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Spatial and temporal evolution characteristics of soil available phosphorus and

soil microbial biomass phosphorus in the burned area of Larix gmelinii

YANG Guang” , LI Zhaoguo, SHI Bingdong
School of Forestry,Key Laboratory of Sustainable Forest Ecosystem Management—Ministry of Education ,Northeast Forestry University , Harbin 150040, China

Abstract. Wildfire is a common natural disturbance agent in the Greater Khingan Range that significantly affects soil
available phosphorus (AP) and soil microbial biomass phosphorus ( MBP) in the burned area. This study aims to assess
spatial and temporal changes of the AP and MBP in the burned area of Larix gmelinii. On this basis, the relationship
between AP and MBP is further explored. Using the research method of “space-for-time substitution” , we established a 28-
year fire chronosequence with 80 sites over a small region of the Greater Khingan Range, selected three replicated plots in
each burned area, and selected the nearby unburned area as the control plots. We measured the soil AP and MBP contents
and topographic factors (altitude, slope position, slope aspect, slope gradient) for each plot. We analyzed the temporal and
spatial evolution characteristics and the laws of AP and MBP in the burned area of Larix gmelinii. On this basis, the

associated mechanisms of MBP and AP in the burned area of Larix gmelinii is further explored. After the fire disturbance,
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the contents of AP and MBP in the burned area initially decreased and then increased with the recovery time. In the initial
stage of restoration, the MBP content of the burned area was significantly less than that of the unburned area, while the
content of AP was significantly higher than that of the unburned area (P<0.05). The differences of AP and MBP contents
in the burned area at different altitudes were significant ( P<0.05), the differences of AP and MBP contents in the
unburned area at different altitudes were not significant ( P>0.05). The total explanatory power of the random forest
regression model of soil MBP and AP in the burned area is about 84% , while that of the unburned area is about 60% , both
models have reached an extremely significant level (P<0.001). In the random forest regression model of the unburned area,
the slope position reached a significant level ( P<0.05), the slope aspect, slope gradient, and altitude reached an
extremely level (P<0.01). In the random forest regression model of the burned area, each explanatory variable reached an
extremely level (P<0.01). The influence of fire disturbance on soil microorganisms is generally a long-term process and
MBP is more sensitive than AP to fire disturbance. Fire disturbance will significantly strengthen the influence of terrain

factors on AP and MBP, and change the relative importance of terrain factors on AP and MBP.

Key Words: burned area; terrain factor; soil microbial biomass phosphorus; soil available phosphorus; spatiotemporal

evolution characteristics
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A SR AR B, A RO R R R W R SRR R SRR K TR SRR HOE
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SE IR TR AR A i A DX, A ARE R IR B S v T 3 1) AR DX RGBT R % 22 W D422 7 T B R K 58
TR A SEAT R | SR W S AR MBI A BT TR L TR S R GEHET R AR s AL 2R 5T
KIS 5T LIEMCE Y eI B VR R RIS HLH, I S B2 1 1 8 308 b 7 bR it 4 it 30
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L1 RS XSO

KRG i XA T 5 AR R, S T I OB 2 U e X, S e Il e — 13 S B AR X
ROLLWAE R S T 23 VU AR A AL W X 3R, 35 BT AR R ol A0 45 2% 42 9 AL (Laric gmelinii ) (B4 ( Pinus
sylvestris var. mongolica Litv) 5% 15 ¥k ( Quercus mongolica Fisch. ex Ledeb) | FA¥E( Betula platyphylla Suk.) %5 . B
FUREHBAL T 35 T B (50°077 02N 121°10"53"E) , 4F - 3 il - 2.4°C, AR KGE 2. 9m/s, 45 By [ K &
463.2 mm,
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1.2 FEHLEAE SRR
T 2018 4FAEH 3] HAKl B 1Rl X B HL 1990 4F 1994 4E 1996 4F 2000 4E 2003 4F 2006 4F 2008 4F
2010 4F 2012 4F 2015 4 2018 4 [ K o 720 b A i AR A o KO i, (] Bsf 30 SR AeF i P g 4 30 B 1 1) 38 (6 A
o FHBEALIURE R 1 85R)2 0—10em (14 HIERE S, B MR HLTET AR A 20 mx20 m, BEHUFE L BEHL IR & 2
> 30 A RAE S, SRAE AL I/ NTEE S 2m 4 1l R A 28 1) 1 A S BEATLA 50 43 B 3 A R LI A B — 1

