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SUMMARY

The silvicultural proposals tor Nothofagus pumilio foresls are mainly based on canopy
open lo stimulate regeneration growth by moditying water and light availability al understory
leve!. Seedlings and saplings aften survive as tolerant species and grow slowly for a long time
(up to 20 years) under shaded overstory. However, when canopy is open by harvesling or wind
Ihrows, young Irees aeting as intolerant speeies and can quiekly colonize the opened areas.

The objeetive was to make a eomparative and lunetional approaeh analyzing morphologieal
and physiologieal eharaeteristies 01 N. pumilio seedlings. growing in a pre-defined lighl gradienl
under controlled conditions of ¡rrigalion and temperature. Seedlings of 2-3 years were collected
in a closed canopy natural stand during September. Then, they were transferred to pats under
a greenhouse, where three light levels were assayed (4%-26%-64% of the total natural incident
light). Irrigation was made manually, maintaining a soil humidily 01 40-60% so;1 eapaeity. while
lemperalure was eonlrolled through loroed ventilation (Iess than 24'C). Thirty six planls in 6 elusters
per eaeh Irealment where measured during January (heighl, number, size and shape 01 leaves.
braneh number and inserlion angle), while 6 plants (one per elusler) was seleeted lor physiologieal
parameters measurement (dark respiration rate.lighl compensation poinI, photochem;cal effieieney,
lighl saturation point and chlorophyll content). Photo-respiration was measured using an infra red
gas analyzer 01 CO, model 5151 01 Qubit 5yslem Ine. wilh a leal ehamber 01 9 em'. Twenly-lhree
variables related wilh three lunelionallevels (leal. shool and erown, whole planl) were analyzed.

Al leaf level, mast of physiological variables were higher in luminous treatment. while biometric
variables were higher in mlddle lighl trealmenl. This lasl lreatmenl has more ehlorophyll a-b (0.033
and 0.011 mg/em'), while luminous trealment has more earolenoids (0.010 mg/em'). However. dark
lreatment presenled Ihe lower speeifie leal mass (0.0007 g/em').At shoot and erown level, no differenees
were found in branch number and insertion angle, bul plants growing in middle Iight trsalment were
tallertllan the olhers (17 cm compared lo 12 cm). At whole planl level. best values were lound in middle
lighl treatmenl. However, the higher leal area ralio was measured in dark trealmenl (389 em'lg).

Nothofagus pumilio seedlings have morphological and physiological characteristics related to
loleranl species, but eould quiekly ehange lo Ihose adapled lo inloleranl species when the Iighl availabilily
¡ncreases. It is necessary to make comparative and functional models to develap better silvicultural
Irealmenls whieh maximize the seedling polenlial during Ihe installalion and ear1y growth phase.
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ECOLOGíA FUNCIONAL DE LA REGENERACiÓN DE LENGA
(Nothofagus pumilio) RESPECTO A LA DISPONIBILIDAD DE LUZ

RESUMEN

Las propuestas silvicolas de los bosques de No/holagus pumilio se basan en la apertura
del dosel para estimular el crecimiento de la regeneractón, cambiando la disponibilidad de agua
y luz. Las plantulas sobreviven como si fueran especies tolerantes ycrecen lentamente por largo
tiempo (mas de 20 años) bajo altas coberturas. Sin embargo, cuando el dosel se abre debido
a la cosecha o volteos por viento. la regeneración reacciona como una especie intolerante.
colonizando rápidamente los sectores abiertos.

