dry mass RGR
light 11.4* 29.4%*+
patch 1.94 34
light x 35 212
patch
Cordia alliodora

Dry mass RGR
light 13.2**  10.6**
patch 4.4* 4.98*
light x 3.9 4.4*
patch
Heliocarpus pallidus

Dry mass RGR
light 124n%x ) Seey
patch 23.2%%%  1504%¢
light x 9.8%* 53*

patch

LA
12.9%*
2.1
6.5

LA
7.5*
1.2
1.4

LA
0.01
1L
0.21

LA

35,1 **
32.]140%
10.2%*

LAR
395
3.9%
0.98

LAR

4] .4%%*
0.6
0.013

LAR
62.7*%+
2.7
c.017

LAR
165%+*

39
0.23

SLA
1920
1.5
0.43

SLA
37.30%*
0.27
0.37

SLA
45%%=
3.1
0.013

SLA
110%*#*
0.2
1.96

LWR
16.9***
A
6.7*

LWR
0.67
2.93
4.1

LWR
4.1*
4*
3.5

LWR
18.8%**
6.4%
4.7



Appendix B. F values and the significance level (*, p<0.05, ** p<0.01 and *** p<0.001,
numbers without asterisk are non-significant) of a two-way ANOV A for the factors light
and soil patch nutrients at 84 days of growth,

Caesalpinia platyloba
Root Dry mass RGR LA LAR SLA LWR
patch
light 3.5+ 2243%%  577%% 3.5+ 68.9***  54.1%**  10.9***
patch 3.6* 421* 0.01 7.4%* 236 2528 9398%e

light x 0.55 1.59 0.24 3¢ 4.06* 235 Q5. 5%
patch

Celaenodendron mexicanum

Root Dry mass RGR LA LAR SLA LWR
patch
light - 312988 433% 14.7%%*  16.4*** 10.19%** 4.58%*
patch - 3.01 34 50.6**+ 29 L7 124+++
light x -—- 1.22 1.1 8.46*** 30 1.05 1.09
patch
Cordia alliodora
Root Dry mass RGR LA LAR SLA LWR
patch
light LLTEEY  11.1%%% . B14%¥%% 42¢ 11.3%%% 35.ge%* 335%
patch 34.3%**  21.9*** 46* 874+ 4.8*% 1.31 0.75
light x 73%* 35 34 4.1* 0.15 2.1 0.55
patch
Heliocarpus pallidus
Root Dry mass RGR LA LAR SLA LWR
patch
llght 126*“ l??tit 7]*1’* 1145'** ZSAQ"- 61.8‘*‘ 3“?1
paich 7.4%* 69.6%**  7.6** 69*** 286 0.52 1.4

light x 6.7%* 17.6*** 2.03 39.1%%%  T18%* 432 e
patch
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Discusidn General

El tema central de los experimentos que forman esta tesis es plasticidad en
plantas. Este topico es abordado desde el punto de vista de las respuestas de
diferentes especies a diferentes disponibilidades de los recursos luz y nutrimentos,
evaluadas principalmente por medio de su influencia en el crecimiento. Se inicia con
disefios experimentales tendientes a evaluar y describir patrones generales de
crecimiento ante disponibilidades contrastantes de algin recurso, para lo cual se
analiza comparativamente, entre gran niimero de especies (34), la respuesta en el
crecimiento y su relacion con los diferentes parametros que pueden influenciarlo. Se
continua con la evaluacion de preguntas mas detalladas, usando un menor namero de
especies (10), sobre el papel de cambios en la disponibilidad de algin recurse (luz)
en el crecimiento y algunos pardmetros fisiologicos como fotosintesis y
conductancia estomatica. Para continuar con mayor detalle, se ncluyen disefios
donde se pretende integrar las respuestas a variaciones en recursos capturados por la
parte aérea de la planta (luz) y los capturados en el suelo (nutrimentos). Los cambios
en juz aplicados pretenden simular variaciones abruptas en la disponibilidad de este
recurso causadas por eventos como: perturbaciones o los abruptos cambios dados
por el caracter estacional de la selva baja caducifolia. Los cambios en la
disponiibilidad de nutrimentos en el suelo pretenden simular la caracteristica
distribucion en parches de la disponibilidad de estos recursos en sistemas naturales.
Finalmente, considerando que variaciones en la disponibilidad de recursos pueden
generarse por la actividad de individuos vecinos, ya que éstos al consumir los
mismos recursos reducen su disponibilidad, se analiza conjuntamente la relacion
entre las respuestas a variaciones en luz, nutrimentos distribuidos en parches y la
influencia de vecinos en individuu§ de dos especies. A continuacion se discutira la
contribucion de este trabajo, mediante el andlisis de las principales tendencias
encontradas y la relacion que guardan con las hipotesis generadas y con estudios

