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SUMMARY 
 
Management of cutaway peatlands is a key issue in many countries. Whilst afforestation has been considered 
as a suitable after use option for cutaway peatlands, growing conditions after peat harvest are often adverse. 
To increase soil fertility and neutralise soil acidity, wood ash, an energy production by-product, can be used. 
In this study, we examined whether wood ash fertiliser affects growth (survival, height, root collar diameter), 
leaf morphological (mass, specific leaf area, leaf water content) and physiological traits (chlorophyll 
concentration, fluorescence parameters, photosynthetic and transpiration rate) of planted deciduous trees in a 
cutaway peatland in the central part of Latvia. At our study site in Latvia, we examined Alnus glutinosa, Betula 
pendula and Populus v. Vesten tree species and tested 0, 5, 10 and 15 t ha-1 wood ash doses in three replications. 
Tree species used in the study exhibited different reactions to the wood ash fertilisation. A. glutinosa traits 
were the least affected, whereas for Populus v. Vesten and B. pendula wood ash fertilisation was beneficial. In 
most cases we detected significant differences between unfertilised and fertilised plots, but rarely saw an effect 
of increased wood ash dose. Due to the lack of significant benefits and for environmental concerns the lowest 
wood ash dose is recommended. Overall, the fertilisation improved the success of afforestation and, by 
increasing the amount of leaf litter, is likely to indirectly alter understorey conditions. 
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INTRODUCTION 
 
Due to land-use changes, especially in Europe, the 
peatland area has considerably decreased (Rochefort 
& Lode 2006). Of the Baltic states, Latvia has both 
the largest current peat extraction area and existing 
post-extraction and abandoned peatlands, whilst less 
than 20 % of these areas have been used after peat 
extraction (Karofeld et al. 2016). Peat extraction 
results in greenhouse gas emissions, loss of 
biodiversity and soil degradation (Wilson et al. 2016, 
Wüst-Galley et al. 2016, Leifeld & Menichetti 2018). 
Afforestation may increase nutrient pools and 
improve microclimatic conditions (cool the air, lower 
soil surface temperature and reduce temperature 
fluctuations) of peat extracted bogs (Paradis & 
Rochefort 2017). However, often due to factors such 
as extreme weather conditions or unfavourable soil 
conditions cutaway peatland afforestation trials fail 
(Renou-Wilson et al. 2006). 

Prior to peat extraction the peatland area is 
drained. For horticulture, typically peat is extracted 
from the upper layers of lowland bogs, while for fuel 
purposes peat from blanket peatlands is also 
extracted from lower levels (Cruickshank et al. 

1995). For horticultural peat, extraction is typically 
carried out using large vacuums pulled by tractors 
(Graf et al. 2012). The most suitable peat layer for 
horticulture is partly decomposed Sphagnum peat 
(Graf et al. 2012). After peat extraction, when the top 
layer of the soil has been removed, the remaining soil 
is typically acidic, with high nitrogen concentrations 
(mainly incorporated in organic matter), lacks 
phosphorus and potassium and the depth of the 
residual peat layer varies (Triisberg et al. 2013). 
Growing conditions can be improved by fertilising 
cutaway peatland with a by-product from energy 
production - wood ash. Wood ash is a liming material 
which provides nutrients that typically limit growth 
in cutaway peatland (Demeyer et al. 2001, Kikamägi 
et al. 2013).  

Acclimatisation of plants to the specific growing 

conditions determines their survival in the 
environment. At species level stress may not induce 
instant phenotypical changes (Yordanov et al. 2000). 
Being able to follow tree vitality before observing 
visual stress signs is crucial, especially under current 
climate change conditions (Pontius & Hallet 2014). 
Some traits such as height are still currently used to 
evaluate species suitability despite the response time 
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lag (Johnstone et al. 2013) whilst other physiological 
parameters, like chlorophyll fluorescence, have 
proved to be very sensitive to a number of factors 
(Renou-Wilson et al. 2008, Gorbe & Calatayud 2012, 
Kalaji et al. 2016). Ecophysiological traits describe 
not only species performance at the individual level 
(Violle et al. 2007), but also functioning of the 
ecosystem (nutrient cycling, decomposition, surface 
refractivity) (Myers-Smith et al. 2019) and provided 
ecosystem services after restoration (Lavorel 2013). 

The main goal of the study was to investigate if 
growing conditions in a cutaway peatland can be 
improved by using waste material – wood ash.       
This was done by evaluating the ecophysiological 
traits (plant height, root collar diameter,                       
leaf mass, specific leaf area, leaf water content, 
chlorophyll concentration, fluorescence parameters, 
photosynthetic and transpiration rate) of multiple tree 
species. 
 
 
METHODS 

Preparation of the experimental site 
The experimental site was established on an 8 ha 
large cutaway peatland in the central part of Latvia 
(56° 43' 41.35" N 23° 34' 39.61" E, Figure 1). After 
the peat extraction for horticulture, the residual layer 
of peat was thicker than 0.5 m and consisted of acidic, 
moderately decomposed raised bog peat. Prior to soil 
preparation and tree planting, all the vegetation on the 
site and the build-up of material in the ditches was 
removed. Afterwards, wood ash was mixed with 
water, to reduce wind-driven wood ash dispersal, and 
mechanically applied to the top layer of soil. Four 
treatments of wood ash were tested (0, 5, 10 and 15 t 
ha-1 dry mass of wood ash). Wood ash was obtained 
from a nearby energy plant SIA “Fortum”. On dry 
mass basis the wood ash consisted of K 24.7, Mg 
18.2, Ca 120.4, P 6.6 g kg-1. With the addition of 
wood ash, the pH of the soil changed from 3.5 in 
control plots with no wood ash to 5.9 in plots with the 
maximum wood ash dose. For a more detailed 
description of soil properties and the vegetation in the 
study site see Neimane et al. (2019). Each wood ash 
treatment was separated by a ditch and replicated 
three times, resulting in twelve 20 m wide and 236 m 
long columns. In each column in a 20 × 45 m large 
plot, 95 seedlings were planted in five rows. Alnus 
glutinosa containerised seedlings (obtained from tree 
nursery “Zābaki”, certification no. EK:LV/616015), 
Betula pendula containerised seedlings (tree nursery 
“Zābaki”, certification no. EK:LV/616011) and 
1.8 m Poplar clone Vesten cuttings (Biopoplar s.r.l., 
Cavallermaggiore, Italy) were planted in the spring 
of 2017. 