El objetivo del estudio fue efectuar una comparación, analizando las caracteristicas
fisiológicas y morfológicas de plantulas de N. pumilio, creciendo en un gradiente de luz bajo
condiciones controladas de riego y temperatura. Para ello. En septiembre se colectaron
plantulas de 2-3 años del bosque en rodales'de alta cobertura, las que fueron transpiantadas
a macetas en invernadero. ensayando tres niveles de luz (4%-26%-64% de la luz incidente
natural). El riego se realizó manualmente. dejando una humedad en el suelo de 40-60% de la
capacidad de campo. mientras que la temperatura se controló por ventilación forzada (menor
a 24°C). En enero se midieron 36 plantas divididas en seis clusters por tratamiento (altura,
numero, tamaño y forma de las hojas, numero y angulo de inserción de ramas), mientras que
6 plantas (una por cluster) rue seleccionada para la medición de los parametros fisiológicos
(respiración en oscuridad. punto de compensación lumínico, eficiencia fotoquímica, punto de
saturación lumínico y contenido de clorofila). La rotorrespiración fue medida con un IRGA' de
CO, modelo S151 de Qubit System Inc. con una cámara de 9 cm'. Se analizaron 23 variables
relacionadas con tres niveles funcionales (hojas, copas, planta entera).

Al nivel de hojas. los mayores valores de variables fisiológicas fueron en el tratamiento
con mayor luz, mientras que las variables biométricas fueron mayores en el tratamiento
intermedio. Este ultimo presentó mayor clorofila a-b (0,033 y 0,011 mg/cm'), mientras que el
tratamiento con mas luz tuvo más carotenoides (0,010 mg/cm2). Asimismo, el tratamiento mas
oscuro tuvo menor masa específica de hojas (0,0007 g/cm'). A nivel de copas no se encontraron
diferencias en número de ramas o ángulo de inserción. Sin embargo, las plantas que crecieron
en el tratamiento intermedio fueron más altas (17 cm contra 12 cm). A nivel de planta entera,
los valores más adecuados se encontraron en el tratamiento intermedio. Sin embargo, la mayor
relación de área foliar se midió en el tratamiento con menor luz (389 cm2/g).

Las plantulas del bosque de Notholagus pumilio poseen caracteristicas morfológicas y
fisiológicas que las relacionan con las especies tolerantes, pero que pueden cambiar rapidamente
a las de una especie intolerante cuando la disponibilidad de luz se incrementa. Es necesario
realizar modelos comparatrvos y funcionales para desarrollar mejores métodos silvícolas que
maximicen el potencial de la regeneración durante la instalación y la fase de crecimiento inicial.

Palabras clave: No/hofagus pum/l/o, fisiología, luz

J IRGA: Analizador de gases infrarrojo (Nota del Editor)
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INTROOUCTION

Seedlings of Nolhofagus Species often survive and grow slowly for very long lime periods
in lhe shaded underslory (Rebertus and Veblen, 1993), crealing a seedling bank (Cuevas and
AIroyo, 1999) wilh a polenlial advanlage in reestablishing canopy dislurbances after lhe openlng
of gaps due lo windslorms, ice damage, limber harvesling or beaver engineering (Veblen,
1989; Rebertus and Veblen, 1993; Guliérrez 1994; Rebertus el al., 1997; Heinemann el al..
2000; Martinez Paslur el al.. 2000; 2006; Anderson el al., 2006). However, while il is generaUy
accepled lhal lhese foresls regenerale in a gap dynamic from an eslablished seedling bank,
lhe eco-physiological faclars lhal delermine lhe seedllng bank ilself are much less known. After
limber harvesl. lhe survival 01 lhe seedling bank and ils rapid growth depends on lhe acclimalion
lo lhe new micro-climalic condilions (Togne«1 el al.. 1998). Pholosynlhesis is one of lhe mosl
important physiological parameler for aU planl growth (Kramer and Kozlowski. 1979). Therefore.
in lhis sludy lhe objeclive was lo make a comparalive and funclional approach analyzing
morphological and physiological characteristics of N. pumilio seedllngs. growing in a pre-<iefined
light gradient under contralled conditions of irrigation and temperature.