reportados en la literatura.
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El anélisis de crecimiento realizado con 34 especies lefiosas aporta evidencia
sobre la existencia de una relacion directa entre la biomasa total y el area total
producida, asi como entre la tasa de crecimiento (RGR) y pardmetros como el area
foliar total producida, el cociente de area foliar (LAR) y el area foliar especifica
(SLA), y una relacion inversa entre la RGR y el contenido de carbono de las hojas,
tanto en condiciones de alta como de baja disponibilidad de nutrimentos. No
obstante, en condiciones contrastantes de luz, existe también una relacién directa
entre la RGR y la tasa de asimilacién neta (NAR) (capitulo 3). Aunque, el resultado
final en cuanto a la tasa de crecimiento comparativamente entre especies es el
mismo, es decir, las especies que expresan un rapido crecimiento en un determinado
recurso, muestran también un crecimiento rapido en abundancia de los otros
recursos. Esto se puede observar en la Fig. 1 donde se relacionan las tasas de
crecimiento expresadas por diferentes especies en condiciones de alta disponibilidad
de nutrimentos (capitulo 2), de luz (capitulo 3) y de fésforo (Huante et. al 1995). Las
tendencias sefialadas anteriormente entre la RGR y los diferentes parametros que
pueden influenciarla documentan que las especies de rapido crecimiento producen
mayor cantidad de biomasa y drea foliar y el general sus hojas son mas delgadas, con
menor contenido de carbono que las especies de lento crecimiento. Estas tendencias
apoyan lo reportado previamente sobre las respuestas a disponibilidades
contrastantes de luz y nutrimentos (Boardman 1977, Mooney et al. 1978, Grime
1979, Chapin 1980, Bjorkman 1981, Smith 1981, Augspurger 1984, Oberbauer y
Strain 1985, Hunt y Lloyd 1987, Kérner y Renhardt 1987, Grime et al. 1988, Shipley
y Keddy 1988, Denslow et al. 1990, Lambers y Poorter 1992). Adicionalmente se
documenta la existencia de una relacion directa entre la respuesta en la tasa de
crecimiento (evaluada como la diferencia entre la maxima menos la minima RGR
obtenida, ARGR) y la tasa de crecimiento alcanzada en condiciones de alta

