
Effect of Fire Disturbance on Soil Respiration and        

Nitrogen Availability in Boreal Forest of China

Tongxin Hu  Associate professor 

Long sun Professor

Faculty of Forestry，Northeast Forestry University              
2023-5-19



Outline 

Research Background

Research Contents
 Fire Disturbance on Soil Respiration

 Black Carbon Effect on Soil Carbon Stability

 Fire Disturbance on Soil N availability

Summary

Future Research



Outline 

Research Background

Research Contents
 Fire Disturbance on Soil Respiration

 Black Carbon Effect on Soil Carbon Stability

 Fire Disturbance on Soil N availability

Summary

Future Research

Research Background

Research Contents
 Fire Disturbance on Soil Respiration

 Black Carbon Effect on Soil Carbon Stability

 Fire Disturbance on Soil N availability

Summary

Future Research



Research Background

 Climate Change

 Longer Fire Seasons

 Extreme Fire Danger

(Bowman, David MJS, Nat. Rev. Earth Environ., 2020)

North American Black Spruce

Asian Larch



Research Background

Boreal Forest- Wildfire-Climate feedback 

Wildfire-Positive feedback Wildfire-Negative-feedback

Mack  et al., 2011, Nature

Walker  et al., 2019, Nature

Zheng  et al., 2023, Science

Randerson  et al., 2006, Science

Mack  et al., 2021, Science
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Research Background

 Forest Fire in China  Chinese fire control philosophy



Research Background

(Moritz  et al., PNAS., 2005)
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Fire affects Rs directly by affecting soil microbial activities and plant roots, 

especially fine roots ,and indirectly by changing soil pH, soil nutrient availability, and 

substrate quality, which are related to soil microorganisms and fine roots.

Research Contents

1. Fire Disturbance on Soil Respiration

RhRa



1. Fire Disturbance on Soil Respiration

Soil respiration is the primary path by which CO2 fixed by land plants returns to

the atmosphere, which is a key process of carbon cycle in terrestrial ecosystem.

soil surface RH:RS ratio increased 
significantly, from 0.54 to 0.63, 
between 1990 and 2014 (P = 0.009). 

NEP=NPP-RH

Research Contents

Hypothesis：Fire disturbance will accelerate the increase of Rh: Rs ratio 

in the boreal forest ecosystem in China.



17%

24%

54%

Research Contents

Soil temperature was the main abiotic factor that affects

Rs in both unburned and burned stands, whereas MBC

(microbial biomass carbon), but not FR (fine root biomass),

was the dominant biotic driver of Rs after fire in boreal

forest of China.



（Hu，Annual of forest science，2021）

Not a simple linear relationship 

between snow thickness and 

soil respiration composition

No significant relationship 

between soil moisture and 

soil respiration components

Soil temperature had a 

significant effect on soil 

respiration components.
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RH:RS ratio :

0.57:0.79

Geoderma (Hu et al., 2021)

RH:RS ratio :

0.57:0.66

Annuals of forest science (Hu et al., 2021)

Non-Growing season

One year after fire disturbance
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Growing season
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2. Black Carbon Effect on Soil Carbon Stability
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2. Black Carbon Effect on Soil Carbon Stability

Research Contents

Unburned control stands

Moderate burn severity stands

Treatments Control （ CK ） Burned（F） Remove（F-C）

Add BC 

10t/hm2（F+C）

3 years post-fire
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(Guigang Lin,2017, New Phytologist)
(Colin Averill,2014,Nature)

ECM
Boreal forest

Hypothesis：Black carbon input affects soil carbon pool stability 

through changed ectomycorrhizal structure in boreal forests.



Month  df=4 Treatment  df=3 Month * Treatment  df=12

F P F P F P

DOC 8.62 ** 23.09 ** 11.71 **

MBC 72.46 ** 24.15 ** 25.04 **

fPOC 70.83 ** 6.51 ** 13.03 **

oPOC 53.90 ** 10.97 ** 13.98 **

MAOC 21.66 ** 29.73 ** 11.83 **

Research Contents

41%

35%

60%

------------

32%

fPOC: Free particulate organic carbon
opoc: Occluded particulate organic carbon
MAOC: Mineral organic carbon



Month  df=4 Treatment  df=3
Month * Treatment  

df=12

F P F P F P

Chao1 9.65 ** 2.21 ns 2.89 **

Shannon 2.17 ns 6.20 ** 4.16 **

Simpson 1.63 ns 5.24 ** 4.09 **

Research Contents

Stucture changed 
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CK F

F-C F+C

Basidiomycota

Basidiomycota

Ascomycota

Fungal colonization caused by different 
treatments will affect the stability of soil 
carbon pool.

Ascomycota

Basidiomycota

Ascomyco

ta

Basidiomycota

Ascomycota

The effects of ectomycorrhiza on soil carbon pool under different 
treatments were consistent at the phylum level, but different at the 
genus level.
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10%
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3. Fire Disturbance on Soil N availability

Studying the effect of fire disturbance on the soil N availability in forest ecosystem is of great ecological

significance for revealing the succession process of forest ecosystem after fire disturbance and the

mechanism of forest ecosystem restoration after fire disturbance.

