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Resumen 

El tema central de los experimentos que forman esta tesis es plasticidad en 

plantas. Este tópico 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 

diseños experimentales con un gran número de especies (34) que evalúan y 

describen patrones generales de crecimiento ante disponibilidades contrastantes de 

algún recurso, para lo cual se comparan, las respuestas en el crecimiento y su 

relación con los diferentes parámetros que pueden influenciarlo. Después, en un 

menor número de especies (1 O), se evalúan el efecto de cambios en la disponibilidad 

de algún recurso (luz) en el crecimiento, fotosíntesis y condutancia estomática. Para 

continuar con mayor detalle, se incluyen diseños 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 variacior.es abruptas de este recurso causadas por eventos como: 

perturbaciones o los cambios dados por el caracter estacional de la selva baja 

caducifolia. Los cambios en la disponibilidad de nutrimentos en el suelo pretenden 

simular la característica distribución en parches de la disponibilidad de estos 

recúrsos 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 

relación 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 rápido, en comparación con las de lento 

crecimiento, tienden a producir mayor cantidad de biomasa y área foliar (AF), sus 

hojas son más delgadas con menor contenido de carbono, su producción de biomasa 

y tasa de crecimiento. (RGR) es más 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 la raíz (mayor proporción raí7Jvástago: R/S y biomasa 

de la raíz respecto a la biomasa de toda la planta: RWR). Al analizar en !,'fan número 

de especies la relación entre la RGR y los diferentes parámetros que pueden influir 

en ella se obtuvo que las variaciones interespecíficas del cociente de área foliar 

(LAR) y el área foliar específica (SLA) son los principales determinantes de la RGR 

y no variaciones interespecíficas en parámetros de asignación de biomasa como R/S 

o RWR. Existe también una relación directa y significativa entre la respuesta en la 

tasa de crecimiento (L.\RGR) y la tasa de crecimiento alcanzada en condiciones de 

alta disponibilidad de nutrimentos y luz, considerando la L.\RGR como una medida 

de la magnitud de la plasticidad por estos recursos, las especies de rápido RGR son 

más plásticas que las de crecimiento lento. 

Ante cambios en la intensidad de luz las especies de rápido RGR mostraron 

mayor capacidad para aclimatarse y su patrón de aclimatación fue diferente al de las 

especies de lento crecimiento. Esto es, la RGR en las especies de rápido 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 aclimatación de RGR fue como 

sigue HH = LH > LL = HL. La especie de lento crecimiento mostró un patrón de 

aclimatación opuesto HH = HL > LL = LH. Estas tendencias de aclimatación están 

asociadas con cambios en la tasa de asimilación neta (NAR) y en SLA, esto sugiere 

la importancia de las hojas y sus características en determinar la RGR. 

Cuando los nutrimentos en el suelo están 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 raíces en parches ricos, sólo 

responde a variaciones en luz. Las especies de rápido RGR tienden a producir raíces 
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en parches ricos y obtener beneficio produciendo mayor área 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 aclimatación por luz (LH y 

HH) muestran mayor capacidad de forrajeo por parches ricos. La presencia de un 

individuo de otra especie puede modificar la relación que existe entre la capacidad 

de aclimatación a cambios en luz y la capacidad de forrajeo por nutrimentos, 

provocando una reducción en la biomasa de raíces. producida en el parche rico y la 

biomasa totai de la planta. Esta reducción 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 modificación de los patrones 

de aclimatación y forrajeo en algunos parámetros. 
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Abstract 

The central topic of this thesis is plasticity in tropical deciuous woody 

species, this mechanism is studied considering thc 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, I evaluate the responses of 10 

woody species to reciproca! transfers of light conditions, in this experiment 1 

included, additional to the growth analysis, the photosynthesis and stomatal 

conductance responses. 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 andíor with 

the influence of the markadely seasonal drought. Fínally, considering that the 

activity of other species generate variations in the availability of resources, I 

analized thc responses of different species to variations in light, patchy distribution 

of soil nutrients and the intluence 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 productíon of biomass and growth rate is more 

affected when grown under nutrient and light deficiency. When the fast-growing 

species are under low nutrient availabilíty 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 (AflGR) and the growth rate under high availability of nutrients and light. 

Considering the AflGR 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 pattem 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 plailts transforred 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 pattem of 

acclimation of RGR was as folows: HH=LH>LL=HL. A contrasting pattem of 

acclimation was showed in the RGR of the slow-growing: HH=HL>LL=LH. These 

tendencies of acclimation in RGR are associated with changes 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 ate 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 species 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 iower. 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 thc total plant 

biomass. This reduction occurs in the piants that werc 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 pattems of acclimation and foraging in 

sorne of the growth parameters occurr in both species under competition. 
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Introducción General 



Introducción Generai 

El proceso de crecimiento de una planta es el resultado de una compleja 

interacción entre su genotipo y la influencia del ambiente. El potencial de 

crecimiento de un individuo está detemlinado genéticamente, pero el grado en que se 

alcanza dicho potencial está regulado por :a 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 asignación de biomasa a través de cambios 

en el balance entre su suministro (disponibilidad) y demanda (Marshall y Poorter 

1991 ). Esto está relacionado con cambios en las tasas y balances entre procesos 

como: fotosíntesis, respiración, absorción de agua y minerales, síntesis hormonal, 

entre otros. 

Las plantas experimentan continuas variaciones ambientales en su hábitat 

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 óptimos (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 (Bjürkman 

1981 , Smith 1981, Vázquez-Yanes et al. 1990). La cantidad de agua disponible para 

las plantas depende principalmente del patrón de precipitación, la temperatura, las 

características del sucio y la actividad de las raíces (Nobel 1991 ). Por otra parte, las 

variaciones en la disponibilidad de nutrimentos obedecen a variaciones en las 

· características de la roca madre, la topografia, la disponibilidad de agua, las 

características del suelo, la dinámica de descomposición de materia orgánica y la 

actividad de las plantas vecinas (Chapin 1980). Esta heterogeneidad se ha asociado, 

en sistemas tropicales perennifolios, a la dinámica de perturbación natural como la 

formación y cierre de claros (Chazdon y Fetcher 1984a, b, Denslow 1987, Chazdon 

et. al 1988, Martínez-Ramos et. al 1988). 
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Debido a que las plantas están expuestas continuamente a variaciones 

ambientales, parecería lógico suponer que evolutivamente hayan generado 

mecanismos para adaptarse a éstas {Smith !990). Uno de los mecanismos con que 

cuentan Ja<; especies para afrontar las variaciones ambientales es la plasticidad, la 

cual es la hahilidad_de...11n genotipo para modificar su morfología y/o fisiología como 

respues!a a cambios en su.ambiente (Bradshaw 1965, Schlichting 1986, Sultan 1987, 

West-Eberhard 1989). Así, la plasticidad es una manifestación flexible de un 

genotipo que está íntimamente relacionada con las variaciones ambientales (ya que a 

partir de un genotipo, el ambiente puede influenciar la expresión de diferentes 

fenotipos) . La plasticidad le da cierto valor adaptativo a un individuo, ya que le 

confiere mayor capacidad para aclimatarse a las condiciones ambientales (Smith 

1990). Las especies pueden diferir en su capacidad de respuesta a variaciones 

ambientales, lo que podría implicar que bajo un rango de diferentes ambientes la 

selección natural favorezca distintos fenotipos más que uno solo (Oyama 1994). 

En investigaciones realizadas principalmente con plantas herbáceas de zonas 

templadas se han descrito las características que presentan las especies adaptadas a 

sitios donde prevalecen condiciones de alta vs. baja disponibilidad de recursos 

(Grime y Hunt 1975, Grime 1979, Chapín 1980, 1988, Grime et al. 1986, Grime et 

al. 1988, Chapín et al. 1993 ). Estos grupos de características representan los dos 

extremos de un gradiente continuo de respuestas que pueden existir en la naturaleza. 

De acuerdo con estos estudios las especies que habitari en sitios con disponibilidades 

de recursos prevalecientemente altas, tienen tasas de crecimiento rápidas, que son 

mantenidas por tasas fotosintéticas y de absorción de nutrimentos también rápidas . 

Estas especies producen hojas poco longevas que se recambian continuamente e 

invierten pocos recursos en la defensa contra herbívoros. En contraste con las 

anteriores, las especies que habitan sitios donde prevalece la baja disponibilidad de 

recursos presentan tasas de crecimiento, de absorción de nutrimentos y fotosintéticas 
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lentas, producen hojas que permanecen activas durante largos periodos de tiempo, 

invierten en la producción de metabolitos de defensa contra herbívoros y son 

beneficiadas al asociarse con otros organismos como las micorrizas (Allen 199 J ). 

Estas caracteristicas les confieren tolerancia a la escasez de recursos. 

De acu~rdo con la teoría de optimización de recursos, los grupos de 

características antes mencionados surgen evolutivamente por la acción de la 

selección natural y tienden a lograr la optimización de la captura de recursos que 

ilcva a ia expresión de la máxima sobrevivencia, crecimiento y reproducción 

posibles bajo las características 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 

(manifestándose como pulsos) o espacialmente (manifestándose como parches), 

(Grime et al. 1986, Crick y Grime 1987, Campbcll y Grime 1989, Grime 1994), en 

las especi.es de lento crecimiento, que habitan sitios donde prevalece una baja 

disponibilidad de recursos, Ja productividad, crecimiento y ªsignación 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 el tiempo. Esto se ha interpretado 

como la manera en que estas ~species manifiestan sú 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 fotosíntesis así 1 

I como su asignación interna de biomasa son fuertemente afectadas po.r la disminución 

dt: los recursos disponibles. Cuando un recurso disminuye, estas especies son 

capaces de asignar mayor cantidad de energía a la producción y desarrollo de las' 

estructaras necesarias .Para capturar el recurso que está limitando su crecimiento, 
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presentando gran capacidad de aclimatación (capacidad plástica para responder a 

cambios en el ambiente, comparada con la respuesta a condiciones , 

prevalecientemente altas o bajas en cuanto a disponibilidad de recursos) (Strauss- ~ 
deBcnnedetti y Bazzaz 199 l ). Adicionalmente, las especies de tasa de crecimiento 

rápida que habitan sitios ricos, tienen la capacidad plástica para continuamente 

buscar, localizar y explotar parches ricos en recursos, los cuales son rápidamente 

consumidos por la gran actividad del propio organismo y de sus vecinos (Grime et 

al. 1986). A esta manifestación 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 y el hecho de que las raíces de algunas especies al encontrarlos, 

incrementen su actividad, biomasa y ramificación para explotarlos se ha 

documentado ampliamente (Drew et al 1973, Drew 1975, Drew y Sakllr 1975 , 

Grime 1979, Grime et al. 1986, Crick and Grime 1987, Slade y Hutchings 1987, 

Eissenstat y Caldwell l 988a, 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 raíces de una planta pueden ocupar generalmente son una porción muy 

pequeña del volumen total de suelo, son suficientes para provocar un beneficio en el 

crecimiento (Grime et al. 1986, Chapín 1980). Sin embargo, diferentes especies 

pueden manifestar diferente capacidad de forrajeo (Caldwell 1994). 

En la presente tesis se plantean una serie de objetivos e hipótesis para evaluar 

la piasticidad de diferentes especies de la selva baja cuducifolia a variaciones en la 

disponibilidad de luz y nutrimentos. Con este propósito general se diseñaron 4 

experimentos: 

1) Para probar las predicciones generadas a partir de piantas herbáceas de 

zonas templadas resp'!cto a las respuestas de diferentes especies a disponibilidades 

contrastantes de recursos, se diseñó un experimento con 34 especies leñosas 

(principalmente árboles), donde se evalúa el efecto de disponibilidades contrastantes 
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de nutrimentos en el crecimiento y asignación de biomasa (capítulo 2). Se incluyó un 

gran número de especies para establecer tendencias en cuanto a las características de 

crecimiento y los diferentes parámetros que influyen en él. 

2) Para evaluar las respuestas de diferentes especies a cambios en la 

disponibilidad de recursos (aclimatación), se diseñó un experimento con 10 especies 

con diferentes tasas de crecimiento, para evaluar su respuesta en condiciones 

contrastantes de intensidad de luz (prevalencientemente alta vs. baja) y compararla 

con aquella mostrada ante cambios de dicho recurso (plantas transferidas de alta a 

baja y vice versa) (capítulo 3). 

3) Con la finalidad de integrar las respuestas plásticas que pueden mostrar 

diferentes especies para la captura de recursos en la parte aérea vs la parte 

subterránea, se siguió el mismo diseño planteado en el inciso anterior y se le 

adicionó el efecto de la capacidad de las especies para explorar y explotar un parche 

rico en nutrimentos en el suelo (capítulo 4 ). Esto está 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 algún otro recurso esencial para el 

crecimiento. 

4) Para evaluar la relación entre la respuesta a cambios en la intensidad de 

luz, la capacidad de forrajeo y su efecto en la interacción competitiva entre las 

especies, se realizó un experimento con 2 especies usando el diseño mencionado en 

el inciso 3, pero adicionando el efecto de la competencia interespecífica (capítulo 4). 

Las hipótesis a falsificar son las siguientes: 

La plasticidad de las especies en cuanto su capacidad de respuesta en el 

crecimiento y asignación de biomasa ante diferentes disponibilidades de luz y 

nutrimentos será diferente. 

Ante cambios en la intensidad de luz, la expresión de plasticidad será 

diferente, en el grado (i. e. magnitud) y la dirección (i .e. patrón, Schiichting y Levin 
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1984, Schlichiing 1986; Kuiper y Kuiper 1988) de la respuesta plástica, entre las 

especies de rápido y lento crecimiento. En comparación con las de lento crecimiento, 

la manifestación de plasticidad en las especies de rápido crecimiento será a través de 

una mayor respuesta en el crecimiento, asignación de biomasa y fotosíntesis a la 

nueva condición lumínica. 

Las especies mostrarán diferente magnitud en la respuesta a variaciones en 

luz y en la capacidad para explorar y explotar parches de abundancia de nutrimentos 

en el suelo. La mayor respuesta la mostrarán las especies de rápido crecimiento. A 

su vez, la capacidad de forrajeo de estas especies será más afectado por la 

disminución de luz que en las especies de lento crecimiento. 

Se espera un mayor éxito competitivo (evaluado en cuanto a producción de 

biomasa y tasa de crecimiento) en las especies con mayor plasticidad por luz y 

mayor capacidad de forrajeo por nutrimentos. 

Como ya se mencionó, los estudios con gran número. de especies, donde se 

analiza qué determina la tasa de crecimiento y cómo ésta puede ser modificada por 

diferentes disponibilidades de nutrimentos se han realizado con plantas herbáceas de 

zonas templadas. Sin embargo, no existen estudios similares sobre las respuestas de 

plantas de especies tropicales con crecimiento secundario. 

La mayoría de las investigaciones que se han reportado sobre la respuesta de 

las plantas a cambios en la intensidad de luz, se han realizado con una o pocas 

especies, lo que reduce la posibilidad de establecer tendencias en las respuestas . 

Además, se han incluido principalmente especies de plantas de selvas tropicales 

perennifolias (Rice y Bazzaz l 989a, b, Ramos y Grace 1990, Pompa y Bongers 

1991, Sims y Pearcy 1991, Strauss-Debenedetti y Bazzaz 1991 , Ackcrly 1993, 

Tumbull et al. 1993) en las cuales no existe una restricción en disponibilidad de 
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recursos regulada principalmente por el patrón de precipitación como en las selvas 

tropicales caducifolias. 

En sistemas naturales, como en la selva baja caducifolia, existe variación en 

la intensidad de la luz y en la distribución espacial de los nutrimentos en el suelo 

(ver descripción del sitio de estudio), de tal forma que la captura de un recurso 

depende de Ja disponibilidad del otro. Como se mencionó 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 información sobre 

la interacción entre variaciones en los dos recursos, es decir, cómo 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 

aclimatación a cambios en luz. Tampoco se sabe si la interacción 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 interacción competitiva entre éstas 

(Caldwell 1988, Eissenstat y Caldwell !988b, 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 producción de individuos con mayor 

talla y tasa de crecimiento, y a su vez provoca Ja reducción de los recursos 

disponibles para individuos vecinos. Sin embargo, esta ventaja podría disminuir si 

ajfilill_otto_ recurso esencial como la luz dismi_nuye, debido tanto a la 

interdependencia entre la captura de recursos en la parte aérea y subterránea (Grime 

1994) como a diferencias en Ja capacidad de respuesta a cambios entre las plantas de 

especies v(!_cinas. 

Recientemente ha cobrado mayor interés el efecto de modificaciones en el 

ambienie, y pür lo tanto en los recursos disponibles, causados por las actividades 

8 



Introducción General 

humanas (e! 44 % del área tropical latinoamericana· para 1980 se deforestó para 

convertir en pastizales, Houghton et al. 1991) y el posible efecto del cambio global 

sobre la vegetación del planeta. Esto acentúa la necesidad de conocer la fonn~ en 

que las posibl_es modificaciones causadas al ambiente pueden tener efecto sobre la 

~obreviveEcia y crecimiento de las especies, y por lo tanto, sobre la diversidad. Sin 

embargo, la mayoría de los estudios realizados sobre el efecto de variaciones en la 

disponibilidad de recursos en el crecimiento y . asignación de recursos se han 

realizado con plantas ·herbáceas de zonas templadas, pocas investigaciones se 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 había 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 más altas de 

deforestación para su conversión a pastizales (l .35Xl06 ha/año), se estima que 

aproximadamente el 78% de su área original ya ha sido modificada (Houghton et al. 

1991). 

Sitio de estudio 

Los estudios presentados en esta tesis fueron realizados con plántulas de 

especies leñosas de la Selva Baja Caducifolia de Chamela, en la costa de Jalisco, 

México (19° 30'N, 105º 03 'W). Esta región tiene un clima clasificado corno cálido 

subhúmedo (AwO(x ')), el más seco de los subhúmedos, tiene una temperatura 

promedio de 24.9 ºC (1977 -1984). Presenta un régimen de lluvias claramente 

estacional con una precipitación total anual de 748 mm, concentrados principalmente 

entre los meses de juiio y octubre (80% de la precipitación total) (Bullock 1986). 

9 
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Este patrón está fuertemente influenciado por la incidencia de ciclones tropicales, los 

cuales ocurren principalmente entre agosto y octubre. Debido en parte a la presencia 6 

de ciclones en esta zona, tanto la cantidad de lluvia como la frecuencia de días 

lluviosos son impredecibles (García-Oliva et al. 1991 ), pudiendo existir anualmente 

al menos un periodo mayor a 20 días y otro de al menos 13 días sin precipitación 

dentro de la época de lluvias (Bullock 1986). Este régimen de lluvias provoca 

variaciones en la caída de la hojarasca, en el proceso de descomposición de la 

materia orgánica, en la disponibilidad de agua en el suelo y por lo tanto, en la 

disponibilidad de nutrimentos. Dicha<; variaciones ocurren tanto estacionalmente 

(sequía vs. lluvia) como dentro de la época de lluvias (Martínez-Yrizar, 1980, 

Martínez-Yrizar y Sarukhán 1990, Solís 1993). Adicionalmente, existen variaciones 

espaciales en la disponibilidad de nutrimentos en el suelo causados por la 

heterogeneidad en las características del suelo, por diforencias en las propiedades de 

la materia orgánica que provocan diferencias en la cantidad, tipo de nutrimentos y 

tasas de descomposición (Martínez-Yrizar, 1980). 

Las variaciones de luz en la selva baja caducifolia sin duda están relacionadas 

con el carácter caducifolio de esta selva, donde durante el periodo de sequía se 

registran valores de radiación fotosintéticamente activa (PAR) de 58 mol m-2 día-l 

arriba del dosel y aproximadamente 45 y 30 mol m-2 día-1 a los 5 y 0.2m de altura, 

respectivamente. Estos valores se reducen considerablemente durante el periodo 

lluvioso siendo aproximadamente 35, 10 y 3 mol m-2 día-1 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 árboles 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 árboies que las rodean, 

existiendo solamente el 19% de transmitancia de PAR a 0.2 m de altura comparada 

con 95% a lOm (Barradas i99l). Cambios repentinos en ia luz pueden también 
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ocurrir como resultado de Ja apertura de pequeños claros creados por la caída de 

ramas o árboles muertos que permanecen en pie y son derribados por los fuertes 

vientos durante los ciclones o tormentas tropicales, así como por los rayos de soi que 

penetran el dosel e incrementan, por cortos periodos de tiempo, la intensidad de luz 

que reciben las plantas del sotobosque (Chazdon 1988). 

Otra característica sobresaliente de esta selva es la gran diversidad de especies 

que alberga. El número total de especies en un área de 350 Km2 es de 1120 (Lott 

1993) y el número de especies por cada l 000 m2 es de 83 a 92, con una densidad 

promedio de individuos de 4500 por hectárea (diámetro a la altura del pecho ::; 2.5 

cm) y un índice 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 precipitación (Lott et 

al. 1987). 
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Su111mary 

l. To ll!Sl thc prcdicted relationship between growth rate and biomass allocation in 
rclation to nutricm ;¡vailability. secdlings of 34 woody spc¡;ies from the tropical dc:i;id
uous forcst in Mexico werc grown undcr 1wo r:on1ras1ing nurrient condirions. 
2. Dry biomass. relativc ¡;rowth ratc <RGRJ. root/shoo1 ratio (R/SJ. specitic lcaf arca 
(SLAJ. lcaf arca ratio (LAR). lcaf weight ratio <LWR). root wei:hc ratio (RWR1. nct 
assimilation rate íNARl and the nicrogen and i;arbon lcaf pcrcenta:e 11.•cre detem1incd 
follo.,.'ing an initial and final harvest. In ali the parametcrs cvaluatcd. the tr~nd fol
lowcd by the specie~ under low nutricnt conditions was simil1r to the 1rcnd attained in 
high nutrient conditions but with different magnitudc. 
3. The species with the lar¡cst sc~d biomass was Tltt\'t!Tio Maru (380t\·6 m¡;). 
la[irt:io 1rwna .. permo had thc smallcs1 secd~ CO· 13 mg) and thc highesr RGR i ;1 thc 
high nu r.riem ucacmenr. Howcvcr. thc relationship be1w~n RGR and sccd bio nass 
among thc 34 species studicd w11s wcak (r•-0·50 in low and--0·62 in hi¡¡h nu1ric11ts). 
4. Highcr biomass allocation to roots was shown undcr low nuuicnt condi1ion bl ¡ the 
rclacionship becwccn RGR and root/shoo1 mio was n(m-significant. 
S. Spccies variation in RGR to both the nur.rient rreatmcn1s employcd is followcd by 
s~cie~ variations in LAR <r=0·50l more than ch01ngcs in NAR (r=0·20). Chang!s in 
LAR are explaincd by LWR (r=0·62l and SL.4. (r=0·70): Under low and hi¡<h nucri 
ent~. 1he RGR was highly correlated with SLA (r=0·67 and 0·601. suggestin¡ the 
in\ponance of both the tocal leaf arca produced and the .lcaf morpholog:ical charact ~ris
tics in determinin¡¡ the RGR. 
6. A .general characccrislic of the distribution of 1hc spci;ie~ · responses tn RGR le> both 
nutricn1 crcatmcn1s was che txi~tence of a concinuurn. for ali of che par .. mcters s1udied. 
Thi~ su~liests diffcrences in the spccics· resourcc u1ilizacion and tolerance. v.·hicl1 are 
rcíl~cted in ditTcrem plastic capacilies. 