disponibilidad de nutrimentos y luz, es decir que las especies con mayor respuesta en
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RGR son aquellas con crecimiento rapido mientras que las de menor respuesta en
RGR son las de crecimiento lento. Si se considera la ARGR como una medida de la
magnitud de la plasticidad por estos recursos, esto parece indicar y apoyar la
hipétesis propuesta en esta tesis respecto a que las especies de rapido crecimiento
son mas plasticas que las de lento crecimiento. Adicionalmente, se ha sugerido que
las especies de lento crecimiento producen hojas mas longevas, con baja tasa de
crecimiento, con metabolitos secundarios que les brindan proteccion contra
hefbivoros y su crecimiento y produccion de biomasa se benefician mas de
asociaciones con otros organismos como las micorrizas que las especies de rapido
crecimiento (Grime 1979, Chapin 1980, Coley et. al 1985). Los estudios realizados
por Huante et al. (1993) parecen apoyar lo antes mencionado para el efecto de
micorrizas, aunque el nimero de especies incluidas es muy pequefio. En relacion con
la herbivoria, usando los datos reportados por Filip et al. (1995) sobre el porcentaje
de pérdida de 4rea foliar por herbivoria, para algunas especies estudiadas en esta
tesis, se puede observar (Fig. 2) su relacién con la tasa de crecimiento méaxima
obtenida. Esta relacion parece apoyar lo antes sugerido, excepto en la especie Cordia
alliodora, la cual con base en su RGR se podria esperar mayor porcentaje de pérdida
de érea foliar, sin embargo, la baja folivoria que presenta podria deberse a que esta
especie presenta mirmecofilia, lo que probablemente la protege de la influencia de
herbivoros.

Otra variable que se ha sugerido que es importante en determinar la RGR es
la biomasa de las semillas, donde se ha propuesto una relacion negativa entre ambos
parametros. Sin embargo, en la evidencia reportada en la literatura existe
controversia, ya que también se ha documentado la existencia de una relacion directa
(Thompson 1987, Shipley y Keddy 1988) y, aunque la mayoria de los estudios han
documentado una relacion inversa significativa, ésta generalmente es débil (i.e. bajo

coeficiente de correlacién) (Grime 1979, Fenner 1983, Gross 1984, Shipley et al.
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1989, Shipley y Peters 1990). Si bien en los estudios reportados en esta tesis la
especie con semillas mas pequefias tuvo la mayor tasa de crecimiento, la relacion
entre la RGR y la biomasa de las semillas es débil pero significativa, lo que podria
sugerir la importancia de otros factores como la asignacion de biomasa y las
relaciones filogenéticas (Kelly y Purvis 1993, Grime 1994) en determinar las
variaciones en RGR. En cuanto a la asignacion de biomasa, se ha propuesto que las
especies tienden a asignar su biomasa interna de tal manera que se favorezca la
explotacion del recurso que limita el crecimiento y se espera que esta respuesta sea
de mayor magnitud en las especies de rapido crecimiento (Chapin 1980). Los
resultados de esta tesis muestran que cuando las especies crecen en baja
disponibilidad de nutrimentos aumenta su asignacion de biomasa a la raiz (aumenta
RWR y R/S), sin embargo, no existe una relacion interespecifica significativa entre
R/S y RGR.

En los ultimos aflos se ha avanzado en el conocimiento de los determinantes
de las variaciones interespecificas en RGR (Grime y Hunt 1975, Kérner y Renhardt
1987, Shipley y Keddy 1988, Poorter et al. 1990, Shipley y Peters 1990, Garnier
1991, Lambers y Poorter 1992). Sin embargo, no existe informacion de este tipo
sobre especies con crecimiento secundario pertenecientes a zonas con ambientes
tropicales. |

Las tendencias anteriormente expuestas provienen de estudios donde
prevalecen condiciones de baja o alta disponibilidad de recursos. Cuando un mismo
individuo experimenta cambios en algun recurso (como la luz). existe una tendencia
en las especies de rapido crecimiento a mostrar una mayor capacidad de
aclimatacion en cuanto a la biomasa total producida y a la RGR, los individuos
transferidos de L a H (LH) mostraron valores similares a los presentados por los
individuos que crecieron en HH (LH tiende a aclimatarse con respecto a HH). Los

