

















CONTENTS

Abstract ix

Acknowledgements Xi
1. Effects of fire on productivity and nitrogen cycling in a broad-leaf
savanna, Kruger National Park, South Africa 1
2. Background to the Kruger National Park’s management framework,
the Experimental Burn Plots and a description of the study sites 14
3. Fire and vegetation effects on total soil nutrients (nitrogen, carbon
and phosphorus) in a broad-leaf savanna, Kruger National Park 28
4. The effects of fire on N availability in a broad-leaf savanna, Kruger
National Park 37
5. The effects of fire on N uptake and biomass production in a broad-leaf
savanna, Kruger National Park 56
6. Functional traits and grass species composition across the fire
gradient 73

7. 5N natural abundance in vegetation and soil in a broad-leaf savanna,

Kruger National Park 91
8. Temporal changes in N of wood and '3C of soils at the experimental
burn plots at Shabeni in the Kruger National Park. 102
9. Summary and synthesis 111

10. References 118

viii



ABSTRACT

Fire with herbivory, climate, and soil properties including nutrients are said to be important in
regulating the structure and function of savanna ecosystems. Frequent fire is often held responsible for
a decrease in nitrogen pools and availability and the maintenance of low fertility conditions. However,
previous research in the Kruger National Park (KNP) and elsewhere found conflicting results for the
effects of fire on nitrogen pools and transformation rates. The main aim of this study was to gain a
better understanding of the long-term effects of fire on nitrogen cycling in the KINP.

The KNP provided an ideal opportunity for this study because of the initiation of a fire experiment
in 1954. The Experimental Burn Plot (EBP) experiment was initiated in four representati{fe landscapes
of the KNP to determine the effects of fire on vegetation structure. I tested the effect of burning on
nitrogen cycling and productivity in four fire treatments situated in Pretoriuskop Sour Bushveld
(broad-leaf savanna). The fire treatments included a late winter, annual burn (August), late winter and
summer triennial burs (August and February) and a fire exclusion treatment. Total soil nitrogen,
available nitrogen, woody biomass and herbaceous production were measured. 1 hypothesized that
vegetation adapted to low N conditions with low N foliage would be expected to dominate in
frequently burnt areas if fire was to decrease N pools and fluxes. To test this, I measured grass species
composition and accompanying traits across the fire gradient. I also used 8'°N of soil and foliage as a
proxy of nitrogen cycling and measured 8'°N in wood to obtain a longer term perspective of fire
treatment on nitrogen cycling,

The results show that fire did not affect total soil nitrogen and carbon regardiess of soil depth. The
high intensity triennial bum decreased the cumulative amount of available N more than the annual
burn. As herbaceous production compensate for decreased woody production, frequently burnt
savanna managed to stay as productive as fire excluded areas. Less frequent burning, especially in the
dry season, was more detrimental to productivity than annual burning. However, the grass
composition, daily rates of nitrogen mineralization and ecosystem 5'°N values were not affected by
fire treatment. Longer term signals of nitrogen cycling (§'°N values in wood) indicate that the annual
burns have been moving persistently towards a more open nitrogen cycle, whereas the fire exclusion
plots have had more variable §"°N values through time. The effect of fire on the nitrogen cycle in this
study is ameliorated by an interaction between low losses of nitrogen and limited species change-over
with frequent fire. The persistence of trees, even in the annual burns and the presence of herbivores
may contribute to relatively low fire intensities and the conservation of nitrogen. Furthermore, the
exclusion of fire has not lead to closed canopy forest. Soil organic matter 8°C values showed that this
area has been in a savanna state for a considerable length of time and were not forest previously.

The two treatments with the highest cumulative N mineralization rates also had the highest forb
biomass and I suggest that it is necessary to quantify the importance of N, fixation on the annual

burns. It is also imperative that the high N deposition rates reported for the KNP be verified as these
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extremely high rates of deposition will have serious implications for vegetation adapted to nutrient-
poor soils,

Frequent fire in prairie and Oak savanna leads to shifts in species composition (whether grass or
woody species). At my study site, frequent fire (or even the exclusion of fire) does not lead to
significant shifis in species composition. These results suggest that changes in the structure of
vegetation (i.e., tree:grass ratio) with frequent fire may be more important in controlling N cycling
than the direct effects of fire on N (e.g, volatilization). Research on the effects of fire on nitrogen
cycling is usually biased towards temperate systems. Furthermore, much of the fire and nitrogen
research in the past has been based on single fire events and not on long-term experiments. This work
has shown that fire effects on nitrogen in savannas are different from those seen in prairie and

temperate savannas.
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CHAPTER 1
EFFECTS OF FIRE ON PRODUCTIVITY AND NITROGEN CYCLING IN A
BROAD-LEAF SAVANNA, KRUGER NATIONAL PARK, SOUTH AFRICA