 

 
Figure 1. The experimental site “Kaigu purvs”, 
Latvia. (A) Location of the experimental site 
(marked with a green dot) with a background map 
of border line of Latvia (grey lines), peat deposits 
or peat industrial sediments (coloured in brown). 
Map prepared by authors using the map database 
GIS Latvija 10.2 (SIA Envirotech). (B) Landscape 
of the study site with poplar hybrids growing in the 
background. 

 

Data collection 

Sampling 
Leaf morphological traits (fresh mass, dry mass, leaf 
area, specific leaf area (SLA)), chlorophyll 
concentration and fluorescence traits were measured 
in the second growing season of 2018 at the 
beginning of August during the European heatwave. 
During the next growing season in August 2019 the 
photosynthetic and transpiration rates were measured, 
the number of leaves was counted and the survival 
rate was determined. In December 2019 the height 
and diameter at root collar was measured. In both 
years leaves from the same trees were measured. 
Detailed meteorological data are available from 
Latvian Environment, Geology and Meteorology 
Centre station Dobele, 20 km from the study site, 
available at www.meteo.lv.  

B 
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To determine average survival rate, height and 
root collar diameter of the 6th to 12th tree in three rows 
in each sample plot were examined (in total 21 trees 
per sample plot). In case of die-back, the height and 
the diameter at root collar of all trees in the sample 
plot was measured (at least eight trees per sample 
plot). To determine leaf traits, one fully expanded 
undamaged sun leaf from six to nine trees in the 
centre of each sample plot was measured and 
sampled. Leaves were sampled according to the 
standardised methodology of Pérez-Harguindeguy et 
al. (2013). 
 
Measurement of chlorophyll a fluorescence, 
chlorophyll and leaf mass 
Chlorophyll a fluorescence was measured (at a light 
intensity of 3500 µmol m-2 s-1) and indices calculated 
using  Handy PEA (Hansatech, Kings Lynn, United 
Kingdom) fluorimeter and software. Chlorophyll 
fluorescence was measured using the Kautsky 
fluorescence induction which provides that, if the 
photosynthetic part of the plant is adapted in the dark, 
the Photosystem II acceptor pool is re-oxidised until 
all reaction centres of Photosystem II are able to 
engage in photochemical reactions (Kautsky & 
Hirsch 1931). During this process, three 
measurements of fluorescence were taken: Fo, which 
refers to the fluorescence origin and shows the 
emissions by excited chlorophyll a molecule in 
Photosystem II; Fm, which refers to the fluorescence 
maximum and is attributable to the time when 
electron acceptor is fully reduced; and Fv, or variable 
fluorescence value, obtained by subtracting Fo from 
the Fm (Handy Pea 2006). The Fm/Fv ratio is used to 
determine the maximum effectiveness and 
photosynthesis performance of Photosystem II, as it 
is a sensitive parameter to environmental factors 
(Ibaraki & Murakami 2007). The performance index 
was calculated automatically in the Handy PEA 
software by using the concentration of active reaction 
centres, light reactions and dark reactions (Fv, Fm, Fo) 
in the Nernst equation, which describes the force of 
redox reactions and Gibbs's energy movements in 
biochemical systems (Handy Pea 2006). Prior to 
measurement leaves were dark-adapted by using 
Handy PEA clips for 30 minutes. After each 
fluorescence measurement the leaf petiole was 
removed and the leaf blade was put in a plastic bag 
with a zipper, the bag was breathed into to minimise 
transpiration water loss and the bag was closed. All 
plastic bags with leaves were put in a heat-insulated 
bag with a cooling element. After all the samples 
were collected, they were weighed (0.001 g 
precision) to obtain fresh mass. Leaves were later put 
on a flat surface and covered with transparent plastic 

cover, to avoid overlapping, and photographed, with 
a levelled camera, to calculate leaf area. Leaf area 
was calculated using ImageJ (Rasband 1997–2018, 
Schneider et al. 2012) software following the protocol 
of Wang (2017). The leaf chlorophyll concentration 
was then measured both with the SPAD-502 (Konica-
Minolt, Japan) and the CCM-300 (Opti-Sciences, 
Hudson, USA) in roughly the same spot in the middle 
of the leaf blade, avoiding midribs and large veins. 
Later, leaves were put in paper envelopes and dried 
at a temperature of 37 °C until reaching constant dry 
mass and then weighed again. Specific leaf area (SLA) 
was calculated as the ratio of leaf area to leaf dry 
mass. Leaf water content was calculated following 
this formula: (fresh mass – dry mass) / dry mass.  
 