L ARER 36 240 0 EAERERY . BEREE TV (~40°C ) B FISTR IR AT, LT BRI 1.
®1 HEHER
Table 1 Basic information of Larix gmelinii natural forest
LS 7 i ER Yepgs(°) e/ (°)
No. Longitude Latitude Altitude/m Slope gradient Slope aspect

1990A—1990G 124°41.4454'E 52°23.0334'N 421—436 2.5—17.5 317—342
1994A—1994G 124°28.6484'E 52°41.3156'N 643—665 2.5—5 10—342
1996A—1996G 123°56.9236'E 52°40.4719'N 469—474 0 0
2000A—2000G 123°27.9180'E 52°23.9668'N 775—809 5.1—17.3 76—112.5
2003A—2003G 124°57.4584'E 52°30.4388'N 393—404 0—2 0—296
2006A—2006G 124°30.9917'E 52°20.6538'N 498—518 2—4.5 37—307
2008 A—2008G 124°50.5210'E 52°19.5776'N 365—374 1—2 9.1—355
2010A—2010E 123°27.6816'E 52°19.2269'N 829—872 5.42—17.2 59.5—98.5
2012A—2012H 123°48.3691'E 52°42.0678'N 463—484 3.8—17 101—284.8
2015A—2015G 123°50.2681'E 52°23.6936'N 481—655 4.2—11.2 115.2—243
2018A—2018) 124°50.4904'E 52°29.1933'N 372—645 0—9.5 0—348

RE FHIRA TR, H 2018 45 A Jox IR Hy

1.3 BT

TR 2R VR TR T (10 H) J5 B 7g A DR (0.05mol/L 12— 0.0125mol/L Hi iR ) 42 B
A R IR S T AR IR Bk O B A W A W R R DN Y, 4 B BRI 234X SmartChem
200 5 A RO IR YA Y B i, MBP BB R B 0.4
1.4 Seitath

AR SRR K PR A2 I S S0 4] 43 R DU %o B AR b ( AG 3 k) WK B2 03 K b ( e R AR
INFEET 6a) s A KB ( KSR IR T 6a H/NTAET 15a) K5 1 K el b ( K 1k &2 st
KR T 15a H/NTEET 30a) . A4 52 504 b 4405 2400 43 WA« IR (MR T 479.5m) =14k (= T
479.5m) , HRAJEHhF2E 2 ﬂﬁ%ﬂﬂ% 50 1 22 01 2 B LA 30 B 4] o3 O BN R Sk = A P (0°—2°) (2%
P (20—5°) HhPE (5°—15°), P Lhwg Ak 30° ek, 4 b AL 3 (345°—75°) ARk (75°—165°) | BE B
(165°—255°) P (255°—345°) PULH s ARG LN A R -, T34, e or, 347 DUl

fdi 1] SPSS 26.0 R 4.1.1 ZAFHEATEARSHT, FH Origin Pro 2019B 1E &, FAM ST REA T K656 b A [A) ik
AL KRB A KCBE il i 1438 AP MBP ()25 5 ; FHLH 2 77 22 53471 ( One—way ANOVA ) Fll i /)y b 38 1 22 59 7k
(LSD) HCASAN [ M B S5 R et JoRE b, K B30 8 AP MBP 19255, BEMK T a 24 0.05, A Sl kg 2t
BEALARAR [ AR R R A M PR T (0 B 2 | I3 F S5 K AR Ak T Dy vk 357 T 4544 Jr B A7 ( Structural
Equation Modeling, SEM) , Pl kel ik &2 B0 iR 3 B8 3] 347 55 58 AP MBP , - 438375 fff 1 A Lo
(DOC, Dissolved Organic Carbon) , T3 #Z( DN, Dissolved Nitrogen ) 22 [8] i 3225500 Rl [RJHERLN .

