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Effects of different fire severities on soil organic carbon components of Pinus

yunnanensis forest in Lushan Forest Farm, Sichuan Province
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Abstract: Forest fire significantly affects soil carbon sequestration capacity and components of soil organic carbon content
by changing soil physicochemical properties. Explaining the effects of different fire severities on soil organic carbon of Pinus
yunnanensts forest is of great significance for ecosystem restoration and soil carbon pool management of Pinus yunnanensis
forest after fire. In this study, the soils of Pinus yunnanensis after 2 years fire in different soil layers (0—5, 5—10, 10—

15, and 15—20 cm) in Lushan Forest Farm, Sichuan Province were taken as the research object. According to different

EE&UWH  BRE SV A5 H (2020YFC1511601)
I #5 B #7:2022-09-29; ™ 4% H R B #A : 2023-10- 16
# WIRAER Corresponding author. E-mail ; xd_liu@ bjfu.edu.cn

http ://www.ecologica.cn



9282 xR 43 4

fire severities (unburned, low severity, moderate severity, height severity) , three 20mx30m sample plots were set, and a
total of 12 plots were set. Collecting soil samples from the field, soil total nitrogen, soil bulk density and other
physicochemical properties as well as soil organic carbon (SOC), soil labile organic carbon (readily oxidizable carbon
(ROC), particulate organic carbon ( POC), microbial biomass carbon ( MBC), and water-soluble organic carbon
(WSOC) ) were measured. Variance analysis was used to analyze the differences and trends in change of soil organic carbon
components under different fire severities. Correlation analysis and redundancy analysis was used to explore the effect
mechanism of forest fire on soil organic carbon from the point of view of soil physicochemical properties. The results showed
that: (1) different fire severities significantly affected soil physicochemical properties, in which soil total nitrogen,
available phosphorus, cation exchange capacity, capillary porosity, and total porosity increased with the increase of fire
severity,, while soil pH, available potassium, available nitrogen, and bulk density decreased with the increase of fire
severity. (2) The SOC decreased with the increasing of fire severity, and the maximum decrease of 5—10 c¢m soil layer was
44.79%. With the increase of fire severity, the labile organic carbon of four kinds of soil decreased, which the decrease in
0—5 cm soil layer was the most obvious. Among them, the order of decrease of each component was ROC (36.31%—
61.31% ) >POC (30.05%—53.61% ) >MBC (20.60%—38.19% ) >WSOC (13.47%—29.29% ). The different responses of
different components to forest fire significantly affected the proportion of soil ROC, POC, and WSOC. (3) Soil organic
carbon and its active components were significantly positively correlated with cation exchange capacity, capillary porosity,
total porosity, available phosphorus, and available nitrogen ( P<0.05), but significantly negatively correlated with bulk
density (P<0.01). The variations of cation exchange capacity, bulk density, total nitrogen and water content after fire

dominated soil organic carbon. Among them, cation exchange capacity had the greatest effect (61.7% explanation) .

Key Words: fire severity; Pinus yunnanensis; soil organic carbon; labile organic carbonj soil physicochemical property
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V)18 AR S e R AR KR Y fE X, 20192020 4F 3% ZE 2 4 kAR EE R BR AR K K, = A AR ( Pinus
yunnanensis ) YERZ X EEMATHAIZAE T il AWEGE AR TY AR 2020 45 2 R AR AR JCBE 8 4
HBEFERS LR e TR SR A s N SEER 0BT, S22 TR DR LR SCBEAR 25 [m) 8« (1) AN[R] B % DU 113 1 A3
T LR SRR AN 7 (2) MK = AR AR 3 AR S L Lo B M B S A 247 BFFE4 IR
AR DUV bR K 2 B AR AR 25 2R GRS R - St A BB I~k dl

1 BT

1.1 WF5E XA

WSS XA T3 1Ak (101°46'—102°25'E,27°32'—28°10'N) , SR J& T DU 1145 74 & i, P44 3K 7 1500m
PLE RIERLIN L F  J8 T R B X, A H ORI £ 2425.8h AR PSR K 17°C,1 HP 8
KL 9.4°C 7 PSR 22.6°C , 4R T HREFT B 1013, 1mm  AE R S BOR AN 5, 2 T R LR 1
BFFEIXLL 20 140 80 4R AX G HE 1Y 2= g A AU MK (Pinus yunnanensis) 29 3, #E AR Bl 3 24 ERAT (Myrsine
africana) \F-H-55 ( Duhaldea cappa) , W ANE ) F 24 5 225 = (Ageratina adenophora) \FEV5 751 % ( Laggera
pterodonta) """,
1.2 K FURERFAE B s o