Measurement of photosynthetic performance 
The photosynthetic performance reflects the 
functionality of both photosystem I and II and 
provides quantitative information about carbon 
fixation (Živčák et al. 2008). Photosynthetic and 
transpiration rate was determined by using LCpro-SD 
(ADC BioScientific Limited, Hertfordshire, United 
Kingdom) portable infrared gas analyser system on 
the same tree and type of leaves as in the previous 
season. Measurements were taken over three 
consecutive days from early morning until midday. 
Each leaf was kept in the leaf chamber for at least five 
minutes to acclimate before taking the measurement. 
Broad Leaf Chamber was used and set at 25 °C 
temperature, the LED mixed red/blue light unit to 
PAR of 1500 μmol m-2 s-1 and to the ambient CO2 
concentration. The mean external CO2 concentration 
was 400 ppm.  
 
Data analysis 
R version 3.6.2 (2019) was used for data analysis and 
visualisation. Statistical differences in tree survival 
were analysed with a generalised linear model for 
binary data with survival as response binary variable 
with “logit” link function, wood ash fertiliser dose as 
categorical explanatory variable and plot number as 
a random factor. For post hoc analysis Tukey tests 
were used under the glht function in the multcomp 
package.  

For other tree traits normality assumptions were 
checked with Shapiro–Wilk and Levene tests. 
Statistical tests showed significant deviations from 
normality even after data transformation, therefore 
for further data analysis non-parametric methods 
were used. To determine if wood ash fertiliser 
affected tree traits the Kruskal-Wallis test was used 
for each species separately. Afterwards Dunnett’s 
test with Bonferroni correction was used to see if the 
effect of wood ash was dose-specific. 
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RESULTS 
 
Whole plant traits 
After three growing seasons regardless of the studied 
tree species and wood ash fertilisation dose, the mean 
survival rate was higher than 77.8 % in all cases 
(Table 1). 

The lowest survival rate was detected for 
A. glutinosa species in fertilised plots. Wood ash 
fertilisation improved growing conditions for 
B. pendula as survival significantly increased by 
more than 10 % in the plots fertilised with only 
5 t ha-1 of wood ash in comparison with the control 
where no wood ash was applied. An increase, though 
not statistically significant, was also observed for 
P. v. Vesten. Moreover, there was no recorded 
dieback for P. v. Vesten under the maximum wood 
ash fertiliser dose (15 t ha-1). 

Dose-specific response to wood ash fertiliser was 
observed in the case of tree height (Figure 2a). The 
highest total growth after the first three growing 
seasons was recorded for Populus v. Vesten in both 
plots fertilised with 10 t ha-1 (mean height 3.21 m ± 
standard error 0.05 m; root collar diameter 54.3 mm 
± standard error 0.9 mm) and 15 t ha-1 (mean height 
3.21 m ± standard error 0.06 m; root collar diameter 
54.0 mm ± standard error 0.9 mm) wood ash (Figure 
2a, 2b). 
 
Leaf traits 
In fertilised plots all species had larger leaf fresh and 
dry mass and increased the total number of leaves 
(Figure 3a, 3b, 3f). Of the studied tree species 
B. pendula had both the smallest and the lightest 
leaves, while the SLA index was similar, though 
highly  variable,  for  all  species  (Figure  3b, 3c, 3d). 

 
 
Table 1. Mean survival of multiple tree species in cutaway peatland fertilised with different doses of wood 
ash. Letters denote significant (padj. < 0.05) difference between fertiliser dose for each species. 
 

Wood ash dose, t ha-1 
Survival (%) 

A. glutinosa B. pendula P. v. Vesten 

0 90.1 84.0 b   93.8 

5 82.7 97.5 a   98.8 

10 77.8   95.1 ab   98.8 

15 86.4   96.3 ab 100.0 
 
 

 
 
Figure 2. Studied tree species traits. (A) tree height; (B) root collar diameter. Letters denote significant (padj. 
< 0.05) differences between fertiliser dose for each species. In box-plot graphs vertical lines show either the 
minimum or maximum value in 1.5*interquartile range (upper) or minus 1.5*interquartile range (lower), 
lower hinge - 25% quantile, upper hinge - 75% quantile, horizontal line in the middle represents the median. 
Dots show outlier values. 
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A. glutinosa species SLA ratio significantly 
decreased and average leaf area increased with the 
addition of wood ash to the soil. Only A. glutinosa 
leaves had greater leaf area and SLA with increased 
wood ash dose (Figure 3c, 3d). A. glutinosa leaves in 

unfertilised plots were the smallest (with an average 
leaf area of less than 30 cm2) and in the plots with the 
maximum dose of wood ash 15 t ha-1 the average leaf 
size was 52 cm2. Leaf water content was similar for 
all  species  and  did  not  significantly  differ  between

 
 

 
 
Figure 3. Studied tree species traits. (A) leaf fresh mass (B) leaf dry mass (C) leaf area (D) SLA (specific 
leaf area) (E) leaf water content per dry mass (F) number of leaves per tree. Letters denote significant (padj. 
< 0.05) differences between fertiliser dose for each species. 
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control plots and plots with added wood ash fertiliser 
(Figure 3e). Neither SPAD-502 nor CCM-300 
chlorophyll measurement device detected significant 
differences in the chlorophyll content in the leaves 
for all studied tree species (Figure 4a, 4b). 

The average Fv/Fm ratio was below 0.783 for all 
species in control plots and any of the fertilisation 
treatments (Figure 5e). Only P. v. Vesten species had 
reduced Photosystem II inhibition under wood ash 
fertilisation. A significant increase relative to the 
control plot in the Performance Index (PI) was 
recorded only in tree leaves under the highest (15 t 
ha-1) wood ash dose for P. v. Vesten and second 
highest (10 t ha-1) for B. pendula (Figure 5d). 
Significantly decreased initial fluorescence (Fo), the 
fluorescence in the absence of photosynthetic light, 
was observed for A. glutinosa species (Figure 5a). 
B. pendula had significantly higher maximal 
fluorescence (Fm) and variable fluorescence (Fv) in 
the fertilised plots (Figure 5b, 5c). 