MATERIALS ANO METHOOS

Two lo lhree year old Nolhofagus pumilio seedlings from 6-7 cm in heighl were oblained
from lhe understory in nalural primary foresls (54"06' S. 68"37' W). The seedlings were coUecled
in slands wilh high canopy cover (94% ± 5% SE) al lhe beginning of lhe spring. Seedlings were
transplanled inlo plaslic pols wilh 14 cm diameler and 15 cm heighl, which were fiUed wilh a
subslrale of peal - sand - humic forest soil (1: 1: 1). Field capacily was delermined gravimetricaUy
wnh lhe waler conlenl after two days of abundani irrigalion. Planls were kepl in a greenhouse
al Ushuaia city (Tierra del Fuego) (54"46' S. 68"12' W) under lhree lighl inlensity trealmenls
(4%, 26% and 64% of the natural incident irradiance). Temperature was controUed through
lorced venlilalion avoidlng more lhan 24"C al planl canopy level. Irrigation was done manuaUy,
maintaining hall 01 the pianls under a soil humidity of 40-60% soil capacily, while lhe olher half
was grown under 80-100% soil capacity.

Six treatments were defined (three light intensity levels and two soil water contents),
consisling in six repelitions wilh 20 plaslic bags each. During lhe firsl week of each monlh
(Oclober lo March) one plaslic bag per repelilion per lrealmenl was randomly chosen for lhe
measurements. The COl gas exchanges were measured using an ¡nfra red gas analyzer (Model
S151 - Cubil Syslems - Canada) wilh a 9 cm' leaf chamber and electronic lhermal mass flow
meter. The measurements were taken in controlled laboratory conditions (12·14°C in complete
darkness) after an 8 hours acclimatization period of the plants to the new enviranmental
condilions. Leaf chamber lemperalure was 19.6"C ± 2.9"C SE, and lhe supplied air humidity
was 44.8% ± 7.2% SE. while air CO, concenlralion was 315 ppm ± 43 ppm SE. Air supply was
taken from outside and varied according to climatic conditions during the growing season.

Leaf phenology was delermined in aU trealmenls alon9 lhe sludied periodo Phenological
slages were defined as bud sprouling (5), leaf aperture (El), leaf expansion (E2), leaf reddening
(R) and leaf faU (F). The firsl open leaf (Oclober) and lhe newly fuU expanded leaf (November
lo March) per planl where selecled far lhe measuremenls. To develop lhe pholosynthetic lighl
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response curves. len irradiance levels were assayed (O. 25. SO. 75. 100. 200. 300. 500. 750
and 1000 ~mol quanlafm'.s). The leaves were allowed 3-5 min lo acclimalize lo lighl inlensily
changes. CO2 measurements were taken 500 times/min and data were acquired when the
concenlralions were stabilized alleasl 150 limes wilh a varialion 01 ± 1 ppm. In each curve. Ihe
rale 01 dar!< respiralion (~mol CO/m'.s) (RDR). pholochemical efficiency (~mol CO/~E) (PE),
nel assimilalion rale (~mol CO/m'.s) (NAR). lighl compensalion poinl (~EJm'.s) (LCP) and lighl
saluralion poinl (~E/m'.s) (LSP) were derived. Dala were subjecled lo an analysis 01 variance,
where means were separaled Ihrough a Tukey mulliple range lest al p s 0.05.

RESULTS

The rale 01 dark respiralion significanlly varied during lhe growing season and wilh lighl
intensity trealmenls (Table W 1). 11 was lower al the beginning and lhe end 01 Ihe experimenl
(-0.710-0.8 ~mol CO/m'.s). compared lo Ihe olher monlhs (-1.610 -1.8 ~mol CO/m'.s). The rale
01 dar!< respiralion increased wilh the Iighl inlensily trealmenl lrom -0.9 to -1.7 ~mol CO/m'.s.
Photochemical efficiency significantly varied over the growing season and with light intensity
Irealments as well. II increased Irom Ihe early spring (0.02 ~mol CO,J~E) lo Ihe mid-summer
(0.08 ~mol CO/~E) and decreased belore the end 01 the growing season (0.06 ~mol CO/~E).