INTRODUCTION

The aim of this study in part is to gain a better understanding of the long-term effects of fire on
nitrogen cycling in the Kruger National Park (KNP). The research focuses on how fire and vegetation
interacts in controlling nitrogen (N) cycling and productivity in a nutrient-poor, broad-leaf savanna.
The KNP provides a unique opportunity to study the long-term effects of fire as a fire experiment was
initiated in the 1950’s. The experimental burn plots (referred to hereafter as the EBP’s) consist of 12
fire treatments of varying frequency and season, in four string or repeats located in four different
vegetation types (see Chapter 2 for background on experiment). The Kruger National Park falls within
the savanna biome (Fig. 1.1). Savanna is broadly defined as an ecosystem formed by a continuous
layer of graminoids and a discontinous layer of trees and/or shrubs of variable extent (Solbrig er al.
1996). Furthermore, tropical savanna is characterized by rainfall variability and the dry season is
between three to nine months. Fire, herbivory, climate, and soil properties are considered as
determinants of savanna structure (Sankaran et al. 2004). Fire is a prevalent ecological process in
savanna and does not only influence structure, but also plant composition and nutrient cycling
{Scholes and Walker 1993, Bond 1997, Scholes and Archer 1997). Frequent fire alters N availability
and plant response in many different ecosystems (Knapp and Seastedt 1986, Ojima 1987, Seastedt et
al. 1991).

Fire effects can be divided into short-term effects and cumulative long-term effects. Short-term
effects include a stimulatory effect on plant production and enhanced nutrient concentrations post-fire.
Higher plant production occurs as a result of an increase in N availability, the release of readily
available nitrogen and phosphorus (P), the removal of accumulated detritus, and enhanced N fixation
(Reich et al. 1990). Previous studies have suggested that enhanced net N mineralization rates and ash
deposition after fire can contribute to higher plant-available nutrients (Raison 1979, Knapp and
Seastedt 1986, Blair ef al. 1998).

Research in tallgrass prairie has suggested that frequent fires will result in long-term reductions in
the N capital of ecosystems (Ojima ef al. 1994). Greater productivity under an annual burning regime,
however, can be maintained despite a reduction in soil organic matter and large losses of N associated
with every fire (Ojima ef al. 1990, Blair ef al. 1998). Some explanations for this phenomenon include
increased nitrogen use efficiency (NUE) (Ojima ef al. 1994), increased N fixation as a result of regular
burning (Eisele ef al. 1990), and the decrease of potential N losses via leaching and denitrification
(Blair et al. 1998).
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Figure 1.1. A map of South Africa with the locations of the Kruger National Park, Nylsvley, and the Lowveld.

The interactions between fire and vegetation in turn, have important implications for the animals
that utilize the system by affecting their distribution, and movement as well as the quality and quantity
of graze. Nitrogen and phosphorus are required in large quantities by animals and limitations of these
nutrients manifest in depressed reproduction (Owen-Smith and Novellie 1982, Grant ef al. 2000). Fire
also impacts on the competition between grazing tolerant and intolerant grass species indirectly by
influencing where, when and for how long animals utilize specific patches in the landscape (Archibald
et al. 2005).

THE KNP NITROGEN CYCLE IN CONTEXT AND GENERAL EFFECTS OF FIRE ON
THE NITROGEN CYCLE

There is a well developed literature on the short-term effects of fire on savanna ecosystems
(Reviewed by Raison 1979). The immediate effects of fire include the removal of detritus and the loss
of some nutrients such as N. The removal of detritus aliers the energy environment and microclimate
of the soil; this in turn results in greater solar inputs and warmer soil temperatures (Blair ez al. 1998).
N is frequently the most limiting nutrient to terrestrial plants and the effects of fire on the rate of N
cycling have important consequences for plants. Nitrogen cycling in ecosystems can be divided into
two cycles, an external and an internal N cycle. The internal cycle focuses on the processes that takes
place within the top soil layers and between soil and plants (also known as the ecosystem) and

includes plant uptake, nutrient resorption and N mineralization, nitrification, and immobilization. The



external cycle includes processes such as: dry and wet nitrogen deposition; dinitrogen fixation; N
leaching; denitrification and ammonia volatilization. The long-term effects of fire on these processes

are important for a better understanding of productivity and nitrogen cycling in savanna systems.