Fertilisation with wood ash did not significantly 
affect the rate of transpiration for any of the studied 
tree species (Figure 6b). An increased rate of 
photosynthesis was observed for B. pendula and P. v. 
Vesten species with the addition of even the lowest 
dose (5 t ha-1) of wood ash fertiliser (Figure 6a). The 
physiological performance (chlorophyll content, 
photosynthetic and transpiration rate, and 
fluorescence parameters, except for Fo) of 
A. glutinosa leaves was not affected by soil 
fertilisation with wood ash. 

DISCUSSION 
 
This study shows that it is possible to successfully 
afforest industrially cutaway peatland with deciduous 
tree species. Afforestation as a re-cultivation method 
would offer carbon storage in woody biomass and 
thus biomass production possibilities. It also affords 
a level of soil protection from direct sunlight and 
wind erosion in a way that improves microclimatic 
conditions on the site, while fertilisation with wood 
ash promotes natural colonisation by vegetation 
(Silvan & Hytönen 2016). The ecophysiological 
mechanism that ensures survival and growth under 
such unfavourable conditions as in cutaway peatlands 
is not clear. 

In this study, 18 traits of three deciduous tree 
species were examined. Chlorophyll fluorescence 
traits indicate plant condition in the current moment 
and can change rather rapidly, whereas leaf 
morphological traits indicate plant condition over a 
longer period of time, and whole tree growth 
accumulates during the whole growing period. 
Therefore, the information time lag on adverse 
growth conditions or stressor presence, as well as 
duration, is different for each trait. By assessing a 
combination of these traits it is possible to provide a 
comprehensive understanding about short term 
stressor presence and long term adverse growing 
conditions. The studied tree species, B. pendula, 
A. glutinosa, P. v. Vesten, differ in their reproduction 
and growth strategies as well as site requirements for 

 
 
 

 
 
Figure 4. Studied tree species traits. (A) chlorophyll content I (SPAD) (B) chlorophyll content (CCM-300). 
Letters denote significant (padj. < 0.05) differences between fertiliser dose for each species. 
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Figure 5. Studied tree species traits. (A) initial fluorescence, F0 (B) maximal fluorescence, Fm (C) variable 
fluorescence, Fv (D) Performance index (PI) (E) Fv and Fm ratio (optimal region for this parameter is 
coloured in grey). Letters denote significant (padj. < 0.05) differences between fertiliser dose for each species. 

 

 
 
Figure 6. Studied tree species traits. (A) photosynthetic rate (B) transpiration rate. Letters denote significant 
(padj. < 0.05) value difference between fertiliser dose for one species. 
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optimal growth. B. pendula and A. glutinosa can 
survive in broader pH range compared to Populus 
spp. (Griffiths & McCormick 1984, Lutter et al. 
2015, Hjelm & Rytter 2018). Populus spp. uses water 
more conservatively than B. pendula and A. glutinosa 
and responds to drought conditions more efficiently 
by osmotic adjustments and limiting leaf expansion, 
while A. glutinosa in extreme conditions reduces 
transpiration by shedding leaves (Perala & Alm 1990, 
Herbst et al. 1998, Baird et al. 2017, Tschaplinski et 
al. 2019). Therefore, the observed trait response to 
fertilisation was also species-specific in most cases. 
 
Tree survival and growth 
The survival rate of all the studied tree species 
(A. glutinosa, B. pendula, P. v. Vesten) was higher 
than 78 % both in the control and the fertilised plots. 
In early years the survival rate of A. glutinosa and 
P. v. Vesten was not significantly affected by the 
application of wood ash to the soil. No distinct trend 
in the survival of A. glutinosa, with respect to 
fertilisation, was observed in this study or others 
(Renou-Wilson et al. 2009, Finnegan et al. 2012, 
Lazdiņa et al. 2017). This suggests that other factors 
such as moisture level could be of greater importance. 
For example, Rodríguez-González et al. (2014) have 
shown that hydrological conditions affect 
A. glutinosa growth. As for P. v. Vesten, Populus 
spp. survival rate on peat soil without fertilisation is 
generally low: ranging from less than 20 % 
(Bussières et al. 2008) to 60 % (Kikamägi et al. 2013) 
in the first three to four years respectively. Populus 
spp. is sensitive to soil pH as acidity can inhibit root 
development and dieback occurs when internal 
nutrient reserves of the plant are used up (Hjelm & 
Rytter 2016, 2018). Thus, it is expected that in the 
following few seasons P. v. Vesten in control plots, 
where pH value is 3.5, could die out even though the 
early survival rates are high and similar across all 
treatments. Only B. pendula in this study showed a 
significantly better survival rate under fertiliser. This 
coincides with a similar study by Kikamägi et al. 
(2013) where in control plots 98 % and 88 % 
B. pendula survival rate was observed. Just as in this 
study, wood ash fertilisation improved the rate of 
survival to 100 % at 5 t ha-1 dose and to 92 %–100 % 
at 10 t ha-1 dose (Kikamägi et al. 2013). 

At a plant level, plant growth is limited under 
stress (Yordanov et al. 2000). Wood ash 
incorporation into the soil improved growth (both 
tree height and root collar diameter) of all studied tree 
species. Even though fertilisation significantly 
increased total tree growth of A. glutinosa, the plants 
still grew less than when grown in agricultural soil 
(Liepiņš & Liepiņš 2010). The observed total growth 

of B. pendula in fertilised plots was similar to growth 
performance observed in a pot experiment on 
nutrient-poor forest soil (Kula et al. 2012). 
 