Pholochemical efficiency was significanlly different between low Iighl intensily Irealment (0.05
~mol CO/~E) and Ihe olhers (0.06-0.07 ~mol CO/~E). The nel assimilalion rale significantly
varied among lhe Ihree sludied faclors (Table 1). As lor pholochemical efficiency, values
increased Irom the beginning 01 Ihe growing season (2.1 ~mol CO/m'.s) lo mid-summer (9.7
~mol CO/m'.s) and Ihen decreased in March (7.3 ~mol CO/m'.s). In Ihe dry soil Irealmenl.
Ihe nel assimilalion rale was significanlly higher (7.9 ~mol CO/m'.s) Ihan Ihe wet lrealmenl
(6.7 ~mol CO/m'.s). As in pholochemical efficiency, Ihe nel assimilalion rale was significantly
differenl among Ihe low lighl inlensily Irealmenl (5.1 ~mol CO/m'.s) and Ihe olhers (8.3-8.4
~mol CO/m'.s). The lighl compensalion poinl significanlly varied over lhe growing season and
lighl inlensily Irealmenls (Table 1), being highesl in Ihe early spring (28.5 ~EJm'.s) and Ihen
decreasing up lo a minimum allhe end 01 Ihe growing season (12.3 ~E/m'.s). This variable was
significanlly different between the high lighl intensily lreatment (30.3 ~E/m'.s) and lhe lower light
intensily trealmenls (12.5-16.5 ~E/m'.s). Also, Ihe lighl saluralion poinl varied significanlly over
the growing season and light intensily Irealments, wilh minimum values in the early spring (276
~EJm2.s) and then increased during the growing season reaching 530 ~Elm2.5. This variable
increased wilh Ihe light inlensily trealmenl Irom 328 to 549 ~E/m'.s. Significanl inleractions
were found in four variables mainly due to different value increments between main factors
(Table 1) and changes in Ihe Irealmenl wilh the highesl values along lhe growing season, e.g.
the low light intensity treatment had higher photosynthetic rate values at low irradiances, while
high light intensity treatment had higher photosynthetic rate values at high irradiances.

The lighler trealment has more chlorophyll a-b (0.033 and 0.011 mg/cm'), while luminous
Irealmenl has more carotenoids (0.010 mg/cm'). However, dar!< lrealment presenled lhe lower
specific leal mass (0.0007 g/cm'). At shool and crown level, no differences were lound in branch
number and insertion angle. bul planls growing in middle light Irealmenl were laller Ihan lhe
olhers (17 cm compared lo 12 cm). Al whole plant level, besl values were found in middle lighl
treatment. However, the higher leaf area ratio was measured in dark treatment (389 cm2/g)
(Table W 2).
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Lighl intensity and soil water conlenllrealments presenled differenl responses when were
compared lheir pholosynlhelic lighl response curves. e.g.. during the monlh wilh lhe maximum
nel assimilalion rale. The low lighl inlensily lrealmenl had a higher photosynlhelic rale in low
irradiance levels (75-100 ~mol quanla/m'.s) in bolh soil waler conlenllrealmenls. In lhe dry
treatments. as well as the medium and high light intensity treatments, the photosynthetic rate
al high irradiance levels (up to 100 ~mol quanla/m'.s) was significanUy higher lhan lhe low light
inlensily lreatmenl. The pholosynlhelic rale of the high light inlensily lrealmenl was affecled by
tIle wet soil waler contenllrealmenl, decreasing ils values and response. The oblained values
were inlermediale between the medium and Iow Iighl inlensity lrealments. Finally. no significanl
photo-inhibition was observed in the assayed treatments in the highest irradiance levels.