individuos transferidos de H a L (HL) tuvieron valores similares a aquéllos en LL
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(HL tiende a aclimatarse con respecto a LL), alcanzando en LH valores incluso
mayores que los de HH y los de HL menores que aquéllos alcanzados en LL. Las
especies con tasas de crecimiento intermedia tienden a presentar una magnitud de
aclimatacién también intermedia y el patron de aclimatacion es similar al mostrado
por las especies de rdpido crecimiento (LH se aclimata con respecto a HH y HL con
LL), pero sin existir diferencias significativas entre ambos pares de fenotipos. Las
especies con la menor tasa de crecimiento, (en esta tesis evaluado sélo con
Celaenodendron mexicanum) tienden a mostrar la menor magnitud de cambio en
todos los pardmetros de crecimiento, es decir, el menor grado de aclimataciéon. Su
patron de aclimatacion tiende a ser muy diferente comparado con las especies de
rapido crecimiento, ya que el fenotipo HL se aclimata con respecto a HH y el LH
con respecto al fenotipo LL, sin existir diferencias significativas entre ambos pares
de fenotipos. Estas tendencias sugieren la existencia de una tendencia general entre
la tasa de crecimiento y la magnitud y direccion de la aclimatacion, donde a mayor
tasa de crecimiento mayor aclimatacion hacia el fenotipo LH respecto al HH y a
menor tasa de crecimiento menor aclimatacion pero en direccion del fenotipo HL
respecto al HH. Esta misma tendencia la muestran las especies en cuanto a
caracteristicas fisiologicas como tasa fotosintética y conductancia cstomatica. Una
rapida aclimatacion se ha asociado con especies que habitan sitios con gran
competencia, ya que una rapida respuesta favorece la rapida captura de recursos
(Grime et al. 1986), la produccion de plantas con mayor biomasa y por lo tanto
mayor probabilidad de superioridad competitiva, si se compara con algun otro
individuo de la misma edad pero con menor capacidad de aclimatacion. Estas
tendencias apoyan las hipotesis planteadas sobre mayor capacidad de aclimatacion
en especies de rapido crecimiento comparativamente respecto a las de crecimiento
lento, también apoyan las tendencias encontradas en estudios realizados con plantas

de selvas altas perennifolias, respecto a la superioridad del fenotipo LH respecto al
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HH (Rice y Bazzaz 1989a, Pompa y Bongers 1991, Strauss-Debenedetti y Bazzaz
1991, Sims y Pearcy 1991, Turnbull et. al 1993). Sin embargo, no se habia
documentado una tendencia en aclimatacion diferente para especies de lento
crecimiento, no obstante, cabe sefialar que la tendencia reportada en esta tesis
obedece al patrén mostrado por sélo una especie, lo que sugiere la necesidad de
contar con mas evidencias que permitan establecer con precision el patron de la
aclimatacion en especies con crecimiento lento.

Las tendencias de aclimatacion en RGR a cambios en la intensidad de luz
estan asociadas con cambios en NAR y las caracteristicas de las hojas como SLA.
Esto parece indicar la importancia de las hojas y sus caracteristicas en determinar la
tasa de crecimiento. Las hojas producidas bajo alta y baja intensidad de luz difieren
en sus caracteristicas anatomicas y fisiologicas. Cuando una planta que crece en luz
alta es transferida a luz baja o vice versa, las hojas presentan caracteristicas
asociadas al ambiente previo al cambio, de tal forma que su aclimatacion al nuevo
ambiente depende, en parte, de la capacidad de sus hojas para superar la posible
fotoinhibicion, la capacidad para modificar los componentes que determinan su
capacidad fotosintética (capacidad de carboxilacion, capacidad de transporte de
clectrones, conductancia estomdtica y la relacion peso:area foliar, LMA) (Pearcy y
Sims 1994), asi como de la velocidad con la que puedan producir nuevas hojas
adaptadas a las nuevas condiciones luminicas, debido a que las hojas producidas en
luz alta son menos longevas y por lo tanto se recambian mas rapidamente que
aquéllas producidas en luz baja (Chabot y Hicks 1982). Una mayor longevidad de
hojas se ha reportado como una de las caracteristicas de las especies de lento
crecimiento y mayor recambio foliar en las especies de crecimiento réapido,
probablemente a esto se deba la menor velocidad de respuesta y el patron de
aclimatacién (HL con respecto a HH) de las especies de lento crecimiento. Se ha