Leaf characteristics 
For all studied tree species, the response to wood ash 
fertiliser presented as an increased fresh and dry leaf 
mass and total number of leaves. An increased 
photosynthetic area is a typical response to increased 
nutrient availability (Maier et al. 2008, Aguraijuja et 
al. 2015). In combination with growth parameters, 
these traits show that fertilisation with wood ash did 
increase above ground biomass accumulation for all 
three species. Similar values for A. glutinosa traits 
(leaf area, specific leaf area and dry mass) as in 
unfertilised plots in this experiment have been 
observed also on abandoned agricultural land by Uri 
et al. (2007). In other studies, B. pendula has been 
shown to maintain normal foliar processes under 
unfavourable conditions, whilst P. tremula reduces 
leaf size and invests more resources in perennial parts 
of the plant (Possen et al. 2011). However, in this 
study both B. pendula and P. v. Vesten, as well as 
A. glutinosa in plots without fertiliser, had smaller 
leaves. No change was detected in leaf water content 
between treatments for all species. Leaf water content 
is a measure that indirectly describes leaf tissue 
density similarly to SLA (Meziane & Shipley 1999). 
SLA did not differ between treatments for B. pendula 
and P. v. Vesten. SLA index is species-dependent and 
describes the relation of leaf dry biomass and area, 
indicating the carbon uptake relative to water loss and 
thus the strategy between resource uptake and 
preservation (Poorter et al. 2009, Liu et al. 2017). 
Lack of SLA and leaf water content value differences 
between treatments may indicate that the main 
limiting factor in this case was not nutrient 
availability or soil pH (which were improved by 
fertilisation with wood ash), but rather drought. 
These traits have shown to be responsive to limited 
water accessibility and climatic conditions 
(Niinemets 2001, Milla et al. 2008). In addition, SLA 
and leaf water content are typically lower in high 
irradiance conditions. In case of high irradiance, 
nutrient availability has minimal effect on SLA, yet 
in low irradiance conditions, nutrient availability is 
an important factor determining SLA (Meziane & 
Shipley 1999). However, in case of A. glutinosa, 
higher SLA was observed in control plots, indicating 
frugal investments in leaf construction, pointing to 
either high nutrient stress or more rapid resource 
allocation response compared to B. pendula and P. v. 
Vesten (Reich et al. 1992). 

Chlorophyll fluorescence parameters are 
considered to be one of the most sensitive traits to 
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environmental stressors and there are many examples 
in the literature (e.g. Damour et al. 2009, Gorbe & 
Calatayud 2012, Johnstone et al. 2013, Kalaji et al. 
2016). These parameters have been shown to vary 
amongst species, individuals and even their 
development state (Santiago 2015). Fluorescence 
parameters are not only depended on photosynthetic 
processes but will also be modified by alterations in 
the metabolic pools needed for photosynthesis and 
possibly even metabolic inhibitors that are not 
directly related to photosynthetic metabolism (Baker 
& Rosenqvist 2004). Addition of wood ash to the soil 
had no significant effect on the physiological traits 
(apart from increased Fo) of A. glutinosa leaves. The 
Fv/Fm ratio indicated functional impairments to 
Photosystem II in almost all measured leaves even in 
plots with added wood ash fertiliser. This points to 
the presence of environmental stressors in both 
control plots and treated plots. However, fertilisation 
with wood ash had significant positive effect on P. v. 
Vesten, even though Fv/Fm was still below optimal 
levels (Figure 5e). This indicates that, even under 
unfavourable environmental conditions, fertilisation 
can increase the vitality of P. v. Vesten. 

In this study, no significant pair-wise differences 
in leaf chlorophyll content could be found between 
fertilised and control plots even though chlorophyll 
content typically depends on nutrient availability, 
stress physiology, heavy metal contamination and 
other abiotic factors (Richardson et al. 2002, Ling et 
al. 2011, Pérez-Jiménez et al. 2019). Presumably 
since wood ash as fertiliser lacks nitrogen, a major 
component of chlorophyll, fertilisation did not affect 
nitrogen availability across all treatments.  

In conclusion, B. pendula and P. v. Vesten tree 
species growing conditions in cutaway peatland can 
be improved by incorporating wood ash into the soil. 
However, increase of wood ash dose rarely resulted 
in statistically improved performance. Therefore, due 
to the risk of nutrient leaching into groundwater and 
toxicity risks (Pitman 2006), one of the lowest doses 
would be recommended.  
 
 
ACKNOWLEDGEMENTS 
 
The study was a part of the project MAGIC – 
“Marginal Lands for Growing Industrial Crops: 
Turning a burden into an opportunity” (Horizon2020, 
Grant agreement ID: 727698) and Research program 
on improvement of forest growth conditions, 2016–
2021 (JSC "Latvia's State Forests"). The 
experimental plot was established as a part of the 
LIFE Restore project (LIFE14 CCM/LV/001103). 
We thank Zaiga Landorfa-Svalbe for helping with the 

acquisition of the chlorophyll measurement devices, 
Toms A. Štāls and K. Dūmiņš for help measuring tree 
height and survival. 
 
 
AUTHOR CONTRIBUTIONS 
 
DL set up the experimental site, SN, SC and DL 
designed the study, SN, SC and AZ collected the 
data, SN analysed the data and wrote the paper, SC, 
SN, AZ, DL and GI revised the manuscript.  
 