Kt·y-u·r1rd.c Qiom:t~s 3Jl0i:ation. grov.·th anafy5is. nuuicnt ª"'ilil.:ibiliry. pl:ist icit~ 

F"ncrionai Ern/o.ey r I\)Q5) 9. 849-&58 

lntroduction 

Much of our currcnt ccological knowlcd:;c about the 
influence of nu1ricnt s1rtss on relarivc ¡¡rowlh ra1c ~nd 
biomas:; alloc:ation originated from studies conductcd 
wilh herb;iceous tempcmc spccics !Chapin 19&0: 
HunL & Uoyd J 957: K!irncr & Rer.hotdl 1987: Grime. 
Hod,son & Hunt 1988: Shiplcy & KedrJy !9&8: 
Shiplcy & Peten; 1990: Robi11son 199 ! : Lambers & 

Pooner 1992 l. Basal en these scudics. i1 h~~ been <Ug

gcstal th~1 ~pecics from infcnilr <oil~ h~vc lower 
maximum rclativc ¡rowth rates. l"'Jcr inve~tmen < in 

chcmical dcfcnce~ and hithcr bio=~~ allocalion to 
roots !han planu from fcnik habiw.~ (Grimc & Hum 
1975: Grime 197\l: Chapin l980. 1988). Spccies with 
10111 muimum relativc groWlh r.ues hav( lci;s alloc11ion 

ro roois when ¡;rcr->n undcr fcrtile condi11ons (Hunt & 
Lloyd 1987: Shipley & Pc1m 1990: Gamicr 1991 >. ln 
this ~enS<!. it h~ been >u~¡¡cstcd l~f pla l\S with hlgh 
pot~nti•I m~ximum RGR do nor tend ll' prcdomina1e 
in infcrtilc cnvironmcnc; btcause thc:y ar•: more ~nsi
r!vc l•' Jow nutrlent supply. Whcn pown under nulri

ent !itres~ . sptdcs as~oc i~tcd wich fer .ilt enviren· 
rncnts •ho111 ¡ highcr speci!ic lcaf uea (S LA lcitf m:a 
pcr unit lca.r wci~ho than spccie' reiatc j 10 infcnile 
environmcnu. S:udíc;; on resouccc captu1c 1pecialiu
lion i11 fertilc and infcrtilc cnvironm<nts <Grimc. 
Cric~ & Rincón 1986: Crkk & Cri111't: 1987: 

Campbcll &t Grimc 1989). in addilion to 1ne economic 
intcrpret•uion o[ resour~ limitation in plillH>. have 
contelllk.d that lite responses of plant' to vwtions in 
nutrient su¡iply should in•olvc compen!oa·ory changes 
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in root/;hOO( alloc~úon in ordcr to increa;c lhc acqui
sition of the soil resource~ which are limitin:; ¡;rowth 
(Bloom. Chapin & MC>Oncy 1985: Chapin 1991 ). Thc 
studies mcntioncd abovc havc also cor.lribu1ed to 
cs1ablishing that planl.l' adapted 10 infcrtilc cnviron
mcnts 1how nuiricm accumula1ion in plam 1iuue and 
low tissue tumo,·cr raics couplcd with a long-livcd 
root $ystem and low morpholo¡;ical pla•ticiry (Grimc 
et al. 1986: Crid: & Grimc: 1937 ). In ;iddilion. i1 has 
bcen predic1ed tha\ in response 10 nu1ricn1 cnrichmcnt. 
spccie-S-adapted ro·poór soils u~ualfy •ho,.. smalkr 
ctían -es In lheir chaia~tcrisílc fow i rowlh and absOfJl
rion __ ~tcs !Chapíf. 1980": -~hiplcy & Keddy 1988). 
Thcse ·pianis m~l(jrniu nutriem in~kc more through ~ 
con•tant hi¡:,h rootlshoor ra1io anrl pos•ibly n¡ycor
rhizar associatioñs- ttUn lhrouil." h.i¡:h ,;o¡-ab~orpüon 
capacíty (Chapín 1980. ¡ 9gg¡ In cnn1ras1. ~~ili:• 
ad~pted to nutricnt-rich •oil" su"t•in ía"l ~rowth and 
hi~h yicld maintaincd hy a· hi¡;h ra1c of nutricnt 
absorption under abun1U.i1 r'-sou=s but !he ~rówil! 
111te and biomass production and allOl:ation of •uch 
<pecie• ~re hi¡:hly affecttd t>y resourcc lim itati~'º· 
When nutrienrs a."r scarcc. lhc>e specie~ reduce Íhdr 
yicld and growth r3tc ll!ld incrcasc rhc t>iumau alloca
Lion IU r()()l) as a mechanism 10 acquire rcsourccs 
tbrou¡;h plastic morphologic:il .ldjusrrncnt• tGrimc ,, 
al. 1986). 

More rcccntly. 1~ impact oí human ac1ivi1ics and 
1he pos•iblc intlucncc oí clima.tic i:Jobal changc on 
vciciation processc> and biodi vcfl'ily oí tropic~I 

ccosystcm, . . has prompted the ~cd 10 apply a more 
intc~r•tivc 'omparativc ¡pproach. which would 
incrcasc our under.;tandin¡; about ho,.. plant:< rupond 
ro changes in thc av:rilabili1y nr .roil rcwurce.. Thc 
plnnccring compamivc Uptrimcnial "udics oí 
Grimc and co-workcrs (Grime ti a/. 1988) and the C· 
S-R modcl oí plan1 <tmc:;ies !Grime 1977 J h~vc 
proved 10 be uscfut mclhodolo~í•< and conceptual 
frame111orks to idcntify groups or spccie< <ho ... in: 
similar rc>ponscs 10 varia1ions in rcsource>< in 1cmpcr
i1lc ccosystem< (Grimc & Hillier 1992: Ch~pin 1993: 
Chapin. Rincón & Huante 1993). A simili<í approxh 
hu not been uscd in tropical deciduou; forcm. where 
human :ic1ivi1ies are increasin~ly ;dke1ing natur.d 
ve¡:ctllion. cauiiin~ ~51ruction and dereliction and 
índucin~ change~ in ~bii rtsourc:cs. Thi~~rpri~g 

in vi:_~ of 1hé.urt?c.:'1 nced tn p~~' 
to vmaoons in re'°urces an spec1e< rcco•c11· from 
d.isiurl>iriceinll~hlydivcru sea~I troPícalenvi----------- - _.. rc>n_l!!Snt•. In thi$ sensc. comp;¡r•tivc s1udic;; rol•tcd to 

1hc growt re~poMe• of 1hc spc:cies 10 diffcrcnt lcvels 
of •oil rcsources ;u'e nrcdcd te; iain mort insight in10 
•pccic• rcspoMt• 10 chan~~ in thc environmcnt ~nd 
thc mechani•ms contr0ilin¡ speeies regencrnliDn :ind 
ITWnttnancc of úi•crsity. 1ñc tropkaJ dc.;iduous for

es1 in tne Pacific Coast of M«ico provides a ~ood 
oppor¡unity to conduct com~ivc r.utrient rclatcd 
growth experimcn1s º"'inr to 1he hi&h divcnity of 
plant spccie• (83-92 species pcr lOOOm:) (Lott. 

Bullock & Solís·Magallanes 1987: Lon 993). co
occurring in an cn,ironment in which 1he availability 
of soi i resourccs b rutrictcd by. amon' Olhcr.things. 
susomil drou~h1 (8 months). 

Thf experimcnt ciescribed ben: rem !he prcdicted 
relationship between 11\c n:lative growth r~1c. tne 
bicnws lllloeuion and !he externa! nu1ricm supply in 
'.\" tropicai deciduous forest scedlin¡ ;pcd.:< and tllt
rclcvance of ¡:rowth paramelers •uch as net ;issimila· 
tion r.11c. lcaf 3.l'e• ratio. spccific leaf are: ~nd· leaf 
weit?ht ratio 10 expl~in inu:rs!)«ilic vari~ii"n in rtla
live ~m.,·th ra1c in 1ropical woody pl;ni;. 

Mat.,rials and mdhods 

Thc ,..·oody specie~ i;tudied In this rescarch are lis1;J 
in Tablr 1 Maturc secds of cach spccb Ncrc "'11-
lcci.?d frorn ~I ka~I 10 difícrcnr indil'idual,. in lhe 
Binh>~y Sta1ion at Ch~mela in w P••ilir (<>a.i of 
Mcxico e 19 " ~o·Jll . 105 •o:i 'WJ. Average ''~d Jry 
biomass was clc1ermin1:d fh'"1 50 randMll) :-clce1cd 
sted• tincludin~ seed co~M. Prclimin•ry gc1mina1ion 
tcits v.·cre cnnductcd in all spc..-ics t<• determine ~cr· 
minaiion rc~uiremcn1s ~nd lime of cm<:r¡;cncc. 
Scarification Wls con<lucted In sorne spccie.'. 
Sccdlings at 5 day< old wcrc tr.insplanicd in free 
draina1e PVC poL< (3~ x l 2cm) cont~inin~ ·IOOOcm \ 
of purc silica sand. A rich ;md poor nulricnl cnviror.
mcnl wa< provid..-d by addin~ 2-i~ and 1/10 ,,f 14-1 4-
14 NPK cominuous 1 W<la)-'$ fudin~ rcn"iliicr 
(0.m<X:otc~' ¡ at 111.! bc:¡inning of 1h• c>¡xrin-cnt. Onc 

.<c.:dline pcr poi w~ alloca1ed r~nJomly for each 
nurricm rrea11ncn1. Thc compleie clc~i¡?n cor sistcd or 
~40 plants . two nu1ricn1 ltt~tmcnts C:!A and 2.t ¡; pcr 
poli. ~4 na1ivc spccics. initial harve.<1 al lh<: bc~inning 
1JÍ lhc expcrimcn1 and a final harvcsl with ti vt rcpli
caie; pcr tre•tmeni. spccics and harvc>t. Tite plan" 
~re1<· in" ~l~sshoosc for 60 days in rhc Biot,,¡; v Slalion 
ar ChimCI~ durin~ thc r~iny momhs of Au :us1 and 
SeJ)lcmbcr. All ;ccdlinp wcre 111a1cr.:d twicc ,faiJy . 

Aflcr 60 dar pl;um wrrc har•t:stcd. lcaf mea "'"' 
measured fDell~ T. England). pl•mts were dr cd in an 
oven 18n•c1 for 48h ond thé: di)' weigh1s ,,¡· Jcavc". 
.ie1Th and root< were obtilincd <eparatcly. Tt ese da1> 
"'Clt ~naly~ed followini: 1hc cla<<ical growrh :inaly;i; 
mcthod• describcJ by Evan< (19n1 und Hun ! 19~~ ). 

Thc óJV~r••g~ rctJ1ive growth ro.t< CRGR,. .Jry biomo<S 
inncmcnt per unit \olal pl~t biomass per u11i1 time 1 
of cach ,;pccics "''ª' de1errnincd accnrdin~ :e: RCR = 
{In Wt:-ln Wr 1 .1/íl~-1 1 J whr:re W i:ii lhc avcr11gc tol611 

phmt dry binm..ss in t. and 1 is time in d~y.< . 

C~k:ularion• were madc for !he nct ª'-'imila• ion r-• .i~ 
(NAR. !he me of dry man<r pro<lu<:ti:m p.:1 uni< of 
lcaf arnl. the specific leaf arca (SLA. the r-dti·<> <'f 
folia!• icaf are. to foli~t di')< biom.us 1. 1he luí <1rca 
r~tio ! LAR. thc mio bet\&/Ccn to:al leaf are• 'nd 101al 
plam dry biomam as wcll u lhe lcilf. s1cm and root 
wei~t ratios (LWR. SWR and R'N'R. tlte ralio of 
foliaJ~ . slcm :ind root weighr IO total dry wei¡;ht. 
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Tibie l. Li~l '-'>f ~pctic~ ~!udled. nom-!ncl ;,.rn rr in acco1dancc , ... ith Lou {1985. 1'1931. ln addidon . .ivcr~¡::t se.e<.! Oiom;1ss 
(•: 50J. trowth fonn 1Sh=> hrub :ind ST =• hllJ~ or sin•ll tree) and wood den~iry !WDJ an: prcscntcd 

Seed biomo~ > WD 
Specic~ F:unil)' (nl~ J Growth fomt lFm-'1 

Ac·uá(I /a111r • .;iana Lc¡:vmino).ac 4B-8 ShorST 
J\ /bl:ia on:id~malis Le~umino~c 109·7 Shnr ST O·lll• 
Amphiplc~·.wiw1'f tJd.ttri1r¡.r11s Jul i:in.icc:\e 3S·5 Trec c. ~1 · 

~ 8-:rnorc/i" .tprm.ftfo.,·oi Eupiiurbi•<<•< ::?47-J Sh orST 
5 Cnualpiniu n1'iuria Legurnino~~c 6S.J Tr~ 1-14' 

6 Cu1.·.w;l(li'fiC r-fin.oadt~·J Le,umin~<ac 230·6 Trcc 0.74' 
7 Cursulpinin p/cnylnhu Lc~uminos3e .105·9 Sh or Si O·~~· 

Cr1t·.~alf'iniu Hiaun1r¡JU Lr~umlnn~t 70.9 Trcc- ¡ .:9-
y Cdba f)t'1fundr{I Bon1bacac«tt 1 lh ·O Tret O·Jó• 

10 C1.·lurm><h·11tftr111 mcxin.mim1 Euph"rbbci:;.11.: 99·1 Trcc- 0·9~' 
11 Chl11rnlr"c:n11 murt,t!('lt.~ <" Lcfumino"~~ :<9 · ~ Tr<:c 0·99' 

1:: Cc1cl1/t1J¡>r: f,,,1t t11 1·i1i/nliu,,, Cochl<>~pcrmocc>< 19·.1 Trcc 0·27'
1 

1.1 Ct.•,dia rJ!lirHiorc; 80fT',.:inttceíle l~·O Trtt 0-7.1-
\J Cordiu c·/ue:J~"oidr.t Bomsinlcclc ~7·.1 Trcc 0·88' 
15 C<ic·rolahu htArfx.,J,·n.ti.~ Poly~onactat IW·~ T<c:t 0.1 ¡' 

\ ~ Crc.~n·11út1alr11,1 Bien~inix~:ie .1~.¡ T rc ~· 0·71 ' 
17 Em1·,.alohitm1 rydria1rr1"'1 . Lct-:uminu~;u: JtJ~ - ~ Tr~i: O·•V' 

I~ Gua;.11mu "Jm~{o(ÜJ S1crculiocc0< • ·9 Sh<>rST íl·hi ' 

19 Hcli<Jn;,.pu.'f rallidu .~ 1'111:.ccac O·N- Tret.: ll·M·. 

~o Himm1iu lu1!'fhm1 RuhiK•a< 1·4 ShorST 0.14• 

21 /fWmru-a a·olcoJtiu,,o CoMolvulxeac M ·S Tret o . ~7 ' 

" Ú1.~"<':.i<1 nt11ll(J.(r''"'ª Am~r:&.nlh:.accac 0.1~ Shru~ O·ln
1 

~~ L.n;f11mü mit'rnphy!Jum Lc~urninos;ae ~0· 5 Shor ST U· \rl~ ' 

2~ M imn.fo 1rru¡iflo,.fJ Lc¡¡.umino,:3e H snrub 
2~ Pirhct·rifotJiu.1'1 dwlu Lit¡.uminosac 177-4 Trcc l·O' 
26 PJ1Jm,ria n1l7fn Apocyn:sceac 49. ¡ Tret 

~' Rct-dú&J tr1<~.l'ira11a SimD"nuh~c~:ri.c 4:5 s Trc:c l·O:!' 
~8 Ruprrrluia fu.w11 Poly:Oft.ac~c 20·S Tree -0·70' 

~9 Sr1,,1Jius f>l"pur,,o ~fl:lC!lirdbccu.c 16:!1 ·5 Trcc O·~J' 

30 Tuh,•b11ia Jrumtll· :w1irl1ii Bi~noniac~at .:;.1 Tttt 0·53' 
31 Ta/1,•'111iu cl1ry'.,·t1mha Bi,noni:iccac 7.1·8 Trcc O· "i~' 

3~ Tbc'\'('1,-0 fll 'll l CJ A.p<><yn.Ct>< 3S\I~·~ Shrub 0. 7~· 

, _\} Thn,.Ú'!Ílf puwátlilJfUIO Sipind:lc .. c 15·7 Sh orST 0·94< 

;J Tridúliu ·r,.(ft./ia MclUcc:.ac 1~ · 3 Sh orST o. ~o· 

+ Fr\im B:.irJjas·MOrilfcs f 198~) ;iml Baraja..o.:.Mor.1.lt~ "~ Gümc ". { 1 Qli.9l. 
• Frnm Ki1ajinia ( 199Ji. 
! From Borchort 1 1994 1. 

rc>p~ctively1 {C~u~ton & Venus 198 1: Hunt 19~2¡ 

and 1~ mm to shoot dry bion1a~s mio <RIS l. 
In addition. thc pl:mic re5p<>n>C in RGR ro both 

n1.11ritni trcalm~ncs \.\.·3~ e~rimatcd b~ · con$idering rht 

diffcrencc bctwccn thc aver~~c RGR a<:hicvcd b~ thc 
spccics. :n hi¡:h minus lo,.. nutricnt 1rcatnient. Thc lcaf 
ni1rogcn and •atbon perccnu~c was dctcnnined by 
complete ;ind instantancous o~id.1tinn af samplcs by 
·nash combuslion· and ~paration b~· l)~s 'hr11ma10-
~r¡phy in a carhon/nitro~cn analyscr tCarlo Erb:i 
in>trumcm. NA 1500. h~ly J. Diffcrcnccs b<:twccn 
nunicnl tr~aunents werc tC~ltd by a Studcm-~ f ·lc:~t 

usin~ lng-tran>fonncd dala in crdcr to mee\ the 
assumptions of thc 1cs1. 

Usin¡; da1a from low and hirh nurricnt~ t~ rclatioo· 

shi¡>s bct "'ccn rclaiivc growth r•lc and paramctcrs 
>uch a~ NAR, LAR. SLA. LWR. RWR. SWR. RJS 
ratio wcre calcul,ucd. as wcl! as !he as,;oci~tion w11t. 

>eed dry biomass. 111ood density and !he respon~ i~ 
RGR to both treatments. Thc relalionships bctwcen 

thc scveul paramctcrs dctcrmincd "'ere tcstcd whh 
lineilC regrcssions u~ing log -transt"ornwd lo mece lhc 

assumption~ of ti><! Analy~i< <Z1r J 974). 

lWults 

Thc lisl oí thc "'ood" ~pccics ~tudicd 1ncluúing thcir 
family , .ccd binm•~>. grawch fonn :1nd "'<Xld ~nsily 
(WDJ valucs are >hown in Table 1 Th~ ~1udicd 

sptdcs belon~ to 17 familics. U~uminnsac w:.~ 1hc 
lat¡,!<S\ fo111ily siudi~d . •ornprisin¡; 1 1 sptcies. Thc. 
8i~noniaaac fomlly was rcprcscntcd tu thrcc .,pecic; 
and rhe Apoc)·n3ccac. Bllr•~inace;ie . . : upharbi3CC<ic 
¡¡nd Polyganaceo>e by '"'º spccics e~c ll. Twenty-anc: 
oí tht s~cic~ included :ire trecs. 1 O urt shruh~ or 
sm;all tr~> ~nd lhrtt :.~ ~hrubs (Lot1 i985, 199~) . 

Secd b:amass •aried from 3808·6 m; in The:·erill 
m•u1" (Apoc:ynaceael to 0·013rr.~ in Lagu:ia 
monospa""' (Amaninthaceae). Can<iderin¡¡ wood 

densiry . Cat.<alprnia sc/aocarpa ;in,1 Catsalpi,.ia 



852 coriariu had the harde~r "'oOO (1·39 and l·l4WD. 
P. ffucmr~ el al. respcctively) and the spccies with sof1e¡t wood ..,ere 

Coch/o.1ptm1um vir( foilu'" , Spondias purpwr~a ond 
"'"fJhypruigium ad.mingens (0·27. 0·31 11110 0·39. 
respccúvely). 

e 1995 British 
E<:ological Sccitt]'· 
F111te1"""'1 üolnt.•'· 
9.~H 

Thc range of biomas; produoo:l by thc 34 spedcs 
undcr low nutrients was from 0-028 to 7 - 29~ (260xl 
-and frotr. 0· 14 to 29·02~ Cl07x) in hi¡h nutnent,. Ali 
spccics. exccpt Trichi/ia trifo/ia. produced more 
biomas~ undcr hig~r nutricnt> ~upply . Thc total dry 
biomiss anaír.ed undcr 'º"' anc hi¡;h nutrieni~ ¡v•il· 
abilicy is shown in Table 1. The llU"JCSl differencc "'"' 
>hown by S. purpum1 ,..¡th 4·86' in low and 29·02!! in 
high nuttient>. Non-significam differencc> bctween 
treatmcnb ... ·ere shown only by T. trifolio. which appar
ently was nol affcc1cd by thc low nulricnt treauncni. 