sugerido que las hojas producidas en luz baja son mas eficientes, en términos del
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retorno de carbono invertido, debido a su menor inversion de carbono por unidad de
area (Sims y Pearcy 1991). De acuerdo con lo reportado por Sims y Pearcy (1992)
para la especie Alocasia macrorrhyza, las caracteristicas de las hojas se determinan
durante las etapas tempranas de su desarrollo, entonces inicialmente la adaptacion a
un nuevo ambiente serd enfrentada con hojas desarrolladas en el ambiente previo al
cambio, entonces las plantas que son transferidas de baja a alta intensidad de luz
enfrentan el nuevo ambiente con hojas més eficientes que aquéllas plantas
transferidas de alta a baja intensidad de luz. Sin embargo, datos producidos con otras
especies han documentado cierto grado de aclimatacién en las hojas desarrolladas
previamente al cambio de luz (Chow y Anderson 1987, Sebaa et al. 1986).

En ambientes donde la distribucion de nutrimentos en el suelo es heterogénea,
la tendencia parece indicar que a mayor tasa de crecimiento mayor capacidad de
forrajeo en parches ricos en nutrimentos. Las especies de lento crecimiento son
incapaces de localizar y explotar parches ricos en nutrimentos. Las especies de
ripido crecimiento tienden a producir mas raices péra la explotacion de dichos
parches y obtienen beneficio tanto en la cantidad de biomasa y 4rea foliar que
pueden producir, como en su tasa de crecimiento. Sin embargo, en estas especies la
explotacién de parches ricos en nutrimentos puede reducirse considerablemente en
condiciones de sombra, resultando en la reduccion de la productividad y tasa de
crecimiento. Ante cambios en luz, el fenotipo que muestra mayor aclimatacién
tiende a ser el que muestra mayor capacidad para explotar el parche, esto es, el
fenotipo LH para las especies de rapido crecimiento y el LH y HH para las de
crecimiento intermedio. Sin embargo, la reduccion en la produccion de biomasa por
no existir un parche rico en el fenotipo LH (i. e. LH-Fp) provoca que no exista
diferencia con el fenotipo HL+Fp, es decir, debido tanto al beneficio de HL por tener
parche rico como a la reduccién en LH por no tener un parche rico en nutrimentos.

Esto enfatiza la importancia de analizar conjuntamente ¢l efecto de cambios en
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recursos cuya captura esta inter-relacionada, ya que la disminucion de uno provoca
cambios en la captura del otro. La pérdida o reduccion de la habilidad para explotar
un parche rico en nutrimentos cuando la intensidad de luz es limitante se ha
documentado muy poco (Jackson y Caldwell 1992). Este es el primer estudio donde
se muestra como la capacidad de forrajeo ante cambios en la intensidad de luz puede
afectar diferencialmente a las especies y coémo, a su vez, la tendencia en
aclimatacién que se puede esperar como respuesta a cambios en el ambiente
luminico puede ser alterada por tener acceso 0 no a un parche rico en nutrimentos.
Adicionalmente esta tesis aporta evidencia que sugiere que la interrelacion entre la
capacidad para aclimatarse a cambios en luz y la capacidad de forrajeo por
nutrimentos puede reducirse (considerando la biomasa de raices producida en el
parche y la biomasa total) por la presencia de individuos de otra especie, esta
reduccion es mas pronunciada en la especie que tiene la mayor tasa de crecimiento y
ocurre en aquellos fenotipos que muestran los valores mas altos (HH y LH). En
parches ricos en nutrimentos se puede esperar gran competencia para su explotacion,
de tal forma que la especie que podria obtener mayor beneficio seria aquélla con
mayor capacidad para encontrarlos y explotarlos rapidamente. En estudios previos
(Grime et. al 1986, Crick y Grime 1987, Hutchings y de Kroon 1994 y referencias
ahi citadas) y en esta tesis se ha documentado que esta capacidad de forrajeo es
mayor en especies de rapido crecimiento, las cuales tienden a habitar sitios con
abundancia en recursos, donde existe mayor competencia, entonces se ha propuesto
que la capacidad de forrajeo es un mecanismo que favorece la captura de recursos en
dichas especies (Grime et. al 1986). Sin embargo, los sitios mas productivos, que se
espera soporten mayor namero de individuos, la luz llega a ser limitante, por lo que
relaciones de compromiso entre respuestas a cambios en luz y forrajeo por