 
REFERENCES 
 
Aguraijuja, K., Klõšeiko, J., Ots, K., Lukjanova, A. 

(2015) Effect of wood ash on leaf and shoot 
anatomy, photosynthesis and carbohydrate 
concentrations in birch on a cutaway peatland. 
Environmental Monitoring and Assessment, 187, 
444. 

Baird, A.S., Anderegg, L.D.L., Lacey, M.E., 
Hillerislambers, J., Van Volkenburgh, E. (2017) 
Comparative leaf growth strategies in response to 
low-water and low-light availability: Variation in 
leaf physiology underlies variation in leaf mass 
per area in Populus tremuloides. Tree Physiology, 
37(9), 1140–1150. 

Baker, N.R., Rosenqvist, E. (2004) Applications of 
chlorophyll fluorescence can improve crop 
production strategies: an examination of future 
possibilities. Journal of Experimental Botany, 
55(403), 1607–1621. 

Bussières, J., Boudreau, S., Rochefort, L. (2008) 
Establishing trees on cut-over peatlands in eastern 
Canada. Mires and Peat, 3, 11, 12 pp. 

Cruickshank, M.M., Tomlinson, R.W., Bond, D., 
Devine, P.M., Edwards, C.J.W. (1995) Peat 
extraction, conservation and the rural economy in 
Northern Ireland. Applied Geography, 15(4), 
365–383. 

Damour, G., Vandame, M., Urban, L. (2009) Long-
term drought results in a reversible decline in 
photosynthetic capacity in mango leaves, not just 
a decrease in stomatal conductance. Tree 
Physiology, 29(5), 675–684. 

Demeyer, A., Nkana, J.C.V., Verloo, M.G. (2001) 
Characteristics of wood ash and influence on soil 
properties and nutrient uptake: an overview. 
Bioresource Technology, 77(3), 287–295. 

Finnegan, J., Regan, J.T., de Eyto, E., Ryder, E., 
Tiernan, D., Healy, M.G. (2012) Nutrient 
dynamics in a peatland forest riparian buffer zone 
and implications for the establishment of planted 
saplings. Ecological Engineering, 47, 155–164. 



S. Neimane et al.   EFFECT OF APPLYING WOOD ASH ON TREES PLANTED IN CUTAWAY PEATLAND 

 
Mires and Peat, Volume 27 (2021), Article 22, 12 pp., http://www.mires-and-peat.net/, ISSN 1819-754X 

International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2020.GDC.StA.2146 
 

                                                                                                                                                                         10 

Gorbe, E., Calatayud, A. (2012) Applications of 
chlorophyll fluorescence imaging technique in 
horticultural research: a review. Scientia 
Horticulturae, 138, 24–35. 

Graf, M.D., Bérubé, V., Rochefort, L. (2012) 
Restoration of peatlands after peat extraction: 
impacts, restoration goals and techniques. In: D. 
H. Vitt & J. Bhatti (eds.) Restoration and 
Reclamation of Boreal Ecosystems, Cambridge 
University Press, Cambridge, 259– 280. 

Griffiths, A.P., McCormick, L.H. (1984) Effects of 
soil acidity on nodulation of Alnus glutinosa and 
viability of Frankia. Plant and Soil, 79(3), 429–
434. 

Handy Pea (2006) Handy Pea, Pocket PEA, PEA plus 
software. Operations manual: setup, Installation, 
maintenance. Hansatech Instruments Ltd. 
Narborough Road, Pentney, King’s Lynn, 
Norfolk PE32 IJL England. Version 1.0, 84 pp. 

Herbst, M., Eschenbach, C., Kappen, L. (1998) 
Water use in neighbouring stands of beech (Fagus 
sylvatica L.) and black alder (Alnus glutinosa (L.) 
Gaertn.). Annals of Forest Science, 64(56), 107–
120. 

Hjelm, K., Rytter, L. (2016) The influence of soil 
conditions, with focus on soil acidity, on the 
establishment of poplar (Populus spp.). New 
Forests, 47(5), 731–750. 

Hjelm, K., Rytter, L. (2018) The demand of hybrid 
aspen (Populus tremula × P. tremuloides) on site 
conditions for a successful establishment on forest 
land. Silva Fennica, 52(5), 1–14. 

Ibaraki, Y., Murakami, J. (2007) Distribution of 
chlorophyll fluorescence parameter Fv/Fm within 
individual plants under various stress conditions. 
Acta Horticulturae, 761, 255–260. 

Johnstone, D., Moore, G., Tausz, M., Nicolas, M. 
(2013) The measurement of plant vitality in 
landscape trees. Arboricultural Journal, 35(1), 
18–27. 

Kalaji, H., Jajoo, A., Oukarroum, A., Brestic, M., 
Zivcak, M., Samborska, I.A., Cetner, M.D., 
Łukasik, I., Golstev, V., Ladle, R.J. (2016) 
Chlorophyll a fluorescence as a tool to monitor 
physiological status of plants under abiotic stress 
conditions. Acta Physiologiae Plantarum, 38(4), 
102. 

Karofeld, E., Jarašius, L., Priede, A., Sendžikaitė, J. 
(2016) On the after-use and restoration of 
abandoned extracted peatlands in the Baltic 
countries. Restoration Ecology, 25(2), 293–300. 

Kautsky H., Hirsch A. (1931). Neue Versuche zur 
Kohlensäureassimilation (New attempts at carbon 
dioxide assimilation). Naturwissenschaften, 
19(48), 964 (in German) 

Kikamägi, K., Ots, K., Kuznetsova, T. (2013) Effect 
of wood ash on the biomass production and 
nutrient status of young silver birch (Betula 
pendula Roth) trees on cutaway peatlands in 
Estonia. Ecological Engineering, 58, 17–25. 

