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Influence of fire on a Pinus massoniana soil in a karst mountain area at the center

of Guizhou Province, China
ZHANG Xi"*, ZHU Jun', CUI Yingchun', HUO Da'*, WANG Lili'"*, WU Peng', CHEN Jun', PAN Dequan',
YANG Chunhua'

1 Guizhou Provincial Academy of Forestry, Guiyang 550011, China
2 Guizhou University, Guiyang 550005, China

Abstract: The worst drought in 100 years in southwest China occurred in the winter-spring period in the year of 2009—
2010, causing forest fires as a secondary disaster. The effect of fire on the physicochemical properties of soil in a artificial
secondary forest of Pinus massoniana in the center of Guizhou Province, China was investigated. The trees had an average
diameter at breast height (DBH) of 5.6 to 19.4 c¢m, an average height of 4. 11 to 18.60 m, and average density of 500 to
2400 clumps/hm’, and were studied using a comparison of burnt and unburnt plots in a karst mountain area covered by a
Quaternary clay. In the surface soil ( depth determined by the influence of the fire) of the burnt plots, capillary porosity
and total porosity increased, and the soil bulk density and non-capillary porosity decreased, becoming 104.0, 102.2, 96.0

and 79.9% of their previous values, respectively. The water content of the soil quality and soil volume, and the maximum
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and minimum values of the soil’s water holding capacity were 92.5, 86.9, 110.0, and 111.4% respectively. Also, the
relative amount of organic matter, total nitrogen, total phosphorus, and total potassium and the pH increased to 130. 8,
138.0, 148.7, 108.3, and 101.6% of their previous values, respectively, while the cation exchange capacity was reduced
to 74. 2% . In contrast, the relative amount of hydrophilic dissolved organic nitrogen, effective phosphorus, available
potassium and exchangeable bases were increased, being 185.7, 301.7, 201.3 and 109.7% , respectively. As a result of
the forest fire, the organic matter carbonized, soil biota was reduced, the soil aggregates collapsed and the soil water
stability was reduced with changes in the osmotic potential ; hence, the texture was degraded in the surface soil. Because of
the carbonization of the organic matter of the different litter layers of the burnt forest, a considerable amount of ash, small
carbon particles and organic debris covered the surface soil, and infiltrated into the soil through the action of gravity and
rain, and as a result the fertility of the surface soil increased. There were two changing trends for soil physicochemical
properties: one of them was the influencing factors of the surface soil (IFS) which were much greater than those for the
profile soil (IFP) , and included variables such as soil bulk density, capillary porosity, total porosity, water contents of soil
quality or soil volume, the maximum or minimum water holding capacities, the amount of soil organic matter, total
phosphorus, total potassium, hydrophilic dissolved organic nitrogen, available potassium and pH value; the other was when
soil properties representing IFS were less than the IFP, such as non-capillary porosity, the amount of total nitrogen, and
effective phosphorus, cation exchange capacity and exchangeable bases in the burnt amd non-burnt forest soil.
Physicochemical indices of the burnt and non-burnt forest soil rose or fell in the soil profile, and trends simulated either the
power or logarithmic curve well. The changes in the physicochemical indices between the burnt and unburnt forest in the
surface soil reflected mainly the impact of the fire, and mirrored chiefly the difference of the natural soil properties and the
effect of the biological community on the regolith. The coefficients for the relationships between the plant dead ratio of tree
layer and the surface soil bulk density (R=-0.8250", r,, =0.7545, the same was as follows), the maximum and
minimum water holding capacity, (R=0.7615" and R=0.7689" , respectively), the amount of organic matter, (R =
0.9035"", r,, =0.8745, the same was as follows) and total nitrogen (R=0.7558") were remarkable. The dependence
coefficients of the plant dead ratio of shrub layer to the surface soil bulk density (R=0.8547" ), capillary porosity (R=
-0.7597 "), total porosity (R=-0.7629 ") , water content of soil quality (R=-0.7593" ), maximum and minimum water
holding capacities (R=-0.9573"" and R=-0.9124"" | respectively), the amount of organic matter (R=-0.9436""),
total nitrogen (R=-0.8335"), total phosphorus (R=-0.7599" ), and available potassium (R=-0.7995") were also
notable. The correlation coefficients for the shrub biomass loss ratio to surface soil bulk density, amount of organic matter
and available potassium were R =0.7684", R=0.7763" and R=-0.7600" , respectively. Coefficients for the litter
biomass loss to the pH value of surface soil indicated a very strong relationship existed between these two variables (R =
0.7550" ). In addition, the correlation coefficients for the average DBH of the burnt forest to the surface soil bulk density,
capillary porosity, total porosity, water content of soil quality, maximum and minimum water holding capacities, amount of
organic matter, were notable, being R=0.8085", R=-0.8162" , R=-0.8077" and R=-0.9556"", R=-0.9153"" and
R=-0.9049"" and R=-0.8120", respectively.

