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Biogeochemical Cycling, main principles

* Biogeochemical cycles: The chemical
interactions (cycles) that exist between
the atmosphere, hydrosphere,
lithosphere, and biosphere.

* Abiotic (physio-chemical) and biotic
processes drive these cycles

 We term this a biogeochemical cycle
because bio pertains to life, geo pertains

to Earth (atmosphere, water, rocks, and
soils), and it is chemicals that are cycled.




What is common amongst them?

Each compound (water, carbon, nitrogen, other
mineral elements) typically exists in all four parts
of the Earth System

There are
— ‘Pools’
— Fluxes in and out of pools
— Chemical or biochemical transformations

Transformations

— are important

— can lead to positive & negative consequences (e.g.
Acidification)



What is a system?

e System: a collection of matter, parts, or components
which are included inside a specified, often arbitrary,
boundary. Example: Ecosystem

e Systems often have inputs and outputs.




Input - ouput system

Sources (fluxes - inputs)

* precipitation, throughfall (deposition), stemflow, weathering, undergound
water, surface water, litter fall, decomposition of organic matter ...

Losses (fluxes - outputs)

* soil gravimetrical water (leaching), harvesting, erossion, runoff,
volatilization, fire (combustion)...

Storages (pools)

* Soil, total green biomass, leafs, needles, twigs, dead biomass,wood, roots...
 Belowground, undergound

Plant processes

* Infrasystem cycling

* Recycling (organic, anorganic forms)

Litter processes, soil processes - (specific inner system)



Model of nutrient cycles

A generalized
model of nutrient
cycling in a
terrestrial
ecosystem. The
three common
components of
Inputs, internal
cycling and
outputs are
shown in bold.
The key
ecosystem
processes of net
productivity and
decomposition
are italicized.
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Nitrogen Cycle: Key Points

Nitrogen is in the atmosphere as N, (78%)

N, is an inert gas and cannot be used by plants
or animals

N, can be converted to a usable form via
— Lightening

— N-fixing plants and cyanobacteria

— Industrial process (energy intensive)

Nitrogen limits plant growth
Nitrogen is easily lost from biological systems



Nitrogen Cycle

Essential to life - important in forming amino
acids >> proteins

Most abundant in the atmosphere (79%)
~lows continuously through the spheres
Reservoirs: atmosphere and biosphere (soil)

Processes: Nitrogen fixation, protein
amonification, nitrification and denitrification

Atmosphere => soil => plants => atmosphere (see
figures)




Nitrogen Cycle

 Nitrification/ nitrogen fixation: converts
N, to forms usable by plants (NH,, and
NO;)

 Denitrification: is the conversion of NO;
back to N, in the atmosphere or in gases In
the soil

« Symbiotic relationship: bacteria supply the

plant with usable nitrogen and feed off the
sugars and starches made by the plant



Nitrogen Cycle

* Human activities account for >50% of
nitrogen fixation (fertilizers, cultivation of
nitrogen fixing plants)

* Denitrification - done mainly by bacteria
not by humans.

* Despite the huge size of the atmospheric
reservoir of nitrogen, human activites
profoundly affect the nitrogen cycle




Nitrogen cycle

Main part of N-cycles
* Biomass uptake

e Litter decomposition
* Amonnification

* Nitrification

* Denitrification

* Nitrate leaching

* Volatilization

* N-fixation



Forms of Nitrogen

1. N, - inert gas, 78% of the atmosphere

2. NO, N,0, NO, - other gases of nitrogen, not
directly biologically important. Part of the
gases found in smog.

3. NO; (nitrate) and NH,* (ammonium) - ionic
forms of nitrogen that are biologically usable
(available).



Simplified N- cycle

N, in atmosphere

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



The Nitrogen Cycle
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Carbon and Nitrogen Cycle in Forest Ecosystems

The Carbon and Nitrogen Cycle of Forest Ecosystems 74
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Nitrogen Cycle in Forest Ecosystem

an example
N Cycle of 80-year old Douglas-fir M Cycle of 22-year old Eucalyptus
Forest near Seattle, USA Forest in Sao Paulo State, Brazil

Trees
320 kg/ha

Forest Floor
175 kg/ha

Trees
1024 kg'ha

Soil
2809 ka/ha

Understory

Forest Floor

Sail od fro™ 22 kglhh
360 kg/ha 1 Fioof
Fore &
15 [AsE

Leached from
Soil
0.6 kg/ha

Leached from Soil
0.6 kg/ha



Zasoby:

Cycling in elements in forest ecosystems (The Czech Republic)
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Biogeochemical Cycle of Ca in Forest Ecosystem
- see also special PP in DS

2

From
the biosphere

To
the biosphere

Forest floor leaf litter,
twigs, dead trees, humus

f]

Loss to
streams._

Weathering

Mineral soil



Sulphur Cycle

sulfates in the

atmosphere
A
SO, Y
A dry deposition
K, e S wet deposition
N 2 (acid rain, snow)
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Sulfur Cycle

Essential for organic material (protein)
Found in coal, petroleum, and plants
— Gas released to atm. when burned

Common with metallic ores
— Gas released to atm when smelted

Important component of urban SMOG

Important source of aerosols (cloud
formation, albedo, acidrain)




Sulfur Cycle

Reservoirs: Lithosphere (sulfide, sulfate),
nydrosphere (sulfate 7.8 % In ocean)

Jrocesses: Bacteria plays an important role
In reducing sulfate to sulfide and in early
photosynthesis- use of H,S instead of H,O

Formation of sulfide; burial; weathering
\olcanic activity
Combustion of fossil fuels




Biogeochemical Cycle of Sulfur in Forest
EcosystemEcosystem

From
the biosphere

To
the biosphere

Rocks 3430




Phosphorus Cycle

» Reservoirs: Hydrosphere (as phosphate ion),
lithosphere (phosphate minerals), and
biosphere (bones, teeth, shells)

» Short-term cycle: PO,* in soil or ocean =>
assimilation by plants => consumption by
animals => decay or excretion => recycled
to soil or ocean, residence time 100s of yrs



Phosphorus Cycle

Long-term cycle - Residence time ~108 yrs

Extraction (mining) short-circuits the long-term cycle
Component of DNA, RNA, ATP, proteins and
enzymes

Soluble in H20 as phosphate (PO4)- plant availability
Atmosphere Is not a source

As with nitrate, humans are doubling the rate of transport
of phosphate into the environment through the application
of fertilizers (eutrophication)



Global Phosphorus Cycle

Numbers represent stored amounts in
millions of metric tons (10'%g)

Numbers represent flows in millions '
of metric tons (10'%g) per year -

Dmgﬁ@@

% 50

Earth's
crust

Fish harvest

Marine
biota

Ocean sediments



Mineral Nutrition - plants

24 elements are required for life

Macronutrients are required in large quantities

— carbon, hydrogen, nitrogen, oxygen, phosphorus,
and sulfur

Micronutrients are required in small/medium
guantities, or not at all in some organisms

— copper, sodium, iodine, ...






Element concentrations in the foliage of different tree

species calculated from the ICP Level Il data sets

Tree species Leaf_type’ Limit H 5 P Ca Mg K
mglg mg'g mglg mgig mg'g mg'g

Fagus syfvatica 0 low 20.41 1.26 0,89 344 0.85 481
0 high 2022 212 1,86 14,77 25 11,14
Quercus camis 0 low 12 B6 0.81 0,83 481 0,93 1,18
0 high 30.78 3.24 229 16,48 3.4 15,64
Cuercus ilex 0 lovw 11,85 0.81 0,89 4 0,78 3.42
0 high 17.24 1.41 1,22 10,32 282 B.46
Quercus petrasa 0 lovw 18,75 1.24 0.8 412 1.08 5.86
0 high 28 84 2.01 1.85 1046 2,28 11,16
CQuercus  pyrenaica (G 1] Iy 17.B5 1.1B 148 4.4 1.4 3 .52
0 high 255 233 312 12,03 3 1.3

Quercus robur (Q. 0 low 20.31 1,36 087 3,33 1,08 5.8
0 high 3060 2.21 255 12,26 285 12,64
Quercus subsr 0 low 11,20 0.85 047 428 1.22 437
0 high 23.08 1.61 1.53 11.02 255 B.aS
Abies alba 0 lovw 11,55 0.7e 0,95 3.5 0,88 428
0 high 18,16 1,68 223 11,71 1.8 B.48

1 low 11.67 0.85 0,86 418 0,37 387

1 high 1846 1,78 221 16,38 1.7 TaT

Picea abies (P. excelsa) 0 low 10,28 0.7 1.01 1.B3 0,88 3.65
0 high 18,68 1.3 2.1 7.01 1.56 B.36