External nitrogen cycle
Dry and Wet nitrogen deposition

Nitrogen is received from the atmosphere in three ways: dissolved in mist or fog, as wet
deposition or dry deposition (atmospheric particles and gases) and together these make up total
deposition of N (Lovett 1994). Total N deposition in the Kruger National Park (KNP) is estimated to
be 21.6 kg N ha™ yr' (Scholes ef al. 2003). This number has been attributed to the fact that the Park is
downwind from an area with major coal refineries. Dry deposition is estimated at 15 kg N ha” yr' and
wet deposition has been variably measured as 7 kg N ha” yr' (Scholes ef al. 2003) and 2.8 kg N ha
yr'! (Mephepya et al. 2006). These estimates are higher that that found elsewhere as N deposition in
rain is 4.3 kg N ha” yr! in Kenyan savanna (Augustine 2003) and N in bulk precipitation for North
American tallgrass prairie varies between 10-20 kg N ha™ yr' (Blair et al. 1998). Also, a study of
West African and South African savannas found total N deposition to vary between 8-9 kg N ha yr!
for dry savannas and an upper range of 15-19 kg N ha yr for wetter savannas and forests (Galy-
Lacaux et ol 2003). Total nitrogen deposition is much lower at Nylsvley (for location see Fig. 1.1,
p.2), 100 km west of the KNP (2.5 kg N ha™' yr'), apparently because it is situated upwind from the
worst pollution sources in the region (Scholes and Walker 1993). It is evident in this section that the
Kruger National Park has very high deposition rates compared to other savannas. This may potentiall
have important implications for the systems as increased deposition may lead to eutrophication which
in turn may lead to changes in species composition and ecosystem function (Vitousek et al. 1997,
Bobbink et al. 1998).

Annual fire in some tropical Australian Eucalypt savannas has little effect on soil nitrogen because
the relatively small losses of N are compensated for by annual N inputs in rainfall and non-symbiotic
fixation in the surface soils (Holt and Coventry 1990). For Australian savanna woodland at Kapalga,
annual burning leads to a net loss of 15-20 kg N ha™ yr' (Cook 2001). Impacts of fire in West African
savannas depend on the season of the burn (Abbadie 2006). During the dry season, close to 100% of
biomass burns with large associated losses in N, while burning in the wet season leads to about 12% of
biomass burned. Overall, loss of N though volatilization during fires is balanced by N inputs from

deposition and dinitrogen fixation (Abbadie 2006).

Dinitrogen fixation
Dinitrogen fixation is the process by which atmospheric N, is converted to ammonium (NH,') and

constitutes a major input of N to the ecosystem. Dinitrogen fixation can be performed by bacteria



existing in symbiosis with plants and associated with plant roots or by free-living bacteria such as
cyanobacteria. Fixation can occur in the rhizosphere of some tropical grasses (Wullstein 1979,
Miranda et al. 1990). Nitrogen fixed by legumes at Nylsviey has been estimated to be between 29 and
86 kg N ha yr' (depending on the amount of acytelene reduced for every molecule dinitrogen fixed,
Grobbelaar and Rosch 1981). Using natural abundance "N, it has been shown that the woody
Mimosoideae in KNP are able to fix atmospheric N, (Scholes ef al. 2003). Kruger estimates for fine-
leaf savanna areas average around 21.0 kg N ha” yr' and for broad-leaf savanna, 4.8 kg N ha” yr'.
Fixation varies in other savannas. Values of 2.2 kg N ha' yr! (Norman and Wetselaar 1960) to 12 kg
N ha' yr' (Langkamp et al. 1979) have been reported for the Northern Territory. of Australia.
Symbiotic N, fixation is an important source of N in some Eucalypt communities and range from < 1
to 32 kg N ha™ yr”' but is on average about 5 kg N ha yr' (Keith 1997). Dinitrogen fixation in West
African savannas equals 12 kg N ha” yr; 2 kg N ha yr'! from cyanobacteria, 1 kg N ha’ yr' from
herbaceous legumes and 9 kg N ha™ yr”' from grass rhizosphere microdrganisms (Abbadie 2006).