nutrimentos deberian considerarse.



Discusion General

En conclusion, existe un conjunto diverso de respuestas en crecimiento, en los
extremos de ese conjunto se encuentran especies con caracteristicas plasticas
contrastantes. Las especies de rapido crecimiento, que presumiblemente habitan
sitios con abundancia de recursos, son mas plasticas en condiciones contrastantes de
disponibilidad de recursos, cuando los recursos varian muestran mayor capacidad
para aclimatarse y su patron de aclimatacion es diferente al de las especies de lento
crecimiento. Las especies de rapido crecimiento tienden también a mostrar la
capacidad plastica para localizar y aumentar la produccion de raices finas en parches
en el suelo ricos en nutrimentos, mientras que las especies de lento crecimiento no
son plasticas en este sentido. El efecto de la disminuci6én de recursos por una planta
vecina de otra especie es mayor en la especies de crecimiento mas rapido, aunque
provoca en ambas la modificacion de los patrones de aclimatacion y forrajeo en
algunos parametros.

El anilisis basado en las relaciones de costo-beneficio de la captura de
recursos (Bloom et al. 1985) provee una posible expiicacién a las tendencias aqui
mostradas. De acuerdo con Bloom et al. (1985) en ambientes con abundancia de
recursos, el costo asociado a la captura de cada recurso es relativamente bajo,
. mientras que en ambientes con baja disponibilidad de recursos, el costo de
produccion de una -nucva unidad de biomasa es alto, en consecuencia, ¢l alto costo
del crecimiento se ve reflejado en una tasa de crecimiento maxima lenta en plantas
adaptadas a ambientes pobres. Las plantas caracteristicas de ambientes ricos son
generalmente mas plésticas en su asignacion en respuesta a estres ambiental. Esta es
la respuesta esperada desde un punto de vista econdmico ante una situacion donde
los costos varian mucho. En ambientes variables, las disponibilidad de recursos es
heterogénea tanto espacial como temporalmente, entonces, un patrén de asignacion
muy pléstico favorece que las plantas dominen la captura de los recursos limitantes

(Bloom et al. 1985). Por cjemplo, un gran incremento en la asignacion al



Discusidn General

crecimiento de la parte aérea en respuesta a la sombra permite que una planta pueda
crecer por encima de individuos vecinos. Las plantas de ambientes pobres son menos
plasticas en su patron de asignacion, presumiblemente porque experimentan con

frecuencia condiciones cronicas de disponibilidad de recursos (Bloom et al. 1985).