1 low 247 0.6e 0.81 226 044 341

1 high 1587 1.34 1.82 i 1.51 7.05

ICP Forest - http://www.icp-forests.org/pdf/FINAL_Foliage.pdf



Limits for mineral nutritions - soil available nutrients

Nitrogen content in

Content in solution 1 % citric acid
mg/kg
P K Mg
Very low to 40 to 55 to 45
Low 40— 80 55-90 45-70
Medium 81-110 91-130 71-100
Good Up 110 Up 130 Up 100
Content in solution 1 N ammonium chloride
mg/kg
P K Mg
\ery low to 30 to 30 to 20
Low 30-70 30-50 20 -40
Medium 71-120 51-80 41 - 60
Good Up 120 Up 80 Up 60

soil
Content %
\ery poor to 0,03
Poor 0,03 - 0,06
Medium 0,06-0,2
Good 0,2-0,3
Rich Up 0,3




Acid deposition and acidification

Nitrogen deposition 1998-2007 in Europe
See the lectures 5C, 5D (Document server UIS)

& N_NH4 througfall (163)

10
---&-- M_MNO3 througfall (164)
g —m— [ _WHA bulk (155)
—a— [ MNOF bulk (156)
g
T +—F—1 I
kgthaa] | | fi T I I i I
L |"-h" > = ' :[
H A S o
- s —
- B T % T
,/;/%\ : i - - 1
4 }f = i =
2

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
year

(FutMon 2011)



Mean annual sulphate deposition 1998-2007 in

[kg f ha-a]
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Acid Deposition and Critical Loads

CLnut(N) (5th percentile) All ecosystems
eqha'a’

W <200
5 200 - 400
~400-700
. 700-1000
W 1000- 1500
T > 1500

Critical loads for nutrient nitrogen in Europe (AGREN 2009)



Exceedance of Critical Loads

Exceedance of nutrient CLs
eqha'a’
'no exceedance
<200
M 200 - 400
. 400-700

700-1200
m> 1200

Areas where the critical loads nitrogen were exceeded in 2000 (Agren 2009)



iabeck

Forest d

hory Mts.

Krusné

N .’J_
N I R e W e e 5
= = N /

Krkonose — National Park

- i

,, !.\. LA 2T ’“ﬂ%x ?

e IS
= RIS LT



Review questions

1. Main definition and principles of cycling of
elements

2. ldentifiy and describe the flow of nutrients in
each biogeochemical cycle

4. N-cycle in forest ecosystems, main parts and
evaluation

5. Cycling of other mineral elements, mineral
nutrition

6. Acid deposition in forest ecosystems

7. Explain the impact that humans have on the
biogeochemical cycles.
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Actual case studies in Europe
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Book: Carbon and Nitrogen Cycling ... (Schulze et al. 2000) -
http://books.google.cz/books?id=ku6QwSTDsvEC&printsec=frontcover&hl=cs&sourc
e=ghs_ge summary_r&cad=0#v=onepage&g&f=false



1.3 The NIPHYS/CANIF Project

The present book is based on two projects of the European Community (NIPHYS:
NItrogen PHYSiology of Forest Plants and Soils and CANIF: Carbon and Nitrogen
Cycling in Forest Ecosystems) aimed at studying key processes of the C and N cycle
in coniferous (Picea abies) and deciduous (Fagus sylvatica) forest ecosystems along
a north-south transect through Europe. Picea abies and Fagus sylvatica dominate
about 60% of the European forests (Stanners and Bourdeau 1995).

NIPHYS and CANIF were experimental investigations of the processes involved in
the contribution of C and N to the overall biogeochemical cycles and of the func-
tional significance of biodiversity in the biogeochemical cycles in forest ecosystems.
Thus, CANIF is an investigation of the present effects of climate, and soil-borne and
deposited N on C and N assimilation as well as on forest organism functioning along
a climatic transect through Europe. The study was based on the idea that acid and N
deposition has changed forest ecosystems dynamics in Central Europe (Schulze and
Ulrich 1991), but it remained difficult to quantify these effects because all habitats
and regions of central Europe are affected (Teller et al. 1992). Therefore, this study
had the following major objectives:



1. To investigate effects of N deposition on ecosystem processes, particularly the C
cycle, by extending the range of study to the northern and southern limit of spruce
and beech forests where N deposition was reported by the European Environ-
mental Agency to be lower (Fig. 1.3; Stanners and Bourdeau 1995). Since climate
and N deposition changed over the geographic range of this study, the specific
effects of N deposition were expected to become apparent by studying low depo-
sition in the north and in the south. In order to separate effects of climate and N
deposition, the attempt was made to maintain soil conditions as constant as pos-
sible by selecting acidic bedrock and soils for as many sites as possible. We hypoth-
esised that a number of ecosystem parameters would reach a specific maximum
or minimum in central Europe when compared with the south or the north. Thus,
a main emphasis of this study was to identify the interactions between the forest
C and N cycle and their effect on forests being C sources or sinks.