Estimates for North American tallgrass prairie have shown that fixation by crustal soil
cyanobacteria could be significant (~10 kg N ha™ yr) if light and soil moisture remained available for
a long enough period in spring (Blair ez al. 1998). A limited amount of work has been done on fixing
by crustal soil cyanobacteria in African savannas. One estimate from a Nigerian savanna is 3.3 to 9.2
kg N ha” yr' for a surface crust cover of 30% and fixation taking place 70% of the 180 day growing
season (Isichei 1980). Soil N fixation is estimated to range from 4.2 kg N ha' yr”! in unburned prairie
to 5.2 kg N ha” yr! in annually burned prairie (Ojima et al. 1990).

The effects of fire on nitrogen fixing are variable. Enhanced phosphorus concentrations in the
post-burn ash may facilitate N, fixation, but it is also possible that the enhanced availability of N
following fires might decrease N, fixation (Menaut ez al. 1993).

Nitrogen leaching
As nitrate (NO5") is negatively charged it is repelled by similarly negatively charged clay particles

and as a result susceptible to loss by leaching (e.g. downwards movement of NO;™ through the soil
profile). Leaching losses of nitrogen have been estimated at 1.3 kg N ha™ yr”' for broad-leaf savanna in
the KNP (Woghiren 2002). Although leaching losses have been found to decrease with regular fire in
prairie ecosystems (Ojima ez a/ 1990), no fire influence on leaching was found for broad-leaf and
fine-leaf African savanna (Meredith 1987). Inorganic N leaching in soil for West African savannas is
quite small (0.2 kg N ha™' yr') but most leaching is in the form of organic N (5 kg N ha’ yr')

(Abbadie 2006). Fire-adapted systems are highly conservative of nutrients and large fluxes of nutrients

afier fire are immobilized very rapidly resulting in little leaching of N (Kellman er al. 1985, Kauffiman
et al. 1994),




Nitrogen emissions

Emission rates of NO, (NO and NO,) from the soil vary with soil nitrogen, soil moisture content,
and soil temperature and a pulse is produced with the first rains. In African savanna, most of the NO,
is NO and the fluxes are very variable (0.05-34 ng N m™ s') (Parsons et al. 1996, Scholes ef al. 1997,
Otter ef al. 1999, Scholes ef al. 2003). For the KNP, the highest background NO emission rates (20 ng
N-NO m s} were measured on plots where fire has been excluded for more than 50 years (Parsons ef
al. 1996). For the flux tower site at Skukuza, the annual mean emission of nitrogen through burning is
03 g Nm” yr! (3 kg N ha' yr') (Scholes et al. 2003). Nitrogen emissions for the rest of the park
depend on the frequency of fire and fuel loads.

Denitrification

Another major pathway for N loss from the ecosystem is through denitrification. Denitrification is

the process where nitrate (NO;") is converted to oxides of nitrogen (NO, NO,, etc.) or gaseous N,.
This flux is not large in African savannas such as at Nylsvley where it is assumed to be about 5% of
the nitrification flux {Scholes and Walker 1993). Potential denitrification was negligible in broad-leaf
Kruger National Park savannas except in wetter areas such as wetlands and riparian zones (Fisher
2006). Also, for West African savannas, the denitrifying activity in soils is very low at all depths
(Abbadie 2006).

Volatilization — microbially mediated

Volatilization is the process by which ammonium is converted to ammonia and lost to the
atmosphere. Volatilization includes direct volatilization of NH,' to NH; in the soil solution,
volatilization from nitrogenous compounds in animal urine (Scholes and Walker 1993), and

volatilization from plant surfaces (Blair ef al. 1998).

Volatilization — during burning

The proportion of nitrogen volatilized during fire is a function of the amount of N accumulated in
above-ground biomass, as well as the fire temperature. Combustion is almost complete above 600 °C
(Raison 1979). Pyrodenitrification or volatilization during the burning of litter and dead grass is the
largest denitrification flux in Nylsvley savannas (Scholes and Walker 1993). Volatilization in Kruger
has been estimated at 5.5 kg N ha”' yr' for fine-leaf savanna and 5 kg N ha” yr for broad-leaf
savanna (Scholes et al. 2003). Annually burned prairie has greater N loss due to fire over the long term
than infrequently burned tallgrass prairie (Ojima ef ol 1990). Annual losses of N due to fire in
tallgrass prairie may exceed precipitation inputs of new N in frequently burned areas in some years
(Blair et al. 1998). Volatilization losses at Nylsvley are estimated at about 2 kg N ha” yr” (0.2 g N m™

yr'") (Scholes and Walker 1993). In campo limpo (Brazilian grassland), nitrogen loss associated with



fire is ~ 20 kg N ha' yr', but only ~ 5 kg N ha”' yr' for cerrado sensu stricto (Brazilian savanna)

(Kauffman ef al. 1994).

