Tree growth under climatic and trophic forcing A nutrient manipulation experiment in Southern Ecuador
S. Spannl 1, O. Ganzhi 2, T. Peters 1 & A. Bräuning 1
1

Institute of Geography, FAU Erlangen-Nuremberg, Germany; ² National University of Loja, Ecuador
E-mail: susanne.spannl@fau.de

Introduction
Tropical mountain forests are strongly affected by environmental and anthropogenic impacts, e.g.
by climate change, an expanding land use and an increasing use of nitrogen fertiliser in agriculture
(Galloway et al. 2004, 2008). Thus, higher atmospheric nitrogen and phosphorus depositions as
well as an intense frequency of drought-events are expected in the future (Hietz et al. 2011;
Rozendaal & Zuidema 2011). Tree-physiological processes (e.g. diameter tree growth, foliage
production, water consumption) are strongly influenced by these changes and could respond to
fertilisation controversially (Cavellier et al. 2000; Homeier et al. 2012; Lewis et al. 2004; Tanner et.
al 1990).
Within the framework of an interdisciplinary nutrient manipulation experiment (NUMEX) in
Southern Ecuador we test the hypothesis that N-fertilization of different tropical tree species
stimulates tree growth and affects the trees’ water status especially during climatic extreme events
like dry spells.
Material and Methods
Study site
The study site of NUMEX (2000 m a.s.l.) is situated in the protected research area “Reserva
Biológica San Francisco (RBSF)”, close to the Podocarpus National Park (3°58’S, 79°04’W)
between the Ecuadorian provinces Loja and Zamora-Chinchipe (Figure 1). The area is
characterised by a humid climate with an annual mean rainfall of about 2176 mm and an annual
mean temperature of 15.5°C (Emck 2009; Richter & Peters 2011).
NUMEX is designed (Figure 2) in four main blocks (1-4); three with a northern and one with a
south-western exposition. Within each block four plots consisting of the different treatments Control
(C), Nitrogen (N), Phosphorus (P) and a combination of Nitrogen and Phosphorus (N/P) were set
up randomly. Since February 2008 fertiliser have been added annually (50 kg N ha-1; 10 kg P ha-1)
(Homeier et al. 2012; Homeier et al. 2013, in press).

Figure 1: Location of the study area San Francisco
[Homeier et al. 2013, in press]
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Figure 2: NUMEX plot design
[Homeier et al. 2013, in press]
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Methodological approach
To register radial stem diameter variations of tropical tree species we installed eight high resolution
dendrometers (since July 2010; measurement interval: every 30 min, 5 µm resolution). Because of
the high costs of our measurements only one N-fertilised and one non- fertilised tree of the tree
species Graffenrieda emarginata Ruiz et Pavon (Melastomataceae), Podocarpus oleifolius D. Don
ex Lamb. (Podocarpaceae), Prunus sp. (Rosaceae) and Alchornea lojaensis Secco
(Euphorbiaceae), were investigated. Based on these measurements the parameters daily
amplitude of diameter growth (dA), daily radial change (dR) and cumulative radial growth (cum dR)
of the trees were calculated and analysed (Deslauriers 2007, Bräuning et al. 2009, Spannl et al.
2011, Volland-Voigt et al. 2011). For more details refer to Figure 3.

Figure 3: Schematic illustration of the calculation of the variables daily radial change (dR), water saturated
phase (WS) and daily amplitude (dA) [Bräuning et al. 2009; Volland-Voigt et al. 2011, modified].

Despite the strong variability of precipitation within this area there is also a little dry period between
October and November, the so called ‘Veranillo del Niño” (Emck 2007, Bendix et al. 2006, Bendix
et al. 2008, Rollenbeck 2011) mainly influencing tree growth patterns.
According to previous studies in Southern Ecuador (Bräuning et al. 2009, Volland et al. 2011)
calculations of the daily sums of precipitation as well as the daily atmospheric vapour pressure
deficit (VPD) (equation of Schönwiese 2003) were made from July until December 2010. During
this time period we defined short climatic drought events as periods with at least four consecutive
days without any rainfall.

