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Drivers of soil physicochemical properties in the burned Dahurian larch forest
HAN Dongdong, YANG Guang ™, DI Xueying, LI Zhaoguo

School of Forestry, Key Laboratory of Sustainable Forest Ecosystem Management-Ministry of Education, Northeast Forestry University, Harbin 150040, China

Abstract: Clarifying the driving factors of post-fire soil physicochemical properties is an important part of explaining
ecosystem response to fire disturbance. This study aimed to analyze the determinants of post-fire soil physicochemical
properties in Dahurian larch forests, to gain an in-depth understanding of the role of fire disturbance in boreal forest
ecosystems, and to provide scientific support and theoretical basis for boreal forest post-fire recovery and sustainable
development. The research object was one-year-post-fire Dahurian larch forest in the Greater Khingan Mountains. A total of
35 burned and unburned plots with different fire severity and site conditions were established. In each plot, species,

diameter at breast height (DBH) , survival status and other arbor data were recorded, and terrain data such as slope aspect,
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slope position, slope gradient, and altitude were measured, and the fire severity was quantified through vegetation changes.
Nine physical and chemical indicators of the collected soil samples from two layers (0—5 and 5—10 cm) were measured ,
and the differences of these indicators were compared between the burned and unburned plots. Then, the correlation of
quantitative results of fire severity and each index were analyzed, and the effects of fire severity, topography and arbor on
the soil physicochemical properties in the burned area were compared. Compared with the unburned plots, fire disturbance
enhanced the dispersion of soil physical and chemical indexes, significantly ( P<0.05) increased total nitrogen (TN) , total
organic carbon (TOC) content in 5—10 cm soil and both two layers’ soil moisture content ( MC). There were few soil
physicochemical indexes obviously correlated with fire severity. The soil MC in 0—35 c¢m was observed to decrease with the
increase of fire severity index. Available potassium ( AK), pH and ammonium nitrogen ( NH;-N) of 5—10 cm soil and
inorganic nitrogen of 0—5 cm soil increased with the increase of fire severity index. Correlation analysis showed that
topographic factors were highly correlated with soil physicochemical properties in the burned area. Slope position, slope
gradient, and slope aspect were significantly negatively correlated with TN and TOC of 5—10 c¢m soil and hygroscopic water
content (HMC) , MC, nitrate nitrogen (NO;-N) (P<0.05), while they were mainly positively correlated with AK, pH,
NH,-N, and available phosphorus ( AP ), among which the slope gradient were highly significant ( P<0.01) positively
correlated with AK, pH, NH;-N and AP of 0—>5 cm soil. The variance partitioning analysis ( VPA) results showed that the
variation of soil physical and chemical indicators in the unburned plots was mainly explained by the sharing of arbor and
topographic factors. However, in the burned area, the explained proportion of arbor factors decreased, while the individually
explained proportion of topographic factors increased, which resulted in the sharing proportion was greatly reduced. Fire
disturbance could enhance the impact of topography on soil properties. Topography was a dominant factor for the differences
in soil physicochemical properties in the burned areas, and its impact was more profound than fire severity, so the
ecosystem response to fire disturbance depended not only on fire severity. Therefore, the dominant role of topography may be
one of the important reasons for the different results and conclusions drawn from the studies on the relationship between fire

severity and soil physicochemical properties in different regions.
Key Words: fire severity; Dahurian larch; vegetation; topography; soil physicochemical property
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Table 1 General description of the sample plots in Dahurian larch forest

AT R

o WG MWE wREE EREE L
K 4N ZEE R i‘ﬁfg i 1‘7}’({1 Average  Average  Density of Density of %% il
Site Latitude Longitude Alltude/m 0P Slope SIPe DB of  DBH of alive trees/ dead trees/ Biomass