Key Words: forest fire; karst mountainous area; artificial secondary forest of masson pine; soil; physical and

chemical indices
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T PRN TR & 7K SRR, ARG TR A K 2 — | KB 5 B R AR Oy T3 4 2 5, 3 A
FEPRION T FEAAAR ) - S PR BT 52 S AL T8N, LA SR AT T AR K A5 2R AR, o mT Sy o SR L b K =
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1 #REFZE
1.1 AR5

5 X067 T 5 Hp e 300 4 1L A 3R BH T, £106° 07'—107° 177, N26° 11'—27°27", i 4k 4% 1§ 506. 5—
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AR s e i R TR SR R AR BE 55 41. 78 % MROREZRALA 44. 71% & vh LB 1 9 2= XU X, 4R 1
IR 12.8—15.3°C AEREMI & 1168.3—1258. Smm, H I8 1084. 7—1411.9 h/a 25—32%/a, 44 F S K606
R EAFZEFHAE WA, FHRE 2. 2m-s7a™
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FEA YA 1 (Miscanthus floridulus ) . 8k 1= H ( Dicranopteris linearis ) | ¥ & K 9% ¥ ( Leontopodium
andersonii) JZERZE ( Lysimachia clethroides) F1VEL [A¥K ( Gaultheria leucocarpa var. crenulata) %5,
1.2 MR A T S e bRl e

2010 4F 1—3 H [, B AR 1100hm* LA L5 FEAR Ay T bR 3 S 2B OBLASE ) 2R bR K 9 U, o T AR
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ZHEGFOCAGO; FAZFETT 3 4> ImxIm  FRE T 08 M4 i BE AR, MR AR 52 RN O A Y
WIEMERETT 3 A Imx1m, FoARZSHEAZ A Yt 0 Fie O A BRI SO 2 RIRG % 2 A ) e e X R
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Table 1 Basic properties of masson pine forest in fired and contrast plots

F*ARJZ Tree layer H#EAJZ Shrub layer HAJZ Herb layer
Rt wE Ma#z [EE s W 35 iz I W E353 i
No. Coverage DBH Height Density/ Coverage DAG Height Density Coverage Height
/% /cm /m (B ) /% /em /m /(F/hm?) /% /m
Fno. 01 50 13.040 9.14 1000 5 0.314 0.31 38667 18 0.50
Fno. 02 65 14. 443 10.43 1050 2 0.385 0.12 32000 4 0.22
Fno. 07 30 5.596 4.11 2400 8 0.433 0.43 133333 23 0.30
Fno. 11 60 16.728 12. 14 625 46 0.942 1.23 44000 10 0.64
Fno. 13 65 19.390 12.66 500 35 1.340 1.15 70000 50 0.52
Fno. 17 53 19. 066 18.60 725 5 1.115 0.31 30667 5 0.24
Fno. 18 58 18.426 12.86 850 10 1.171 1.32 37333 5 0.15
Cno. 08 60 6.706 4.16 1325 30 0.766 0.63 60667 30 0.49
Cno. 09 60 18.767 13.65 600 50 0.992 0.77 95333 35 0.42
Cmo. 10 30 18.750 15.09 200 40 2.040 0.98 86667 55 0.39
Cno. 12 60 19. 144 12.48 675 15 0.474 0.47 66000 50 0.35
Cno. 14 55 20.372 13.07 450 25 0.833 0.83 58000 50 0.26
Fno. I Cno. $§ JCGEHINS HERE L, DBH 48 V42 DAG 48 VXA, BA 5 BEFE Fh ) &5 B P 349(H
®2 NRDEMHKSHEMENZRSGITR
Table2 Damaged statistics of structure Indices of masson pine forest in fired plots
FEARFET Plant dead ratio AP Biomass loss
Rt FeAR)Z HEAR)Z TrARZ HEAZ R HivEY )2 SEY
No. Tree layer Shrub layer Tree layer Shrub layer Herb layer Litter layer Total biomass
/% /% /(vhm?) /(vhm?) /(t/hm*) /(t/hm*) /%