Internal nitrogen cycling
Plant uptake

Plant uptake of N for Nylsvley was estimated to be 40.0 kg N ha”! yr”! by summing the increments
of nitrogen in biomass, and 58.0 kg N ha” yr' by measuring the nitrogen in litterfall (Scholes and
Walker 1993). The difference has been attributed to the nitrogen accumulating in woody biomass.
Plant uptake (calculated by summing the increments of N in biomass) for Kruger is estimated at 51.0

kg N ha”' yr’ for fine-leaf savanna and 36.5 kg N ha' yr' for broad-leaf savanna (Woghiren 2002).

Litterfall (N resorption)

Binkley et al. (2004) have shown that there is no general tendency for species with low leaf
turnover rates, greater leaf tissue N concentrations, or those that grow in nutrient poor habitats, to
resorb a greater fraction of their leaf N. Tissue chemistry for oak leaves at Cedar Creek (North
America), however, varied in relation to available soil N (Reich e af. 2001). Oak leaves had greater N
resorption and greater litterfall C:N ratios in stands with low N mineralization rates. Reich ef al.
(2001) suggest that frequent fires not only depress the N cycle, but that feedbacks from the dominant

grasses reinforce this depression.

N mineralization and N immobilization
Nitrogen in the soil is predominantly in an organic form. Mineralization is the process whereby

organic N is converted to inorganic nitrogen, ammonium (NH;") that can be taken up by microbes

(immobilization) or by plants (assimilated). Ammonium can also be converted to NO;™ by
chemoautotrophic bacteria (Nitrosomonas and Nitrobacter) in a process called nitrification,
Environmental factors (soil moisture, temperature, aeration and pH), as well as litter chemistry,
determine the C:N ratio of organic matter and the decomposition rates of litter. Mineralization usually
happens when the C:N ratio of the litter-microbial biomass falls below 12, and NH,' is released from
the system (Scholes and Walker 1993). Immobilization starts at a certain C:N ratio (usually greater
than 16), ammonium is likely to be taken up immediately by microbes, and this in turn may reduce
the plant available nitrogen in the soil.

Unburned watersheds in tallgrass prairie have higher concentrations of extractable N than
comparable annually burned watersheds (Blair ef o/ 1998). Net N mineralization rates tend to be
greater in unburned than annually burned prairie (Ojima ef al. 1990, Blair 1997, Turner ef al. 1997) or
annually burned oak savanna (Reich ef al. 2001). Large quantities of nutrients can be immobilized in

standing detritus and surface litter that accumulates in unburned tallgrass prairie. Large amounts of N



may be liberated when this litter has decomposed significantly (Blair et al. 1998). Mineralization of
organic matter in West African savannas (Lamto) only provides 2 — 5 kg N ha™ yr” (Abbadie 2006).
The rest of the annual N requirement for grass primary productivity bhas been hypothesized to originate
from root litter mineralization (Abbadie er al. 1992, Abbadie 2006). The supply of ash after burning
induces immobilization of nitrogen and in turn, increases yearly mineralization of carbon in West
African savanna (Abbadie 2006).

In the KNP, nitrogen mineralization occurs in early summer, when temperatures start to rise after
winter (Scholes ef al. 2003.). This pattern is similar to that of tallgrass prairie where extractable N
concentrations are greatest in spring (Ojima ef af. 1990). Apart from the spring mineralization flux in
the KNP, there is a flux of mineralization immediately after the first spring rain (Scholes et al. 2003).
Annual nitrogen mineralization is estimated at 58 kg N ha™ yr' for broad-leaf and 78 kg N ha' yr"' for
fine-leaf savanna (Woghiren 2002). Immobilization has been shown to happen at all times of the year
in Kruger, with a peak in autumn, except for early spring when mineralization dominates (Woghiren
2002).