2020 43 A 30 H ¥l il FH SRS | R FRAR K K o KB L 3000hm™ ), AR SC#EHE Landsat8 OLI
_TIRS 263 TR 18 R G AE A K ZUREPEAS B U8, il i ENVIS. 3, Exelis VIS, USA 1 ArcGIS10.8, ESRI,
USA A, %k KOBERT 2019 4F 5 H 14 H 1Yi& SR (kA5 R 130, 25 (0] 43 % 30m ) FIKBEE 2020 4F 12 A
26 H 1938 B2 AR (45005 8 130, 28 [ 43 BER N 30m) 47 58 5 2 A AR ARCIE G AL B, 8 T 2040k Bt
(band4) F1 % 2141 i Bt (band7) 1158 1% 2] 49 25 {6 15 — fk K %% 48 %L ( difference Normalized Burn Ratio,
dANBR) " B K BURE Ay At ok MREURE BRI BB 4 AN R KB S G R 30 MREAR A
it H dNBR A, FE TG4, AU ANBR [ 15 (8 32 HE 6 3 G0 45 SR AT BGE B8R0 53 1 4 A4S KOBUEE
SRR AR CEERE I F ST M B AME A ARV A R R (AR TR b A R E RS A B T SR A K I
(KBRS FLRRI bR L 1220

F1 NAERSRE

Table 1  Criteria for the classification of fire severity level

Pl FEAH A —1b K bea L e e AR R B REASET- %

Fire severity dNBR index Tree canopy scorch/% Tree mortality/%
1t K Unburned (UB) dNBR<0.1 — —

RZUBE Low severity (L) 0.1<dNBR<0.3 RS be fE R BE <25% BABET- % <30%
FHZIEE Moderate severity (M) 0.3<dNBR<0.7 25% <t be R <99% 30% <P ARFET-H<70%
51 High severity (H) dNBR>0.7 W} el e FE R B >99% REARFET - #>70%

dNBR: Difference normalized burn ratio

1.3 FEMLE

T 2021 4F 12 H 6 kb 2 4R J5 05 LA = B A iR T JRe Y A BB IRAN R v B e B 3 A
AT K EURE R RE b LA AR SR AR KA (1), AU A BEE 3 1 20mx30m I ESZ R, 3t 12 et , B
ALE LI 2, R ORUEHERAYE  SEIBCRF AR I RE 3810 SR 3 RR IR Ry — B0 RE L, AF b FE AR W36 2
1.4 T IEREACRE

Ay DI O I LT 2 BRI R Sk . AR DR N0 F 28 5 IR R, R PR ER A 5
YyJa R H P43 0—5Sem .5—10em , 10—15¢m (15—20em 3t 4 )2 353 BNE & RFE  IEBRIEA MR RELRY)
Jead 2mm G, 7380 2 43, — 3 32 BVE T 4°C PRI AR, F TN E SR W AR W AT AT R AT DL 5 5
—0 FAR KT, SR N ORAE, T T 3 Al 2k ot BORLA BLB 2 AL A PLiKR . EAh T 100em® 35 70 R4
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Fig.1 Zoning map of Pinus yunnanensis forest sample plots disturbed by different fire severities
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Table 2 Basic characteristics of the sampling plots

S Moy [N W 5ed e
F’;‘r‘j WK g B fir Wil loge i Stand BT% L
it Altitude/m ~ Slope/(°) Position Aspect DBH/cm Height/m density/ Tree Tree canopy

severtty (tree/ hm? ) mortality/ % scorch/ %
UB 1610 25.67 b At 17.65+1.56  12.80+1.09 1423 0.00 0.00

L 1590 25.33 R %k 20.28+1.52  13.34£1.17 1234 16.27 15.00

M 1600 25.67 Rl b 16.53+1.38  12.29+1.38 1014 61.59 45.00

H 1660 25.67 gl b 20.97+0.87 13.18+1.03 633 92.88 100.00

DBH . fi#2 Diameter at breast height

AW AR K K 22 HE I 0—20em 3R)2 138 A 12 AUE N 0—3em )2 13, X T 20em LA E#Y
TR AR R, 25 A S50 i )R AR A5 % A [R] K B REXT 0—5 . 5—10,10—15
15—20cm 2% T AT HLER A2
15 g
1.5.1  HHE A o