2 HRE5S

2.1 KR A S SR Rl A W A e R T R R

X K A3 AR A o AR s BT A R - S Gl A W A W Rl S B AT B R DT 25 e, iRl 1 B K
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PRI MK A i AR, A AP S i RIS B N PERE AR  IN A A AR TR A KRR R W KRR
Hi AP {9 BRI T 40% (P<0.05) ,PKE T IKCREm L AP 5 i E BRI T 46% (P<0.05) R J5 1k
el AP 5 i EIEIN T 44% (P<0.05) . KB MR A2 s FE v, MBP 5 0 26 0 Sl A P38 im0 AR b s
B AT AT KR PR K R . MBP B 0 & IR T 35% (P<0.05) Pk & Il K B8l s MBP %
R ERIRT 68% (P<0.05) MK J5 1 kb5 MBP &5 W E MK T 27% (P<0.05) . KBk ik 2 4013
Tl I, AP MBP & i SE RS BN A R B T LR TR S AT BRI Hl, MBP 5 i 8 I T oA A KR
(P<0.05) , 1M AP 1) 5 50 i 25 5 F Ao K FE b (P<0.05)

2.2 B L A HEAT RO RN - SR A W A W s )

S ARREAE W og . CJ A%

221 RIFHGEKBE A HATRBER B & 5 5 el i
Y %§\g 30 X

S 08 5 307 2 s s A1 3o AR - 8964 8K gggz
WERIE SR R A AT IS R T RSy TR A A
B WP 2 BP0, KRR RIS A Bt AP B2 5 wof |7 .
iR TR R AP M (P<0.05) ; KRR P §<; 5
WL FBRAPEIIL AP SR B A B TG % 2 " g = - -
(P<0.05) , B K besii st MBP 2 i 35 25 TG4k = *% § %!
KBEHEHE (P<0.05) 3 K JE 1R I 1, 85 1 ¢ o e b < = = =
MBP % 2 i I TR K B L (P<0.05) o AR 8 3 B

PRI KFEHL AP MBP & 470 B3 2 5+ (P>0.05) , REMBAL Plot groups
AFRREEY KGR AP FRERBE(P< 1 RS A A8 3 A B AL A e R
0.05) BRI ] KoBeli st AP MBP S 2257 o
I3 (P<0.05) ARl G I K BEE 3 MBP 7% gig1 Soil Available Phosphorus and Soil Microbial Biomass
BERHEFE(P<0.05) X 2B 3K %F K Bili i AP, Phosphorus content in burned area at different recovery time
MBP itk T 25 50 KRR R R A5 5 65 2 22 S 135 (P<0.05) L it
222 JN[RIHE KOS5 Hb A B R R - AR A BbR ME 22 19 FE AR 4 O 240 4S5 AP, A B B Available
Wy phosphorus; MBP: + HE f#% 4= ¥ 4= ¥ & ¥ Microbial biomass

WNE 3 FTAT, T3 AR KRR b, KRR
W3 KB AP 5 i B I K T 354% (P<0.05) , KGR A 13 K Beili b AP 3 43t 8 50800 T 43%
(P<0.05) , KPR JE V- Kol b AP &5 i i 308K T 17% (P<0.05) , B3 Jobeil i 5 A ad K RE b AP
AR KGR A5 I 0 35 25 53 (P>0.05) 5 AR T AR A o KOBE L, RS PR A0 3 Rk K bl b AP 5
WERINT 670% ( P<0.05) ,

AHAS T3 Ao K REH | KPR E I OB s MBP 5 i B B B AR T 75% (P<0.05) , HoAt it 6
BEZEF(P>0.05) , HIE TR A KEEH, KOG 0 5 923 Ak besi s MBP 55 1 43 31 & 35 %
KT 42% . 70% 35% (P<0.05) , Rk K Besi 5 A2k K FE b MBP #5576 KR PR &0 0 B 35 22 5 (P>
0.05) .

2.2.3  S[]IE ) KOsl b - HEA RO A - A U A

WE 4 iR, & AR KRR AP S T8 8 3 25 5% (P>0.05) 5 KRR I K Bl i, Va3 AR 3% AP
Pt B R TR (P<0.05) 5 45 N3 ) A5 K R H B Jobsili i AP 5 580 1 3 22 5% (P>0.05 ) 5 453 1 2k
AR JE K pail b, AP 5 125 S5 0 2 H R 3> AUH > V3> AR B (P<0.05)

AU AR T KR MBP 5 2 B 3 TR (P<0.05) 5 KWK W13, ma 3k JOREal b MBP % 2 18 35 5 T 7R

phosphorus
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Fig.2 Soil Available Phosphorus and Soil Microbial Biomass Phosphorus content in burned area at different altitudes