gradient aspect position dive dead  (Be/hm?) (H/hmd) plroporllon

trees/cm  trees/cm of larch/%
1 49°32'18.000" 123°12/01.000" 524 0° 0° Ty 14.45 7.18 1175 225 84.29
2 49°32'17.000" 123°11'51.000" 524 0° 0° i 19.74 6.85 725 250 99.89
3 49°32'16.562" 123°11'49.014" 524 0° 0° FH 2073 7.62 850 225 96.20
4 49°32'14.505" 123°11°00.716" 553 0° 0° i 18.14 8.96 375 175 §7.79
5 49°32'15.953" 123°11°01.834" 542 0° 0° T4y 1987 10.69 550 750 94.37
6 49°32'14.806" 123°11°03.754" 529 0° 0° iy 18.79 8.20 550 1200 98.31
7 49°32'37.234" 123°06'49.108" 552 950 281° Th 2594 1182 250 575 97.22
8 49°32'38.785" 123°06'48.013" 561 70 285° R 2420 10.14 150 1400 80.80
9 49°32'39.995" 123°06'44.651" 588 g 282° ¥ 2357 1004 350 1275 86.50
10 49°32'06.342" 123°06'46.048" 616 15° 307° IR 12.15 5.00 1650 25 §2.20
1 49°32'06.670" 123°06'49.835" 575 1559 3020 gk 13.83 6.07 1600 300 §3.87
12 49°32'07.800" 123°06'54.500" 566 7° 295° T 19.56 6.75 775 200 97.05
13 49°31'34.698" 123°10°04.307" 519 50 144° i 19.56 9.45 175 1225 85.85
14 49°32'12.343" 123°06'46.213" 562 50 258° Th 2535 1443 450 225 100.00
15 49°32'28.856" 123°06'28.850" 587 6° 320 T 16.06 6.45 1025 500 80.80
16 49°31'38.021" 123°07'40.663" 528 7° 125° B 2539 13.03 225 925 99.15
17 49°31'38.590" 123°07'42.845" 538 g 135° 2482 9.51 450 1100 81.96
18 49°31'36.462" 123°07'37.376" 533 10° 135° R 25.06 9.63 450 575 83.68
19 49°31'41.563" 123°06'39.114" 512 g 143° Fh 231 112 725 175 94.98
20 49°31'23.714" 123°05'33.562" 530 g 358° LW 2256 1017 600 575 84.39
21 49°30'54.641" 123°04'19.304" 542 19° 287° T 2L 9.97 450 550 89.31
2 49°30'53.183" 123°04'21.407" 553 19° 91° B 2078 1218 100 1425 94.00
23 49°30'52.225" 123°04'23.095" 552 g 720 B 2093 1078 400 1025 85.20
24 49°32'13.861" 123°10'57.700" 544 0° 0° i — 14.48 0 1025 89.94
25 49°32'14.879" 123°10'57.118" 555 0° 0° i — 11.73 0 1825 97.64
26 49°32'14.830" 123°10'54.712" 536 0° 0° Ty — 13.71 0 125 91.56
27 49°31'28.891" 123°08'09.420" 550 18° 290° gk — 10.94 0 1750 80.26
28 49°31'27.232" 123°08'11.166" 585 1250 313° T — 10.70 0 1725 80.88
29 49°31'28.769" 123°08'09.161" 540 1° 31° T — 12.10 0 1375 82.42
CKI  49°3215.240" 123°12'19.406" 518 0° 0° Ty 1225 1038 1675 25 92.70
CK2  49°32'04.412" 123°12/52.095" 467 0° 0° i 111 8.40 1925 50 93.73
CK3  49°3208.096" 123°12'54.208" 501 0° 0° Ty 14.09 8.20 1425 100 85.37
CK4  49°35'09.881" 123°07'32.297" 520 50 125° T 19.96 9.46 725 50 96.90
CKS  49°34'42.532" 123°07'10.981" 582 12° 318° ¥ 12.23 6.99 1850 50 87.29
CK6  49°34'42.859" 123°07'12.493" 580 10° 346° g 11.96 6.65 1875 150 98.50

CK . %18 Control Che(:k;DBH;E@@: Diameter at breast height
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FUREHL N BTG BET S SR W, I e 45 oy B 7 AR B BTG SE TS R AW B A (vhm®) BEAT AR (2
3), M KB K BUREFE S (five severity index, FSD) Ak (253 4) , 2% 28 ¥ A8 A= 1 e 450 2R S R o
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Table 2 The estimates of component biomass of the model parameters