Table N'" 1
ANOVA OF CO, GAS EXCHANGE OF No/ho/agus pumilio SEEOLlNGS, CONSIOERING SOll

WATER CONTENT, L1GHT INTENSITY ANO MONTH AS MAIN FACTORS, ANO RATE OF OARK
RESPIRATION (~mol CO/m'.seg) (RDR), PHOTOCHEMICAl EFFICIENCY (~mol CO/~E) (PE), NET
ASSIMILATION RATE (~mol CO/m'.seg) (NAR), L1GHT COMPENSATION POINT (~Elm'.seg) (LCP)

AND L1GHT SATURATION POINT (~Elm'.seg) (LSP) AS DEPENDENT VARIABLES.

Main effects RDR PE NAR lCP lSP

Soil water content
Dry -1.30a O.064a 7.89b 19.58a 450.ooa
Wel -1.37a 0.059a 6.68a 19.95a 431.94a

lighl mlensity
Low -0.89c 0.051a 5.11a 12.49a 327.78a

Medium -1.41b O065b 8.34b 16.55a 446.18b
High ·l.72a 0.069b 8.41b 30.25b 548.9se

Month
October -0.68b 0.024a 2.08a 28.47c 27569a

November -1.84a 0.054b 6.48b 23.71bc 488.19bc

December -1.60a 0.07400 8.73cd 15.04a 388.19ab
January -1.57a 0.083d 9.71d 19.41ab 474.30bc
February -1.55a O.072cd 9.45d 19.64ab 488.88bc

March
-0.79b 0.063bc 7.26bc 12.33a 530.5se

Values followed by different letters are significanlly different with Tukey multiple range test (p<0.05)

Significance of main effects. RDR = Soil watercontent F: 0.37 p: 0.545, Light intensity F: 21.03
P' 0.000, Month F: 13.86 p: 0.000, Soil water content x Light intensity F: 0.08 p: 0.922. Soi'
watercontenl x motlth F. 0.72 p: 0.609. Light intensity x month F: 3.52 p: 0.001, Soil water
canten! x Lighl intelJsity x monlh F: 0.67 p: 0.748. PE=- Soil water conlent F: 2.72 p: 0.101,
Light intensily F: 10.93 p: 0.000. Month F: 27.02 p: 0.000, Soil water content x Light intensity
F: 3.61 p: 0.023, Soil water cantent x month F: 1.40 p: 0.226. Ught intensity x monlh F: 4.18 p:
0.000, Soil water content x Ught intensity x monlh F: 0.78 p: 0.644. NAR = Soil water content
F: 11.50 p: 0.001, Ughtintensity F: 37.96 p: 0.000, Month F: 42.85 p: 0.000, SoU watercontent
J( Light intensity F: 9.71 p: 0.001, So;1 water colllent x mootf¡ F: 2.73 p: 0.021, Ught intensity x
mon/h F: 5.46 p: 0.001. So;1 waterconlenf J( Ught intensity x month F: 2.28 p: 0.015. Lep = Sou
watercontent F: 0.05 p: 0.828. Ught intensity F: 39.55 p: 0.000. Month F: 7.73 p: 0.000. SoN
water content x LiglJt ;rltensity F: 0.51 p: 0.603. Soil water content x month F: 0.59 p: 0.704,
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Lighl inlensity x month F: 0.50 p: 0.889, Soil water contenl)( Ught intensily)( month F: 0.92 p:
0.519. LSP = Soil water contenl F: 0.44 p: 0.509. Light intensily F: 21.90 p: 0.000. Monlh F:
7.82 p: 0.000, Soif water conlent x Ught inlensity F: 1.20 p: 0.302, Soil watercontenl x month
f: 1.73 p: 0.130, Light intensity x month F: 2.87 p: 0.002. $0;1 water content x Light intensity x
month F: 0.61 p: 0.617.