WRELNFRIER |, P<0.05 F/R AR SRR AP MBP S i) 22 R A G4 E X

BERPEHE (P<0.05) 3 JF IR Tl ZR 3 KBl MBP & 1 5 3 8 TP 3% (P<0.05) 5 SO IR 5 19, P 3 k.
Pl MBP &5 25 T4 N1 (P<0.05) , HALSE Jobeilish MBP & i 2 5 T A 3% (P<0.05) ,

L ERTR KRR R KB AP MBP 5 L3 R [ 1 23 (8] o0 A A 32, ZR 30 PO AP S B 5
Fra b, MR B APG I MBP 5 2 J0) 3 25K T R 38 5 45 ) KR WK A ORe il il AP it B E 225, R
B VaYE JObeil i MBP % 25 R 3 X R W] MBP LG AP 455 2 B K TR RS
2.2.4  ORIRIHEAT KO0 Hb - AT R0 A - R W A )

WE S iR BRI Z AT JORE 0 b Ah , AN [ 3 457 B8 | A 3o KR H 498 AP % B 25 O AN B 3 (P>
0.05) s ML T A aeh KORE b, P 52 40 0 bl s+ 398 AP 5 i W SR 3, PR A2 Hp 0 KoBe s b - 18 AP 5 i
%, R S5 A JCbeimi b -39 AP 5 it B30, BRKSZ ) 1 ORI L Ak | AN [ 35 457 JCRe e | A 3k R b 1 48
MBP & &2 IR B E (P>0.05) s MIEE T A KRR, Pk Z 430 | P 30 AoRe il b+ 398 MBP 5 & B . B AIG, 1k
S5 ORI b -3 MBP Fr i BB IIN . 2R B ORE , K FARTE SR S0 R 2 JORE ML, 5830 1+ 48 AP
i MBP &2 AR AN,

2.3 TR ST MR B 70T 1A A R - R ) A e 1 )

R T2 T i KO RN A M 24T A PR - 1E MBP AP & AL T BRI &R, A
WFFE A% MR A EAE A AE O, 38 BEALAR AR [ SRR R A I IR A B2k

] 6 435l & 1 RERE b A b3 i FIT A il g0 B 13 AR R 22, S BRI, TT LUK AR K il
Ho 439 MBP AP 2 BEHLERAR BT | 5 B A 1 A O R PR 3R (B iR 22 M I & 43 e oK 83.02%) ,
FEUGEIBAT (BT IR ZERI NN 3 LR 68.23% ) , PR 1] (B IR 22 M INE 4 Heoly 64.76% ) , 221 e fI%
(RS (S8 TR ZE RGN E 43 HEoN 62.32% ) , KPR ARt ] DU SR AR AR rh (SO 3t A 2 i R ( 247518 22 1y 38
IE N 71.20%) , AExt BERE | BB e (I DR 20 1) (38T iR 22 O BE AN E 4 He ol 47.82% ), Hik
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Fig.3 Soil Available Phosphorus and Soil Microbial Biomass Phosphorus content in burned area at different slope gradients

INGFRFORBA IR R AP F 2257 B35 (P<0.05) , KEFHREFIRSA WA ESEZ MBP & 122 5+ 8.3 (P<0.05)

SEYRE (BT IR ARSI 73 LU 40.88% ), FRUGRIEFR (R 7R ZERISE I 73 LR 32.46% ) , B SR IAR Y23
PL(BITTIRZE RGN E 73 N 22.44%) o AL i B8 B AT 1 S 35 PR 00 Ik, 5 SR 3R B0 HRRE M B HL AR
AR B ik 3 T @K (P<0.05 ) i) S IR =SB I 38 5 T 1) .25 7K -F (P<0.01) 5 7
KB FERLARAR TR AL rpr | A i A i k3 1B W 2K F-(P<0.01)

BARSRTE , JIpE3ah i TR HEA: b 1) - 3 A= 455 DR 1 B ATL AR AR [B] VB 1 38 ) 1 4 Bk 257K F- (P<0.001 ) o X
FEPI USRS | JCbeilitth 1= 43 MBP (AP 5 £ (1 BEH LMK [T IH AR AR AL S i REE 208 84% , T AR o JCRE
AR AL R BEAL 2l 60% , 3% RBT KT B E 208 T & B 7% 14 MBP (AP & & B2 I FE