Thc dry biom:.ss :illocaiion to roob i~ liSICd. as !he roo1 

A weitht ratio (RWR 1 :uid thc RIS ra1io. in Tabk 2. Ali 
>Fic~ h:id ~ •lear lcndency to alla<:alc more biom;..-; m 

• roo!> in lhc nutrien1-poor m::itmenl. Non-signiticant dif
f•~~- 1>1.:rt dc:tccted in R WR and R/S r.11io bctween 
hi:;h and low nutrienc~ fOf Plumuia rwhm. T. '"'ª'ª and 
T. trifolia. These la.<l rv.·o spccie• hada hi¡h R/S r.ni(l in 

t> high nutricnl<. Wh<:n nuuients wcre abundant (+N tn:al· 

meno ill ~pecics :.Ilocaied more bi11mass ro thc $hoot but 
under condiúons of nuaÍel11 limit:slion (-N treatmcn1.l lhe 
allocation 10 root.< w;i.~ hirhcr than bioma>> alloation 10 

- shoo! (R/S ratio:> 1) in 11. ad.•trihgens. Ctiba p«1110111ira. 
C. vicifolium. Chlorni1kc'<li11 111angtn.•t. S. f'krpurta .nct 
Tu/Jtbuia cl1":<-.lúnfht1 . Thcsc specie; :lhowcd lhe l:ittcst 
differcnce in R/S ratio ~1ween tn::urnents but not the 
hiehCSI RGR. The 'tcm "·ciJht ratio CSWR. Table 2¡ ""as 
hi~he:r un~r hi'h nuuicm' in most >Fit<: A. adsrrin· 
iwu and C. ptma11drt1 showed the lar~cs1 diffcrence 
btl'"'CCíl trutmcnt<. Thntfi(I m·aw 31ld P. rubra •howed 
¡;rc..tcr SWR under lo .. · nutrient' bu1 lhis -.·a. nOI relJtc:d 

10 biomas• allocarion to roo1< or wood dcn<iry. 
Differcnccs in total leaf arca <Table 3¡ wcrc l>rger 

in hi~h thw in low nutricnts. Only T. rrifolia ~howed 
b non-si~ilicanr diffcrcnc ... The lbl ;rowin:; specics 

11/bizia nccidtntofü. C. p1r11aru/ra . Htlincurpus pal· 
IUJus. ffJO"IMa k't1/C"orria11a. L "lunos~""ª and 
S. purpurtu sho"'cd a IM~e incrc~sc in kaf a~ whcn 

- grown undcr hi~h-nu1ricn1 uvailability . Thc lcaf aru 
ratio (LAR.. Table 3J wu l:irger under high nutrienl> 

- bu1 "'"' n11n- si¡:nificam for 19/34 ~pecies. Tabthuia 
donn~//-smi;hii was the mos1 rcspon~ivc ~pccies. The 
SI.A ·~~s non·si!niricnatly different ¡mong nutriem 
trClllmcnts in 2.5134 •pccics. and <i~nificanlly hi¡;her 
(McsL P<0·05) in thc rich tre:umcn1 for six ~ics. 

where T. tl111111tll·smi1hii. P11htullobium dukr and 
C. 1cltr~arp1J achicvec! rhc h1rgtM difTcrcncc 
betwccn nulricn1 rrtaunen1s (T.ible 3¡. The LWR 
ranecc from O· 193 (!'. rwbra1 in low nuuicnt w 0·649 
(Rupr~chriu fusca) in hil!h-nut.ri~nt leve l. Thc largcst 
diffcrcnccs betwccn trca1mems in L \WR werc 
achieved by C. coriaria and T. cht)'Sarulia. Only 

J 8134 species showcd sicnificant diffcrenccs berv.-een 
bolh trutmcnu (Table 3J. 

Tht rcla1ivc grow\'.h rate• an;iir.cd by tt e specics 
in bo:h nuuicnt t=tmenrs ~e presenrcd 10 Fi~ . l .rf-. 
faccpting T. tri/olia. atl spccics ~c:hicvcd hi:;hcr ROR A 
when ¡;rown undcr high nuuicnts. Thc. ran¡:c of vaiucs _. 
in thc nuuient-rich 1rea1mcn1 from Ctlurr;odenJron 
rr.nicunum and T. /rifolia ro L mnnn.1¡unrw. rcpn:· 
S<ents a fí ve-fold diffcrtncc in •·al u e~ of RGR (0·031 to 
0157~¡:-'d•y·'. rcsp:ctivclyl. A similar diffcrcnce 

among ~pecics (4 ·9-fo!dJ ""~' maintaincd <n<ier low 
nutrients (from Rtcchia mcxinina. 0·021. D ff. pal· 
litlus. 0· 103 g g· ' day·' 1. Thc RGR for e muic-anum. 
R. mni<a11tJ and T. rrijoliu undcr both nutritnl condi-
1ion~ wa< lowcr 1ha.~ the RGR auained for mosi of 1hc 
spccics. e~en undcr !ow nclrient< ~ 

In most of 1he s~ics 00/34l thc nei as<imila1ion 
ratt (NARl wu ¡;rcatcr und(r high nutricnl.' but wa< 
>i,nilicaml)' differen¡ bctw.:cn hi;h :ind low nutricnts 
IT-l~•t. PS:O·O~ ; only in 17/Jl SP"CiC>. Mimo.<u 
1e11u{f10,u md Emht.rolobiwn rydoc:llrpum showcC.: 
rhc hi¡;hcst diffcrcncc bet10·ccn h i~h and lo"'· 11utricn1:•. , 
In thc re'' of th: specie~ thc NAR undcr Jow nu1ricn1s ) 
was closc 10 rhe NAR under hi~h nuuicm~ e' en whcn 1 1 
tht diffcrcnccs "'ere ; ignifícam <Table 31. • ,t 

Asan indicator of pla.,1ici1y. thc specic,: rc:-pom<c to 
nutricms. ba.-cd on RGR '"•lue• 1·.< 1~ RGR ;maí~ 
undcr higil nutriems. is pn:scnted in Fi¡¡ . 2 fo : each of 
füe <pccics 1rudicd. Mimasa rrnuiflcra. L ''""'"SfHnrtO 

and T. donfl.-11-mrit!rii werc th< species witil higher 
,ro,.·th re;;pon~ valub and T. trifnfia had thc lowcst. 

Thc pcrcem~~t of leal niirogen (Table 2 l wa.' 
~rca1er in ni,h nutrients for ali ;¡xcics. exccp1 for 
Hilll(J~ia /ariflnru. R. fu.1cu ;ind nmu.üria {J•lUCtdcn

'"'ª· Thc lar¡¡csr differtncc bctwcen lc:if nitrogcn 
anained in hi¡h n · low nutricnis was ~h~wn by 
C. ma11ge11u. T rrifolia. H. lmit1ori1 and 81·n1ardi" 
.<pnn¡:iosa . Ali .\pccic< showed a hi~her p.:r~cma11c of 
le~f carbon undcr hi¡:;h nutricnt< bu• i.hc di ffcrence 
bc1ween t>oth nutricnt treatmc~ts "'ª' gre lttr for 
Cua:ul?l(1 u!m(fnlia and nQ•Hi¡;nificam for ! 0/34 of 
!he spccios <tudicd tTable 2). 

Discussion 

In the carly 60day$ cf ~cedlin~ l'l'Owth in•·c:<1i~atcd . • 
com;istcnt continuous gradicnt \\':t_\ obSC:f''t( \ in the 
dirnibution oí th• ~ro.,.·th re~ponses oí thc .specics 
studied undcr both nu1ricn1 tn:•lmtms ( Fi~ ll. ln 

addilion. thc trtnd sho..,·n by 1hc specie< unecr high 
nutricnl' w:i• 'imilar 10 the rrcnd undcr I<>"' nurrienK 
for 4JI th<: growth puamcter> (Table~) trul will1 diffcr
cnt magnitude ~nd slightly differenl ordcr of ::pecic;. 
Considcring thi' wc mu<t rccognile that both 11u1rien1 
trcat.-nent~ cmployed represen• '"'º distant av;iih1bili· 
tic< in • continuum bctwecn low and hieh 11utrien1 
a•ail&bilhy ind !ht: 34 spccies invcsligated rcprcsc:nt 
:pproxima1cly 7% of the IC>lal woody spei.:ic• present 
in thc tropii:al dcciduous forest . h mu>t also t..: indi· 
eatcd that nutrient requircmen~ of thc speci·:s may 
changc during theil' lifc cycle and an influenccd b)· 
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Tllblr 2. Tntoldty bioa1au <rl. root/shoc• ,.,;... (R/S). '°"' weight utit> (RWR), " •"' weiplll rotio (SWR). leof ni•roien(~) - lcaf <>rl><lnl '.~J ~UIÍA<dby 1hc J4 .•pt"cie• u udied-<lrr low (--N) -i high(·•N) 
wholc nucrient lr'-'Cl 

Total dry biomui R/~ ratio 

Sptecie.s - N +N -N ·+N 
--- --·- - - --- -·- ------ ------

"c11ria/cvn,.Jiar1n 
Albizia n«id~u111/ü 

Afftpltipll'r,rRium tffl:1rrin ,fl"'I .• 
IHnran/in .J/UHINÜl.\l• 

Canalpinin cork11;n 
Cnr.rnlpi11in t'riu.11nd1y.r 
Cnrselpi11in pfn1.rlnba 
Carsalpinia sdrrnnarpn 
Criba f'ttfltmdra 

CrlMnodrnclrnn utf'.t k nnufn 
Chloroltunm 1t1nni~11u 
Cnrltlo1prmwm vi1if11U'"" 
Canií" ollin4or11 
CflrJta rl11~at1rn;drJ 
Cn1Y-olt>lwt ltari'Nulrtu i_r 

Crr1ct'ntif1 ni"'" 
t:n1rrnlt"1i111ri ('.\l ·lm·,u ¡mm 
O rtftlHftfa 11hnífn/;., 
llelíararprlS {lflilidm 
Hi1llf1ft;n lotiP <1ro 
lponJOr11 nvlJ,.,_,,;,,,ltl 
l""'6fr~dn mnt1()J/'""''° 
L.vsUrJllfD 1nic rvpl1.\-ll,.m 
Mimain trlfttiflnm 
PithrC'cllrJH~m tf,,fL-r 
Plnm,,iurwhrtJ 
R.f'n·hta lfft.1ica11n 

Rup1n:/,1ia/t1Jca 
Spo11JiuJ f'Utpurt'tl 

11mt-r:~'ttt1t>tHUJ l· .lflUIUll 
T 11kb'4i1t ch0·.1m1t#tt1 
Tht,·nia ' -'' l'llft 
ThmfiAia pmtrirfr11 1n1<1 
Trichilw 1ri/olin 

1·24 
I ·.~ 
2·411 
lTI 
1·45 
l-48 
2-8 
O·U 
2· 8~ 
0·211 
O·l J 
0 ·1 4 
O·H 
0·7 
0·48 
2 · ~ 

2·911 
0 ·28 
Cl-4'1 
0· 03~ 

ft ~ 
0 ·2-1 

OIW 
0 ·17 
0 ·9 .' 
0 .4, 

0·99 
o J2 
4.9 
U·U) 

l · 12 
7-.11 
0· 15 
(). IJ 

10 ·.\6•• 
¡4 .()7• 4 • 

1 J · •~·· 
I0·.5Pº 
2·S .. ' 
H · ~•u " ...... 
2.0•• 4 

14·0.S .. 4 " 

) .J • 
2·<l' • • 
¡ .7JH4 

5. 21·~ · 

2·02 .. 
7-1.lº 
7 -2 6•. 

n-s•• 
5·.l2·• 

11 -96" 
0 ·18" 

24.75•• 
f, .1~~ .... 

J-~ s n• 

5.99•• 
5.~7•• 4 

1·44"• 
2-4° 
2-9~ " 

)0-22• •• 
l · j • • 

4-1 ··· 
15-t. j •• 
1·12" •• 
0 · 14 

0·551 
0· ~9J 

I·'"·' O·.IH 
0-661 
097) 
0-851 
0-964 
1·455 
0-602 
1·039 
1-HO 
0 ·820 
0 ·~62 

0 ·511 
O·UO 
0 ·169 
Q.494 
0 ·629 
O·S2.I 
0-1.11 
0 ·528 
0 -699 
l){,2J 
Q.6.l.1 
(1.)2(\ 

ll·M'I 
tHM 
1-.\69 
O·.\_¡~ 

1·059 
0475 
0 ·468 
0· ~9.l 

0 ·.'27• 
0 ·5] Q••• 
0 ·70'1• 
0 · 21~ .. 
0·411 • 
0·-119"•" 
0 ·45:.!"'" 4 

0 ·4S7 .. 
11 · ~35 .. 
0 -.lf,4. 
0 ·4h6"' 
0·51f>' 
().jJO• 

0 -403' 
t).) 16 .. 
(l .. \ 1-1". 
'1 ·611' 
0 ·.ltl7 
ll-.\119 .. 
0 ·246"" 
04.1:1' 
0 ·297"" 
0 ·290'' 
0 ·227" 
n .J7~· .. • 
ll· .l:'.12 
[l ·JJO' .. 
ll ·2S7 .. • 
ll ·873 .. 
IJ •llb .. .. . ' 

0-429 .. 
0 ·4.10 
0 ·250• 0 

<H>08 

RWR 

- N 

O·.H7 
11.471 
11 · 5~7 

11·2MI 
0 ·.196 
0 ·491 
il -4 W 
0 ·4R7 
0·~85 

0 ·.17 .I 
tHCJ.1 
O·S85 
(l. ~49 

11-359 
O·J40 
0·4 ~1 

11.414 
O·J21> 
ft ·Jl6 
O·J42 
0 ·4.\ll 
Cl.\45 
0 ·408 
0 · 17'1 
(l .Jft7 
O·N1 
Q·J91 
0159 
O·W.S 
v .·, .. , 
0-510 
0 ·.12 1 
OJIR 

O·.HI 

+N 

0 2•2• 
Q.J._, .... 

0-4t.'• 
0 · 17"·· 
0 ·28S• 
0 ·29J•" 
o .)(19•• 

0 ·)12 ... 
O·JM•• 
0·2611• 
O·.l lS' .. 
O·.lliW•• 
O·JJ7•• 
028.f' 
0.2.\H" 
0. .l .l7 ... 

O·.l7H' 
0-278 
0279 .. 
0197" 
0 -.\10" 
0227 .. 
022'1'" 
0-11\.1 .. 
c .. 211••• 
0251 
0.246••:t 
0 ·203' .. 
0·46~" 

'"'"v1· · 
0·2W' .... 
0·299 
0· 19'>' .... 
0.377 

AHerisks dcnOlt :oienitica,,t diífcrrn<'t'~ bel\\'C'tn nuuir nl ftt&.it JTit'nl\ (1 - 1~!11) llC • f> < 0 ·0.5 . ... P < 0-01 arid • • • P < O·OOf 

SWR 

- N 

0 ·1.l2 
11·217 
11· 1~ 

11·.IOI 
0-.1'17 
ll·2J5 
0 -2(12 

0-221 
0-177 
0- lllJ 
0-2.lJ 
0 :191 
0 ·12S 
0-1)7 

º·"5 
0 ·17' 

º·"º o lllO 
O· lf>.I 
0 ·176 
0 ·120 
ll · lllll 
(1 .247 

Cl · l1~ 

O·J .10 
0 -}117 

0 ·306 
0 · 104 
0 · 12~ 

V· l(')O 

0 -14 1 
Q,367 

O· l.l .1 
11-1 7) 

+N 

O·H~ 

0· 2~7· 

ll·2M4• 
0·.•<12" 
IH4.' 
11-.121• .. 
02R4 
0·2Bft••• 
0 -.l .H • .. 

O· l:'.12 
O·J62'"" 
0-l'IZ• 
0·101' 
0-.2 .2 JU 
0· 1)9 
0·2.\1• 
Cl-.\51" 
0·255' 
U·2Jll-." 
ll· 2 l I 
ll ·.147 
<1 · 21·~· 
(l . 1~6·• 

ll ·olfll" 
IJ·.''92 · .. 
ll ·~~ 

0·.18@ 

o 151 
0-2~tJ•H 

U· IMJ 

0 · 181 "·· 
0 -3 16' 
0 -1 1!4 
ll · 1~2 

L.:1f nitrnrc-n 

-N 

J ·91 
H5 
.\ -;\(, 

2 ·2S 
4-22 
lO:'.I 
H~l 
J .91¡ 
2-114 
2 ·17 
4-15 
J ·.12 
4·07 
4-0:'.I 
H~ 

2·ft4 
J ·(lfl 

Htl 
1-119 
549 
2·76 
4-04 
l ·M 
4·56 
4-42 
J -.ll> 
HO 
4-18 
.l ·02 
·' ·Ol 

.l ·J4 
2· 14 
HI 
242 

+N 

~ · 2'1· 

H2 
' ·R7' 
.\ .JO• "· 
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olher factors including myconilizac (Huante. Rincón 
& Allen 1993) or nitrogcn -füin~ a•=iations. 

Prcdictions ab<>ur plani responses 10 differr.nr 
nurJien1 av1il1bili1y. already es1ablisheJ with tcmper
ate plants (Grime & Hunt 197~ : Grime l 979; Chapin 
1980; Hunt &. Ll~yd 1987; Kllmer &. R.enhardt !987: 
Grimc. Hodeson & J.lun1 1988: Shiplcy & Kcddy 
l988: Lambcrs & Pooner 199~) are supportcd litre. 
There was a clear tcndcncy to allocate more biomass 
to rools when nu!Jlents wcrc limiled. Undcr low nuui
em condilions mo•r of the •pc:cics reduce<! their SLA. 
Thi~ decrcuc in SLA ha~ been an.ributed to accumv
lation of non-•Ullctura! ci!rl>ohydr:ue• (lambcrs ti o/. 

1981) or s.:con<Ury compounds (Warin¡ ti al. 1985). 
C011•idering inlcr.;pccific diffcrence• of RGR in lhc 
conrrasting nutrient trcarmem• testcd. the >pecie.~ 111ith 
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;: tudi~ !'~i~?' under lciw (N- i cnd hi:h (N+I l'httric nt l~vc! ~ . Nuni~rs correspond 10 

speciu l> 1i;red in T~bl< 1. 
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Fil- %. Rel1rionship b<rween the rcspon:<e in RGR 1diffcrencc bcrwccn lh< RGR 
a!Uincd imdcr hi~ ntinu• ROi!. in low nuuicnt rn:arrr.cnr) 1nd !he rtlative ¡ro"'lll rau: 
utU&ined under thc hiJh nulricor ll'Utmcnt rN+ i for th< )4 sprci .. m>Clicd. Nuinbim 
corrc5P0nd 10 spocies as listcd in Table J. 

1'1bk 4. Lln= r..grenion co<fficicn" and th ' probabiliry 
o( lllr. cocfficienr bcinE diífcn:nt fro111 zero for the valucs of 
cach parametcr .. u.a ined in lo .. · ,.J M:h nutricnt trcatmcnr!' 

p 

T ot•I dry bionu.« 0 ·84 0·000001 

l..c•f """ 0·78 0·000001 
Relati•t JIO"'!h ~lt •. ~86 0.000001 
1.,.c1farul'2tio 0·71 0-000002 
Ne1 a.:similation r.>t• o.M 0.000001 
Specifk leaf ""'" 070 0-00015 
wf"'eiJh• mio (i. 9::' n-000001 
Stcm w~i~1 r~io ().$6 V-000001 
Roo1 ."'eigh1 raúo tJ.7,\ 0·00001 
Root;~hoo1 r><io 0·7 ~ () .()()()0 ) 

hi,hcr RGR uncler high nuuient condilions had ali-0 a 
hi!!her RGR undcr lo,.. nutricnt ,,mcliliom ( G. 11/mi(l'i· 
liu . H. pollidus. L. mnno.tptnno. . M. tenu~flpr" and S. 

pJJrf'l'rr<J ). Thc net assimilation ratc wa; ~reacer in rhe 
hieh nurricnc lcvcl for ti!< •pecios 11.·ith hi¡;h RGR ~nd 
non-sienificantly dilTcrc:nc ~t.,.·een matmc:ni>. in 
inosc of the specie• with lou.· RGR. Sp<ci~ with a 
hi¡;tl ;ro"'th rate (Fi[!. J) sho"'cd ~ hi¡ her ~rowlh 
plasticity <fi&. 2J. Fer exaniplt . a low :>laslic:ity in 6 
RGR anda Jargcr tolcnmcc ll> nutricn1 linii:ation was 
cxhibiied by T. 1rifolia, while a hiih growlh plilslicity -
and low 1olerancc to nutrien! delicit wa; •hown by 
$pecies 51Kh u M. trnui(lnra. L 1Mno. •p~n>UJ and 
T donntll·smi1hii <Fi¡;s 1 lnd; 1. 

The diff~rences in ~owlh p~mictcr> o·· th.! species 
scudicd were no! a•!IOCiated 10 frowth fom1 or tCI "'ood 
d<:n>iry ff¡blc )). Studies 11.·iih 11opical ~c1niclc,iduou> 
'pccics havc su¡;~csta:! a reio:ion<hip ~' wccn woo<l 
den•ity and lhc spccics !olcr.mct"' ~ha.le 1 Aur.<pur~er 

1984 J and trce wa1cr ~ums i'Borchc" 1994 ). Our 
rcsuhs shov.· a wc:ak relaiionship bt wccn sccil 

hiom:m and RGR (r,,--0·6~. P<0.01 in high a.nd 
r:--0·54. P<O·OI in low nul.ricnl<I. as wdl as be1111een 
sccd biomass and total dry biom:IS$ in toth nutri~nt 
treatmenr~. fr=0-4 , P<0·05 in high and '"0·55. 
P<0-01 in low nutrientsl. Seca bioma:.s has b<.""n 
reportcd to havc a positive corrclation "'ith tht total 
bimoa." produced and a nc~aüvc co11da1ion " ' ÍU1 

plan1 rclarivr ~ro1111h r:ne (Fcnncr 1983) us wcll ª' w;¡h 
the re;;ourc< •vail;ibility wh~re thc •pc•:1c' tcllQ i<' 
cstablish ._ In lhi> ,;c:nse. it ha; ~en su. ;~cstcd that 
~pecie~ v;j¡h big oceds 1cnd to produce pla< t• with largc 
bioma••. in nrder to achievc 3 Jow RGR ; nd to e•Llh· 
lish urider conditions wilh lo" av•ilability >f resourccs. 
likt thc lo•" lip11 environrncm under 111< canopy. In 
contn.<~ •pecie~ 111ith •malJ S«ds nave pl~nlS wjtll low 
biotwm ;occumulation and hígh RGR (T:.Hc 5l and are 
able to cstablish in rc~ourccs-rich sil~ such a. canopy 
gap< (Fos!cr 1986: Mazcr 1990; Marañ<.n & Gn1bb 
1993: Rincón & Huanre 19931. Howcvcr. • ificn ~ weak 
ncaative ~lillioo belllleCI! growlh n.¡c ar.d =ó 
biomass has becn found. suuesr.n¡¡ the irnpoJUncc o( 

oUiu f.:tors (bioman lliocation. gener< tional <ime. 
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Tab~ S. Lln("u n:P"cs.11. !or: tocfftcienu betwce:n pai:-s or' 
p•nimctcr~ at • f <0·05. TDl!. Lotill dry hiomus: RGR. r•l· 
•ti•• ~owth nitc; NAR. rw:t usi1nilation ruc; LAR. le.oí 
1re.o r.itio: SLA. specilic lufara: LWR. ~ w•ich• ratio: 
l!JS. roo:JshOOt mio: WD. 111ood d:n>ity: RWll rOOi wei~ht 
r;i.tio; SWR.. ~tcm wcifh\ r1tio. -N. low nu1ricn1 trc.acmenc: 
.¡.Jli. high nu1titn1 1te.ot~n1 

Lo,.· f·N l Hi~hC+N¡ 

TDB ,., Sccd biomus ()..¡()" o.ss• 
TDB n Lcaf ¡reo 0-IKº 0-92" 
RGR 1·r Sced biomoss ..(l.S4• -0.f>:!• 

RGRrrWO --0·29 -<1·28 
RGR q Leaf ar<• 0-JJ• 06~· 

RGRi-1NAR 029 O·~~ 

RGR•·rLAR o.~o· o.so• 
RGRv.<SLA ().68 • 0·60° 
RGR1·sLWR O·:!.& 0·02 

RGR ·~ RIS 0· 2~ U·ll 
RGR n RWR 0·20 ().()!, 

RGR 1·., SWR ..(1.27 -0·0~ 

l.AR rsSLA 0·70• 0· 71• 
LARnLWR 0·6.:!• 0·62" 
LWR ··.1RWR ...(1.57• -<1·61' 
LWR r.1SWR --0- !ii~· -0·79• 
SWR1·.1RWR ~. :;r,•: 0·05 
NARr.1RWR 0·2! 0- ~8 

wo 1·rLWR 0.1 ! 0·30 
WD.-sRWR --0-J5º -O·S:!• 

WO vs SWR 0·2J 0·04 
NAR 1·J· Nitrucen --0·51° -0·20 
RGR ,., Nitr~en O·! 1 ..0·04 
LAR 1·.< Cirbon --0·55• --0._!6• 
SWR n- Cólrllon (1. ~2 0·40' 
RGR •'.<Ca11>9n --0-tf • -{1·3!'• 

rn·es; ¡¡¡¡cJ cli>iurbancc) in the RGR variarion (Shiplcy 
& Peten 19901. a.~ well ª' thc ••~unomic rclatedne;; 
of thc spcdes. a~ proposed by Kelly & Purvis ( 1993 J. 