Results
These short drought conditions are already sufficient to detect changes in tree growth or tree water
status, respectively. In consequence nine dry spells with a range from four up to eleven rainless
days were determined. In total there were 48 days without rainfall during the observed period
(N=48) (Figure 4).
Although different tree species have been investigated, variations in radial stem diameter in
relation to drought events showed a synchronous course over the monitored time period (Figure 4).
But, the close up look within the nine dry spells visualises species specific differences regarding
the total cumulative growth and the daily amplitudes of radial stem diameter variations (Figure 4
and Table 1). Except for the dominant tree species of this altitudinal belt G. emarginata, nitrogen
fertilised trees showed a higher cumulative growth than trees growing on control plots (measured
on December 1st 2010).
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Tab.1:
Cumulative growth value [mm]
measured on December 1st 2010
+N

C

G. emarginata

0,35

0,47

P. oleifolius

0,23

0,08

Prunus sp.

0,73

0,11

A. lojaensis

1,00

-0,12

+N= nitrogen fertilised trees
C= control trees

Figure 4: Linkage between tree growth and climatic patterns at 2000 m a.s.l. from July 2010 until
December 2010. a. Cumulative daily radial change of Graffenrieda emarginata and Podocarpus oleifolius
and b. Prunus sp. and Alchornea lojaensis. Tree individuals growing on N-manipulated plots are depicted
with dashed lines. Individuals growing on non-manipulated plots are depicted with continuous lines. Data
gaps are highlighted with grey hatched boxes. c. Daily totals of precipitation (black columns) and vapour
pressure deficit (grey columns). Dry spells are highlighted in light grey (modified from Homeier et al. 2013,
in press.).

While the mean dA (Figure 5) of P. oleifolius showed a highly significant increase after the
fertilisation, G. emarginata and Prunus sp. reacted contrarily. Trees of A. lojaensis revealed no
significant difference and the daily amplitudes remained fairly constant. Thus, the results might
indicate that increasing accumulations of nitrogen deposited via wind transport from Amazonia
might change the species composition and the competitive behaviour of the tree species (DFG
Research Unit 816 2013; Homeier et al. 2013, in press).
Independent of the treatment and the tree species the statistical correlations were highly positive
between dA and VPD (Figure 6). Whereas the nitrogen fertilised tree of P. oleifolius revealed a
higher correlation than the non-fertilised one, all other tree species showed opposing reactions.
These findings possibly indicate that besides climatic conditions additional transpiration control
mechanisms might have an impact after the fertilization.
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Figure 5: Mean values (+ two standard errors) of the daily amplitude of radial stem diameter variations
during nine dry spells (N=48) in the period between July and December 2010 of the different tree species
Graffenrieda emaginata, Podocarpus oleifolius, Prunus sp. and Alchornea lojaensis (nitrogen fertilised
and non-manipulated individuals). Significant differences between fertilized and non-manipulated
individuals of each tree species are marked with asterisks (*** p < 0.001; * p < 0.05).

Figure 6: Correlation between daily amplitude and vapour pressure deficit (black dots: nitrogen fertilised
tree; light grey dots: control tree; rC : Pearson correlation coefficient of the control tree; r+N : Pearson
correlation coefficient of the nitrogen fertilised tree). Asterisks mark significant correlations (** p < 0.01).
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Discussion
These first results indicate that tree growth variations during dry periods are species specific. G.
emarginata shows least positive effects of fertilization on growth and revealed strongest reactions
of climatic control on daily radial stem variations. That indicates that this species is well adapted to
the nutrient-poor conditions of the upper montane forest belt.
The long-term fertilization effects of tree growth dynamics and physiological behaviour need to be
continuously studied for a longer time period. The first preliminary results present a significant and
species-specific influence of fertilization on competitive ability of trees under higher influx of
nutrients and an increasing frequency of drought periods.
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