2. In contrast to studies of the biogeochemical cycles per se, it was the specific aim
of this study to investigate the significance of soil organisms and their associated
C and N transformations and C and N fluxes. There was an evident lack in knowl-
edge to what extent soil organisms regulate the biogeochemical cycles and affect
the soil conditions, and to what extent the decomposer community responds to
the climatic and edaphic conditions. In this case, ecosystem processes may be
maintained constant due to a compensatory effect of a change in the organism



assembly (Schulze 1984). The role of biodiversity would be to contain a reservoir
of organisms that is able to maintain ecosystem function under conditions of vari-
able climate and N deposition. It is important to know if soil organisms adjust to
or change their environment and maintain their specific function in the process
of element cycling. It also remains unclear if ecosystem processes depend on key-
stone species, a balance of many species or a variable minimum number of species,
and what is the role of the heterogeneity in soil processes. We hypothesise that
certain products (e.g. soil organic matter) would accumulate if the capacity for
compensatory response of the soil biota were overstressed.

. Given the fact that there are a number of nested cycles in the pathway of N through
the ecosystem, it was unclear if certain thresholds exist, where one or the other
pathway dominates in the transformation of N, and if such thresholds would relate
to N deposition. If the decomposer chain was C-limited and delivers N, and C
assimilation of plants was N-limited but delivers C for the decomposer commu-
nity, then thresholds should occur under conditions of N deposition, such as the
loss of nitrate to groundwater. We hypothesised that the soil solution chemistry
and the output of dissolved organic C and N, as well as the loss of nitrate, would
be indicators for such thresholds. However, before such interpretation is possible,
a careful assessment of the pathway in the soil is necessary.



4. It is quite clear that soil processes determine NEP in a time-lapse manner (Melillo
et al. 1996), i.e. pools of C and N compounds may serve as sources for CO, asyn-
chronously to the plant production process. It is very difficult to decide if soils are
C sinks or sources because their net balance is determined by litter inputs and by

respiration, and both processes may not be in phase, resulting in SOM accumula-
tion or losses. Since changes in C and N pools are difficult to quantify due to small
fluxes and large pools in soils, this study intended to quantify the underlying
processes and predict SOM turnover using a whole range of approaches. We
hypothesised that a hierarchical approach of predictions (extrapolations) from the
lower level of C transformations (bottom-up prediction) and verifications from
whole ecosystem measurements (top-down verifications) would make it possible
to quantify changes in SOM.



Book: Causes and Consequences of Forest Growth Trends in Europe (Kahle et al. 2008)

http://books.google.cz/books?id=gSFKtxtv1kEC&printsec=frontcover&dqg=Causes+and+
Consequences+of+Forest+Growth&hl=cs&sa=X&ei=avg_Ura7DojesgbnulCoAw&ved=0C
DEQ6AEWAAHv=0nepage&q=Causes%20and%20Consequences%200f%20Forest%20Gro

wth&f=false



Forest growth in Europe has been increasing during the last decades. The possible
causes suggested to explain this phenomenon have been elevated atmospheric
carbon dioxide concentration, temperature and precipitation climate beneficial to
tree growth, increasing nitrogen deposition and better management. In this book
complementary approaches are adopted to discriminate between the levels of
importance of these factors. Investigations over large geographical areas are used to
separate current spatial variability while studies of the growth of individual trees
allow time trends to be evaluated. Four different mechanistic forest ecosystem
models supplement the empirical investigations.

This study gives empirical evidence for the prominent role of increasing nitrogen
supply as the key driver of the observed forest site productivity increases. However,
to which part increased nitrogen availability is driven by recovery of soil from
former often devastative land use, and to which extent it is attributed to
anthropogenically increased nitrogen deposition has not been unequivocally
clarified. The process-based modelling gives clear evidence that nitrogen played the
most important role for forest site productivity changes in the past, but in the future,
climate change and especially CO, fertilization will be of increasing importance.



The Recognition project:

Together with 24 partners from across Europe, the European Forest Institute
launched in April 1999 with financial support from the European Union the EC-
FAIR project “Relationships Between Recent Changes of Growth and Nutrition of
Norway Spruce, Scots Pine, and European Beech Forests in Europe — Recognition™.