Oifferent ancmprs havc bc1.-n m:ide to explain inicr
~pecific Jiffercnoc> in RGR through analy>is oí NAR 
and LAR (Hum 1982: Lamber.; & Pooncr 1991). In 
•cver&J compar.uiv" ;ro..,th SIU<Jics with :i. !arge num
ber of spccies. LAR and iis componcn1s SLA ami 
LWR. more than NAR. were the most imporwu 
p:.razn.,1e~ influencinc RGR ILambm & Poontr 
1992). In this lnv1mit?•tion. thc 101al lcar arc:i pro
ducc:d Cr&0·4. P<0-05 in lo,.· iOlld ,.,,Q.63. PcO·OI in 
hi:h nutrient>l and thc LAR fr:0-5. P<O·Ol ) are sig
nificonl ;uid poaitivcly correl:ued wíth RGR in boL~ 
nuL<icnt condition~ (thc hi;h ¡¡nd low) bu: 001 wi!lt 
LWR rTablc 5¡. ~ diffcrenccs shown in LAR an: 
explain~ by it( two components. LWft (r=0·62. 
P<O·OI ¡ and SLA (r=0·7. P<0-001 ¡. Under bolh '°"' and hii:h nulricn1s. thc RGR was hi¡¡hly corrcla1cd 
10 SLA fr•0·68 lllld 0·6. l'<O·OI ). This co"ld indi
c31e lile imponance of thc l<llil! amoum of leaf are¡¡ 
produced :is wcll as other leaf dlar;icttristics. ,;uch as 
111111omy. morphology anó luf chemical ~omposition 
(L..unbers & Pooner 1.992: Van Arcndor.k & Pooncr 
1994) to determine the RGR. 

Biomass allocation amon¡ lcavcs. stem ai1d ltlOti in 
our }4 spccici; is c:loscly 1nocia1ed <Table 5). Undct 
thc bigb nutrient Jcvcls thc: Cioma~J alkution to 

le.aves IL WR) iJ hi&hlY ncptivcly corrilated to ailocll· 
tion 10 stem Cr=--0-79. P<0-001) ~ l'OOI~ ""--0·61. 
P«>·Ol ). Under thc low nutricnt lcvcl there I~ a 
puter bioman alloatlon to rools and c;onsciqucntly a 
lowcr allocarlon 10 !caves. TbiJ i~ confirm!d lly thc 
c:omlaiion betwcen roo110 sboot. ratio with LWR and 
R\VR (r•--0-55. P<O-Ol . lltd r•0.9. P<O« l. rtspcc· 
dvelyl. Thc nctadvr cortelatiom bnwec·n 1.WR. 
SWR and RWR ate IO&ically neccswy. ¡ iven !ha! 
LWR+RWR+SWR• l. 

C11111lderin1- lhc rcladonship of ROR anc blom~~ 

allocation IO roou and ~ Garnicr ( 1991 1 ~holllfld 
lhat under producth1c c:onditions. the diff.:rcncc in 
:rowth 1'111< lllTIOllJ the ~pccic~ is linkt<l 10 di lf en:~ 
in w 5p«ific: ac1ivi1ie~ o( thcir lca•cs Mnd 1001s. and 
much ftlls 10 diffc:rcnc:u in biumai;s alloc;it on. l'l)(a· 
surcd as RIS r.uio. In lhi5 llenlle . he pro~ 1h:11 fas1 . 
grn,.,in¡: ~pccie~ m tho!.c for whic:h ·,M ra1io oí thc 
1pccific ac:tivitib of root< Ancl !caves i» hi1;h. whilc 
dow-1tt1win¡ spcclcs a~ thosc for ..;hkh th is ratit' ¡, 
Jow. In thi~ study thc c:omlation bctwccn ~GR 1111d 
RIS r.ulo wa< vcry low (r•0-~4 and 0·11. .~>0·0,J. 
Biom:iss allocaiion 10 root~ (RWRJ was hishcr in low 
nutrienl> but this chan~e in ¡Jloc:ation wu nct propor
tional to lhc c:hangf!; In RGR shown by !he spccics: 
i.c. thc in1mpec:ilic: v;11faiions In allocation ¡o r<Xfü 
aze not usociatcd 10 inu:rspccilic vllriation~ in RGR. 

In ~ comparative inve~li,ption nf 24 herb.1ceovs 
planu wllh diffCRnt 110111111 rate. Pooner. Rc:mkcs &: 
Lambcrs 11990) found a positivc rd:uionship bel"'"" 
pl:int nit~rn C:OIK:cntration and RGR...,, for pu,;es 
3lld a llOl!·~i,nilkant rtl:uion ror dicot~ . wl1ich they 
anributcd 10 diflcrcncei; b.:twc:cn =annmi• i¡roupi¡. 

' fllitropcn conccn1r.11ion of thr species ~tudied hcre 
wa.< no1 corrclat~-d 10 thc RGR ~uainecl undcr hi'h 
nutrient• (prc~umably ROR""',J. nut cvcn anonp tlx 

11 ~ics of tM l.e~um!no»e famlly studicd. Thc 
diffcrentt bet,.,«n ~ lcaf niungen conccn1r~1ion a1 
high .-.(lo"' nutricnts wa.< sírnilar in spccics \/Íth hith 
(T. tlo11ndl·Jmirliii1 and low rT. 1rife1/i,1• RGR 
rc:jpon~. Thc gre111cr nuuicnt conc:entl'lllic-n undcT 
ruourcc abundance ~ppc;in to lx cau•ed t.y a hii¡hcr 
ni~cn allllCalion 10 lcavcs likely to produ<X 1 hir;hcr 
ph0l0$ynthcúc raie (~pin r1 al. 19871 and 1n main
tain ~ fai>U:r lfOWth rllC. 

Lowa le.af c:iltbon conccntrllions wc~ ~hown by 
thc 1ix spec:ie> .,.,¡lh lhc hit:M.u RGR (fa.•l· ~winc 

~pccim. This paucm has been p:aniall) cxpl-iincd by 
Lamben .&: P00r1cr ( 19921 but as thcy indit'Hcd. and 
our correlalion cocff'tcienlJ suaacst ( r a --0-41. p < 0.0!1 
in low and r•~· l!I in hi'h nlllricnts). this ;, oniy oí 
minar Importan« 10 c-.plain lhc vanation~ ir. ROR. 

A widc variety of rupom;c value5 in HiR and 
bio1111u allocallon 1111011g 1pecies is cb:wn :atc:d in 
thi$ investiplion. The llUI diffcn:ncc1 between die 

RGR in hip and lo"' sugat ¡rwer pWli•· adjust· 
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menu of w species in ¡rowlh 1111c . The diauibution or 
ÚIC plastic rrowdi n:spons.es 11taincd by thc woody 
seedl!n¡s íollowed a contin11= ralher than discmc 

casily idemifiablc :roups. Thb responie panem pro
vides an indication of thc: ccoiogital p<1ccntial oí thc 
spccies 10 compensaic fot nullicnt deficiencie$ and, 
indirectly. lhc liort of habi111u in which they ca:1 c:mb
lish and SUCCCli~f11Uy compm for $oil fC50U:CCli . In 
'Pitr of thls continuum of !.he srowth parame!US. lt ti 
possiblc 10 dis1in111i~. at thc u u·cmc:s of !lle gr.ldi
cnt. two contr•~tin¡ srot1~ of ·~ciei 11sin¡ \he 
biomass alkxauon paREms and relativc ¡rowth ratc 
shown by the •~cíes in both lht nutricnl 1~~umn1• 

tc~1ed IFi¡. :n. The ti™ comspond.• to M. rtmúj/Ctra. 
L l'llOntlS~l"llllJ Ollld r do'111t'll•Jmi1hii. which M• Í.t51-
l!l'O'"'in: i;pccics that 11Chi•ved more biomw and 
~ater ROR undrr hi¡:h nulrient~. which had ~ l3r¡:tr 
biom:iss :illucation 10 !he rOOI <ys1cm whcn ¡;rown 
umJcr low' nutricnis and showed ~ ¡rc•tcr ~rowth 
pla.•licity 10 nutricnL• . Fa.<1-a:rowin~ >PCCit• of thi ~ 
uopical deciduous r-11 hav~ bccn found 10 bt highly 
clcm•111di11' or oth(r rcso.1r"~ 511Ch as ligh1 (Rincón & 
Hu~ntc 1993 > Ollld pho.phoru~ !Huanlc. Rincón & 
Chapin l99Sl a~ 111cll a~ bcin' lov. or non-mycMhi~t 
dcpenclcnl (Huan1c ti al. 1993 ). Thesr •p«ici! prc:;en1 ¡ 

dicholomou• root branc:hin' pallcm <Huante. Rincón & 
G¡vito 1988). which ha.• bccn u.acialed "'ilh a mure 
cffcctivc ellploraóon :ind Clllplol~tion of zoncs wittl 
hi;h nulrient availability (fina l 98S l . 8:i.wd on thc 
cnar.Ktcristics dcscribed 3bo,·c. it couid t>.: cJ1pcc1cd 
wt í:w·growing specics would tcnd to occupy siic~ 

with abundant re~rccs. such •~ dis1urlxd •ite• or 
a:aps. This trend !>UUCSlS mar rc~arch rela1ed 10 lhc 
role llf n:1111ral disturba!IC1: in main1~inin¡: plilllt divcs
•il)' in this ~a!COIW ecC>System mi,h1 be rck\'ant. Thc 
$CCond contrutin¡; ¡roup of •¡iccies in 1hf i¡rldicn1 of 
¡ro,.·th rcsponi;c (Fig. 2) includu T. rriji./ia. C. 1r1rxi

ra11w11 ond T. tiw11u. "'hich hóld a lov• rcl~ti"c gmw1h 
íJlc undcr bolh nuuicnt 11C31ments. cvcn lo"'cr lh;m 1hc 
RGR for n~ ipecies · under low nutricnr<. The~ 
spe.;ic~ iibu had ;a cOOlii!itCnt hiFh biomass .:i.llo;;ation to 
roots uncler bolh nuuicn1 trntm<:nts and ci¡hibh tow 
grOIO·th pl:i.<ticity. Cf/flt>rodendmn mtXiCtlllUIPI ha• 

been documentcd 10 ha"c a poorly branchln: roo1 p¡tl· 

tcm 1Hum1c ti al. 1988) and In bt s!l;idc 1olcr.m1 
(Rincón 81. Hu:rn1c 1993). Thne •lnw-'10""in¡; 3nd tol
cr:int specics could be cx~cd 10 occur in sitcs witll 
i(>ll' rcsource availability. Corn;idcrin' ~ 1..,n 
e~trcmc irowth r<:lipon5Cs. it is reasonable 10 su¡:¡~1 

lha1 diffe~nt str- and di$turb11n<;cs 'rcau: ~ widc 
ra"¡¡c of h~bilitl~ w~ spccics with contrMtin~ nutn
cnt rcMJUrcc rcquirc:mcnts .,.,¡u be 3ble to e>¡¡ib1i5h ;u:d 
sustain growth. 
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Abstract 

Wc cvaluated the plasticity and acclimation responses in growth, bioma'is 

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 Apoplanesia paniculata, Cochlospennum vitifolium, Cordi.a 

alliodora, Heliocarpus pallidus and lpomoea wolcottiana, the slow growing species 

Celaenodendron mexicanum and the species ~ith intermediate growth rates 

Caesalpínia eriostacbys, Caesalpinia platyloba, Plumeria rubra. and Tricbilia trifulia 

Treatments consisted in two contrasting light intensities (high, H, 1200 µmol m-2 s-1 

and low, L, 400 µmol m-2 s-1) during 52 days and two transfers: from high to low 

(HL) and from low to high (LH) light intensity, rnaintaining plant controls in high 

(HH) and low (LL) light. We conducted a growth analysis based on plant harvests at 

the beginning ofthe experiment (five days old seedlings), at the time oftransfer (57 

days old) and at the end of the experiment ( l 09 days old). The photosynthetic 

capacity (Amax) and stomatal conductance were rneasured at day of the transfer of 

light condition and at the end of the experirnent. W e hypothesized that the .... 

expression of plasticity and acclimation (in magnitude) is related with the growth 

rate ofthe species. It is expected different responses among species, the fast-growing 

are expected to show 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 arca, RGR, net assimilation rate (NAR), Arnax 

and stomatal conductance. Under low light intensity these parameters were highly 

reduced. The proportion of total biomass allocated to !caves was higher under L and 

the leaves produced were thinner (hígher specífic leaf area) than under H. 

Compared with the fast-growing, the slow growing species had lower leaf area, .b 
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RGR, NAR, Amax and stomatal conductance. These parameters werc 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 intermcdiate 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 ofthe 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 mexicaoum had the lowest 

acclimation. In addition, the pattem of the acclimation of RGR, NAR, Amax and 

stomatal conductance in this species was opposite to the rest of the studíed 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 1:> 

and the slow-growing species a lower plasticity and acciimation capacity, -

respectively, but with different pattem 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 environment that plants experience in their natural habitat ís 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, phenologícal processes in seasonal systems, etc 

(Chazdon and Fetcher l984a, b, Vázquez-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 sorne 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 io sun and shaded environments (Boardman 1977, Grirne 1979; 

Bazzaz and Pickett 1980, Bjürkman 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, Sánchez-Coronado et al. 1990, Lambers and 

Poorter 1992, Rincón and Huante 1993, Kitajima 1994 ). These studies ha ve 

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 area and have higher rates of photosynthesis per unit of leaf area than 

species adapted to low light intensity. Species adapted to shade ha ve 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 ofthe response oftropical 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 associatcd, among other factors, with the dynamics 

of naturai gaps (Bazzaz 1979, Denslow 1980, 1987, Martinez-Ramos 1985). 

However, sorne 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 seasonal pattern of rain (Bullock 1986), this pattem cause 

variations in plant phenology (periods of leaf production and shedding), which in 

tum modified the light available at soil leve!. During the rainy season there is a 

characteristic dry period termed "canícula" (sorne years one month long) which 

contribute to the lost of part ofthe tree leaves (Bullock 1986), resulting in changes in 

light availability. Seed dispersa! generally occurs during the dry season (Bullock and 

Solís-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 thc 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). 

Jn spite ofthe 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 !ight 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, Tumbull 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 (Rincón and Huante 1993} and nutrient availability (Huante et al. 

1995). Thus, the ten species selecte<l cover a wide range of growth rates for woody

seedlings in this forest. We hypothesized that, the expression of plasticity and 

acclimation (in magnitude and direction) 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 thc different species. lt is expected that the fast-growing species showed the 

highest plastic and acclimation response and the slow-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 thcrc is a sudden increment of light intensity , it is expected 

that thcsc specics 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 Pres! 

(Leguminosae), Cochlospermum vitifoliurn (Willd) Spreng. (Cochlospem1aceae) 

CQrdia alliodora (Ruiz & Pav.) Oken (Boraginaceae), Heliocacpus pallidus Rose 

{Tiliaceae) and Ipornoea wolcottiana Rose (ConyoJvulaceae), the slow growing 

species Celaenodendron rnexicanum, Standl. (Euphorbiaceae) and the species with 

intermediate growth rates Caesalpinia eriostacbys Benth. (Leguminosae), 

Caesalpinia platyloba S. Wats. (Leguminosae), Plumeria rubra L. (Apocynaceae) 

and Trjchjlia trifulia L. (Meliaceae) were used in this study (Rincón and Huante 

1988, 1993, 1994, Huante et al. 1995). Nornenclature of the species is in accordance 

to Lott (1993). 

Experimental procedure 

Mature seeds of the studied species were collected from at least ten 

índividuals at the Station of Biology Chamela, at the Pacific coast of Mexico ( 19º 

30' N, 105° 03' W). Seeds were germinated on humid pure silica sand. Fíve days 

after germination, seedlings were transplanted to 5 kg black pi as tic bags ( one 

seedling per bag) filled wíth 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 (Osmocotc ®) at the beginning of the experiment, in order to 

prevent nutrient limitation and were watered every day. Seedlings were grown inside 

a greenhouse buil.t in a solarium at the tropical deciduous forest. Two light sections 

were created in this grcenhouse: a high light section (H) with an average maximum 

daily intensity of 1200 µmol m-2 s-1 (80% full-sun) and law (L) with 400 µmol m-2 

s-1 (25% full-sun), registered with quantum sensors (Ll-COR, Nebraska). These 
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light conditions were designed 10 simulate the light intensities experience by 

seedlings 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 U-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 species 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 ofthe 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 wc::re 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) thc seedlings leaf area 

and the plant dry biomass of six individuals was registered. At 52 and l 04 days of 

growth under the different light conditions (57 and 109 days old plants, 

respectively), six plants pcr trcatmcnt and per specíes were harvested, leaf arca was 

measured (Delta T, England), roots werc carefully washed and leaves, stems and 

roots were obtained separately. Plants were oven dried (80 ºC) for 48 hours and dry 

biomass of each plant part was obtaincd. 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 cach species was determincd for two time periods (initial harvest to 52 
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days and 52 to 104 days) according to: RGR = (ln Wt2 - In Wt1)/(t2 - t 1) where W is 

the average total plant 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 foiiagc leaf area to foliage dry biomass), the leaf area ratio 

(LAR, the ratio between total leaf area and total plant dry biomass) as well as the 

leafweight ratio (LWR, the ratio offoliage weight to total dry weight) (Causton and 

• Venus 1981 , Hunt 1982) and the root to shoot dcy biomass ratio (R/S) were also 

calculated. Ditfert:nces between light treatments (H and L) at 52 days were tested by 

student "t" test (p S 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 S 

0.05), using log-transformed data when needed, in order to meet assumptions of the 

analysis. After ANOV A 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 (.1.RGR). 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 ofplant growth (Zar 1974). 

Gas exchange measurements 

Measurements of the maximum rate of photosynthesis (Amax) and stomatal 

conductance were made on the siow-growing species Celaenodendron mexicanum, 

the fast-growing species Heliocacpus pallidus, and the species with intermediate 

growth rate Caesaipinia erjostachys 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-Renedetti and Bazzaz 1991, Tinoco-Ojanguren and Pearcy 1992, Ackerly 

and Bazzaz 1995). Thus, our photosynthesis measurement.;; can be considered as 

maximum photosynthetic capacity (Amax). Piants transferred from high to 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 !amp (iOO watts) 

during the gas exchange measurements when needed. In order to prevent an 

increment of tempcrature, the artificial light was passed throughout a transparent 

acrylic box filled with water, the box was located between the lamp and the leaf. 

Ambient temperature was 32 ± 1.5 oc. Measurements were made in the third 

youngest Ieafper 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 (U-COR, Model 6200, Nebraska), equipped with a quarter litre chamber. 

Results 

Growth responses to contrasting light intensities be/ore transfers 

After 52 days of plant growth under high and low light intensities, and just 

before the light transfers, the total dry biomass (Fig. la) and the relative growth rate 

(Fig. 1 b) attained by the species was higher in H than in L, excepting for thc species 

with the slowest growth rate (CelaenodendrQD rnexicanum and Trichilia 1rifulia) 

which had non-significant differences between treatments (p > 0.05). Thc total leaf 

area produced was Iarger in H for ali species excepting Ca.esalp.inia platyloba, 

Celaenodeodron mexicanum and Irichilia trifulia which in both light treatments 

achieved similar leaf area (Table 1). The leaf area ratio (LAR) and jts cornponents: 

the specific leaf area and the leaf weight ratio also showed large difterences among 
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spccies. Ali species ( except Celaenodendron mexicanum) showed !ower LAR and 

SLA under H. The proportion of the total plant biomass a!located to leaves (L WR) 

was hígher under L for the fa<;t growing species Apuplaoesja paniculata, Cmdlil 

alliodora, Heliocarpus paJ1idus and ~a wolcottiana (Table 1 ). 

Growth responses to light transfers 

The responses showed by ali 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 Ceíaenodendron mexicanum and Trichilia trifulia showed a 

significant higher total dry 1'iomass (Fig. 2a) and leaf area under HH than under LL 

(Table 2). 

Ali species showed the highest biomass production under HH and the lowest 

under LL (Fig. 2a). For Celaenodendron mexjcanum there were significant 

differences in bioma<;s between HL and LH, but there were not significant 

difterences between HL and LH for any other species (Fig. 2a). 

Ali 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, Ceiaenodendron mexicaoum (the species 

with the slowest RGR) showcd a higher RGR under HH and HL than under LH and 

LL (Fíg. 2b). 

After 104 days of growth, the leaf arca produced by ali species (Table 2) was 

the highest under HH and the lowest under LL. The leaf arca produced under HH 

was non-sígnificantly different to that under LH for Caesalpinia plaíyloba, lpmnQ.e..a 

wolcottiana and Irichilia trifulia and that under HL for Celaenod!dldrun mexicanurn. 