3 7KK (Soil water content, SWC) 2R 105°C #1500 %2 ; £35S H (Bulk density, BD) FHHFR JT 022 |
+ 3 B FLBE (Total porosity, TP) | B LI ( Capillary porosity, CP) FJFH ¥ JJ iR /K%M & , 3% pH (H
BT KOK+=2.5:1)B242)5, F I EE 5% DP/Starter300 il & ; + 3 4> %( ( Total nitrogen, TN) 75 2K Ji
Elementar rapid MICRO N cube &2 %E ; 13545 %% ( Available phosphorus, AP) & R AA3 ELER 847
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Fig.2 Zoning map of fire severity and sample plot location in the study

Fr SO 22 5 1= 3833508 ( Available potassium , AK ) 75 0 % FH B iR 4 - K 6 BE TH 0 %2 ; 080 i% % ( Available
nitrogen , AN) 7 5 R FH KOG T WSE I E . 1398 PH S 738 # i ( Cation exchange capacity , CEC) 28 2, —Jfi P4
LR RGeS L E AL E ; -3 F . (Electrical conductivity, EC) SR ] TDR350 I,
152 A PUER KOs P 3 I E

i%ﬁ*ﬂﬁi}%( SOC) GERHATLE ST Analyzer Vario ELIV & ,ijﬁié% ’f\ﬂiﬁﬂﬁf}%( ROC) K i TR
$11(0.333mol/ L) AL 5 5 + 3 WORLAT HLEK (POC) 2R JH 0. 5mol/ L 75 ff B R £ B2 2 , R I ST 3R 43 AL
JE 5 KA ALK (WSOC) FHE B F/K (Kt = 1:5) IR 42 )5 L UE M5 (0.45wm ) 3 U8, U8 W H S A AILA 73 B A
TOC-VCPH/CPN Analyzer JU5E ; 1340025 ) 21 W) ik (MBC) % JH 58 05 875 -K, SO, ( £:0.5mol/ LK, SO, # ¥ =
1:4) 401 R T A ILERSR A Multi N/C 3100 TOC 43T A0 52 |, #5460 22 %0 0.451)
1.6 ik st

K FHER R 2R 5 22 73 175 (One-Way ANOVA) (£ 5 L4 (Least significant difference , LSD ) 43 B A [A] K F1
JEEXT A SRR AL B L) e b A L B HAG M 40 S, B E K- a=0.05, SR Pearson AHIC R BT
FE IR S TRV S 5 IR PR B A A O o J ah X - S BR AR B DR T AT SR ARG SR B A
B S BB (VIF>10) BT, 5 RDA S0 A IS A3 B [5x4 $36A BILA B JH TG P 20 7 1) 532 i K
R RE DT, BE AL HER FH SPSS 26.0, IBM, USA F1 Canoco 5.0, Microcomputer Power, USA # 4, /F £ >R F
Origin Pro 2021, OriginLab , USA #fF, &b FirG 04 Y o0 P 8B A 2%