Kula, E., Peŝlová, A., Martínek, P. (2012) Effects of 
nitrogen on growth properties and phenology of 
silver birch (Betula pendula Roth). Journal of 
Forest Science, 58(9), 391–99. 

Lavorel S. (2013) Plant functional effects on 
ecosystem services. Journal of Ecology, 101, 4–8. 

Lazdiņa, D., Bebre, I., Dūmiņš, K., Skranda, I., 
Lazdins, A., Jansons, J., Celma, S. (2017) Wood 
ash-green energy production side product as 
fertilizer for vigorous forest plantations. 
Agronomy Research, 15(2), 468–477. 

Leifeld, J., Menichetti, L. (2018) The 
underappreciated potential of peatlands in global 
climate change mitigation strategies. Nature 
Communication, 9, 1071. 

Liepiņš, K., Liepiņš, J. (2010) Baltalkšņa (Alnus 
incana L (Moench)) un melnalkšņa (Alnus 
glutinosa L.) ietvarstādu augšanas rādītāji 
stādījumā lauksaimniecības augsnēs (Growth 
results of grey alder (Alnus incana L (Moench)) 
and black alder (Alnus glutinosa L.) containerized 
seedlings in agricultural soil). Mežzinātne, 21(54), 
4–15 (in Latvian) 

Ling, Q., Huang, W., Jarvis, P. (2011) Use of SPAD-
502 meter to measure leaf chlorophyll 
concentration in Arabidopsis thaliana. 
Photosynthesis Research, 107(2), 209–14. 

Liu, M., Wang, Z., Li, S., Lü, X., Wang, X., Han, X. 
(2017) Changes in specific leaf area of dominant 
plants in temperate grasslands along a 2500-km 
transect in northern China. Scientific Reports, 
7(1), 1–9. 

Lutter, R., Tullus, A., Kanal, A., Tullus, T., Vares, 
A., Tullus, H. (2015) Growth development and 
plant–soil relations in midterm silver birch 
(Betula pendula Roth) plantations on previous 
agricultural lands in hemiboreal Estonia. 
European Journal of Forest Research, 134(4), 
653–667. 

Maier, C. A., Palmroth, S., Ward, E. (2008) Short-
term effects of fertilization on photosynthesis and 
leaf morphology of field-grown loblolly pine 
following long-term exposure to elevated CO2 
concentration. Tree Physiology, 28(4), 587–606. 

Meziane, D., Shipley, B. (1999) Interacting 
determinants of specific leaf area in 22 
herbaceous species: Effects of irradiance and 
nutrient availability. Plant, Cell and Environment, 
22(5), 447–459.  

Milla, R., Reich, P.B., Niinemets, Ü., Castro-Díez, P. 



S. Neimane et al.   EFFECT OF APPLYING WOOD ASH ON TREES PLANTED IN CUTAWAY PEATLAND 

 
Mires and Peat, Volume 27 (2021), Article 22, 12 pp., http://www.mires-and-peat.net/, ISSN 1819-754X 

International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2020.GDC.StA.2146 
 

                                                                                                                                                                         11 

(2008) Environmental and developmental 
controls on specific leaf area are little modified by 
leaf allometry. Functional Ecology, 22(4), 565–
576. 

Myers-Smith, I.H., Thomas, H.J.D., Bjorkman, A.D. 
(2019) Plant traits inform predictions of tundra 
responses to global change. New Phytologist, 
221(4), 1742–1748. 

Neimane, S., Celma, S., Butlers, A., Lazdiņa, D. 
(2019) Conversion of an industrial cutaway 
peatland to a Betulacea family tree species 
plantation. Agronomy Research, 17(3), 741–753. 

Niinemets, Ü. (2001) Global-scale climatic controls 
of leaf dry mass per area, density, and thickness in 
trees and shrubs. Ecology, 82(2), 453–469.  

Paradis, É., Rochefort, L. (2017) Management of the 
margins in cutover bogs: ecological conditions 
and effects of afforestation. Wetlands Ecology 
and Management, 25(2), 177–90. 

Perala, D.A., Alm, A.A. (1990) Reproductive 
ecology of birch: A review. Forest Ecology and 
Management, 32(1), 1–38. 

Pérez-Harguindeguy, N., Díaz, S., Garnier, E., 
Lavorel, S., and 31 others (2013) New handbook 
for standardised measurement of plant functional 
traits worldwide. Australian Journal of Botany, 
61, 167–234. 

Pérez-Jiménez, M., Piñero, M.C., del Amor, F.M. 
(2019) Heat shock, high CO2 and nitrogen 
fertilization effects in pepper plant submitted to 
elevated temperatures. Scientia Horticulturae, 
244, 322–329. 

Pitman, R.M. (2006) Wood ash use in forestry – A 
review of the environmental impacts. Forestry, 
79(5), 563–588. 

Pontius, J., Hallet, R. (2014) Monitoring of forest 
decline. Forest Science, 60(6), 1156–1163. 

Poorter, H., Niinments, Ü., Poorter, L., Wright, I.J., 
Villar, R. (2009) Causes and consequences of 
variation in leaf mass per area (LMA): a meta-
analysis. New Phytologist, 182, 565–588. 

Possen, B.J.H.M., Oksanen, E., Rousi, M., Ruhanen, 
H., Ahonen, V., Tervahauta, A., Heinonen, J., 
Heiskanen, J., Kärenlampi, S., Vapaavuori, E. 
(2011) Adaptability of birch (Betula pendula 
Roth) and aspen (Populus tremula L.) genotypes 
to different soil moisture conditions. Forest 
Ecology and Management, 262(8), 1387–1399. 