AL 28 BT e L ESLE73
Components Parameter Dahurian larch White birch Dahurian poplar Mongolian oak
R Root c -4.2973 -2.9527 -3.969 -3.0409

b, 2.761 2.2634 2.402 2.2943
2 Stem c -2.8701 -2.3549 -2.2319 -2.5856

b, 2.5798 2.4096 2.345 2.4856
#% Branch ¢ -4.9082 -5.7625 -6.7768 -6.997

by, 2.5139 3.0656 3.2079 3.522
It Foliage ¢ -4.2379 -5.9711 -6.4023 -5.146

b, 1.8784 2.5871 2.5459 2.3185

6, b, 0 by by e b RTRAAR 2 IO 2 BB S B

2 HREHSH

2.1 AR 2 RS RE

N3k 3 PR A )= AL TR AR BUE I SR B K, 0—5 em )2 HIEIAL AR A2 7 RECR /N Ny
NO;-N>AK>AP>NH;-N>TOC>TN>HMC>MC>pH, 13 NO;-N AK AP 1 NH;-N A58 48 5, 11 TOC TN,
HMC F1 MC P28 5 +3E pH ME54E 5, 5—10 em + )2 HIEFRILFE 528 S R B/ A NO-N>AP>AK>
TOC>TN>HMC>MC>NH;-N>pH, 3 NO;-N AP Fll AK #4855, -4 TOC TN ,HMC MC Al NH}-N Jy ff Az
S, 3 pH N EAE S
2.2 Kpeilb - IERLPE 2 S

WA 2 Jr7s 50 AR AR EE , KT A0 B SE ORI (B B B SR, KT W E 4R = T 0—5 em
+J2 I MC(P<0.05) , EHRE T 5—10 em +)2 158 MC TN I TOC &4 (P<0.05) o X [ —RAE g A ]
FEATEOSEEA T K250, 255 B, JOReal H Xt FEAE - 0—5 em Fl1 5—10 em + )22 (A B LIEIR K2
I B 3 25 S (OO BRAEHB NOS-N Rl NH,-N BRAR) (P<0.01)  XFHEFEHD 0—5 cm F1 5—10 em L2 Z (A 1+
% NO3-N 1 NH;-N Jo .3 22 5% (P>0.05) , 1 K T4E/G 0—5 em A1 5—10 em )22 [A] 14 NO;-N fl NH;-N
R D 3 25 57 (P<0.01) |, IXAR AT BB KA BRAR K R RS 1 242 P AR T3 NOS-N Fl NH-N 135 5 il
T HAOAEN KR TEAL B A S H T AR & T R A Sk K1af5 2% % 3tk z
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Table 3 Preliminary statistics on soil physicochemical indexes

FE45 Index i K fH Maximum #¢/ME Minimum ¥ Average FrifEZ Std Dev. BRERCN/%
+JZ Soil Layer 0—5 cm 5—10 e¢m 0—5 em 5—10 cm 0—S5 em 5—10 cm 0—5 cm 5—10 cm 0—5 em 5—10 cm
MC 0.46 0.42 0.13 0.12 0.28 0.25 0.07 0.06 24.67 25.67
HMC 0.10 0.08 0.03 0.02 0.05 0.05 0.01 0.01 26.76 30.79
NO3-N 18.48 14.77 0.76 1.01 3.29 2.81 3.40 2.29 103.24 81.43
NH;-N 39.42 10.70 3.10 3.06 9.73 5.98 5.02 1.53 51.63 25.64
pH 5.79 5.72 3.42 3.60 4.66 4.49 0.44 0.43 9.50 9.52
TN 8.52 5.74 1.82 0.94 3.77 2.64 1.27 1.00 33.65 37.69
TOC 123.64 79.07 24.46 13.46 54.98 34.62 19.97 13.24 36.32 38.24
AK 2245.05 1752.32 132.52 103.59 391.33 291.57 288.28 186.82 73.67 64.07
AP 80.00 92.39 3.91 3.08 26.77 25.24 15.48 17.49 57.83 69.30

MC: %7K % Moisture content; HMC ; YR 75 7K % Hygroscopic moisture content; NO3-N: fifA % Nitrate nitrogen; NH3-N: B2 % Amm-onium nitrogen ; pH : %( 12 T ¢ &
F8EL Hydrogen ion concentration; TN : 2% Total nitrogen; TOC : S /LB Total organic carbon; AK :#A# Ava-ilable potassium; AP ; /%% Available phosphorus

£7kE MC
Moisture content/%

B NH-N

Ammonium nitrogen/(mg/kg)

EA LK TOC

Total organic carbon/(g/kg)
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Fig.2 The comparison of soil physicochemical properties between burned and unburned
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