Research Contents



Scientific problems

1. What are the overall effects of wildfire on soil inorganic N?

2. What are the differences in soil inorganic N and net mineralisation rates 

between naturally restored plots and afforestation plots? 

30 year after fire

disturbance

Research Contents



Research Contents

Soil properties
Plot Type

Natural restoration Afforestation Control

UL SWC (%) 68.08 ± 23.64Aa 93.48 ± 31.35Ab 114.55 ± 55.47Ab

LL SWC (%) 47.91 ± 16.15Ba 41.19 ± 10.63Ba 49.34 ± 24.65Ba

UL AP (mg kg-1) 27.38 ± 17.09Aa 20.14 ± 10.22Aa 26.23 ± 18.64Aa

LL AP (mg kg-1) 20.71 ± 10.43Aa 15.27 ± 4.35Aa 22.22 ± 14.53Aa

ULAK（mg kg-1） 560.79 ± 314.97Aa 359.37 ± 150.22Ab 390.73 ± 196.90Ac

LL AK (mg kg-1) 239.34 ± 105.97Ba 197.63 ± 142.12Ba 190.19 ± 92.51Ba

UL pH 3.95 ± 0.28Aa 4.02 ± 0.18Aa 4.32 ± 0.24Ab

LL pH 3.87 ± 0.27Ba 3.84 ± 0.22Ba 4.18 ± 0.22Ba

UL TC (g kg-1) 76.16 ± 32.03Aa 50.07 ± 9.53Aa 140.88 ± 34.53Ab

LL TC (g kg-1) 34.42 ± 17.18Ba 21.59 ± 3.67Ba 50.94 ± 21.35Ba

UL TN (g kg-1) 5.72 ± 0.18Aa 5.05 ± 0.7Aa 9.59 ± 1.02Ab

LL TN (g kg-1) 3.94 ± 1.14Ba 3.39 ± 1.14Ba 7.25 ± 1.36Bb

3. Fire Disturbance on Soil N availability
Fire Effect on basic soil characteristics

The upper layer soil pH,

total carbon, total nitrogen

were in nature restoration and

afforestation plots still

significantly lower than that in

unburned control plots.



3. Fire Disturbance on Soil N availability

Natural restoration

UL LL

NH4
+-N ↑* 70% ↑ 35%

NO3
--N ↑   29% ↑ 6%

IO ↑*  67% ↑ 34%

Science of the total environmeant (Hu et al., 2019)
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3. Fire Disturbance on Soil N availability

Natural restoration

UL LL

Ramm ↑*3.5 times ↑ 5.0 times

Rnit - -

Rmin ↑* 3.6 times ↑3.8 times

Science of the total environmeant (Hu et al., 2019)
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3. Fire Disturbance on Soil N availability

Natural 

restoration

Afforestation Control

UL Rmin LL Rmin

UL 

Rmin

LL 

Rmin

UL Rmin LL Rmin

SWC 0.489* 0.005 0.521* -0.222 0.464* 0.262

AP 0.669** 0.125 0.605** -0.064 0.327 0.234

AK 0.331 0.232 -0.15 -0.135 -0.189 0.185

pH 0.116 0.069 -0.07 -0.177 -0.411 -0.254

MBN 0.709** -0.108 0.565** 0.027 0.467* -0.407

MBC 0.271 -0.161 -0.14 -0.324 -0.477* 0.209

MC/N -0.454* 0.044 -0.532* -0.108 -0.571** 0.392 Science of the total environmeant (Hu et al., 2019)
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D H’ E IVI 

Nature restoration 2.14±0.06a 0.85±0.01a 0.86±0.01a 6.26±2.92a

Afforestation 
1.75±0.1b 0.76±0.04b 0.80±0.05a 1.44±0.66b

Control 1.94±0.03ab 0.80±0.03ab 0.85±0.02a 3.25±1.07ab
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Summary

 Fire driving the ratio of Rh:Rs ratio increased in a boreal forest ecosystem of
China. Forest fires will potentially cause considerable losses of soil C in a boreal
forest ecosystem of China, a pro-active management of forest regeneration
should be carried out after forest fire disturbances.

 Black carbon promoted the recovery of ECM fungi community and induced
different fungal colonization. Fire and black carbon addition could affect the
stability of soil organic carbon pool by affecting the composition of ECM fungi
community.

 Soil inorganic N pool remained significantly lower than pre-fire level after fire
disturbance 30 years. Natural restoration was more beneficial for the recovery of
soil N availability in boreal forest of China after fire disturbance .
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Future Research

Climate change effect post-fire carbon pool Post-fire vegetation recovery effect on carbon pool

Pescribed burning effect on forest ecosystem Microorganism Vegetation



Future Research

Fuel management

Forest grassland fire prediction and prevention platform
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Fire behavior and forest fire spread system



Future Research

Accurate identification of large scale fire lines and extreme fire behavior

Drone pod Multi-channel fire state map

Speed of fire spread
Construction of extreme fire 
visual feature data set

Low altitude multimodal data fusion 
extreme fire behavior recognition

Real-time fire data and GIS 
system integration



Thanks for you attention！