2 HRESH

2.1 A[RREUEE XS - S AR A0 R
HET UL R M IBURE A £ S N SE R AT A SR R TT 22 0 A FFE AN R] K SN DU )T 2= pig R bR - S B A
RN Y 28 50 A5 R LR 3,
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Table 3  Effects of different fire severities on soil physical properties
KL TR R K BESLBE A SRR
Fire severity Soil depth/cm BD/(g/ecm?) SWC/% Capillary porosity/ % Total porosity/%
UB 0—5 1.16+0.05Bc 9.56+0.11Aa 48.29+1.31Aa 51.79+1.43Aa
5—10 1.34+0.06Ch 9.67+0.22Aa 44.10+1.14Ab 47.03+0.42Ab
10—15 1.44+0.03Ca 8.61+0.47Aa 37.96+1.88Ac 41.01£1.91Ac
15—20 1.49+0.04Ca 8.24+0.17Aa 38.56+1.95Ac¢ 42.00+£2.03Ac
L 0—5 1.23+0.17Bc 8.79+0.06Ba 46.77+1.69Aa 50.70+2.38Aa
5—10 1.34+0.09Cbc 8.35+0.2Ba 40.53+1.77Bb 43.43+2.18Bb
10—15 1.51+0.06BCab 8.68+0.14Aa 37.96+1.63Ab 40.24+1.53Ab
15—20 1.63+£0.07Ba 7.67+£0.51Aa 37.79£1.51Ab 39.80+1.42ABb
M 0—5 1.51+0.03Aa 8.47+0.17Ca 44.63+3.13Aa 48.17+£3.05Aa
5—10 1.55+£0.04Ba 6.84+0.23Cb 38.64+1.06Bb 41.64+0.86Bb
10—15 1.63+£0.12ABa 6.64+0.53Bb 35.92+0.45Ab 38.02+0.5Ac
15—20 1.71+£0.09Ba 6.78+0.13Ab 35.74+1.53Ab 37.47+1.12Bc
H 0—5 1.66+0.03Ab 8.44+0.17Ca 40.63+1.63Ba 43.03+£1.38Ba
5—10 1.69+0.04Ab 7.12+0.05Ch 35.10+1.55Cb 37.14+1.24Cb
10—15 1.74+0.03Ab 7.32+0.25Bb 32.78+0.63Bbc 34.65+0.59Bc
15—20 1.91+0.06Aa 5.60+0.3Ac 31.13£1.63Bc 33.10+1.77Cc

BD: % Bulk density; SWC; FHE5 /K3 Soil water content ; ARl K5 71k F /R AH W] 4 J2 R BE R[]k B 22 53 8 3% (P<0.05) AN [Rl/NG P

N ATR] KU E A [] e J2 % BE i) 22 5 {35 ( P<0.05)

HI e 3 AT, AN [R) KB R - S B BT A 18 35 5200 ( P<0.05) o 7E 0—20cm 1 J2 M 130875 H Bl K FU
AYIG IR0, 7] — KB EE T BE 2R EE (G I 0 o AN [m] k ZURET 1 48 5 ACR A 7E A [m] 1+ 2 rh 3R 3t
TR, #E 0—Sem Al 15—20cm )2 AS[R] KGR T 438 S AKCRFZ LA UB>L>M>H, i fE 5—10cm 10—
15em )20 Ry v ZURE I - 38 5 AR R/ UEE e ZUEE R B R IR EE AR i b, IR ALBREE A

FLBREEE 4 A 2RI UBSL>M>H AR b | 5 s s, 7l —k
b I R AR RR A0S S R B TE 109%—20% , & T &

B> HIEAE S HERAFLEE S HIE B E L,
FF HARURE b BSORE IR A N2 N S B0 AT 8 SR R O 25 43 AR AN [R) K B0 S DU 1 | 2= e A b J Al 2 1k