Si consideramos que en ambientes heterogéneos la sobrevivencia, el
crecimiento y la reproduccion de las plantas podrian estar determinados, en cierta
medida, por su habilidad para responder a dicha heterogeneidad, entonces el conocer
las caracteristicas de respuesta de diferentes especies a la heterogeneidad ambiental
podria ayudarnos a incursionar en el entendimiento sobre el mantenimiento de una
alta diversidad vegetal, como la de la selva baja caducifolia. La disponibilidad de
recursos parece estar asociada con la diversidad de especies, ya que en los sitios mas
productivos como los tropicales albergan la mayor diversidad de especies (Gentry
1988, Faber-Langendoen y Gentry 1991). En sistemas tropicales las perturbaciones y
su consecuente generacion de heterogeneidad ambicntal se han asociado con la alta
diversidad. Connell (1978) propone que la frecuencia de los eventos de perturbacion
son importantes en la regulacion de la diversidad, donde perturbaciones frecuentes
favorecerian una rapida colonizacion y dominancia de especies de rapido
crecimiento (colonizadoras) ya que serian las unicas que tendri'an el tiempo
necesario para establecerse antes de que ofra perturbacion ocurriera y,
probablemente debido a que rapidamente la luz llegaria a ser limitante, entonces las
especies dominantes seriah las mejor competidoras por luz (Schulze y Chapin 1987).
A frecuencias de perturbacion muy altas, la diversidad se reduciria por exclusion
competitiva. A frecuencias intermedias de eventos de perturbacién, un mayor
nimero de especies podria migrar a la comunidad y asi aumentaria la diversidad.
Probablemente la migracién de nuevas especies se favorezca a estas frecuencias

debido a que, con el tiempo, podrian haber modificaciones en la disponibilidad de
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recursos (generados por el tiempo mismo y por la actividad de las plantas
colonizadoras) que favorezcan la supresion, en cierta medida, de las especies
dominantes, por medio de respuestas como las mostradas por las especies de rapido
crecimiento, en las que la capacidad de obtener beneficio de parches ricos en
nutrimentos se reduce al disminuir la luz y a su vez el patron de aclimatacion se
modifica al no tener acceso a nutrimentos, provocando una disminucion (en la
biomasa total producida) en aquéllas condiciones donde se podria esperar mayor
respuesta. Por otro lado, la interaccion competitiva entre las especies y como ésta es
afectada por cambios en la disponibilidad de recursos podrian también influir en la
supresion de las especies dominantes y la aparicion de nuevas especics con
potencialidades de produccion de biomasa y crecimiento diferentes.

Sin duda, eventos de perturbacion generados por actividades humanas ejercen
una fuerte presion en las selvas bajas caducifolias. Estos eventos han aumentado su
frecuencia con el paso del tiempo, amenazando cada vez con mayor intensidad la
diversidad de estos sistemas, tanto por el 4rea que es convertida a tierras de cultivo
(milpas, huertos, pastizales, etc.) que reduce las areas de selva (para 1980 el 44% del
drea tropical latinoamericana, Houghton et al. 1991) y provoca una fuerte erosion
(alrededor de 0.2 y 130 ton/ha afio para areas con selva y con cultivo de maiz y/o
pasto, respectivamente, Maass et. al 1988), como por la modificacion de su dinamica
natural en actividades como la extraccion selectiva de especies. Una medida para
poder establecer posibles planes de recuperacion y conservacion de estas selvas es el
conocer como diferentes grupos de especies responden a cambios en la
disponibilidad de recursos, para asi poder contar con mayores elementos para la
construccion de modelos predictivos sobre el efecto de cambios en estos sistemas.
Esto se basa en la premisa de que eventos como la perturbacion ya sea natural o
inducida por el hombre, asi como eventos a nivel global como ¢l cambio climatico,

generan cambios en la disponibilidad de los recursos esenciales para las plantas.
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Figura 1. Tasa relativa de crecimiento méxima (RGR) mostrada ante abundancia de
nutrimentos (+), fésforo (») (Huante et. al 1995) y alta intensidad de luz. Ce =
Caesalpinia eriostachys, Cp = Caesalpinia platyloba, Cm = Celaenodendron
mexicanum, Cv = Cochlospermum vitifolium. Ca = Cordia alliodora, Hp =
Heliocarpus pallidus, Iw = Ipomoea wolcottiana, Pr = Plumeria rubra and Tt =
Trichilia trifolia. r2=0.95, p <0.0001.
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