No. 1 72.50 1.72 17.2531 0.0474 1.0651 3.7224 41.90

No.2 11.90 12.50 0.9119 0.2208 1.3471 4.1631 7.82

No.7 100. 00 0.00 5.8295 0. 0000 0.8861 1.5264 51.83
No. 11 4.00 45.45 0.0818 1.3895 0.6263 2.9882 8.93
No. 13 0.00 52.38 0. 0000 2.9860 0.1619 2.2433 9.60
No. 17 3.45 65.22 0.9945 1.3509 1.2937 5.7389 8.11
No. 18 11.76 35.71 23.4963 1.0997 0.8223 3.0264 28.62

AW KPR AR A ZIET A Wit A R R 7 W= AR AL i SRR AT AR R S MR SR M R AR Bz A R AR e 52
Pkt LR R A

1.3 AR 3R Ay 5 PR R I

TE VA FE b R e B A QM i H B2 B - 850 3 4>, #% 0—10em , 10—20cem . 20—40cm  40cm—ic 5%
FITRAE SR IR A ) 500 25 IR A 13 1k 2477 BIE AT, 58 = 22 3 55 Ah A48 bl 2 $0F T
CRRAR e 1) 8 R AR I D 52 S T3 ik
1.4 SZmRIE

SRR ORI IR T B FE 770 R SURR R - HERE R R (TFS ) M2 B 1 b e X B RN K e b
2T OMIGER)Z) R ARG TSI 2E (IFP) e T HESL R brAe x BR sl et i i) 28 2 + HE (K
KT JZ) FE 3R )2 13 (R J2) [ AR AR Bee 3Rk =0k .

(j(xl)dx—J(xo)dx) (f(x)dx—f(x)dx)

x100% ; [FP = "

f(x(,)dx f(x)dx

ho

hg hg
hy

IFS = x100%
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S Ry by W AR - R VR 2 (RO ) 2 R 26 (R ) JRVRIERL, [ (x) . [()

il f (x) JResE B TR ARTE Jobe f BRAE D, LA K JCbgBont BEAE M -3 30 T i) A2 A i 42

2 ERESWR
2.1 bR EE AR RE IR AR A

MGG TeARJZE FEARZHIBRBOER 30 BB AR REA R FIAG W) )2 e B8, R R AR AE T, R R
SRR o R AR KB R s i, IS kiR AR A AL B AL, B T bR TSR E MERE (3R 3) .
I T BB NEREAR AR AER)E LI 5 D W2 A, KO AT R 3t 1] 14 AH S48 AR 7 - 9801 1T A
LT HJZ 10em Zidy , KGEAE IR Z - HE% AR B A FLBR R R AR B AL RS AL T

®3 NEMNRESTETEESERERTL

Table 3 Main soil aeration Indices of different soil horizons between fired and contrast plots in masson pine forest

T FEBE LB EEILBEE SALBREE
EEz7n Soil density/ ( g/cm’) Non-capillary porosity/% Capillary porosity/% Total porosity/%
Indices KoBekEHL xR REM KobekEH X HEREHS KBEREHL X R KRR of HEARE by
FP cp FP cp FP cp FP cp

+JE 0—10 0.8589 0.8946 3.10 3.88 49.59 47.70 52.69 51.58
Soil/cm 10—20 1.0503 1.0740 2.84 2.86 50.26 50.04 53.10 52.90

20—40 1.2551 1.1682 3.19 2.50 44. 60 46.20 47.79 48.70

40— 1.2688 1.3640 2.98 1.60 46.04 44.47 49.02 46.07
XL a 0.8458 0.8647 3.0631 3.9890 50. 1941 48.7537 53.2572 52.7426
Logarithm b 0.1168 0.1159 -0.0160 -0.5692 -1.1453 -0.7353 -1.1614 -1.3045
A B IFP -18.23 -16.70 9.05 35.66 -1.34 -4.68 -0.78 -2.50
Influnce/% IFS -4.00 -20.10 +3.95 +2.14