Rasband, W.S. (1997–2018) ImageJ, U. S. National 
Institutes of Health, Bethesda, Maryland, USA, 
https://imagej.nih.gov/ij/. 

R Core Team (2019) R: A language and environment 
for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. 
https://www.R–project.org/. 

Reich, P.B., Walters, M.B., Ellsworth, D.S. (1992) 
Leaf life-span in relation to leaf, plant, and stand 
characteristics among diverse ecosystems. 
Ecological Monographs, 62(3), 365–392. 

Renou-Wilson, F., Egan, T., Wilson, D. (2006) 
Tomorrow`s landscapes: studies in the after-uses 
of industrial cutaway peatlands in Ireland. Suo, 
57(4), 97–107. 

Renou-Wilson, F., Keane, M., Farrell, E.P. (2008) 
Effect of planting stocktype and cultivation 
treatment on the establishment of Norway spruce 
on cutaway peatlands. New Forests, 36(3), 307–
330 

Renou-Wilson, F., Keane, M., Farrell, E. P. (2009) 
Afforestation of industrial cutaway peatlands in 
the Irish midlands: site selection and species 
performance. Irish Forestry, 66, 85–100. 

Richardson, A.D., Duigan, S.P., Berlyn, G.P. (2002) 
An evaluation of noninvasive methods to estimate 
foliar chlorophyll content. New Phytologist, 
153(1), 185–194. 

Rochefort, L., Lode, E. (2006) Restoration of 
Degraded Boreal Peatlands. In: Wieder, R.K., 
Vitt, D.H. (eds.) Boreal Peatland Ecosystems, 
Heidelberg: Springer-Verlag, Berlin, Ecological 
Studies, Vol. 188, 381–423. 

Rodríguez-González, P.M., Campelo, F., 
Albuquerque, A., Rivaes, R., Ferreira, T., Pereira, 
J.S. (2014) Sensitivity of black alder (Alnus 
glutinosa [L.] Gaertn.) growth to hydrological 
changes in wetland forests at the rear edge of the 
species distribution. Plant Ecology, 215(2), 233–
245. 

Santiago, L.S. (2015) Nutrient limitation of eco-
physiological processes in tropical trees. Trees, 
29(5), 1291–1300. 

Schneider, C.A., Rasband, W.S., Eliceiri, K.W. 
(2012) NIH Image to ImageJ: 25 years of image 
analysis. Nature Methods 9, 671–675. 

Silvan, N., Hytönen, J. (2016) Impact of Ash-
Fertilization and Soil Preparation on Soil 
Respiration and Vegetation Colonization on 
Cutaway Peatlands. American Journal of Climate 
Change, 05(02), 178–192. 

Triisberg, T., Karofeld, E., Liira, J., Orru, M., Ramst, 
R., Paal, J. (2013) Microtopography and the 
properties of residual peat are convenient 
indicators for restoration planning of abandoned 
extracted peatlands. Restoration Ecology, 22(1), 
31–39. 

Tschaplinski, T.J., Abraham, P.E., Jawdy, S.S., 
Gunter, L.E., Martin, M.Z., Engle, N.L., Yang, X., 
Tuskan, G.A. (2019) The nature of the 
progression of drought stress drives differential 
metabolomic responses in Populus deltoides. 



S. Neimane et al.   EFFECT OF APPLYING WOOD ASH ON TREES PLANTED IN CUTAWAY PEATLAND 

 
Mires and Peat, Volume 27 (2021), Article 22, 12 pp., http://www.mires-and-peat.net/, ISSN 1819-754X 

International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2020.GDC.StA.2146 
 

                                                                                                                                                                         12 

Annals of Botany, 124(4), 617–626. 
Uri, V., Vares, A., Tullus, H., Kanal, A. (2007) 

Above-ground biomass production and nutrient 
accumulation in young stands of silver birch on 
abandoned agricultural land. Biomass and 
Bioenergy, 31(4), 195–204. 

Violle, C., Navas, M.L., Vile, D., Kazakou, E., 
Fortunel, C., Hummel, I., Garnier, E. (2007) Let 
the concept of trait be functional! Oikos, 116, 
882–892. 

Wang, F. (2017) SIOX Plugin in ImageJ: area 
measurement made easy. UV4Plants Bulletin, 
2016(2), 37–44. 

Wilson, D., Farrell, C.A., Fallon, D., Moser, G., 
Müller, C., Renou-Wilson, F. (2016) Multiyear 
greenhouse gas balances at a rewetted temperate 

peatland. Global Change Biology, 22(12), 4080–
4095. 

Wüst-Galley, C., Mössinger, E., Leifeld, J. (2016) 
Loss of the soil carbon storage function of drained 
forested peatlands. Mires and Peat, 18, 7, 22 pp. 

Yordanov, I., Velikova, V., Tsonev, T. (2000) Plant 
Responses to Drought, Acclimation, and Stress 
Tolerance. Photosynthetica, 38(2), 171–186. 

Živčák, M., Brestič, M., Olšovská, K., Slamka, P. 
(2008) Performance index as a sensitive indicator 
of water stress in Triticum aestivum L. Plant Soil 
Environment, 54, 133–139. 

 
 
Submitted 27 Nov 2020, revision 16 Jun 2021 
Editor: Gareth Clay 

_______________________________________________________________________________________ 
 
Author for correspondence: 
Santa Neimane, Latvian State Forest Research Institute (Silava), Rīgas street 111, Salaspils, Latvia. 
Tel: +371 67942555;   E-mail: santaneimane@gmail.com 