The objectives of the research project were:

* to identify potential causes of recent growth trends in European forests;

* to investigate the relative importance of nutrients, climate, and land-use
changes: and

* to analyse the long-term consequences and risks of observed changes for
sustainability and to assess the implications for future forest management.



Main results achieved by the Historical Development Investigation:

During recent decades most Scots pine stands in Central Europe showed
significantly faster height growth as compared to previous decades.

This increase was predominantly caused by improved nitrogen nutrition which
is the combined result of a recovery of sites from former devastative land-use
practices and anthropogenically increased atmospheric nitrogen deposition.
Nitrogen nutrition played a prominent role on sites where nitrogen deposition
was high. On the sites in Northern Europe and Great Britain, increased nitrogen
supply was less important for long-term growth changes of Scots pine stands
than in Central Europe.

Precipitation and thus water availability are key factors for the short-term
fluctuations of growth, but not for the long-term growth trends.

No significant direct effect of changes in air temperature on growth changes of
Scots pine and Norway spruce stands could be detected.

Itis likely that increased atmospheric CO, concentration has only been of
secondary importance for the tree growth changes in the past.



Main results achieved by the Present State Analysis:

* During the period 1960-2000 average annual height growth increased by
+23% for spruce, and by +25% both for pine and beech.

* During the first 50 years of their lifetime the average annual diameter growth of
trees with germination dates in the 1940s and 1950s was on average increased
by +16 % for spruce, +13 % for pine, and +27 % for beech as compared to
trees which started to grow between 1900 and the 1920s. This indicates that the
stand management adapted to the growth increases through earlier and more
frequent and/or intensive thinnings.

+ Based on species specific functional relations between stand height and total
wood volume production potential validated for German conditions the
observed changes in height growth gave rise to increases in total wood volume
production over the period 1960-2000 of +56 % for spruce, +45 % for pine,
and +74 % for beech, which is equivalent to average annual productivity
increases of +1.4 %, +1.1 %, and + 1.8 % for spruce, pine and beech
respectively.

* Pine and beech sample trees with high foliar nitrogen nutrition at the end of the
observation period showed a significantly lager increase in height growth than
those with low nitrogen nutrition.

* Pine and beech sample trees from sites with low initial site fertility showed a
significantly larger increase in height growth than those from sites with high
initial site fertility.

» Confounding of the analysed causative factors (i) change in seasonal air
temperature, (ii) change in seasonal precipitation, and (iii) level of foliar
nitrogen nutrition complicated identification of the independent effects these
variables have on growth change.



Main results achieved by the mechanistic modelling approach:

All four process-based models identified increasing nitrogen supply as the
major cause of observed changes in European forest growth during the 20"
century. This finding is mainly the result of the large increase in nitrogen
deposition rates during that period.

The process-based model simulations showed that the relative importance of
the different changing environmental factors might change over time: Further
changes in forest growth (i.e. in the simulation time-periods 1960-2040 and
2000-2080) are more likely to be caused by increasing atmospheric CO,
concentration and, especially in northern latitudes, by increasing temperature.
In the model simulations, the effects of the environmental factors air temperature,
moisture availability, availability of nitrogen and CO, were largely additive.
Uncertainties regarding the response of nitrogen uptake and nitrogen use
efficiency to environmental change evident in diverging model results need to
be resolved in experiments and models.



Implications and consequences of the growth changes for sustainability of European
forests:

* There are no indications from the project, at least in the short term, that the
growth changes themselves represent any major threat to the sustai‘nability of
the forest ecosystems, and their provision of services. In a longer time
perspective, the situation might be different and increased water stress and
deficiencies of nutrients other than nitrogen might occur. |

* Increased growth and accumulating wood volume in the forests indicaFe tha‘t if
the structure of the forests should be maintained, changes in the intensity of

management practices, e.g. more frequent and/or intensive thinnings, are
needed. This also refers to ensuring the stability of the stands. ¢.g. with respect
to storm.

The model simulations indicate that the time for timber production can be
shortened: a finding which especially refers to Central Europe where increases
in forest site productivity have been largest during recent decades, whereas in
the future tree growth and consequent profitability of forestry may increase
most in Northern Europe.

Sustainable forest management in the future may require more attention to the
nutritional budget of forest ecosystems. The Pan-European EC-UN/ECE
Programme for Intensive and Continuous Monitoring of Forest Ecosystems is

one of the tools that can provide early-warning signals if large-scale changes in
European forests are occurring.