Table N" 2
ANOVA OF BIOMETRICS ANO PHYSIOLOGICAL VARIABLES OF Nolhof.gus pumilio SEEOLl'NGS,

CONSIOERING LIGHT INTENSITY LEVELS

Variables Low Medlum High F p

Height (cm) 12.42. 16.67b 12.04a 6.51 0.0034

Leaves number 7.93a 12.00b 11.26b 766 0.0051

Leaf size (cm) 2.43b 2.92c 2.12a 16.15 0.0000

Leaf shape (cm/cm) 1.27a 1.35a 1.29a 3.16 Om06

Leaves biomass (gr/plant) 0,059a 0,164b 0.063a 17.27 0.0001

Foliar area (cm1lplant) 65.6b 136.1c 39.1a 16.94 0.0001

Specific lear mass (gr/cm1 ) 0.0007a 0.0012b 0.0022c 120.46 0.0000

Foliar area rate (cm11gr) 369.5c 294.2b 129.2a 39.73 0.0000

Branch number 0.30a 0.56a 0.66a 2.72 0.0979

Insertion branch angle (0) 42.5a 44.25a 42.5a 0.02 0.9766

Chlorophyll a (mg/cm2
) 0.0215a 0.0331 b 0.0291b 9.14 0.0025

Chlorophyll b (mg/cm2 ) 0.0066a 0.0112a 0.0109a 1.15 0.3423

Carotenoids (mg/cm1
) 0.0065a 0.0095b 0.0107b 14.79 0.0003

Values foUowed by different letters are significantly different with Tukey mulliple range tesl (p<O.OS)

DISCUSSION

Usually, phenology is relaled to pholoperiod, as well as air and soil temperatures
(Lechowicz, 1984). The differences observed in the phenology between trealments were due
to light intensities and soil water contents. The inf1uence was greater in treatments with a better
net assimilation rate, affecling the extent 01 reddening and leal aperture. The leal phenology in
the experimental conditions was comparable to the natural growing conditions (Rusch, 1993:
Barrera el al., 2000), except tor leaf aperture. which was more concentrated at the beginning of
the summer in the natural torasts.

The light compensation point is known to lJary based on species, genetics, leaf type, leaf
age, CO

2
air concentration and temperature (Kramer and Kozlowski, 1979). In our experiment.

the light compensation point was higher at the beginning of the growing season due to the
incomplete development 01 the photosynthetic struclu,es, and dec,ease in old lissues. In
cont,ast, the lighl saturation poinl increased through the growing season. Leaves do nol begin to
contribute to the carbon budget 01 lhe plant unlil they are about hall expand, which occu, earlier
in temperate deciduous than in lropical eve'green t,ees (Hieke el al., 2002).

Water stress influences metabolism, physiology and morphology in plants. Water-
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Iogging causes inadequate aeration in soi!. leading to rapid depletion of oxygen, which induces
many physiological and morphological changes, affects mineralization and solubility of mineral
subslances, and leads to the lormalion 01 phytotoxie compounds (Sun el al" 1995) lhal cause
drying of leaves and a reduelion in photosynlhesis (Kramer and Kozlowski. 1979). In our
sludy, phenology was affeeled by soil water content wilh leal aperture lasling longer in the
treatments with higher net assimilalion rates. For NOlhofagus pumilio, soils wilh high humidily
were unfavorable compared to drier ones (40-60% soil capacity), decreasing the photosynthetic
performance in higher light levels. Far several oak species, the effects on seedling performance
of a dry or wel summer vary under different light and competition conditions. Although rate of
photosynthesis with competitors increase in the shade under dry conditions, it tend to decline
in lhe shade under wet eondilions (Davis el al.. 1999). In N. so/andri and N. menziesií. the rale
al net photosynthesis diminishes about 60-65% in severe water-Iogged conditions (Sun el al.,
1995). Regeneralion 01 N. pwnilio is produce mainly lhrough gap dynamies (Veblen, 1989) due
lo Ihe light availability under lhe overslory. Another limiting factor in lhis response is the waler
stress, which could switch the processes from a light- to a water-limited system (Heinemann el
al.. 2000; Heinemann and KilZberger. 2006).