SR ) 22 50 4R DL 4,

Vil =

R4 TRNZEN TELFHETAIR0E

sl

N

JEE B - JE TR E A3 i ek
AR S AR SR AR Lt R BN IMRUCH « 13K

Table 4  Effects of different fire severities on soil chemical properties
KENE LRWE " 2R AR HAH AR BB T it L
Fire severity ~ SD/cm P TN/ (g/kg) AP/ (mg/kg) AK/(mg/kg) AN/(mg/kg)  CEC/(cmol/kg) EC/(pS/cm)
UB 0—5 5.46+0.02Aa 0.48+0.02Ca 1.56+0.28Cc 79.41+2.76Ba 65.08+6.71Ba 17.98+0.87Aa 30.33+2.52Ba
5—10 5.43+0.03Ba 0.27+0.02Ab 4.67£0.41Aa 66.77+5.08Ch 60.14+1.98Ca 17.37+1.15Aa 32.67+2.52Aa
10—15 5.31+0.09Ca 0.30+0.01Bb 2.23+0.09Ab 61.13+7.76Cb 46.81+4.62Ch 13.19+0.47Ab 31.67+2.08Aa
15—20 5.35+0.04Ba 0.21£0.02Ac¢ 1.75+0.26ABbc  61.96+2.13Ab 35.74+7.40Cc 12.91+0.68Ab 35.67+1.15Aa
L 0—5 5.55+0.03Aa 1.17+0.14Ba 4.53+0.47Aa 178.91+15.67Aa  138.95£33.49Aa  17.79+0.92Aa 38.33+2.52Aa
5—10 5.39+0.04Bb 0.46+0.05Aa 3.46+0.18Bb 115.73+12.39Ba 128.27+5.89ABa  16.81+1.04ABa 31.33+2.08Ab
10—15 5.00+0.05Dc 0.30+0.02Ba 1.32+0.21Cd 67.19£5.08Ca  132.27+10.45Aa  12.52+0.18Ab 34.67+3.21Aab
15—20 5.01+0.08Cc 0.26+0.03Aa 2.18+0.18Bc 61.94+1.20Aa  100.00+6.16Ba 9.15+0.85B¢ 33.33+0.58Aab
M 0—5 5.78+0.01Aa 1.00£0.17Ba 1.38+0.11Ca 155.27420.22Aa  175.74+6.47Aa 16.81+0.69ABa 29.33+3.21Ba
5—10 5.50+0.03Bb 0.76+0.15Ab 1.36+0.21Ca 99.30+9.47Bb  145.87+13.21Ab  14.31+0.94Bb 30.00+4.36Aa
10—15 5.50+0.05Bb 0.74+0.09Ab 1.82+0.21Ba 78.14£3.50Bbe  123.87+13.08Ac 9.60+0.66Bc¢ 31.67+2.52Aa
15—20 5.31+0.05B¢ 0.96+0.28Ab 1.43+0.29BCa  64.81+3.81Ac 72.53+12.43Bd 9.22+0.61Bc 31.67+3.21Aa
H 0—5 6.06+0.17Aa 1.63+0.17Aa 2.57+0.29Ba 177.35+14.28Aa  162.28+16.88Aa  15.34+1.18Ba 35.00+3.61ABa
5—10 5.72+0.10Ab 1.28+0.30Ab 1.36+0.21Ch 143.90+12.61Ab  122.28+13.09Bb  14.08+1.56Ba 36.00+5.20Aa
10—15 5.68+0.05Ab 0.87+0.12A¢ 1.57+0.17BCb ~ 121.48+4.78Ac 83.21+12.42Bc  13.94x1.70Aa 31.00+4.36Aa
15—20 5.85+0.07Ab 0.64+0.04Ac 1.08+0.19Ch 106.59+11.57A¢  60.14£8.54Ac 9.34+0.23Bb 30.67+5.51Aa

SD: 2R Soil depth; TN. 2% Total nitrogen; AP R Available phosphorus;AK:ﬁ&ﬁgP Available potassium; AN BfEA Available nitrogen ; CEC ; FHE Foc i
Cation exchange capacity; EC ; H'5:% Electrical conductivity ; NFIKE TR -+ 2 IRBER R K FURE 2 57 13 (P<0.05) s ARVING FBEF AR IR K ZURE TR+ 2R B

(255 3 (P<0.05)
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1 4 AT BR AL SR AN AN ALK B REXT e fh M s i) B 3 (P<0.01) o R ZUE -4 pH 3 & T
FURE ARZURE Kbk, [F— K FURE T Bl A 2 R 3G s/l 3498 4 G0 e il K R B R n s/ AIRBN B
O FUE T B A R R RN . BE S—10em Ab, Aad k43 A0 B R R TR R B = A
B Tl — KBS AN L2 22 AR, 1E 5—20cm £5)2 0, s R & i m F0 U B = TRBLE Fep
FURE TR — KB B - 2 TR 3 i b 506 BERE A L, kT J5 - e 2 2 i R, IRl — 2k
FUREF bt 2 R A AL R A S G A — 3, BR 10—15em 41, K TG 158 PHE 7 5c e i 2 80 UB>
L>M>H BUHE, [Fl— K FURE R Bl 4 2R B g il . H48H S8 T 29.33—38.33uS/em Z[H], KBEHTE
AUAE 0—5em FAELE B 25 5 AURZLE X 0—5.5—10,10—15 . 15—20cm A [E 12 #0255 %E, pH &5
FECH 5.11% & T 5 5 M HABATEVR 1928 7 RBUYTE 10%—70% , J& T 85728 5, 28 SR B ol R B/MIK
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Fig.3 Effects of different fire severities on soil organic carbon and its labile organic carbon components
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Fig.5 Correlation of soil organic carbon and labile organic carbon components with soil physicochemical properties
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