FP A KOBEREHD , CP Sl it HERE 1l

RUE 35 £ A REFR bR AE A Xt R RE AR ) 12 0 1Y TR 30 22 AR Y («=0.05) (H KB A
Xof BERE b 11 39828 1 A I 23 R 8 1A 4 8 i R A AE B FLBRE B A LB FE AL B R S A I
AR HE FRBE 2 5 A5 Ak 1 S8 A R (y = a+blnx ) BEFE BB (y = ax® ) BEIL LA 550 26 10 58 L2 Al B
PrAEBEFLBUESN HEIRPR A EE B3 (a=0. 05) il B3 (a=0. 01) KF-,

A I KRR K B0, AR R T T R Y TFP A AR T 3 FL R A SE TR R Y TFP A, AR A
22 A M R B A LR R R R LB R 1 5 ) R A B T ) S B A LB ) ) A A R, AR O
AR B FLBREE M sE R X T B SR RBFR R 1 R N

AR KONT - 8 3 B S BEHE AR 1Y 52 WA B S R AR A AR 3 T s | bR S A 4 m] IRt s 3 12
TR (R=0.8085" ) BATLELEE (R=-0.8162" ) FlLEFLBREE (R=-0.8077 " ) BYAH ML B E K,
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Table 4 Soil water holding capacity Indices of soil horizons between fired and contrast plots in masson pine forest

Bk Gk (g/ke) B (/1) HOFRK R (g/ke) MBI (¢/ke)
etbr Water content of soil quality Water content of soil volume Max water holding capacity Min water holding capacity
Indices KBeREHL XM OFEREHL O] AR KperEd X RREEHL KR Xof A

FP Ccp FP Ccp FP Cp FP Cp
+)Z 0—10 295.87 320.02 250. 14 288.00 637.94 579.87 578.77 519.59
Soil/em 10—20 270.43 304.89 271.71 324.80 530.99 495.46 485.69 454.11
20—40 260.41 254.17 325.14 297.80 387.09 418.22 344.79 378.92
40— 249.76 250.39 319.60 333.67 394.37 341.39 354.57 314.20
POEd a 296.7118 326.3512 245.6327 289. 0864 646. 8229 595.9318 588.1012 535.0641
Logarithm b -12.2825 -19.5760 20.4813 9.7829 -70.8674 —-61.0615 —-65.4917 -52.6791
A IFP 9.41 4.97 -7.94 -11.30 20. 14 17.04 19.17 14.42
Influnce/ % IFS -7.55 -13.14 +10.01 +11.39

XPESRETY 73 A 2R UMK 3R 8 T I Sk AR S KR R KR K R MK R Y IFP A6, TR
FRUE KB IFS AEHAR , S K B R fe N K B 1 TFS (AT . MO 322 138 o 2K M REFR bR i 52
KT HHedm,

MRS A 398 T BLE KM BEAE b 1 5 M)A R I AE S RS AN RIS R AY , MR G [R) JObett b 96 2 1 498 o it
FKE(R=-0.9556"") JRKFFKE (R=-0.9153"" ) Ff/NMEKE (R=-0.9049 " ) i FAH ICHE IR R
¥,

KGE ST AR B 0 R 2 - R E K PR Re e bt 77 AR R, 3R 2 g i FoK B R E R JZ M AR SE T R
(R=-0.7593") 3R KK EFTFAZ (R=0.7615" ) FIHEAZ (R=-0.9573 " ) IMRIET- % 35 /N F
IKEFFEARZ (R=0.7689 " ) FIHEA)ZE (R=-0.9124"" ) AHRRIE TSR B HH e 15 B 2 5 BBk -

2.3 F A E B S HR bR R

R b G 2 (ARG 382 AR BRI B RN ] 4 5 2 WL Ak R T B LR R, e T+
BEFBNC I HRPRIEA (R 5) . KRFEIRZ AL R 4 N & 42 P & 4 K 5 Al pH A & T X JEAE
Hi, BH B A 4 i I T 0 B A