In the study, phenology was affected by the light intensities, where leaf aperture was more
extended in time in the medium light level. In the higher light level treatments leaf reddening occurs
due to lhe higher carotenold production or ehlorophyll degradalion (Lareher, 2003: Hormaetxe el
al.. 2004). The rale 01 dark respiration was correlated with lighl intensilies due lo the demand 01
metabolic energy increases in the plant tissues growing in lighted environments. Lichtenthaler
el al. (1981) repor! an inerease 01 3.1x in sun exposed compared lo shaded leaves 01 Fagus,
while our increase was on the arder of 1.9x. Heliophytic tree species have characteristics that
favor high-light growth, whieh inelude higher relative growth rates and higher respiration under
all environmenlal condilions (Lareher. 2003; Kneeshaw el al" 2006; Niinemenls, 2006).

The speed 01 the Ilghl reaetions is lhe limiling faelor lar the photosynlhesis process. A
sleep slope in the lighl-response curve is an expression 01 high quanlum yield (Lareher. 2003). In
Ihis sludy, Ihe photochemical efficiency and net assimilation rate were related to light availability,
as was found in olher sludies (Tognetti el al" 1998; Lareher. 2003). Seedlings and saplings 01
N. pumilio can grow and survive with low light intensities (Rebertus and Veblen, 1993: Cuevas
and Arroyo, 1999). whieh is Ihe maln limitlng factor to aehleve greater growth rates (Heinemann
el al., 2000).

Plants that respire intensely require more light for compensation than those with weaker
respiration (Larcher. 2003). The shaded leaves have lower light compensation points than sun
exposed leaves (Kramer and Kozlowski, 1979: Larcher, 2003), as was observed in our study.
which was related to the achieved rate of dark respiration. Additionally, the light saturation
point was related to light intensities also. due to Ihe photosynthetic structures developed in
environments with more light. which are more efficient in light use. In a study of the genus
Fagus. Liehlenthaler el al. (1981) round an inerease 01 2.5x and 1.9x in sun-exposed compare
lo shaded leaves far light compensation point and light saturation point respectively. while in our
sludy Ihe values were 2.4x and 1.7)(. It is often stated that most plants are light saturated for
pholosynthesis at one-fourth to one-half of fuI! sunlight (Kramer and Kozlowski, 1979). However,
in our experiments it was necessary 14x, 3x and 1.5x more light in the low. medium and high light
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level treatments. respectively, to saturate photosynthesis. compared to the average available to
each treatment type. The photosynthetic rate efficiency was lower in the high Iight treatment al
lower irradiances «100 IJmol quantalm'.s) compared to too other treatments. but it was more
efficient at higher irradiances in dry soil water content treatment. and lower in wet.

In forest ecosystems, in both natural and managed stands, acclimation to changing
conditions plays a major role in tree recruitment and competition processes. The increase in
resource availability can lead to differences in photosynthetic characteristics. leaf analomy and
whole planl growth. The overall response of Iree seedlings lo canopy opening depends upon
Iheir ability to endure sudden exposure to the new conditians in managed forests (Tognetti el al..
1998: Heinemann el al., 2000).

Nelhefagus pumilie primary forests have high crown clesure. which retains a large
percenlage of Ihe rainfall (13-25% for inlerceplion and 15-50% for evapolranspiralion) and
diminishes lhe lighl availabilily al Ihe underslory level (Frangi and Richler, 1994: Caldenley el
al., 2005). Inside the primary forests a great variability ef micro-environment cenditiens can be
found, ranging from high shaded siles (such as our low lighl inlensily lrealmenl) lo small palches
in the canopy with more light availability (comparable to our medium light intensity treatment).
The soil water content can reach up to 50-60% ef capacity during the late spring and summer
(Mormeneo el al., 2004) in better quality sites in southern Patagonian primary forests (Martinez
Pastur el al.. 1997), which was quite similar to our dry treatment. These primary forests have
no long-Ienm seed bank. The seed-fall is produced al Ihe beginning of Ihe aulumn befare
leaf-fall, and seeds genminale during Ihe spring of Ihe same year. So. lhis creales a seedling
bank (Cuevas and Arroyo, 1999), which often survives and grows slowly for a long lime in lhe
shaded underslory (Rebertus and Veblen, 1993). These seedlings are adapled lo lhis limited
Iight resource environment. developing photosynthetic machinery that allows them to grow and
survive waiting for a canopy opening. Generally, in temperate boreal (orests shade tolerant
tree saplings may survive 7·20 years in deeply shaded understories with 0.2-1 m in height
(Niinemets, 2006), while Nothofagus pumilio seedlings survive less than 20 years with no more
lhan 0.5 m height (Martinez Paslur el al.. 1999: Gea el al.. 2004). Due lo lhe low growth rale, Ihe
probability of seedling mortality increases with their size. because more energy is allocated lo
support non-photosynthetic tissue, including greater allocation to fine roots. mechanical support
and more complex branch archileclure (Kneeshaw el al., 2006).

