
VU Research Portal

Interactive trait effects of plant species, organs, decomposition stages and moisture
on litter fire behavior
Zhao, W.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Zhao, W. (2018). Interactive trait effects of plant species, organs, decomposition stages and moisture on litter
fire behavior. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/b70a77fe-6e65-4275-8a80-4b0a220645c9


Thesis Summary 

 

In natural forests, the surface litter layer is usually a mixture of dead plant material 

from different plant species and organs. Interactions between traits of different plant 

species and organs might lead to surface litter flammability that cannot be predicted 

simply from the mean effects of the component litter type in the mixtures: that is, they 

may show mixture effects or non-additivity in litter flammability. We are still at the 

beginning of understanding those traits interaction effects on litter flammability. In 

the field, plant litter does not only serve as fuel for fire but also as a substrate for 

decomposition. During decomposition, the structural and chemical properties of plant 

litters are changing. Dead wood at different decomposition stages usually exists in 

the forests. We still have very little understanding on the effect of decomposition on 

twigs and woody debris quality, and how it directly and indirectly, through moisture 

dynamics, changes wood litter flammability. In this thesis, I tried to find: (I) the 

direction, effect size and trait-based mechanisms of non-additive mixture effects of 

fine litters of different plant species and organs on litter flammability; (II) the 

interaction between decomposition and dead wood flammability and carbon gas 

emissions during fire. 

I found that leaf litter mixtures including small needle conifer species consistently 

showed large magnitude of non-additivity in flammability (Chapter 2). Across the 

plant phylogeny, the small and simple shaped needles of non-Pinus Pinaceae were 

the only non-flammable leaves because they formed densely packed ventilation-

limited fuel-beds. In mixtures, the small needles can either fill up the space between 

large leaves and produced non-flammable fuel-beds and negative non-additive 

mixture effects in flammability, or be spread out by large leaves to become flammable 

and produce positive non-additive mixture effects in flammability. I also found non-

additive effects of leaves and twigs of the same and different plant species in litter 

fuel-bed flammability (Chapter 3). Across species, small needles had negative 

dominance effects on leaf and twig fuel-bed ignitibility through filling up the space 

between twig litter particles and producing ventilation-limited fuel-beds. Thin, 

frequently branched and open spaced twigs of small broad-leaf species were too 

loosely packed to be flammable. In mixtures, the spaces between loosely packed 

twigs could be filled up by the small broad leaves of the same species; thereby these 

fuel-beds became flammable and produced positive non-additive mixture effects in 

ignitibility. Once ignited, fire spread rate in the mixed fuel-bed was driven by more 

flammable leaves, while fire sustainability could be predicted by the fuel mass. 

Together, my experimental results have demonstrated the existence of non-additive 

mixture effects in litter flammability and the importance of litter particle size and 

shape in explaining the mechanism of the mixing effects.  

I found decomposed twigs ignited and burned faster at given water content. 

Decomposed twigs also dried out faster than fresh twigs, which made them 

flammable sooner when drying out after rain (Chapter 4). For coarse woody debris, I 

found that more decomposed wood smoldered longer, burned more completely, and 

emitted more CO2 and CO than less decomposed wood at both air-dry and 30% 

moisture content (Chapter 5). I also found that compared to tree species, moisture 

content and extent of ground-wood contact, wood decay acted as the main positive 



driver of coarse wood flammability and carbon gas emissions during fire. Wood 

density decreasing during decomposition is the main factor influencing twig and 

coarse wood flammability.   

My findings about the non-additive mixture effects of litter flammability of different 

plant species and organs, and how litter particle size and shape related traits 

underlying those mixture effects, will help to scale individual plant trait effect on 

litter flammability, through the community level, to ecosystem flammability. The 

findings about the interaction between decomposition, wood flammability and fire 

carbon gas emissions add a new and important dynamic to our understanding of forest 

fire behavior and the global carbon cycle. 

 