In the light transfers the leaf arca produced under HL was similar to LH for 

¡¡ 



Caesalpinia eriostachys, Cochlospennum vitifolium, Heljocarpus pallidus and 

Plumeria nilira. LL was ncn-significant different to LI-1 for C.elaenodendro.n 

mexicanum. The leaves with higher LAR and SLA were those under LL, in 

Celaenodendroo mexicaoum LL was not different to LH. lo ali species the LAR was 

the lowest uod.er Hl-l. In the fast-growing species and in Plumeria rubra aod Trichilia 

trifulia the LAR under HL was higher than that under LH. The SLA under both 

transfers (HL and LH) were not different for Caesalpinia eriostachy.s, Caesalpinia 

platyloba and Plumeria rubra. The LWR (Table 2) was unchanged under ali 

treatments by Caesalpinia eriostachys, Caesalpinia platyloba, Celaenodendron 

mexjcanum, Plumeria rubra and Trichilia trifulia. L WR was higher under LL in the 

fast-growing species Heliocarpus pallidus, lpomoea wolcottjana, Apoplanesja 

paniculata, Cochlospeanum vitifolium and Cmdia alliodora. 

The R/S ratio (Table 2) was unchanged among ali treatments for Apoplanesia 

paniculata, and Caesalpinia platyloba. In Caesalpinia eriostachys, CQrd.ia alliodora, 

Heliocarpus pallidus, lpomoea wolcottiana, P!umeria rubra and Trichilia trifulia, 

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 undcr HL for Caesalpinia 

eriostachys, Cordia alliodora and Ipomoea wolcottiaoa. 

Gas exchange 

Before light transfers, at 52 days of growth uoder H and L (Table 3) the 

photosynthetic capacity (Amax) and the stomatal conductance for Celaenodendron 

mexicanum in H and L was similar, while Heliocacpus pai!jdus, Caesalpinia 

gjostachys and Caesalpinia platyloba had the highest Amax and stomatal 

conductance under H. Heljocarpus pallidus had the highest difference in Amax 

betweeo H and L treatments. After 52 days of light transfer, the pattem of 

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

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 

lkfu>j;.ar¡rus 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. Tne 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 (t.RGR) attained by each species is showed in figure 2. 

The t.RGR is considered as a measure ofthe response in RGR to the light treaiments, 

in this sense, t.RGR 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 (t.RGR) to 

light changes. The fast-growing species Cochlospennum vitifolium, C.ord.ia a1iiodora 

and Ipomoea wolc 
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among species. The highest Amax and stomatal conductance for the slow-growing 

species Ce!aenodendro.n 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 highcst values of RGR, NAR and 

Amax for the species studied. The species with high RGR (Heljocacpus pallidus) 

have also a high Amax and NAR. The species with the lowest RGR (Celaenodendron 

mexjcanum) has also a lowest Amax and NAR. 

The relationship between the highest RGR and the difference betwecn thc 

highcst and the lowest RGR (tiRGR) attained by each species is showed in Fig. 4. 

Thc tiRGR is considered as a measure of the response in RGR to the light treatments, 

in this sense, tiRGR 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 (tiRGR} to 

light changes. The fast-growing species Cochlospermum yjtjfolium, CQrdia alliodo¡a 

and lpomoea wolcottiana showed the highest acclimation and the slow-growing 

species Celaenodendron mexicanum showed the lowest. Among treatments the 

highest RGR cccurred in the phenotype LH 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 mexjcanum). 
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Discussion 

The growth characteristics showed by the species studied rcflect different 

amount (i.c. magnitude of response) and pattern (direction of the response) of 

plasticity (Schlichting 1986, Kupier and Kupier 1988). Fast-growing species showed 

to be more plastic, followed by the intcrmediate growth rate species, and the slow

growing species with the iess plasticity. Sorne plan.t characteristics exhibited greater 

plasticity (RGR in this study) than others (L WR), likely because the plasticity of 

sorne traits may allow the homeostasis of others (Bradshaw 1965). The overal! effect 

of the plasticity of sorne plant characteristics and stability of others should a!low to 

have a growth advantage under heterogeneous conditions (Rice and Bazz.az l 989b ). 

The attributes showed by fast-growing species when grown under high light 

intensity (high leaf area production, RGR, NAR, Amax and stomatal conductance) 

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 

pattem, this has been attributable to an interna! regulation of carbon dioxide 

concentration by matching stomatal conductance te photosynthetic potential 

(Farquhar and Sharkey 1983), plants with low photosynthetic rate have low stomatai 

conductance and, therefore, low transpiration rate (Chapin et al. 1993). lt 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 {Chapín 

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 availabílity 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 Celaenodendron 

mexicanum domínate the canopy and the understory forroing small and relatively 

dense monospecific-forests surrounded by the contrasting highiy 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- (Ma11ijena and Bullock 1994) and low-nutrient

resistant species, which has a slow growth (Rincón and Huante 1988, Huante et al 

l 995a, Chapter Il), forros associations with arbuscular micorrhyzae füngi (E. 

Rincón, unpublished data), has thick leaves (low SLA), more coríaceous (96.5 g m-

2) than Jcaves 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 (Castañeda et al. 1992), which suggest a plant investment in 

defenses against herbivory. Previous studies of herbivory (Filip et al. 1995) realized 

with severa! 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 lpomoea 

wolcottiana (29.65%) and Heljocarpus pa!!jdus (17.88%) than in the species with 

interroediate growth rate Plumerja D1bra (8.67%) and Trichilia trifulia (1.95%), this 

last species had the lowest RGR among the species with intermediate RGR. lpomoea 

wolcottiana and Heljocac¡:ms palli.du.s are specíes that grow in disturbed siles (Lott 

1993), which presumably have a high resource availability. This suggest a positive 

relationship between growth rate and the percentage ofherbivory, where at Jow RGR 

low herbivory and vice versa. 

Previous investigations related with responses of tropical seedlings to 

transfers of light intensity (Rice and Bazzaz l 989a, b, Sims and Pearcy 1989, 

Denslow et al. 1990, Pompa and Bongers 1991, Ackerly 1993, Tumbull et al. 1993) 

revealed that shade plants transferred to the sun have a higher RGR than plants 
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growing in the sun. In the reciproca! 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 intennediate 

growth rate there is a benefit in RGR in the transfer LH because thc RGR was 

similar to that achieved under HH, but an opposite pattem of response that suggest 

the lack of any effect of the transfer of iight intensity was showed by the slow

growing species. lt has been suggested that shade. leaves have a higher benefit (in 

terms of retum of carbon invested) than sur: leaves, owing to their lower e 
investment per unit leaf area (Siros 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 expccted in species that naturally experience 

increases in light as those produced by gap formation. As mentioned above Cfildia 

alliodora, Heliocru:pus pallidus and ~ wolcottiana can be found growing in 

natural or man-disturbed areas (Lott 1993) where changes fonn low to high li.ght 

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 sorne extent by the plant ability to modificatc thl! Jeaves dcveloped 

under the previous environment or by the rate of new leaves production with 
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characteristics favourables to the exploitation of the new conditions. In the shade 

species Al.o_~ 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 plams 

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 

befare the light transfcr has been reported in other species (Chow and Anderson 

1987, Sebaa et al. 1986). lt 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 !caves at slower rates. For example, in a 50 days period growing 

under high light intensity lpomoea wolcottiana was able to produce 19 leaves and 

Celaenodendron mexjcanum five leaves (Huante 1992). It is probably that this low 

rate of leaf production cause, in sorne extent, the lack of responsiveness to light 

transfers in Celaenodendron mexjcanum. 

lbe correlations between the different parameters evaluated and the highest 

RGR attained for ali the species (Table 4 ), show that interspecfic variations in NAR 

and SLA are highly associated with interspecific variations in the RGR, 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 L WR), and interspecific 

differences in the rate of biomass gain per unit leaf area (NAR) are of secondary 

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 induded (Huante et al. 1995). A low NAR rather than low LAR has been 

suggested to cause the low RGR of shade adapted species, whcn grown under high 

light intensity (Poorter 1989). Variations in LAR, are caused by variations in SLA or 

L WR. Variations in the leaf mass area (Uv1A, 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 L WR. This last correlation 

could be dueto the low responsiveness of the allocation to leaves (LWR). Previous 

studies have also showed that leaf allocation varies little or not at intensities about 

50% of full sun (Ackcrly 1993). 

lt 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, Wemcr 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 L WR was the least plastic trait and the interspecific variations showed 

in the RJS ratio, reported herc and in previous studies (Corré 1983) even when 

nutrient availability is the rcsource tested (Gamicr 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 l. Net. as5imilation raie (NAR, g cm·2 s· 1) , total leafarea (LA, cm2), leafarea ratio (LAR, cm 2 g·I), specific 

!eaf area (SI.A, cm2 g ·I), leaf w e ight ratio (LWR, g g·I) ami root/shoot ratio (RíS) showed by the ten species at 52 
days of growth under hígh (H) and low (L) light intensil)'. Ap = Apoplanesia paniculata, Ce = Caesa/pir:ia 
eriostachys, Cp = Caesalpinia piatyloba, Cm = Celaenodendron mexicanum, Cv = Cochlospermum vitifolium, Ca 
= Cordia al/idodra, Hp = Hel[ocarpus pal/idus, lw = lpomoea wolcotliana, Pr = Plumeria rubra and Tt = Trichi/ia 
trifolia. Small leners show significant differences (Student "t", p < 0.05). 

Species 

SluwRGR lntermediate RGR Fast RGR 

NAR 
H 0.000083 0.00065ª 0.000703 0.00079ª 0.00049" 0.00092ª 0.000701 c .00073• 0.00093ª 0.00111• 
l 0.000048 0.0006i 8 0.00038b o.00028b o.0002sb o.oo035h 0.00074ª ~. 00030b o.ooosob O.ú0038b 
LA 
H 30.78 576.68 36743 404.71 52.8ª 748.11 l 17l .8ª 612.43 1104. 7• 43 13 .6" 
l. 27.9" 349.5b 35 1.03 155 . 1~ 56.33 2 13.4b 327.4b 216.7b 523.6b 928.6b 
LAR 
H 168.28 125.73 116. lb 123.7b 183.4h 164.s b 191 .6b 156.6b !73.3b 121.sb 
L 184.38 114.21 198.71 339.9ª 314.91 371.1 8 286.S" 330.sª 287.93 278.2 ª 
SLA 
H 211.2b 285 .ob 248.4b 218.oh 337.5b 354,gb 444.9b 3l3 .7b 384.4b 367.9b 
L 311.08 238.4ª 406.4ª ó86.23 484 1• 729.6ª 752 .21 512.4ª 571.0ª 475 .4ª 
LWR 
H 0.623 0.448 0.478 0.44ª 0.543 0.46b 0.433 o.sob 0.45b 0.33° 
L 0.593 0.488 0.493 G.483 0.65ª 0.513 0.398 0.64 ª o.soª 0.58ª 
RIS 
11 0.4Jª 0.45ª 0.373 o. is • 0.39ª 0.3 ,. 0.283 0.54ª 0.31º o 37~ 
L OJOb 0.35b 0_27b 0.14ª o.21b 0.298 0.253 ()Jlb o.21b o ¡gb 
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Table 2. Net assimilation ra:e (NAR, g cm·2 s· I), total Jeaf area {LA, cm2), leaf area rat io (LAR, cm7. g·i), specific leaf 

area (SLA, cm2 g· I; , leafweight ratio (LWR, g2 g· !) and rooUshoot ratio (R/S) showed by the ten species at l 04 days 

of growth under h igh (HH), high-low (HL), low-high (LH) and Jow (LL) light intensity . Specie.s names as in Table l . 
Small leners show signific&r.t differences at p < 0.05 after ANOV A and Tukey muitiple rank test. 

Species 

SlowRGR intennediatc RGR FastRGR --- - ·-
NAR 

HH 0.000198 0.000278 0.00033ª 0 00049ª 0.00037ª o.ooc21h C.000628 0.000298 0.00027ª 0.00034ª 
HL 0.00017ª o.0001 5h o.00011h 0.00016b o.00011h 0.00002" O.OOül?b o.oooosh c.00011c o.00012h 
Uf 0.00006b 0.000278 0.000258 0.000453 o.oood' 0.000328 0.00059° 0.000348 0.000338 0.000608 

LL o.oooosb 000006° 0.00009b o.00011h o.ooolJb o.0001s< o.00013b 0.00016c o.00001b 0.00013b 
LA 

HH 87.5ª 1337.31 1029.8ª 938.11 274 .9ª 799.5ª 4773 .2ª 1377.98 331 !.28 4264j3 

UL 85.2ª 919. lb 520.6b 646.lb 182 .ob 215 .7c 2866.8b 652.JC 2599.3b 2567.4b 
LH 42 lb 966.2° 929.7ª 609_5b 241.21 b 473 _7b 2513 .4b 1009.6b 2062.Sb 4074 .4" 
LL 50.3b 642.2c 417_6b 266.4c 132_9b 237.7c 524.6c 440.8c 1046 7c l617.6b 
LAR 

Hll I02.lb 76.7c 71.6c 50.6b 109.2< 36 .. 7b 63 .2" 78.lc 93 .6c 38.0" 
HL 129.7ª 88.4h 91.@b 92.7ª 168.18 b 63 .ob 139.0 b 111 oh 155.6b 66.7b 
LH 1n9• 83 .5b 104. lb 68.4b 134 _gb 76.6b 94 .6b 108.1° 98.Sc 54.8b 
LL 146.0' 128.!3 !22.21 115.6ª 188.2ª 101.1• 201 oª 143.11 224.83 120.1ª 
Sl.A 

Hlf 21 4_4b 216.7b ¡73_3c 242.9c 206.6b 231.7° 385.lc 229_5c 358.3b 298.8b 
HL 224. lb 239.lb 238 .ob 347.lb 334.'f' 312.3ª 567.03 b 269.38 b 520.68 384.8ª 
Lit 284.31 2)8.6b 234.Jb 302 3bc 254.3b 257.sb 459,;b e 267.3° b J86.2b 307.4b 
Ll. 262.38 375.98 299.98 438.7ª 336.08 319.9ª 658 sª 300.81 5 I0.6ª 397.3 3 

1.WR 

Hfl 0.48ª 0.35ª 0.41 1 0.21• 0.53ª o.21h 0.lib 0.34b o.26h 0.13b 
HL 0.58ª 0.38ª (/.398 0.27ª o.so• 0.138 0.253 b 0.433 b O.Job 0. l'lb 
LH 0. 528 0.358 0.44ª 0.248 0.53ª O.Job 0.20• b C.403 o.26h o.18b 
u . 0.568 0.35ª 0.41 3 0.268 0.!63 0_32b 0.331 0.471 0.44ª 0.31 3 

RJS 

llH 0.388 0.538 0.37ª 0.29ª 0.40ª 0.461 0 . ~4b 0.92ª 0.358 0.773 

Ul o.2sh 0.37b 0.381 0.248 b 0.49ª 0.543 0.39c 0.56c 0.32ª o.ssb 
Lll 0.383 0.461 b 0.363 0.243 b 039" 0.493 0.678 0_79b 0.31ª 0.75ª 
LL 0.33ª 0.41b 0.303 0.19b o.2sh 0.491 o 51b 0.48c 025b 041b 
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Table 3. Photosynthetic rate (µmol C02 m-2 s· I) and stomatal conductance (mol m-2 s· 1) 

measured in A) 52 days old plants under high (H) and low (L) light intens1ty and B) for 104 
days old plants under prevailing high (HH), low (LL) and tranfered from high to iow (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 (ANOV A and Tukey multiple 
comparisons) 

A) 
Cm Cp Ce Hp 

Photosythesis 
H 2ª 10.47ª 11.99ª 12.43ª 
L 2.6ª 5.2b 3.72b 3.I9b 

Stomatal Cond 
H 0.0407ª 0.13ª 0.116ª 0.373ª 
L 0.044ª O.OI8b 0.048b 0.0476b 

B) 

Photosythesis 
HH 5.876ª 8.456ª 7.30ª 15.58ª 
HL 4.58ª 5.486b 4.87b l0.13b 
LH 4.73ª 8.026ª 8.47ª 15.66ª 
LL 3.706b 5.29b 5.49b 7.63b 

Stomatal Cond 
HH 0.123ª 0.15ª 0.102ª 0.36ª 
HL o.o&ab 0.076b 0.084b o.215b 
LH 0.091ª 0.115ª 0.126ª 0.476ª 
LL 0.059b 0.0769b 0.086b 0.!69C 
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Table 4 Speannan 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, L WR = Leaf weight ratio, NAR = Net 
assimilation rate and R/S = Root/shoot ratio. 

52 days 104 days 
p r p 

RGR VS TDB 0.76 0.01 0.52 0.12 
SLA 0.73 0.02 0.62 O.OS 
LAR 0.05 0.09 -0.!3 0.71 
LWR -0.55 0.1 -0.57 0.08 
NAR 0.89 0.0004 0.88 0.0008 
R/S -0.42 0.22 0.46 0.17 
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Figure lit- 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 p/aty/oba, Cm 
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high (HH), high-low (HL), low-high (LH) and low (LL) light intensity. Species names as in Table l. Small 
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Abstract 
In thís study we compare the capacíty of five specíes 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 plants 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 1 Og of fertilizer and the surrounding area was filled 

with soil from the forest and sand as the rest ofthe 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 loca!ize 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 thao under LH and LL, with thinner 

leaves (higher SLA) under LL and Lll 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 offertilized patch (LH-Fp) which eliminate the benefit ofthe light 

condition, this response suggest a change in- the pattem 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 
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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 suggcst a modification of the acclimation pattem 
expected by light changes cvaluated separately of nutríent resources. 

When Caesalpinia eriostachys and Heliocacpus ~ were growing in 
competition showed a reduction in the total rnass and leaf area produced as well as 

the RGR attained, but even that the magnitude of the reduction was higher in H. 
lllllidus, their biomass achieved was always higher than C. eriostachys. Both species 
had a benefit of the fertilized patch, in terrns of dry mass and RGR, when growíng 
alone and under HH and LH, but not in the RGR under low light condítions. The 
nutrient patch did not cause bíg changes in the characteristícs of the leaves (LAR, 

SLA) and the proportion of dry mass allocated to them (L WR), the changes 
observed in theses parameters followed the expected changcs caused by light levels. 
When growing in competition there was a general reduction of the expected benefit 
of the fertilízed patch for the total dry mass under HH for C. erjostachys. In H. 
~ 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 individual!y 
corresponds to: HH+Fp and LH+Fp > LL+Fp and HL+Fp, this pattem was modified 
when was growing in competition: HH, HL and LH (ali under +Fp) > LL+Fp. 

The trends showed in this study suggcst a different magnitude and pattem of . 
plasticity among the specics in response to light changes and foraging for soil 
nutricnts, as well as the magnítude and the pattem of plastícity 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 detennined, in sorne extent, 

by their capacity to exhibit modifications in their physiology and/or morphology as 

response to the influence of the environment {plasticity smsu· Bradshaw 1965). 

Numerous studíes have reported how different resouice availability, influence the 

plant growth, these studies have been conducted mainly undcr prcvailing high vs low 

availability of the essential resources (Grime 1979, Chapin 1980, Denslow 1980, 

Bjürkman 1981, Augspurger 1984, Robinson and Rorison 1988, Rincón and Grime 

1989, Huante et al. 1995). The responses obtained from these investigations 

provided infonnation about the plastic ability of the species. In accordance, plants 

adapted to grow in areas 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 interest in undersfanding 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 transferrcd 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 (Gríme et al. 1986, Crick and Grime 1987, Pompa and Bongers 1991 , 

Sims and Pearcy 1991, Strauss-Debenedetti and Bazzaz 1991 , Ackerly 1993). From 

thesc 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 p!astic response 

in heterogeneous environments allows plants to allocate limiting resourccs in ways 

that maximize thc absorptíon of the essential resources (Gersani and Sachs 1992). 

Grime 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 thc 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 interna) pattem 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 ofbiomass to structures that favor the 

exploration and exploitation of the highly changing environment created by the self 

plant activity and their neighbours (Grimc 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) tha.1 the 

surrounding soil volume (Chapín 1980, Grime et al. 1986, Grace 1991, Hutchings 

and deKroon l 994). Severa! 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 Sladc 

1988, Jackson and Caldwell 1989, Hutchings and deKroon 1994 and refercnces there 
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in) . In accordance to Grime et al. (l 986) plastícity in plants from habitats with low 

stress and low disturbance is manifested throughout foraging behaviour. This 

behaviour consist in a continuous placement of resource-acquíring structures (fine

roots in the case of soil nutrients) imo 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 to 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. (199la, 

b) showed that a rapid proliferation of roots and develop of lea ves 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 to local injection of enriched 

nutrient solution. The most responsive species (A~opyron desertorum) was tested to 

be a stronger competitor for water (Eissenstat and Caldwell 1988b). 

The capacity of the species to show plastic responses is detennined by the 

genotype and the phenotypic expression is subject to trade-off relationships between 

the cost to produce a structure to exploit the limiting resourcc and the benefit derived 

from this exploitatioil. 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 plants will invest more energy to 

root growth by the reduction of the allocation to the shoot and under !ow light 

intensity the growth of photosynthetic tissue will increase at expenses of root 
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growth. These changcs 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 ofthe roots to search and exploit soil nutrient patches (Caldwell 1994). 

Most of the ecological investigations about plant responses to changes in 

resource availability have been conducted with tempera.te and mainly herbaceous 

piants. Tempera.te ecosystems have severa! different characteristics in re!ation to 

resource availability compared with tropical systems, these differences could be of 

ecological relevance. Tempera.te 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 plant 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 pattem of precipitation which cause 

high restrictions in water and nutrient availability during about eight months 

(Murphy and Lugo 1986, Bullock 1986), this constrains plant growth and has an 

important effect on the deciduous character of this forest. Furthennore, the !arge 

heterogeneity in the spatial distribution of the soil nutrient availability is due, to the 

rain pattem, the dynamics of the organic matter decomposition and the spatially 

variable soil characteristics (Martínez-Yrizar 1984, Solís J993) . 

