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Simulating the effects of fire disturbance on microbial activity and nitrogen

mineralization in forest soil

LIU Falin”
Central South University of Forestry & Technology, Changsha 410004, China

Abstract: Heat from fire disturbance induces chemical oxidation of soil organic matter that alters the conversion of carbon
(C) and nitrogen (N), which seriously influences soil structure and functions. However, the extent of oxidation depends
on the fire intensity and duration, and heat penetration. In the present study, a burned area of Pinus massoniana secondary
forest located in the Gaojian State Forest Farm, Zhuzhou, Hunan Province, was selected to conduct an experiment of the
effects of fire disturbance on microbial activity and N mineralization of forest soil. The experiment was conducted in a
completely randomized design based on two kinds of soil, three different temperatures, and three soil water potentials, with
each treatment replicated three times. A variance analysis was performed on the data. The results showed the concentration
of inorganic N and initial soil organic matter content were positively correlated with fire intensity. Shortly after fire
disturbance, soil C and N concentration were high, but microbial biomass C and potentially mineralized nitrogen ( PMN)
were low, and temperature and soil water potential had no significant effect on the basic respiration. PMN loss was observed
in the unheated control soils of fire disturbance compared with soils not exposed to fire. When soil temperature reached
160°C , it resulted in only a modest increase in PMN concentrations in the soil not previously exposed to fire. If soil
temperature exceeded 160°C , the PMN content fluctuated, and then increased rapidly. A soil temperature of 350°C resulted

in the destruction of 90% non-microbial tissues. The soil water potential after heating had a significant effect on N
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mineralization ; the higher the soil water potential, the more the PMN loss. There was a positive correlation between the
water content of fire disturbed soil and nitrate N. During the 14 day incubation, microbial activity and C and N
mineralization were significantly influenced by soil fire history, initial heat treatment, and soil water potential. The release
of soil available C and N from fire disturbance supported the recovery of microbial activity in low water potentials. When soil
was heated to 380°C at — 1.5 MPa water potential, soil microbial biomass C was the highest in both soils. A negative
correlation between soil water potential and soluble sugar was observed for both soils. The concentration of soluble anthrone
reactive carbon ( ARC) dropped significantly (p<0.05) in both soils over time, resulting from the microbial consumption of
sugars released from the fire disturbance. The interaction between water potential and fire disturbance significantly affected
the microbial activity and N conversion, and in low water potential soil, microbial biomass C, soluble sugar, and PMN were
high. Newly formed labile N by fire disturbance was protected in soil with low water potential. Labile N remained lower in

moist than in dry soils regardless of soil fire history.

Key Words: Pinus massoniana ; secondary forest; fire disturbance; microbe; nitrogen mineralization
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1 #MREFE

1.1 B XA

WF5E 560 2 U R 20 B SRR 3% S5 B A ( Pinus massoniana ) IRAEMR . B FEB S0, i+ RE A DL ERD
VA BUE S ML LR o0 | RIEAEIR AR P Y SRR 17.8°C HIAERE/K B2 1410 mm, FEJ7 ST i
BRI YN (25+5) © 134K 20 800 m, T IEAE SRR AN 1, 150 T3 I B s AR AR 5 R AM AR AR,
— B TSR TR T 80 a ARG KAUARHL , — & T IEAE R CEE T 2014 4F 8 ] 29 H &b B T HUMR D, 75
£ EHURE AUER  RIERN S S AR AR R A AR AL

F1 TEBEEE

Table 1 Physical and chemical characteristics of soil

T SRR BA Yk WTEAT LA
Soil pH Total C/ Total N/ Biomass C/ Potentially mineralized
ol .
(g/kg) (g/kg) (ng/g) nitrogen (PMN) / (pug/g)
K2 kT3 No fire disturbance 5.5 31 1.2 127.2 15.1
XT3 Fire disturbance 5.8 49 2.5 105.3 0.3
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Fig.1 Difference of soil microbial biomass C, soluble sugars, basal respiration, PMN, ammonium nitrogen and nitrate nitrogen on

different temperatures and moisture levels

R2 MEWER TREE EMFR EETT AR RSEMESENTESN

Table 2 ANOVA for microbial biomass C, soluble sugars, basal respiration, PMN, ammonium nitrogen and nitrate nitrogen

i 5 i ¥y F i
Project Source  Degree of Mean square( MS) F valve p>F
freedom( d.f.)
(DGR7/h={7 + 4 1 13856 26.7 0.0001
Microbial biomass C R 2 105548 202.6 0.0001
el 2 6511 12.5 0.0005
MR 2 2649 5.1 0.0210
SR: ST} 3 2 2058 3.9 0.0375
R7E 16 515
GRS 145 1 3433 65.9 0.0001
Soluble sugars R 2 12318 26.1 0.0001
Akt 2 1369 22.7 0.0001
MR 2 589 11.4 0.0007
xR 2 35 0.6 0.5089
R 16 51
FEAith I 14 1 0.101 1.8 0.3044
Basal respiration Rz 2 0.027 0.5 0.6638
Tkt 2 0.079 3.9 0.3921
2 2 0.218 7.6 0.1983
SRz 23171} 3 2 0.417 3.7 0.1145
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i i HiliE HyJy (i ,
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Fig.2 Difference of soil microbial biomass C, soluble sugars, basal respiration, PMN, ammonium nitrogen and nitrate nitrogen at three

soil water potentials
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Fig.4 Difference of PMN, ammonium nitrogen and nitrate nitrogen at three soil water potentials after 14d exposure of three temperatures
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