TR ZE ) 7 R DAl JOBeii Mk 52 IS TR R RE M) 30375 1 DOC \DN AP \MBP Z [H] i) B 3%
RAON I B) 42 R, A R ff B AR B AN SR 2 s . MR L 6 J s 1y SEM 23 A 45 2R JF 1235 K 75 (non-significant
Chi-square X*) Kz 303 B SEM 1] 4%32 HE TR 5 (P>0.05) , SEM 14 £ 5 48 50 ( goodness-of-fit index , GFI) Fl kb
A TR AL comparative fit indexes , CFT) 1 BH 35 Be B8 B Kz 56 48 b5 BE WS #2522 (B KT 0.9) , SEM AR #fEfLAR
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Fig.4 Soil Available Phosphorus and Soil Microbial Biomass Phosphorus content in the burned area of different slope directions

INE PR FORBA R 1) AP S22 5 B3 (P<0.05) , KEFRFR&A YIRS H MBP & 225 83 (P<0.05)

Y575 5% 22 ( standardized root mean square residual, SRMR ) F1 T ) £ J7 AR 1% 22 ( root-mean-square error of
approximation, RMSEA ) ) 15 BB 15 A 70 5 R 450 0 18 e384 (3BT 0.05 )

®2 TEREEAVR AEER AU MENEYER
Table 2 Soil Dissolved Organic Carbon, Dissolved Nitrogen, Soil Available Phosphorus and Soil Microbial Biomass Phosphorus

T Hb 2H 51 RV LR HRTEAR AR WA A o
Plot groups DOC/ ( mg/kg) DN/ ( mg/kg) AP/ (mg/kg) MBP/ ( mg/kg)
PRZ A K BB Initial burned area 23.8+8.19 3.121.14 8.0+4.74 14.42£7.26
12 ) JCBEIE L Mid-term burned area 24.4+9.05 4.2+1.37 2.6+2.14 6.99+6.18
R I 1 JOBEii L Later burned area 31.1£16.58 4.2+1.69 6.9+5.64 16.10+12.54
X BEFEHL Control plots 27.4+9.89 4.4£1.90 4.8+3.21 21.98+11.71

FHBUE R FIE +FRUEZE” ; DOC : £ HE W f# M4 HLER Dissolved organic carbon; DN - 38 %5 % 1 % Dissolved nitrogen; AP ; 1 3 47 85U
Available phosphorus ; MBP ; -3 A4 A= W) w % Microbial biomass phosphorus

SEM ()43 & S0 | KOG PR B Ta) A7 % MBP A5 25 B 4% 35 15 52 m) , Herp KOs 10 52 B 1) () 52 ) 3%
KPR ATE R DOC M B #2520 MBP | 3 {37 G i 52 AP M B 3252 MBP, DOC X MBP A % .
AL, AP B IE 0 T MBP, DN X MBP TG i 25 i #2 u% () e 52 M)

3 i

3.1 KU A | IR ) A P R A R
KAEPHFT, A AN LS Wy R ) S 2 O AR A A IR Y, R A O 1 AT 2l

http ; //www.ecologica.cn



&t
B

5034 H Eire 43 4

0T X WA o RS HI K i

E]
%
£
<
g
# £
2
£
:
22 T TR bR BMeR T R R FHER
435 0r HRS o301 K R 50 r RS IR K R
R g A
§ 2 40 40 b
=
TE
a 30 -
3
é P11 S A [ Tl S e e e
10 + B a
a a a a
rL!_L\ NA
0 )
Tl L A A Tl FHAr MR b

&A% Slope position

B 5 AREEA AT T IEENE T EREYENENEE
Fig.5 Soil Available Phosphorus and Soil Microbial Biomass Phosphorus content in burned area at different slope positions

NG FRFORE NI RI AL AP 2 5 22 53 B35 (P<0.05) , KRG FREFRA NI I AL MBP & 5 22 53 8.3 (P<0.05)

B 7. Slope position :l * PUREARRIE: 60.61% K
gk Altitude |
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Y] Slope aspect ‘ ‘ ‘ ‘ |*1* 1 1 1 J
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