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 cxploit soil patches with 

abundance ofnutrients (foraging for nutrients), and 2) ifthe responses to changes in 

light intensity and foraging for soil nutrients have an effect on the competitive 

interaction of tlie species. Because nutrient absorption by roots is an energy 

requiring process and species differ in thcir ability to adjust desbalances in resource 
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availabilitíes which could modify the competitive interactions of the species. We 

expect different abi!ity to search and exploit a fertilized soil patch where hig..lier 

ability is expected in the fast-growing species and a lower in the slow-growing 

species. Under light limitation we expcct a lower ability to forage for soil nutrients, 

this response is predicted to be higher in the species with the highest groV1.1h. When 

light intensity change we predict a higher foraging response in piants that experience 

changes from low to high light intensities (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 tenns 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 24.9ºC 

mean temperature and with a characteristic seasonal pattem of precipitation (total 

annual average of 748 mm, 1977-1984). The rain falls between Juiy and October, 

but the amount and the periodicity of rain ís highly variable (annual precipitation 

range from 453.6 to 937.l mm) (Bullock 1986), this variation causes changes in the 

availability of nutrients in the soil (Solís 1993 ). Spatial distribution of soil minera! 

nutrient content is highly variable where phosphorus is the element with higher 

variation (Huante et al. 1995). Plant diversity is cstimated as 1120 species in 350 

km2 (Lott 1993) and 28-31 tree species (:S 10 cm DBH) per 1000 m2 (Lott et al 

1987), even higher than othcr deciduous forcst with higher precipitation (Lott 1985). 

The species studicd were Caesalpinia eriostachys, Caesalpinia plat):luba 

(Leguminosae), Celaenodendron mexicaoum (Euphorbiaceae), CQilfia alliodora 

(Borraginaceae) and Heljocacpus pallidus (Tiliaceae). These species were selccted 

bascd on habitat preferences, the characteristics of their root system (Huante et al. 

1992) and the relatíve growth rates (RGR) exhibited in previous experiments where 

they were grown during 60 days under contrasting nutrient availabilities; the RGR 

under the highest nutrient treatment are the values considered here (Rincón and 

Huante 1994, Huante and Rincón l 995b ). Caesalpinia eriostachys is the most 

common species in Chamela, this species contributes to the standing-crop biomass 

with 37% (Matínez-Yrizar et al. 1992) and has an intermediate RGR (average 0.067 

g g-1 day-1 ). Caesalpinia platyloba is a mature forest spccies that has showed an 

intermediate RGR (0.069 g g-1 day-1) and low variation in RGR at rliffen:mt 

phosphorus avaílabiiities (Huante et al. J 995a). Ce.laenodendron IneAil;_ililllm tends to 

domínate in smail arcas inside the forest (Martijena and Bullock 1994), seedlings of 
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this species show a high tolerance to shade and low nutrient conditions, its RGR 

(0.031 g g· l day· 1) is the lowest among the species inc!uded in this study. Cfildia 

alliodora tends to grow in small disturbed sites (Lott 1993), its RGR is 0.088 g g·l 

day-1 . Heliocarpus pallidus contributes with 1.83 % to the standing crop biomass 

(Martínez-Yrizar et al. 1992), has a high growth rate (0.147 g g·l day-l) 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 µmol m·2 s·l anda low light treatment wÚh 400 

µmol 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 l. 

Seeds used were collccted from at least 1 O trees and gcrminated on humid pure silica 

san d. 

Experiment 1. 

Four species with contrasting growth rates were included: Caesalpinia 

platyloba, Celaenodendron mexicaoum, Cordia al.fuldo.ra and Heljocarpus pallidus. 

Seedlings with three-days of genninated 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 contain a soil patch area as showed in Figure la. The soil patch 

(Fig. 1) was constructed with plastic net forming a cylir.der (5 cm of diameter and 8 

cm of length, corresponding to 5% of the total soil volume ). Two treatments in this 

patch were tested (with and without fertilization), in both treatments the cy!inders 

were filled with the same mix of soil :sand as ir. the rest of the bag, but in one 

treatment, the cylinder included 1 O 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 unferti!ized patch trcatment (-Fp) corresponded to those 

bags that contained a cylinder without fortilizer addition as showed in the Fig. l. 

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 exploralion 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 (LL) 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 plants were growing under these last conditions during another 42 days. Thus, 

the total growth period ofthe experiment was 84 days. Five plant replicates perall 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 l but, in addition, interspecific 

competition was included in factorial combination with light and soil patch 

treatments. The species studied were Caesalpinia eriostachys and Heliocarpus 

p.alfull.ls. Treatments consisted in seedlings growing a!one and in competition with 

the other species. In this experiment, the position of the patch was located in the 

center ofthe plastic bag and the seedlings were transplanted toan opposite posit!on 

one each other avoiding the center of the bag as showed by the F ig. 1 b, this 
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arrangement give, to both species, the same probabílity of reach the soil patch. The 

duration of the experíment was a little longer than the experiment 1, three days o!d 

seedling were transplanted to the bags at threc days, thc light transfor treatments 

werc realized after 50 days of growth and the total growth period was of 100 days. 

Five pots per treatment wcrc included. 

In both experiments three har.;ests wcre conducted, an initial rea!ized aftcr 3 

days of seed germination (at time of transplanting), an intermediatc conducted aftcr 

42 or 50 days of growth (experiment 1 and 2 respcctively) and a final harvest after 

84 and 100 days of growth (experiment l and 2 respectivcly). 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 separatcd. 

The separation of roots by specics was facilitated by the dark brown and white root 

colour of Caesalpinia eriostacbys and Heliocacpus pallidus, rcspectivcly. Plant shoot 

was separated in stems and leaves and the Ieaf arca per plant was measured (Delta-T, 

England). All plant parts were dried in at 80ºC oven during 48 hours and weighted. 

The following parameters were calculated according with Evans ( 1972) and 

Hunt (l 982): the dry mass accumulation, the root dry mass inside thc soil patch, thc 

rclativc growth rate (the dry mass production per unit of time, RGR), the lcaf arca 

ratio (the ratio of total leaf arca to whole plant dry mass, LAR), specific leaf arca 

(the proportion of leaf area by leaf dry mass, SLA), leaf weight ratio (the proportion 

of lcaf dry mass by the total plant dry mass; L WR) and the root/shoot ratio ( dry 

mass accumulated in the root compared with the mass in the shoot, R/S). 

For experimcnt l , trcatment effccts in ali parameters were tested by two way 

analysis ofvariance, 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 100 days 

of growth separately. In both cxpcriments log-tra.'lsfonned 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 to changes in light intensity were also different 

among species, showing in sorne of them an interaction between both light condition 

and foraging capacity. 

Celaenoden<lron 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 produced 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 wcrc 

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 L WR and R/S ratio were unresponsive to 

ali treatments {Table 1 and 2). 

Rest of the species at 42 days 

The patch dry mass, total dry mass and RGR werc the highest under H+Fp and 

the lowest under L but wíthout patch effect (Fig. 2). The LA was füe highest under 

H+Fp and not different of L +Fp in Caesalpinia pla1;'1uba and Cord.ia alliodora (Table 
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l ). The LAR and SLA were unresponsive to the fertilized patch and higher under L 

than H. The L WR 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 Cm:dia allio<lora where H-Fp=H+Fp, no patch effect was showeá under L 

(Table l) 

Res! ofthe 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-i-Fp for 

Caesalpinia platyloba and Co.alia alliodora and under LH+Fp for Heliocai:pus 

JlBlllih¡s. The total dry biomass proáuced and the RGR ofCaesalpinia 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 

Heliocai:pus pallidus LH+Fp was the treatment with the highest RGR (Fig. 3). 

The plant leaf area was higher in ali light conditions +Fp than -Fp excepting 

the LL and the LH for Caesalpinia 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 Caesalpjnja platyloba (HL-Fp > HL+Fp), 

Co.alia alliodora (LH-Fp > LH+Fp) and Heljocacpus 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 Cmdia 

alliodora. (Table 2). 
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Experiment 2 

Both species Caesalpinia eriostachys and Heljocarpus pallidus responded to 

light changes and foraging behaviour and were affected by the interspecifü: 

competítion, Although the magnitude of the response and the growth parameters 

affected differed bctween 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 (Table 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 competítion effects in both light treatments. The L WR 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 

l 5 



Foragingfor nutrien/s, lighl responses and competiUon ·-·-- - - -------- -·----------~--------·._ __________ ···- -·--·- -----··- ----·-· -· .. ·-· ·· - .,,. _______________ , ___ - ----·---

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 arca produced had a patch effect (+Fp > -Fp) in ali light 

treatment'i growing alone, but LL-Fp = LL+Fp when in competition. The highest 

value was showed under HH+Fp and the lowest in ali light conditions with -Fp. 

Competition caused a reduction in Ieaf 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. Thc 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 L WR was the lowest in H-Fp, but in competition H

Fp = H+Fp. The R/S ratio was the lowest 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 hig.'1est under HH+Fp 

and LH+Fp growing alone but oriJy 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 ali light conditions, HH+Fp = LH+Fp and were the 

highest values. Competition caused a reduction in ali 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 alone 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 ali 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 L WR 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 lig.'1t effect were lost 

in competition (Table 4). The R/S ratio was under -Fp > -Fp for HH and LH. In 

competítion the R/S ratios increased under HH+Fp and HL+Fp (Table 4). 

17 



Foragi.•gfor n~trients . light responses and competition 
·------ -------····-·--- -·---· -----·-·- -- ---- ----··------------ -----·- ----·---· ------------------ ·- ----~-~- --·-·-----~-- ----·-·--- .... ------~"· 

Discussion 

Ibis study shows evidence about the different ability ofthe species studied to 

rcspond to changes in light intensity and to forage for soil nutrients with a patchy 

distribution. Several studies have separately documented plant responses to changes 

in light intensity and the ability ofplants 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 p!ants under high light (Rice and 

Bazzaz 1989, Sims and Pearcy 1989, Denslow et al. 1990, Pompa and Bongers 

1991, Tumbull 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 ). Severa! studies have documented a proli feration 

of roots with an increase of root branching, biomass and the uptake of nutrients in 

soil patches with high resource abundance (Drew 197 5, Drew and Saker 197 5, 

Grime et al. 1986, Crick and Grime 1987, Hutchings 1988, Eissenstat and Caldwell 

1988a, b, Jackson and Caldwell 1989, Caldwcll 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 ofthe rich patch is only a small proportion ofthe total soil volume available 

for the plant (Chapín 1980, Grime et al. 1986, Caldwe!l et al. 1991 ). 

The exploitation of below-ground rcsources (as the ability to forage for soil

patches with high rcsource availability) depends on the resources captured above

ground, because the different root functions involves energy-demanding processes. 

The relationship between light availability and rnot 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 plants growing in enriched soil 

patches than those under non-enriched patches when growing under high light 

intensíty, but this response in phosphate uptake was not evident when plants wcre 

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 distributed soil nutrients wa.5 found among species. These 

differences were exhibited in the amount (i. e. magnitude of the response) as well as 

the pattern ofplasticity (direction ofthe response) (Kuíper 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 the soil patch) at any light condition. This could be due, in sorne 

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 pattem of light acclimation (HH = HL and LH = LL) 

compared with the rest of the studied species. In addition, Celaenodendroo 

mexicanum produces thinner leaves (higher SLA) under LL and LH, which suggest 

certain tolerance to shade. 
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In response to changes in light intensity it has been documented a higher 

acclimation in growth and photosynthesis of piants transferrcd from low to high 

{LH) than from high to low (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, Tumbull et 

al. 1993, Ackerly 1993). Those responses could be dueto a higher retum in carbon 

investment of the shade leaves than sun leaves, owing to their lower e investment 

per unit of leaf area (Sims and Pearcy 1991) and to the rate of leaves production 

(Ackerly 1993). As prcdicted 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 

.ca_esalpinia erjostachys under LH-Fp = HL+Fp due to a strong reduction under LH

Fp, in Heliocarpus pallidus the RGR and dry mas under HHcFp 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 expectcd pattem of acclimation to 

light changes. lt has been documented that when light is reduced the plant reduce 

ftrst 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, plant shading can 

reduce the growth rate of both shoot and root and consequently the demand for 

nutrients is reduced. In this study the root hiomass 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 a..Tld Poorter 1992). 

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

experienced by wild plant'>, where there are sitcs (Chapín 1980, Grime et al. 1986, 
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Eissenstat and Caldwdl 1988, Hutchings and de Kroon 1994), it can he expected a 

strong competitiGn among individuais to place their roots and exploit the high

resources patchcs. High nmrient 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 affocted 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 resources (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 erjostachys and Heliocarpus pallid_w¡ 

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 ofthe reduction was higher 

in H. pallidus, the biornass achieved was always higher than C. eriostachys. H. 

pallidus has been tested to show a higher plasticity in growth rate and biomass 

production under different light intensities (Rincón and Huante 1993), whole 

nutrients (Rincón and Huante 1994, Huante et al. 1995b) and phosphorus (Huante et 

al. l 995a). 

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 rnass allocated to them (L WR); the 

changes observed in these parameters followed the expected changes caused by light 

levels. The main effect of competition for C.. eriostachys was the reduction of the 
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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 ofother species has been previously documented ( Caldwell et al. 199 l a, b ). In 

H.. pa.lful.us. 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 affe.cted by competition than C. erjostacm:,s. The pattem of 

acclimation to light changes showed in the leaf area produced when H. pallidus was 

growing índividually corresponds to: HH+Fp == LH+Fp > LL+Fp = HL+Fp; this 

pattem was modified when was growing in competition as follows: HH = HL = LH 

(ali under +Fp) > LL+Fp; thus, competition caused a reductíon 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 L WR, suggesting the 

existence ofbellow ground competition more than a strong shading between species. 

lt has been documented in previous studies that even in conditions where there is a 

c!ear competiticn for light, root competition r.an be more pronounced (Martín and 

Field 1984, Cook and Ratcliff 1985). Experiments about root competítion for high 

nutrient patches conducted by Caldwell and co-workers have suggested ínterference 

in the root systems of the competing species by difforent root densities a.11d speed of 

growth of the specíes (Caldwell et al. 1991a, Eissenstat and Caldwell 1988); 

however, those densities were not proportional to the exploitatíon of P by the species 

(Caldwcll et al 199lb). 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 envíronment in which the same supply of 

resources is uniformely distributed. 

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

different specíes by changes in light íntensíty and by the activity of neighbours. At 
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the same time how the acclimation responses to light changes can be intluenced by 

the capacity to exploit a soil rich patch. The study suggest a different magnitude and 

direction (i.c. pattem of response) of the plastic abilities among the species witll 

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 (Solís 1993) and light (Barradas 199 l) resources, the plant 

success could be determined, in sorne extent, by its growth responses to confront the 

heterogeneity in resources and the influence of neighbours . 
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Table l. Total leaf area (LA, cm2), leaf area ratio (LAR, cm2/g), specific leaf area (SLA, cm2/g), 
leaf weight ratio (L WR, g g-1) and rootishoot 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 unfrrtilized 
(-Fp) an ferti!ized (+Fp) nutrient patch. Species names as follows: Cp = Caesalpinia piatyloba, 
Cm= Celaenodendron mexicanum, Ca= Cordia alliodora and Hp = Heiiocarpus pa!lidus. Small 
letters show significant differences (p<0.05) between treatments by species as indicated by the 
underlines. 

Cp Cm Ca Hp 
-Fp +Fp -Fp +Fp -Fp +Fp -Fp +Fp 

LA 
H 167.6b 282.40ª 15.28b 23.72b 35 .05b 57.l l ª 157.94b 439.29ª 
L 222.2b 303.61ª 29.82ª 29.53° 33.68b 60. I lª J 14.08b 147.40b ------LAR 
H !04.27b 140.89b 96.70b !l i.03b l 15.4b 157.05b 214.9Sb 237.6lb 
L 142.05b 192.94ª 238.60ª 258.IOª 223.5ª 268.74ª 401.64ª 438.84ª 
SLA 
H 195. le 263.lOb 199.28b l 95.53b 240.72b 298.92b 431.61 b 4 I l.22b 
L 3751 396.06ª 431.55ª 479.23ª 403.72ª 467.56ª 658.24ª 718.17ª 
LWR 
H 0.37b 0.53" 0.48ª 0.573ª 0.486b 0.524ª 0.495b 0.578ª 
L 0.531 0.49ª 0.55ª 0.544ª 0.555ª 0.574ª 0.610" 0.616ª 
R/S 
H 0.53ª 0.355b 0.44ª 0.312ª 0.69" 0.63ª 0.56ª 0.26b 
L 0.33b 0.34b 0.40ª 0.396ª 0.5lb 0.44b 0.24b 0.23h 
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Table 2. Total leaf area (LA, cm2), leaf area ratio (LAR, crn2 g· l ), specific leaf area (SLA, cm2 g· l ), leaf weight ratio 
(LWR, g g· l) and root/shoot ratio (R/S) 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 fertiiizcd 
(..-Fp) soil nutrient patch. Species names as in Table l. Sma!I letters show significan diffemces (p<0.05) among 
treatments by species as indicated by the underlines. 

Cp Cm Ca Hp 
-l<'p +Fp -Fp +Fp -Fp +Fp -Fp +Fp 

LA 
HH 328.8b 459.3ª 47.93b 82.92ª 172.5 le 438.5ª 789.2d 17048 

HL 289.Jb 533.6ª 38.88b !04.8ª 173.24C 233.98C 448.9C 1083C 
LH 352.5b 366.Sb 32.20b 53 .90b 254.54C 324.6b 856.8d 1455b 
LL 323.8b 284.Jb 34.07b 38.55b 194.20C 210.9CC 474.le 289.4C 
LAR 
HH 49.Sb 58.J&b 98.)6b 130.5b 71 .88b 56.61 b 80.74C 70.94C 
HL 84.2ª 101.86ª 171.92ª 178.3ª 125.6ª 115.89ª 10i.5b 125.9ªb 
LH 64.8b 58.58b 124.53b 135Jb 93.llªb 70.43b 92.23b 97.)4b 
LL 100.5" 96.94ª i86.28ª 164.4ª 124.6ª 102.69ª 138ª 1 OS.Jb 
SLA 
HH ) 56.4C 167.2bc 205.77 228.6b 202.5C 189.JC 25 l .53b z45b 

b 
HL 202.!b 281. ¡a 225.7b 226.6b 301.l 3 272.48ª 365.73ª 371.68 

LH 195.7b 188.Jb 263 .48 297.48 241.2bC 205.96C 263 .32b 2945b 
LL 258.9ª 255.67ª 283.38 285.88 327.7ª 269ªb 455.55ª 376.4ª 
LWR 
HH O.J2b 0.35b 0.48 ª 0.57 ª 0.348h O.Job 0.28b 0.289b 
HL 0:42ª 0.26C 0.52 ª 0.60ª 0.407ª 0.42ª 0.32ª 0.3408 

LH 0.3Jb 0.3lb 0.48 ª 0.60 8 0.3828 O.J4b 0.35ª 0.331 ª 
LL 0.39ª 0.38ª 0.46 ª 0.58 ª 0.378ª 0.38ª 0.32ª 0.279b 
RJS 
HH 0.54ª 0.56ª 0.52 ª 0.43 8 1.48ª 1.68ª 0.74b 0.56C 
HL 0.53ª 0.38b 0.4(i a 0.41 8 J.J2bc t.osc 0.91ª Ü.44C 
LB 0.598 0.50ª 0.61 ª 0.48 a l .26b 1.41 ab 0_48C Ü.47C 
LL 0.44b 0.42h 0.43 ª · 0.35 ª 1.708 l .05C 0.84ª 0.98ª 
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Table 3. Total dry mass into the soil nutrient patch (g), total dry mass production (g), total leaf area 
(LA, cm2), kaf area ratio (LAR, cm2 g· l), spccific leaf area (SLA, cm2 g-1), leaf weight ratio 
(LWR, g g· l) and root/shoot ratio (R/S) showed by t!te four species at 50 days of gro~1h under high 
(H) and low (L) light intensity combined in a factorial design with a unfertiliscd (-Fp) an fertifüed 
( +Fp) nutrient patch. Species names as follows: Ce = Caesa/pinia eriostachys growing individually 
Ce-Hp = Ce growing in competition with Hp, Hp = He/iocarpus pa/lidus growing individually and 
Hp-Ce:c Hp growing in competition with Ce. Small letters show significan! diferences a."!!ong 
treatments (p<0.05) as indicated by the underlines. 

Ce Ce-Hp Hp Hp-Ce 
-Ji'p +Fp -Fp +Fp -Fp +Fp -Fp +l<'p 

Patch dry mass 
H o.014b o.osa O.OIObc 0.058ª 0.0096b o.009b 0.007bc 0.026ª 
L O.OJ Jb o.024ab o.009bc 0.0076C 0.0034C 0.0076b 0.004C 0.003' 
Dry mus 
H 2.s4bc 5.7ª 2.36bc 5.50ª !.27b 4.60ª 0_93bc 5.038 

L ¡_se 2.9Jb l.5JC l .84C · 0.58' 1.79b 0.66' l.44b 
RGR 
H 0.061 b 0.077ª 0.06b 0.077ª O.J8b 0.21ª 0173bc 0.207ª 
L o.o51c 0.064b O.OSJC O.OS4bc 0.16' O.J&b 0.167' 0.178b 
LA 
H 215C 558.37ª 195.80' 559.1ª 256C 1027.4ª 2l3.8C 924.2ª 
L 2!8.8C 553.9ª 229.9bc 326.7b 235.2C 664.48b 270. lb 604.4b 
LAR 
H 86.44' 96.04C 85J4C J0 l.63C 20J.3bC 229.i3b 234.)b 184.JC 
L 149.Sb 190.46ª 147.8b 176.7ª 407.77ª 397.56ª 410.66ª 455.8ª 
SLA 
H 267.6Cd 242.Sbc 275.9C 237.8bc 440.2C 4i8.9C 5¡2b 400.8C 
L 391.7ª 403.22ª 402.42ª 395.3ª 740.7ª 709.34ª 802.77ª 780.5ª 
LWR 
H 0.32Cd 0.40bc OJld 0.4J8b 0.46C o.ssab 0.458C Q,459C 
L 0.38C 0_47ab OJ?C 0_45ab o.ssab 0.56ª O.Sllªb 0.582ª 
R/S 
H 0.74ª 0.44bc 0.79ª OJSC 0.51ª 0.25b 0.51ª 0.3lb 
L 0.46b 0.27d OJ9bc 0.28d 0.27b 0.19' 0.20' o.12d 
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TablP. 4. Totai dry mass into the soil nutrient paich (gj, t?tal dry mass production (g), the relative growht rate (RGR, 
g g· l do)''° i ), lota¡ leaf area (LA, cm2), leaf area ratio (LAP~ cm2 ¡f l ), specifit ieaf arca (SLA, cm2 g· l ), leaf weight 
ratio (L WR, g g· l) and root/shoot ratio (RJS) showed by the. four species at 100 days of growth under high (HH), h igh-
low (HL), 1ow-high (LH) and low (LL) lighl intensity combined in a fa~torial desig11 with a unfertilized (-Fp) and 
fertilized (+Fp) soil nutrient patch. Species names as in Table 3. Small letters show significan! differences arnong 
treaonents (p<0.05) &s indicated by underlines. 