PREVIOUS MODELS OF THE EFFECTS OF FIRE ON PRODUCTIVITY AND
NUTRIENT CYCLING
Fire in Prairie

In this review I include previous research from prairie, and although not completely applicable to
savannas, prairie is included here because savannas have a huge herbaceous component. Also much of
the research on the long-term effects of fire on nitrogen cycling has taken place in prairie (North-
America) rather than in savannas. Most of the long-term effects of fire on prairie productivity and
nutrient cycling are based on the CENTURY simulation model. This model (QOjima et al. 1990, Qjima
et al. 1994) describes how short-term effects of fire translate into the long-term behaviour of tallgrass
prairie systems. The CENTURY model is an adapted version of the CENTURY soil organic matter
(SOM) model (Risser and Parton 1982, Parton ef al. 1988) and was used to simulate short-term (1-5yr)
and long-term (5-20yr) impacts of fire on plant production and nutrient cycling (Ojima et al. 1990,
Ojima et al. 1994). The plant production submodel simulates the dynamics of C, N and P in the live
and dead above-ground plant material and roots. Plant production is controlled by precipitation and
available plant nutrients. Microbes in the SOM submodel decompose plant residues and the resulting
microbial products become the substrates for SOM formation. SOM was divided into three fractions
based on turnover time.
The CENTURY model was modified by Ojima ef al. (1990) to include the direct effects of burning on
the ecosystem and changes included:

1. Calculating biological N, fixation rates as a function of the ratio of mineral N to labile P.



2, Developing a plant prodyction model where production s a function of monthly precipitation,
soil temperature, and the standing dead bicmass,

3. Allowine the N ratio of the active SOM 10 float as a function of the mineral W level.

4. Inereasing Lhe nitrogen ose efficiency (NULD for burmed plants.

5. meorporaling the combustion losses ol gbove-ground O, 3. and T* into the model.
Al daws on lire cllecels were synthesized from the Konea wod Aldous tallgrass praine plots, Kansas
(Ofima e ad 19900 Ojima of af 1994) Dats included [ire effects on plant production, soil organis
matter, plant commbustion bosses, soil notrients and mineralization, miceobial biomass, and nitrogen
losses and ipputs. These shorf-term offects were then incorporated inlo the CLNTURY model o
simulate long-term effects (Fig, 1.7

Although hoth below-ground and above-ground biomass is enhanced by buming, below-ground
bicmass increases more (Ojima ef of 199, Soil wmperaruves increase after baming as il removes
abuove-ground biomass and this nerense SOM N mineraligation rates, The removal of plat material
alsy decrenses above-groumd N immobilicaton. while below-groungd I immobilization is mereased s
a result of higher root production and lower W conlemt of bumed roots, The combined long-term

ellocts wre sustained inereases moplunl prodoection. which aee maintained by increased NUE despite

huge curbon und N combustion losses. 4 deercase in ledching of soll MOy, decreases in Nz and N-0)

gasenus losses, amd increases N inputs duc to B fixation.
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model has been used to illustrate the effects of fire on processes controlling fluxes and pools of carbon
and nitrogen in North American savanna communities (Fig. 1.3) (Reich ef al. 2001). Fire frequencies
range from annual burning to complete fire protection in oak savannas of the Cedar Creek Natural
History area in east central Minnesota. Fire regime is in part responsible for the appearance of either
woodlands or grasslands.

According to this conceptual model, two basic and related ideas can explain the way in which fire
and vegetation controls ecosystem functioning {Reich et al. 2001). Net primary production (NPP) is a
function of the amount of intercepted radiation and the efficiency with which the radiation is
converted to biomass. Light efficiency is defined as the productivity per unit light intercepted.
Secondly, NPP is related to the amount of N allocated to a canopy and the efficiency with which this
N is utilised to capture carbon. Nitrogen use efficiency is defined as productivity (biomass produced)
per unit canopy N.

The higher productivity in tree-dominated communities at Cedar Creek is explained by the higher
leaf area index (LAI), total canopy N and a greater annual N supply (Fig. 1.3). The lower NPP in
grass-dominated communities, in turn, is the result of low turnover rates of root N that lead to low
amounts of litter N and therefore low mineralization rates. According to Reich ef al. (2001) this leads
to a low availability of N to build the next canopy and a small canopy with low total N leads to low C
gain.

The greater LAI of the woody communities can be supported by greater annual N uptake. The
higher annual N requirements are supported indirectly by a large annual litter N input of organic
material of high quality (below- and above-ground) and more directly by greater annual net N
mineralization. Plots with similar fire frequencies in Cedar Creek, have increased rates of N
mineralization with increasing tree dominance. Although it is difficult to separate fire and vegetation
effects, volatilization of nitrogen is purely a fire effect. Volatilization losses of N through fire have
been estimated as 10-40 kg N ha” yr' for annual burning (Reich ef al. 2001). Considering that N
deposition at Cedar Creek is only 5-10 kg N ha” yr, frequent fires can lead to a net loss of N capital
if losses are not balanced by other N inputs (Reich et al. 2001).



































































































































































































































































































































































