®5 AgEfnx R tiEF ER NIRRT L

Table 5 Main soil fertility indices of different soil horizons between fired and contrast plots in masson pine forest

fetr +JZ Soil /em XFHH Logarithm M Influnce/ %
Indices 0—10 10—20 20—40 40— a b IFP IFS
AL/ (g/ke) KPR PP 111.52 52.24  23.00  14.39  111.5360  -27.2591 113.49
Organic content XPIREEHL CP 85.28  44.02  36.60 12.11 86.6484  —18.7584 93.72 +30.77
4N R/ (g/kg) KEEEHLFP 3.05  1.20  0.78  0.47 2.9880 -0.7173 154.40
Total N content X CP 2,21 1.31 1.11  0.50 2.2577 -0.4338 68.09 +38.11
4P/ (k) KEREHLFP 0.58  0.36 0.30  0.34 0.5636 -0.0736 60.32
Total P content XL CP 0.39 0.32 0.27  0.27 0.3920 -0.0356 23.15 +48.54
4 K&/ (g/kg) KEEEEHLFP 8.47  7.82  7.34  7.04 8.5262 -0.3825 8.33
Total K content XL CP 7.82  7.68  7.26  6.81 7.9397 -0.2448 1.84 +8.33
FHES F2c i/ (cmol (+) /kg)  KBEFEHLFP 16.00 12.01  9.94  10.31 15.8514 -1.6852 33.19
Cation content XFREEHL CP 21,57 11.72 10.33  5.42 21.6792 -4.1924 84.01 -25.82
pH KBekEHL FP 3.86  3.87  3.87  3.85 3.8676 -0.0019 -0.26
XTHEFEML CP 3.80  3.84  3.92  3.88 3.8015 0.0268 -1.09 +1.60
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Table 6 Soil fertility validity indices of different soil horizons between fired and contrast plots in masson pine forest

KA N/ (mg/kg) AP i/ (mg/kg) B K -/ (mg/kg) SRR IR/ (coml (+) /kg)
L Hydrophilic N content Effective P content Available K content Base content
Indices KOBEREHL X R KoBERERL X R KBk X A KA HL Xt B i
FP Ccp FP cp FP cp FP cp

+Z 0—10 134.95 72.69 17.74 5.88 137.96 68.53 6.36 5.80
Soil /em 10—20 63.21 46.86 4.22 3.87 53.94 37.60 3.25 2.53

20—40 39.91 23.33 3.51 2.92 34.25 32.30 2.65 1.72

40— 32.07 21.10 3.60 3.10 27.07 31.33 1.98 1.35
ROE a 132.8330 73.9491 16.5588 5.7938 134.0727 66.5379 6.2647 5.6661
Logarithm b -29.0622  -14.6673 -4.1353 -0.8238 -31.4978  -10.7264 -1.2047 -1.2536
AR IFP 113.50 55.12 320.83 51.88 155.76 82.25 95.77 129.38
Influnce/% IFS +85.65 +201.78 +101.32 +9.66

ST A ORI RERE b ) AH ) )2 PN 8 R R A R AR 1 TR 56 25 57 R 1 35 KA N & A 3K
P i SRR K A S i i J2 TSR A I B 1K, 495 X ARl pR AR R A AR A e B DL A A DG 1
SIS @ o0 D0 DL =S5 11 3 S WA R TS e = i € = w7 = NI 3 = w37 =8 2 o
AN R RS T )2 10em 2245,

XPESBEA 3 AT 2R MK 3R 5 T O 3R)2 13K Al N & AL P i AL K RIS ik 3 1 IFP
1B, XK N BRI K 22 S ) 8 T 3 T2 38 0 A0 P oo A8 M 5 356 2 il 1) s A
i

MR KOGE 398 S R 1A S S AR A S W SZ AR AR G RE R, A R 25 5 R 3 RE R HEEU K 2 ]
HEARBERMIET R (R=-0.7995 " ) FIA= Y5 e (R=-0.7600 " ) FIAH SR IA B 357K -
3 4ig
3.1 RO R SR T S B R A AR )2 O R 2 R R R — B 0—Sem Sem 1R
R <50°C 7 Rk CBETE B KAy BRRES JCHL G 2RI AL B ek 28 T 38 A0 R 3 B i R T K 6 A o T /N
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