Ce Ce-Hp Hp Hp-Ce 
-Fp +Fp -Fp +Fp -Fp +Fp -Fp +Fp 

Patcb dry mass 
HH 0.031 d 0.15 ª 0.049 e 0.1 1 ª o.034cd 0.53ª 0.021 d 0.478ª 
HL 0.0J3Cd Q.046 C 0.063 b 0.077 b Ü.057C 0.037 e 0.177 e 0.056C 
LH 0.036d 0.10ª o.017e 0.032d Ü.040C 0.48ª 0.0196d~ 0.281° 
LL o.017e 0.048C 0.065 b 0.03 d o.034cd 0.075C 0.0168de o.029d 
Dry mass 
HH 3.91C 20.99ª 5.99d 14.22 b 8.74d 37.40ª 6.o6e 25.28b 
HL 3.41 e 7.8QCd 3.42 e 11.72 b 6.87 e J5 .6/C 3.91 f i4.34C 
LH 5.57 d 11.41 b 5.97d 10.2 b 8.73 d 35.68ª 6.2oe 28.23b 
LL 4.01C 6.98C 3.37C 4.S6d 6.64b 14.05C 4.34 f I0.50d 
RGR 
HH 0.0068d 0.026b 0.0!8C 0.0l8C 0.039C 0.Q42C O.Q35Cd 0.Q32C 
HL 0.0064d O.OQ7d o.007d o.014cd 0.034d o.024e 0.029d O.OJ9f 
LH 0.027b 0.028b 0.026b 0.034ª 0.055b 0.065ª 0.044b 0.063ª 
LL 0.018C Ü.0J7C 0.0l6C Ü.0!7C 0.049bc 0.046C O.Q37Cd 0.Q42C 
LA 
HH 221 .2e 1178.1ª 204.IC 755.Sb 766.9C 3053 .58 417.Jf 1897b 
HL 2s4d 587.93' 202.5e 757.2b lOSJd 2440b 597_9ef 1506bc 
LH 285.9d 740.00b 30J.9d 571.3c 845 .6C 3041.8ª 5¡7f 1192b 
LL 328.5d 543.SC 30ld 441.lCd 928.8d ¡979b 576.5ef 1384C 
LAR 
HH 60.77bc 55.59C 34.80d 56.17' 87.6JCd 8J.47Cd 80.49Cd 77_44cd 
HL 74_94b 75.7Jb 60.26bc 69.56bc 154.3ª 168.52ª 157.208 l 17Jb 
LH 5J.46C 64.23bc 52.87C 53.66C 98.6bc 85.41 cd 84.47Cd 71.98 d 
LL 82.7Jab 78.69ab 90.73ª 93 .49ª 138.9ª 140.2ª 136.2ªb 134.6ªb 
SLA 
HH 218.9b 184.26C 206.22C !88.3C 379.5Cd 315.39d 354.4d 299.4de 
HL 25J.7b 218.7bc 253.1 lb 22J.7bc 559.1 ab 513.54b 558.6ªb 430.sbc 
LH 233 .6" 237.4b 255.29b 23Q.2b 397.3Cd 328.)d 347.96 260.le 
LL 309ª 296.72ª 342.79ª 322.1ª 605ª s 11.9b 560.5ªb 49S.2bc 

------· LWR 
HH o.28bc O.Joab 0.168d 0.298ªb 0.2JC 0.26bc Ü.226C 0.257bc 
HL 0.298b OJSªb Ü.237C 0.312ªb o.28b 0.32ª 0.277b 0.27Jbc 
LH o.22cd o.21bc 0.208cd 0.235C 0.25bc 0.26bc 0.244bc 0.271 be 

LL 0.27bc o.27bc 0.264bc o.294ab o.228c o.27bc 0.242bc 0.269bc 
R/S 
HH 0.76C o.52d l.27ª Ü.57C 0.83b 0.48cd 1.35ª 0.37d 

HL 0.77bc 0.5Jd 0.99ªb 0.44d o.sscd O.JSd 0.&3b 0.44d 

LH 0.83bc Ü.62C G.98ªb 0.91b 0.68bc 0.4Qd 0.64bc 0.37d 
LL o.s1hc O.S9d 0.75bC 0.48d O.?Obc 0.47cd 0.58'ª 0.37d 
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Patcharea 

Unfertilízed patch treatment (-Fp) Fertilized patch treatment (+Fp) 

B) Position of the patch in the experiment of competition 

Unfertilized patch treatment (-Fp) Fertilized patch treatment (+Fp) 

Figure l. Diagram ofthe design ofthe soil patch treatments for A) the experiment J 
and B) the experiment 2. 
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Figure 2. a) Root mass into the patch (g}, b) total dry mass production (g) ande) relative growth rate (RGR, g g· 1 
day·I) 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 
p/atyloba, Cm= Ce/aenodendron mexicanum, Ca= Cordia al/iodora and Hp = Heliocarpu.s pal/idus. Small letters show 
significant differences (p<0.05) between treatments by species. 
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Figure 3. a) Root mass into the patch (g), b) total dry mass production (g) ande) relative growth rate (RGR, g g·I 
day-1) showed by the four species at 84 days ofgrowth 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 diffemces (p<O.OS) among treatments by species. 
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Appendix A. F values and the significance leve!(•, p<0.05, 0 p<0.01 and ••• p<0.001 , 
nwnbers without asterisk are non-significant) of a two-way ANOV A for the factors light 
and soil patch nutrients at 42 days of gro\\-1h. 

Caesalpinia platyloba 
Dry mass RGR LA LAR SLA LWR 

light 4.o• 4.o5• 12.9•• 3.95* 19.2•• 16.9°• 
patch 4.1 • 4.o8• 2.1 3.9• 1.5 5.7• 
lightx 3.7 3.71 0.5 0.98 0.43 6.7• 
patch 

Celaenodendron mexicanum 
Drymass RGR LA LAR SLA LWR 

light 11.4* 29.4··· 7.5• 41.4"'·· 37.3• 0 0.67 
patch 1.94 3.4 1.2 0.6 0.27 2.93 
light X 3.5 2.12 1.4 0.013 0.37 4.1 
patch 

Cordia alliodara 
Dry mass RGR LA LAR SLA LWR 

light 13.2 .. 10.6*"' 0.01 62.7•""" 45*'"· 4.1 * 
patch 4.4• 4.98• 11.7•• 3.7 3.1 4-. 

light X 3.9• 4.4• 0.21 0.017 0.013 3.S 
patch 

Heliocarpus pallidus 
Dry mass RGR LA LAR SLA LWR 

light 124••• 92.5**• 35.1°• 165°• 110º"' 18.8••• 
patch 23.2º"' 15.9 ... 32.1 ... 3.9 0.2 6.4• 
light X 9.8** 5.3• !0.2º 0.23 1.96 4.7• 
patch 



Appéndi:x B. F values and the significance leve!(* , 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• 22.4••• 5.7 .. 3.5• 68.9··· 54.t ••• 10.9••• 
patch 3.6• 4.21 * 0.01 7.4•• 2.36 25.2••• 23.2• 0 

lightx 0.55 1.59 0.24 3.9• 4.06• 23.5 ... 25.5••• 
patch 

Celaenodendron mexicanum 
Root Dry mass RGR LA LAR SLA LWR 
patch 

light 31 .2* .. 4.33* 14.7 ... 16.4*** 10.19•0 4.58 .. 
patch 3.01 3.4 so.6••• 2.9 1.7 124••• 
light X l.22 1.1 8.46 ... 3.0 1.05 1.09 
patch 

Cordia a/liodora 
Root Dry mass RGR LA LAR SLA LWR 
patch 

light IJ .7• .. 11. J ••• 8.14••• 4.2• 11.3••• 35.8··· 3.35• 
patch 34.J••• 21.9•u 4.6• 8.7** 4.8• 1.31 0.75 
light X 7.3•• 3.5 3.4 4.P 0.15 2.1 0.55 
patch 

Heliocarpus pallidus 
Root Dry mass RGR LA LAR SLA LWR 
patch 

light 126··· 177••• 7¡••• 1144'** 25.9 ... 61.8 .... 3.7• 
patch 7.4•• 69.6• 0 7.6•• 69 ... 2.86 0.52 1.4 
light X 6.7•• 17.6••• 2.03 39.1••• 1.1s•• 4.32* s .s•• 
patch 
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Discusión General 

El tema central de Jos experimentos que forman esta tesis es plasticidad en 

plantas. Este tópico es abordado desde el punto de vista de las respuestas de 

diferentes especies a diferentes disponibilidades de Jos recursos luz y nutrimentos, 

evaluadas principalmente por medio de su influencia en el crecimiento. Se inicia con 

diseftos experimentales tendientes a evaluar y describir patrones generales de 

crecimiento ante disponibilidades contrastantes de algún recurso, para lo cual se 

anali?,a comparativamente, entre gran número de especies (34), la respuesta en el 

crecimiento y su relación con los diferentes parámetros que pueden influenciarlo. Se 

continua con Ja evaluación de preguntas más detalladas, usando un menor número de 

especies ( 1 O), sobre el papel de cambios en la disponibilidad de algún recurso (luz) 

en el crecimiento y algunos parámetros fisiológicos como fotosíntesis y 

conductancia estomática. Para continuar con mayor detalle, se incluyen diseños 

donde se pretende integrar las respuestas a variaciones en recursos capturados por la 

parte aérea de la planta (luz) y los captura9os en el suelo (nutrimentos). Los cambios 

en luz aplicados pretenden simular variaciones abruptas en la disponibilidad de este 

recurso causadas por eventos como: perturbaciones o los abruptos cambios dados 

por el carácter estacional de la selva baja caducifolia. Los cambios en la 

disponibilidad de nutrimentos en el suelo pretenden simular la característica 

distribución en parches de la disponibilidad de estos recursos en sistemas naturales . 

Finalmente, considerando que variaciones en la disponibilidad de recunsos pueden 

generarse por la . actividad de individuos vecinos, ya que éstos al consumir los 

mismos recursos reducen su disponibilidad, se analiza conjuntamente la relación 

entre las respuestas a variaciones en luz, nutrimentos distribuidos en parches y la 

influencia de vecinos en individuos de dos especies. A continuación se discutirá la 

contribución de este trabajo, mediante · el análisis de las principales tendencias 

encontradas y la relación que guardan con las hipótesis generadas y con estudios 

reportados en la literatura. 
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El análisis de crecimiento realizado con 34 especies leñosas aporta evidencia 

sobre la existencia de una relación directa entre la biomasa total y el área total 

producida, así como entre la tasa de crecimiento (RGR) y parámetros como el área 

foliar total producida, el cociente de área foliar (LAR) y el área foliar específica 

(SLA), y una relación 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 relación directa 

entre la RGR y la tasa de asimilación neta (NAR) (capítulo 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 rápido crecimiento en un determinado 

recurso, muestran también un crecimiento rápido 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 (capítulo 2), de luz (capítulo 3) y de fósforo (Huante et. al 1995). Las 

tendencias señaladas anteriormente entre la RGR y los diferentes parámetros que 

pueden influenciarla documentan que las especies de rápido crecimiento producen 

!IlªYºr cantidad de biomasa y área foliar y el general sus hojas son más 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, Chapín 1980, Bjürkman 1981, Smith 1981, Augspurger 1984, Oberbauer y 

Strain 1985, Hunt y Lloyd 1987, Komer 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 relación directa entre la respuesta en la tasa de 

crecimiento (evaluada como la diferencia entre la máxima menos la mínima RGR 

obtenida, LiRGR) 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 rápido mientras que las de menor respuesta en 

RGR son las de crecimiento lento. Si se considera la 11RGR como una medida de la 

magnitud de la plasticidad por estos recursos, esto parece indicar y apoyar la 

hipótesis propuesta en esta tesis respecto a que las especies de rápido crecimiento 

s!m más plásticas que las de lento crecimiento. Adicionalmente, se ha sugerido que 

las especies de lento crecimiento producen hojas más longevas, con baja tasa de 

crecimiento, con metabolitos secundarios que les brindan protección contra 

herbívoros y su crecimiento y producción de biomasa se benefician más de 

asociaciones con otros organismos como las micorrizas que las especies de rápido 

crecimiento (Grime 1979, Chapín 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 número de especies incluidas es muy pequeño. En relación con 

Ja herbivoría, usando los datos reportados por Filip et al. (1995) sobre el porcentaje 

de pérdida de área foliar por herbivoría, para algunas especies estudiadas en esta 

tesis, se puede observar (Fig. 2) su relación con Ja tasa de crecimiento máxima 

obtenida. Esta relación parece apoyar lo antes sugerido, excepto en la especie CQrdia 

alliodora, la cual con base en su RGR se podría esperar mayor porcentaje de pérdida 

de área foliar, sin embargo, la baja folivoría que presenta podría deberse a que esta 

especie presenta· mirmecofilia, lo que probablemente Ja protege de la influencia de 

herbívoros. 

Otra variable que se ha sµgerido que es importante en determinar la RGR es 

la biomasa de las semillas, donde se ha propuesto una relación negativa entre ambos 

parámetros. Sin embargo, en la evidencia reportada en la literatura existe 

controversia, ya que también se ha documentado la existencia de una relación directa 

(Thompson 1987, Shipley y Keddy 1988) y, aunque la mayoría de los estudios han 

documentado una relación inversa significativa, ésta generalmente es débil (i.e. bajo 

coeficiente de correlación) (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 más pequefias tuvo la mayor tasa de crecimiento, la relación 

entre la RGR y la biomasa de las semillas es débil pero significativa, lo que podría 

sugerir la importancia de otros factores como Ja asignación de biomasa y las 

relaciones fil o genéticas (Kelly y Purvis 1993, Grime 1994) en determinar las 

variaciones en RGR. En cuanto a la asignación de biomasa, se ha propuesto que las 

especies tienden a asignar su biomasa interna de tal manera que se favorezca la 

explotación del recurso que limita el crecimiento y se espera que esta respuesta sea 

de mayor magnitud en las especies de rápido crecimiento (Chapín 1980). Los 

resultados de esta tesis muestran que cuando las especies crecen en baja 

disponibilidad de nutrimentos aumenta su asignación de biomasa a la raíz (aumenta 

RWR y R/S), sin embargo, no existe una relación interespecífica significativa entre 

R/S y RGR. 

En los últimos aflos se ha avanzado en el conocimiento de Jos determinantes 

de las variaciones interespecíficas en RGR (Grime y Hunt 1975, Korner 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 información 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 algún recurso (como la luz), existe una tendencia 

en las especies de rápido crecimiento a mostrar una mayor capacidad de 

aclimatación 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 

aclimatación también intermedia y el patrón de aclimatación es similar al mostrado 

por las especies de rápido 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 sólo con 

Celaeno<lendron mexjcanum) tienden a mostrar la menor magnitud de cambio en 

todos los parámetros de crecimiento, es decir, el menor grado de aclimatación. Su 

patrón de aclimatación tiende a ser muy diferente comparado con las especies de 

rápido 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 dirección de la aclimatación, donde a mayor 

tasa de crecimiento mayor aclimatación hacia el fenotipo LH respecto al HH y a 

menor tasa de crecimiento menor aclimatación pero en dirección del fenotipo HL 

respecto al HH. Esta misma tendencia la muestran las especies en cuanto a 

características fisiológicas como tasa fotosintética y conductancia estomática. Una 

rápida aclimatación se ha asociado con especies que habitan sitios con gran 

competencia, ya que una rápida respuesta favorece la rápida captura de recursos 

(Grime et al. 1986), la producción de plantas con mayor biomasa y por lo tanto 

mayor probabilidad de superioridad competitiva, si se compara con algún otro 

individuo de la misma edad pero con menor capacidad de aclimatación. Estas 

tendencias apoyan las hipótesis planteadas sobre mayor capacidad de aclimatación 

en especies de rápido 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 l989a, Pompa y Bongers 1991, Strauss-Debenedetti y Bazzaz 

1991, Sims y Pearcy 1991, Tumbull et. al 1993). Sin embargo, no se había 

documentado una tendencia en aclimatación diferente para especies de lento 

crecimiento, no obstante, cabe señalar que la tendencia reportada en esta tesis 

obedece al patrón mostrado por sólo una especie, lo que sugiere la necesidad de 

contar con más evidencias que permitan establecer con precisión el patrón de la 

aclimatación en especies con crecimiento lento. 

Las tendencias de aclimatación en RGR a cambios en la intensidad de luz 

están asociadas con cambios en NAR y las características de las hojas como SLA. 

Esto parece indicar la importancia de las hojas y sus características en determinar la 

tasa de crecimiento. Las hojas producidas bajo alta y baja intensidad de luz difieren 

en sus características anatómicas y fisiológicas . Cuando una planta que crece en luz 

alta es transferida a luz baja o vice versa, las hojas presentan características 

asociadas al ambiente previo al cambio, de tal forma que su aclimatación al nuevo 

ambiente depende, en parte, de la capacidad de sus hojas para superar la posible 

fotoinhibición, la capacidad para modificar los componentes que determinan su 

capacidad fotosintética (capacidad de carboxilación, capacidad de transporte de 

electrones, conductancia estomática y la relación peso:área foliar, LMA) (Pearcy y 

Sims 1994), así como de la velocidad con la que puedan producir nuevas hojas 

adaptadas a las nuevas condiciones lumínicas, debido a que las hojas producidas en 

luz alta son menos longevas y por lo tanto se recambian más rápidamente que 

aquéllas producidas en luz baja (Chabot y Hicks 1982). Una mayor longevidad de 

hojas se ha reportado como una de las características de las especies de lento 

crecimiento y mayor recambio foliar en las especies de crecimiento rápido, 

probablemente a esto se deba la menor velocidad de respuesta y el patrón de 

aclimatación (HL con respecto a HH) de las especies de lento crecimiento. Se ha 

sugerido que las hojas producidas en luz baja son más eficientes, en términos del 
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retorno de carbono ínvertido, debido a su menor inversión de carbono por unidad de 

área (Sims y Pearcy 1991). De acuerdo con lo reportado por Sims y Pearcy (1992) 

para la especie Alocasja macrorrbyza, las características de las hojas se determinan 

durante las etapas tempranas de su desarrollo, entonces inicialmente la adaptación a 

un nuevo ambiente será 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 más eficientes que aquéllas plantas 

transferidas de alta a baja intensidad de luz. Sin embargo, datos producidos con otras 

especies han documentado cierto grado de aclimatación en las hojas desarrolladas 

previamente al cambio de luz (Chow y Anderson 1987, Sebaa et al. 1986). 

En ambientes donde la distribución 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 

rápido crecimiento tienden a producir más raíces para la explotación de dichos 

parches y obtienen beneficio tanto en la cantidad de biomasa y área foliar que 

pueden producir, como en su tasa de crecimiento. Sin embargo, en estas especies la 

explotación de parches ricos en nutrimentos puede reducirse considerablemente en 

condiciones de sombra, resultando en. la reducción de la productividad y tasa de 

crecimiento. Ante cambios en luz, el fenotipo que muestra mayor aclimatación 

tiende a ser el que muestra mayor capacidad para explotar el parche, esto es, el 

fenotipo LH para las especies de rápido crecimiento y el LH y HH para las de 

crecimiento intermedio. Sin embargo, la reducción en la producción 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 reducción en LH por no tener un parche rico en nutrimentos. 

Esto enfatiza la importancia de analizar conjuntamente el efecto de cambios en 
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recursos cuya captura esta inter-relacionada, ya que la disminución de uno provoca 

cambios en la captura del otro. La pérdida o reducción 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 cómo la capacidad de forrajeo ante cambios ep la intensidad de luz puede 

afectar diferencialmente a las especies y cómo, a su vez, la tendencia en 

aclimatación que se puede esperar como respuesta a cambios en el ambiente 

lumínico puede ser alterada por tener acceso o no a un parche rico en nutrimentos. 

Adicionalmente esta tesis aporta evidencia que sugiere que la interrelación entre la 

capacidad para aclimatarse a cambios en luz y la capacidad de forrajeo por 

nutrimentos puede reducirse (considerando la biomasa de raíces producida en el 

parche y la biomasa total) por la presencia de individuos de otra especie, esta 

reducción es más pronunciada en la especie que tiene la mayor tasa de crecimiento y 

ocurre en aquellos fenotipos que muestran los valores más altos (HH y LH). En 

parches ricos en nutrimentos se puede esperar gran competencia para su explotación, 

de tal fonna que la especie que podría obtener mayor beneficio sería aquélla con 

mayor capacidad para encontrarlos y explotarlos rápidamente. En estudios previos 

(Grime et. al 1986, Crick y Grime 1987, Hutchings y de Kroon 1994 y referencias 

ahí citadas) y en esta tesis se ha documentado que esta capacidad de forrajeo es 

mayor en especies de rápido 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, Jos sitios más productivos, que se 

espera soporten mayor número de individuos, la luz llega a ser limitante, por lo que 

relaciones de compromiso entre respuestas a cambios en luz y forrajeo por 

nutrimentos deberían considerarse. 
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En conclusión, existe un conjunto diverso de respuestas en crecimiento, en los 

extremos de ese conjunto se encuentran especies con características plásticas 

contrastantes. Las especies de rápido crecimiento, que presumiblemente habitan 

sitios con abundancia de recursos, son más plásticas en condiciones contrastantes de 

disponibilidad de recursos, cuando los recursos varían muestran mayor capacidad 

para aclimatarse y su patrón de aclimatación es diferente al de las especies de lento 

crecimiento. Las especies de rápido crecimiento tienden también a mostrar la 

capacidad plástica para localizar y aumentar la producción de raíces finas en parches 

en el suelo ricos en nutrimentos, mientras que las especies de lento crecimiento no 

son plásticas en este sentido. El efecto de la disminución de recursos por una planta 

vecina de otra especie es mayor en Ja especies de crecimiento más rápido, aunque 

provoca en ambas la modificación de los patrones de aclimatación y forrajeo en 

algunos parámetros. 

El análisis basado en las relaciones de costo-beneficio de la captura de 

recursos (Bloom et al. 1985) provee una posible explicación a las tendencias aquí 

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 

producción de una nueva unidad de biomasa es alto, en consecuencia, el alto costo 

del crecimiento se ve reflejado en una tasa de crecimiento máxima lenta en plantas 

adaptadas a ambientes pobres. Las plantas características de ambientes ricos son 

generalmente más plásticas en su asignación en respuesta a estres ambiental. Esta es 

la respuesta esperada desde un punto de vista económico ante una situación donde 

los costos varían mucho. En ambientes variables, las disponibilidad de recursos es 

heterogénea tanto espacial como temporalmente, entonces, un patrón de asignación 

muy plástico favorece que las plantas dominen Ja captura de los recursos limitantes 

(Bloom et al. 1985). Por ejemplo, un gran incremento en la asignación al 
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crecimiento de la parte aérea en respuesta a la sombra pennite que una planta pueda 

crecer por encima de individuos vecinos. Las plantas de ambientes pobres son menos 

plásticas en su patrón de asignación, presumiblemente porque experimentan con 

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

Si consideramos que en ambientes heterogéneos la sobrevivencia, el 

crecimiento y la reproducción de las plantas podrían estar determinados, en cierta 

medida, por su habilidad para responder a dicha heterogeneidad, entonces el conocer 

las características de respuesta de diferentes especies a la heterogeneidad ambiental 

podría ayudamos 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 más 

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 generación de heterogeneidad ambiental se han asociado con la alta 

diversidad. Connell ( 1978) propone que la frecuencia de los eventos de perturbación 

son importantes en la regulación de la diversidad, donde perturbaciones frecuentes 

favorecerían una rápida colonización y dominancia de especies de rápido 

crecimiento (colonizadoras) ya que serían las únicas que tendrían el tiempo 

necesario para establecerse antes de que otra perturbación ocurriera y, 

probablemente debido a que rápidamente la luz llegaría a ser limitante, entonces las 

especies dominantes serían las mejor competidoras por luz (Schulze y Chapín 1987). 