Information to date suggests that aeclimation to a high Iight environment is species
dependenl, and likely relaled lo Ihe planls suecessional slage (Reynolds and Frochol, 2003). Ir
we considered the pure natural Nothofagus pumilio (orests af southern Patagonia. the seedlings
are the majn woody component of the understory, constituting the pioneer species after large
disturbances and the climax species of the final succession. For this reason. many authors
classified il as a shade inloleranl species (Richler and Frangi, 1992: Veblen et al.. 1997).
However, when we analyzed ils pholosynlhesis perfonmance, we delenmined lhal Ihe species
can be considered as mid-loleranl. due lo Ihe shade lolerance in early developmenl slages and
for the faet that it reaches the maximum photosynthesis efficiency at relatively low light leveJs
(26% of the natural incident irradiance). N. pumilio is not a shade tolerant speeies. as it is not
able to reproduce and survive for long periods of time under elosed canopy. Nor is it shade
intolerant, due to the faet that its photosynthesis performance is not significantly improved in

50 t Cl8l1cia e InveslJgaclO<1 forestal· Inslllulo forestal I Chile



Mi1l1HlOl Paslur, GUillermo LencHlas Maria Vanessa and Pen Pablo LUiS

high lighl environmenls. Guliérrez (1994) suggesl lhal Fuegian Nofhofagus species are mid
toJerant due to their colonizatjon abilities.

The photosynthesis performance of N. pumifio seedlings along light intensity and soil
water content gradients has important implications for forest management. In mesjc N. pumi/io
forests. small- to moderate-sized gaps typically result in abundant regeneration, while in drier
conditions soil moisture is a dominant factor and regeneration only occurs under special
condilions (Heinemann et al.. 2000). According to these results, the established seedlings of N.
pumilio forests have the capacity to quickly adapt to the new environmental conditions generated
by loresl management praetiees. Gradual openings in lhe eanopy 01 the overstory appears lo
be lhe most convenienl (e.g .. shellerwood euts in Chile). due to lhe fael lhat seedlings in lhe
understory reach their maximum photosynthelic potential. Water availability positively controls
seedling survival and growth in the xeric forest, while in the mesic forest, survjval and growth are
differenlially conlrolled by waler and lighl availability, respectively (Heinemann and Kitzberger,
2006).

CONCLUSIONS

Nalural Nothofagus pumilio seedlings grow below their optimum photosynthetic potenlial
in the understory, and quickly acclimate to dramatic changes in the forest structure acting as
pioneer plants in the succession process that follows. This photosynthesjs acclimation allows
the adaptation to several silvicultural proposals. However, small apertures in the canopy are
enough to attain the maximum photosynthetic performance. These findings must be combined
with morphological variables obtained at whole-plant. shoot. crown and leaf levels, e.g., medium
and high light inlensity lreatments presented lhe same photosynthesis efficiency, bul il it is
combined with the foliar area, the achieved growth could be different. Finally, it is necessary to
compare this results of light and soil water performance with natural regeneration pattems and
forest dynamics.
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