A frecuencias de perturbación muy altas, la diversidad se reduciría por exclusión 

competitiva. A frecuencias intennedias de eventos de perturbación, un mayor 

número de especies podría migrar a la comunidad y así aumentaría la diversidad. 

Probablemente la migración de nuevas especies se favorezca a estas frecuencias 

debido a que, con el tiempo, podrían 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 supresión, en cierta medida, de las especies 

dominantes, por medio de respuestas como las mostradas por las especies de rápido 

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 patrón de aclimatación se 

modifica al no tener acceso a nutrimentos, provocando una disminución (en la 

biomasa total producida) en aquéllas condiciones donde se podría esperar mayor 

respuesta. Por otro lado, la interacción competitiva entre las especies y cómo ésta es 

afectada por cambios en la disponibilidad de recursos podrían también influir en la 

supresión de las especies dominantes y la aparición de nuevas especies con 

potencialidades de producción de biomasa y crecimiento diferentes. 

Sin duda, eventos de perturbación generados por actividades humanas ejercen 

una fuerte presión en las selvas bajas caducifolias. Estos eventos han aumentado su 

frecuencia con el paso del tiempo, amenazando cada vez con mayor intensidad Ja 

diversidad de estos sistemas, tanto por el área que es convertida a tierras de cultivo 

(milpas, huertos, pastizales, etc.) que reduce las áreas de selva (para 1980 el 44% del 

área tropical latinoamericana, Houghton et al. 1991) y provoca una fuerte erosión 

(alrededor de 0.2 y 130 ton/ha año para áreas con selva y con cultivo de maíz y/o 

pasto, respectivamente, Maass et. al 1988), como por Ja modificación de su dinámica 

natural en actividades como la extracción selectiva de especies. Una medida para 

poder establecer posibles planes de recuperación y conservación de estas selvas es el 

conocer cómo diferentes grupos de especies responden a cambios en la 

disponibilidad de recursos, para así poder contar con mayores elementos para Ja 

construcción de modelos predictivos sobre el efecto de cambios en estos sistemas. 

Esto se basa en la premisa de que eventos como la perturbación ya sea natural o 

inducida por el hombre, así como eventos a nivel global como el cambio climático, 

generan cambios en la disponibilidad de los recursos esenciales para las plantas. 
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Figura 1. Tasa relativa de crecimiento máxima (RGR) mostrada ante abundancia de 
nutrimentos (+), fósforo (•) (Huante et. al 1995) y alta intensidad de luz. Ce = 

Caesalpinia eriostachys, Cp = Caesalpinia platy/oba, Cm = Celaenodendron 
mexicanum, Cv = Coch/ospermum vitifo/ium. Ca = Cordia alliodora, Hp = 
Heliocarpus pal/idus, Iw = Jpomoea wolcottiana, Pr = Plumeria rubra and Tt = 
Trichilia trifolio. r2 = 0.95, p < 0.0001. 
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Figura 2. Relación entre el porcentage de área foliar perdida por herbivoría (tomado 
de Filip et al. 1995) y la tasa relativa de crecimiento (RGR) máxima obtenida en 
condiciones de gran disponibilidad de nutrimentos ( •) e intensidad de luz alta ( + ). 
r2 = 0.63, p = 0.055. 

14 



REFERENCIAS 

Ackerly DD ( 1993) . Phenotypic plasticity and the sacie of environmental 

heterogeneity: Studies oftropical pioneer trees in variable light environments. Ph 

D. Thesis. Harvard University. Cambridge, Massachusetts. 

rAllen MF (1991) The ecology of mycorrhizae. Cambridge University Press. 

Cambridge, Gran Bretaña. 

Augspurger CK (1984) Light requeriments of neotropical tree seedlings: a 

comparative study of growth and survival. J Ecol 72 : 777-795 . 

Barradas VL ( 1991) Radiation re gime in a tropical dry deciduous forest in western 

Mexico. Theor. Appl. Climatol. 44 : 57-64. 

Bjfükman O (1981) Responses to different quantum flux densities . In: Lange OL, 

Nobel PS, Osmond CB, Ziegler H (eds) Physiological Plant Ecology I 

(Encyclopedia Plant Physiology, NS, vol 12A). Springer, Berlín Heidelberg 

New York, pp 57-107. 

Bloom AJ, Chapin III FS, Mooney HA ( l 985) Resource limitation in plants - an 

economic analogy. Ann Rev Eco! Syst 16: 363-392. 

Boardman NK ( l 977) Comparative photosyntesis of sun and shade plants. Ann Rcv 

Plant Physiol 28 : 355-377. 

Bradshaw AD ( 1965) Evolutionary significance of phenotipic plasticity in plants. 

Adv Genet 13: 115-155 . 

Bullock SH ( 1986) Climate of Chamela, Jalisco, and trends in the south coastal 

region ofMexico. Arch Met Geoph Biocl B36: 297-316. 

Caldwell MM (1988) Plant root systems and competition. In: Greuter W, Zimmer B 

(eds.) Proceedings of the XIV international botanical congress. pp 385-404. 

Koeltz, Konigstein. 



Referencias 

Caldwell MM (1994) Exploiting nutrients in fertile soil microsites. In: Caldwell 

· MM, Pearcy RW (eds.) Exploitation of environmental heterogeneity by plants: 

ecophysiological processes above- and belowground. pp 325-348. Academic 

Press. 

Caldwell MM, Manwaring JH, Jackson RB (199la) Exploitation ofphosphate from 

fertile soil microsites by three Great Basin perennials when in competition. Funct 

Ecol 5: 615-616. 

Caldwell MM, Manwaring JH, Durham SL ( 1991 b) The microscale distribution of 

neighbouring plant roots in fertile. soil microsites. Funct Eco l. 5: 7 65-772 . 

Campbell BD, Grime JP ( 1989) A comparative study of plants responsiveness to the 

duration of episodes ofmineral nitrient enrichment. New Phytol 112: 261-267 

Campbell BD, Grime JP, Mackey JML (l99la) A trade-off between scale and 

precision in resource foraging. Oecologia 87: 532-538. 

Campbell BD, Grime JP, Mackey JML, Jalili A (199lb) The quest for a mechanistic 

understanding of resource competition in plant communities: the role of 

experiments. FunctEcol 5: 241-253. 

Chabot BF, Hicks DJ (l 982). The ecology of leaf iife spans. Annu Rev. Eco l. Syst. 

13: 229-259. 

Chapin II FS (l 980) The mineral nutrition of wild plants. Ano Rev Ecol Syst 11: 

233-260. 

Chapin U FS (1988) Ecological aspects of mineral nutrition. Adv Mineral Nutr. 

3:161-191. 

/chapín U FS (1991) Effects of multiple environmental stresses on nutrient 

availability and use. IN : Mooney HA, Winner WE, Pell EJ (eds.) Responses of 

plants to multiple stresses. Physiological ecology series. Academic Press. 

Chapin III FS, Autumn K, Pugnaire F (l 993) Evolution of suites of traits in response 

to environmental stress. Amer Nat 142 (Suppl): 578-592. 

2 



Referencias 

Chazdon RL ( 1988) Sunflecks and their importance to forest understory plants. Adv 

Eco! Res 18: 1-63 . 

Chazdon RL, Fetcher N (1984a) Light environment oftropical forests. In: Medina E, 

Mooney HA, Vázquez-Yanes C (eds) Physiological ecology ofplants ofthe wet 

tropics. Dr W Junk, The Hague, pp 27-36. 

Chazdon RL, Fetcher N (l984b) Photosynthetic light environments in a lowland rain 

forest in Costa Rica. J Ecol 72: 553-564. 

Chazdon RL, Williams K, Field CB (1988). Interaction between crown structure and 

light environment in five rain forest Piper species . Am. J. Bot. 75, 1459-1471 

Chow WS, Anderson JM (1987) Photosynthetic responses of Pisum sativum toan 

increase in irradiance during growth. l. Photosynthetic activities. Aust J Plant 

Physiol 14: 1-8. 

Coley PD, Bryant JP, Chapin FS III (1985). Resourse availability and plant anti

herbivore defense. Science 230: 895-899 

Connell JH (1978). Diversity in tropical rain forest and coral reefs . Science, 199, 

1302-1310 

Crick JC, Grime JP ( 1987) Morphological plasticity and mineral nutrient capture in 

two herbaceous species of contrasted ecology. New Phytol 107: 403-414. 

Denslow JS, Schultz JC, Vitousek PM (1990) Growth responses oftropical shrubs to 

treefall gap environments. Ecology 71( 1): 165-179. 

Denslow JS (1987) Tropical rainforest gaps and tree species diversity. Ann Rev Ecol 

Syst 18: 431-451. 

Drew MC, Saker LR, Ashley TW (1973) Nutrient supply and the growth of the 

seminal root system in barley. l. The effect of ni trate concentration on the growth 

of axes and laterals. J Exp Bot 24: 1189-1202. 



Referencias 

Drew MC (1975) Comparison of the effeccts pf a localized supµly of phosphate, 

ni trate, ammonium and potassium on the growth of the seminal root system, and 

the shoot, in barley. New Phytol. 75: 479-490. 

Drew MC and Saker LR (1975) Nutrient supply and the growth ofthe seminal root 

system in barley. II. Localized, compensatory increases in lateral root growth and 

rates of nitrate uptake when nitrate supply is restricted to only part of the root 

system. J Exp Bot 26: 79-90. 

Eissenstat DM, Caldwell MM (l 988a) Seasonal timing of root growth in favorable 

microsites . Ecology 69: 870-873 . . 

Eissenstat DM, Caldwell MM ( l 988b) Competitive ability is linked to rates of water 

extraction. A field study oftwo tussock grasses. Oecologia 75 : 1-7. 

Faber-Langendoen D, Gentry AH (1991). The structure and diversity ofrain forest at 

Bajo Colima, Choco Region, Western Colombia. Biotrapica 23 : 2-11 

Fenner BM (1983) Relationships between seed weight, ash content and seedling 

growth in twenty-four species of compositae. New Phyto/ogist 95, 697-706 

Filip V, Dirzo R, Maass JM, Sarukhán J (1995) Within and between year variation 

in the levels of herbivory onthe foliage of trees from a Mexicn deciduous 

forest. Biotropica 27(1): 78-86. 

García-Oliva F, Ezcurra E, Galicia L (1991) Pattern of rainfall distribution in the 

central pacific coast ofMexico. Geografiska Annaler 73 A: 179-186. 

Gamier E (1991) Resouce capture, biomass allocation and growth in herbaceous 

plants. TREE 6(4): 126-130. 

Gentry AH ( 1988). Changes in plant community diversity and floristic composition 

on environmental and geographic gnidients. Ann. Mo. Bot. Gdn 75 : 1-34. 

Grime JP (1979) Plant strategies and vegetation processes. John Wiley, 

Chichester. 

4 



RPferencías 

Grime JP (1994) The role ofplasticity in exploiting environmental heterogeneity. In: 

Caldwell MM, Pearcy RW (eds.) Exploitation of environmental heterogeneity by 

plants: ecophysiological processes above- and belowground. pp 1-20. Academic 

Press. 

Grime J.P, Hunt R (1975) Relative growth rate: its range and adaptive significance 

in a local flora. J Ecol 63: 393-422 

Grime JP, Crick CJ, Rincon E (1986) The ecological significance of plasticity. In: 

Jennings DH, Trewavas AJ (eds) Plasticity in plants. Proceedings of the Society 

for Experimental Biology, 40th symposium. The company of biologists limited, 

University ofCambridge, England, pp 5-29. 

Grime JP, Hodgson R, Hunt R (1988) Comparative plant ecology.· A functional 

approach to common British species. Unwin Hyman Ltd, London. 

Gross KL ( 1984 ). Effects os seed size and growth form on seedling establishment 

odfsix monocarpic perennial plants. J Ecol 72, 369-387 

Houghton RA, Lefkowitz DS, Skole DL (1991) Changes in the landscape of Latín 

America between 1850 and 1985. l. Progressive loss of forest. For Eco) Manage 

38: 143-172-

Huante P, Rincón E, Allen EB (1993) Effect of vesicular-arbuscular mycorrhizae 

on seedling growth of four tree species from the tropical deciduous forest in 

Mexico. Micorrhiza 2: 141-145. 

Huante P, Rincón E Chapin III FS (1995) Responses to phosphorus of contrasting 

successional tree-seedling species from the tropical deciduous forest in Mexico. 

Funct Eco) 9: 760-766. 

Hunt R, Lloyd PS ( 1987) Growth and partitioning. Frontiers of comparative plant 

ecology (eds. I.H. Rorison, J.P. Grime, G.A.F. Gendry & D.H. Lewis), 235-

250. Academic Press, London. 



_______ - ------------- ________ --------- ------------ __ ------ ---~ef_e.~e~c~~' 

Hutchings MJ, de Kroon H ( 1994) Foraging in plants: the role of morphological 

plasticity in resource acquisition. Adv Ecol Res 25: 159-238. 

Jackson RB, Caldwell MM (1989) The timing and degree of root proliferation in 

fertile-soil microsites for three cold-desert perennials. Oecologia 81: 149-153. 

Jackson RB, Caldwell MM (1992) Shading and the capture of localized soil 

nutrients: Nutrient contents, carbohydrates, and root uptake kinetics of a 

perennial tussock grass. Oecologia 91 : 457-462. 

Kelly CK, Purvis A (1993) Seed size and establishment conditions in tropical trees: 

on the use of taxonomic relatedness in determining ecological pattems. 

Oecologia 94:356-360. 

Kitajima K (1994) Relative importance of photosynthetic traits and allocation 

pattems as correlates of seedling shade tolerance of 13 tropical trees. Oecologia 

98: 419-428. 

Komer Ch, Renhardt U (1987) Dry matter partitioning and root length/leaf rea 

ratios in herbaceous perennial plants with diverse altitudinal distribution. 

Oecologia 74: 411-418. 

Kozlowski TT, Kramer PJ, Oallardy SG (1991) The physiological ecology of 

woody plants. Academic Press. San Diego, California. 

Kuiper D, Kuiper PJC ( 1988) Phenotipic plasticity in a physiological perspective. 

Oecologia Plantarum 9: 43-59. 

Lambers H, Poorter H (l 992) Inherent variation in growth rate between higher 

plants: a search for physiological causes and ecological consequences. Adv Eco! 

Res 23: 187-261. 

Lott EJ, Bullock SH, Solís-Magallanes JA ( 1987) Floristic diversity and structure of 

upland and arroyo forests in coastal Jalisco. Biotropica 19: 228-23 5. 

Lott EJ (1993) Annotated checklist of the vascular flora ofthe Chamela bay region, 

Jalisco, México. California Academy ofSciences 148: l-60. 

6 



Referencias 

Maass JM, Jordan CF, Sarukhán J (1988) Soil erosion and nutrient losses in 

seasonal tropical agroecosystems under various management techniques. J 

Appl Ecol 25 : 595-607. 

/ Marshall B, Poorter JR (1991) Plant-soil relationships: acquisition of mineral 

nutrients by roots form soils. In: poorter JR, Lawlor DW (eds) Plant growth: 

interactions with nutrition and environment. Cambridge University Press, 

England. 

Martínez-Ramos M., Alvarez-Buylla E., Sarukhán J. and Piñero D. (1988). Treefall, 

age determination and gap dynamics in a tropical forest. Joumal of Ecology 76: 

700-716. 

Martínez-Yrizar A (1980). Tasas de descomposición de materia orgánica foliar de 

especies arbóreas de selvas en clima estacional. Tesis de Licenciatura. Facultad 

de ciencias, UNAM, México D. F. 127 pp. 

Martínez-Y rizar A; Sarukhán J (1990) Litterfall pattems in a tropical deciduous 

forest in Mexico overa five-year period. J Trop Eco! 6: 433-444. 

Mooney HA, Ferrar PJ, Slatyer RO (1978) Photosynthetic capacity and carbon 

allocation pattems in diverse growth forms of Eucalyptus. Oecologia 57: 148-

150. 

Murphy PG, Lugo AE ( 1986). The ecology of tropical dry forest . Ann. Rev. Eco l. 

Sys.17: 67-88 

Nobel P (1991) Physicochemical and environmental plant physiology. Academic 

Press. San Diego. 

Oberbauer SF, Strain BR (1985) Effect oflight regime on the growth and physiology 

of Pentaclethra macroloba (Mimosaceae) in Costa Rica. J Trop Ecol 1: 303-320. 

Oyama K ( 1994) Ecological amplitude and differentiation among populations of 

Arabis serrata (Brassicaceae). Int J Plant Sci 155(2): 220-234 . 

7 



Referencias 

Pearcy RW, Sims DA (1994) Photosynthetic acclimation to changing light 

environments: scaling from the leafto the whole plant.pp 145-174. In: Caldwell 

MM, Pearchy RW (eds.) Exploitation of environmental heterogeneity by plants: 

Ecophysiological processes above- and belowground. Academic Press. San 

Diego, California. 

Pompa J, Bongers F (1991) Acclimation of seedlings of three Mexican tropical rain 

forest tree species to a change in light availability. JTrop Ecol 7: 85-97. 

Poorter H, Reemkes C, Lambers H (1990) Carbon and nitrogen economy of 24 

wild species differing in relative growth rate. Plant Physiol 94 : 621-627. 

Ramos J, Grace J (1990) The effects ofshade on the gaps exchange ofseedlings of 

four neotropical trees from Mexico. Funct Ecol 4: 667-677. 

Rice SA, Bazzaz FA ( 1989a) Growth consequences of plasticity of plant traits in 

response to light conditions. Oecologia 78:508-512. 

Rice SA, Bazzaz FA (1989b) Quantification of plasticity of plant traits in response 

to light intensity: comparing phenotypes at a common weight. Oecologia 78 : 

502-507. 

Schlichting CD (1986) The evolution of phenotypic plasticity in plants. Annu Rev 

Ecol Syst 17: 667-693. 

Schlichting CD, Levin DA ( 1984). Phenotypic plasticity of annual Phlox: text of 

sorne hypothesis . American Joumal ofBotany 71: 252-260. 

Schulze ED and Chapin FS ( 1987). Plant specialization to environments of different 

resourse availabilities. pp. 120-148 In: ED Schuze and H Zwolfer (eds) . 

Potentialsand Iimitations of ecosystem analysis. Springer-Verlang. 

Sebaa ED, Prioul JL, Brangeon J (1986) Acclimation of adult Lolium mu/tiflorum 

leaves to changes in irradiance: effect on leaf photosynthesis and chloroplast 

ultrastructure. J Plant Physiol 127: 431-441. 

8 



Referencias 

Shipley B, Keddy PA (1988) The relationship between relative growth rate and 

sensitivity to nutrient stress in twenty-eight species of emergent macrophytes. 

J Eco! 76: 1101-1110. 

Shipley B, Keddy PA, Moore DRJ.& Lemky, K. (1989). Regeneration and 

establishment estrategies of emergent macrophytes. J Eco! 77: 1093-1110. 

Shipley B, Peters RH ( 1990) The allometry of seed weight and seedling relative 

growth rate. Funct Eco! 4: 523-529. 

Sims DA, Pearcy RW (1991) Photosynthesis and respiration in Alocasia 

macrorrhiza following transfers to high and low light. Oecologia 86: 447-453 . 

Sims DA, Pearcy RW ( 1992) Response of leaf anatomy and photosynthetic capacity 

in Alocasia macrorrhiza (Araceae) to a transfer from Jow to high. Amer J Bot 79: 

449-455 . 

Slade AJ, Hutchings MJ (1987) The effects of nutrient availability on foraging in the 

clona! herb Glechoma hederacea. Funt Eco! 6: 282-290. 

Slade AJ, Hutchings MJ (1987) The effects of nutrient availability on foraging in the 

clona! herb Glechoma hederacea. J. Ecol 75 : 95-112 . 

Smith AP (1981) Growth and population dynamics of Espeletia (Compositae) in the 

Venezuelan Andes. Smithsonian Contributions to Botany. No. 48. 

Smith H (1990). Signa! perception, differential expression within multigene families 

and the molecular basis ofphenotypic plasticity. Plant Cell Environ 13 : 585-594 

Solís VE (1993) Características fisicoquímicas de un suelo en un ecosistema tropical 

estacional. Bachelor thesis . Facultad de Ciencias, UNAM. México . 

.VSÍrauss-Debenedetti S, Bazzaz FA (1991) Plasticity and acclimation to light m 

tropical Moraceae of different successional positions. Oecologia 87: 377-387. 

Sultan SE (1987). Evolutionary implications of phenotypic plasticity in plants. 

Evolutionary Biology 21: 127-178. 

Thompson K (1987). Seeds and seed banks. New Phytol 106: 23-24 

9 



Referencias 

Tumbull MH, Doley D, Yates DJ (1993) The dynamic ofphotosynthetic acclimation 

to changes in light quantity and quality in three Australian rainforest tree species. 

Oecologia 94: 218-228. 

/yázquez-Yanes C, Orozco-Segovia A, Rincón E, Sánchez-Coronado ME, Huante P, 

Toledo JR, Barradas VL ( 1990) Light beneath the litter in a tropical forest: effect 

on seed germination. Ecology 71 (5): 1952-1958. 

West-Eberhard MJ (1989). Phenotypic plasticity and the origins of diversity. Annu. 

Rev. Eco!. Syst. 20: 249-278. 

10 


	Portada
	Contenido
	Agradecimiento
	Resumen
	Capítulo I. Introducción General
	Capítulo II. Nutrient Availability and Growth Rate of 34 Woody Species From a Tropical Deciduous Forest in México
	Capítulo III. Acclimation to Changes in Light Intensity in Tropical Deciduous Woody-Seedlings With Contrasting Growth Rates
	Capítulo IV. Foraging for Nutrients, Responses to Light and Competition in Tropical Deciduous Tree-Seedlings
	Capítulo V. Discusión General
	Referencias



