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Effects of fire on soil enzyme activities and organic carbon fractions in Pinus

massoniana forest
LIU Jundi', LIN Wei', WANG Yuzhe®, JIANG Jing', FANG Xiong" ", Yi Zhigang'

1 School of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China

2 School of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract: Soil enzymes are involved in the mineralization of soil organic matter (SOM). Forest fire changes soil enzyme
activities by changing microbial community structure and thus affects the dynamic processes of soil organic carbon (SOC).
The SOC pool is an important component of the terrestrial carbon pool, and forest fire causes changes in SOC fractions. The
effects of fire on soil enzyme activities and SOC fractions were assessed using a comparative study on a burned area of typical
Pinus massoniana plantation in subtropical China. The resulis showed that; (1) Compared with the control, soil pH at
depth of 0—10 cm increased dramatically one year after the fire ( P <0.05). Conversely, total soil carbon ( TC)
concentration decreased by 29.1% (P<0.05), the average of soil total nitrogen (TN) concentration decreased by 17.5%
(P>0.05). Soil moisture content at 0—10 ¢m and 10—20 cm were both significantly lower than that of control (P<0.05).
(2) Compared with the control, the activity of soil B-glucosidase decreased at depth of 0—10 ¢cm ( P<0.05) ; however, soil
phenyl oxygenase and peroxidase activities significantly increased ( P<0.05). (3) One year after the fire, soil microbial
biomass carbon, soil particulate organic carbon, and soil readily oxidized carbon concentration at depth of 0—10 cm

decreased by 26.4% , 30.9%, and 2.69% (P>0.05), respectively, but soil dissolved organic carbon concentration
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decreased by 19.2% significantly (P<0.05). Both layers of soil clay organic carbon concentration tended to decrease ( P>
0.05).

Key Words: Pinus massoniana plantation; fire; soil enzyme activities; soil total carbon; soil organic carbon fractions
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Table 1 Effects of fire on soil physical and chemical properties of Pinus massoniana forest(n=4)

+ AP T 0—10 em 10—20 em

Soil physical and chemical properties CK BU CK BU

pH 4.23+0.10a 4.84+0.21bA 4.24+0.06 4.39+0.15B
SR Total carbon/ (g/kg) 21.87+1.98aA 15.51+0.66b 14.80+0.93B 13.44+4.78
4% Total nitrogen / ( g/kg) 2.52+0.21A 2.08+0.25 2.07+0.11B 2.01+0.25
2T Total phosphorus/ (g/kg) 0.12+0.01 0.12+0.03 0.10+0.01 0.10+0.02
T+ K& Water content/% 24.72+2.00a 19.51+0.70b 27.94+1.74a 20.35+0.83b
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3.4 KBEJE A WL S A0 A HE R Hg i AR 1R

A& 3 AIAT,0—10 em HJ2 0, kobeJa 3R AT HLAR/ Bk B 35 FEAIK 36.7% (P<0.05) . 10—20 cm +
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Fig.3 The varition of soil organic carbon fractions and soil total carbon ratio after burning

i A PR |

KBS A

RBFFEARR,

o

g fige AR

=
BI1E 0—10 em +JZ A APREAR , ORPRLA HLIK 5 A L Bl

FHET RA

5 BRI T

e i il 1
10—20 em )2 3R B 55 B 1 LA S4B, B DR mT RE S P KO 2= 1 A LB 2 M R, %P2

TE K8

o Ak

REH T+

[=]}
=

TURLAT B A1 5y S ALk

R

7 I PR F R B AR

YA

JiAE E A 5y B

e SENARURE T b M A AT BILAR

T IEATEE A HUBRRS K

RA

45

T4 -5 HA T

, ATREEAS

BRI AR 7] L B S SR M A% AR ]

A PRSI,
[ (i R R

KBe)r AN TAR 0—20 em 2= A /I fiff i ( B-9 4 W 1 W AN 2T 4 2K g ) 06 1k W 35 WA, 177 0—10

em 2 TR S ALY A AP 2 T

.
=)
IA) o

http ; //www.ecologica.cn



8 S % 38 &

T FEAN N bR S A0 AR e, OREAT B I A 1k A BILBR 1 5 S A AT LB A b i — 47 5 i DI
5 (B2 R ERRLAT HLBR &5 B A 35

£ 3L Hf ( References)

[ 1] Thonicke K, Venevsky S, Sitch S, Cramer W. The role of fire disturbance for global vegetation dynamics: coupling fire into a dynamic global
vegetation model. Global Ecology and Biogeography, 2001, 10(6) : 661-677.

[ 2] Hamman ST, Burke I C, Knapp E E. Soil nutrients and microbial activity after early and late season prescribed burns in a Sierra Nevada mixed
conifer forest. Forest Ecology and Management, 2008, 256(3) ; 367-374.

[ 3] &Faitm, HBERG, 240 HARMA TR ER. HAMATIE, 1998, 11(6) : 41-47.

[ 4] Hill BH, Elonen C M, Seifert . R, May A A, Tarquinio E. Microbial enzyme stoichiometry and nutrient limitation in US streams and rivers.
Ecological Indicators, 2012, 18 540-551.

[ 5] Shackle V, Freeman C, Reynolds B. Exogenous enzyme supplements to promote treatment efficiency in constructed wetlands. Science of the Total
Environment, 2006, 361(1/3) ;. 18-24.

[ 6] WIFIF, =iar, #air, X306, XAk FUTRE X AZ AN AR+ G HURR 16 0+ SR IE PE R S . A 28244k, 2012, 32(2):
517-527.

[ 7] Khan M 'S, Sadat S U, Jan A, Munir I. Impact of transgenic Brassica napus harboring the antifungal synthetic chitinase (NiC) gene on rhizosphere
microbial diversity and enzyme activities. Frontiers in Plant Science, 2017, 8. 1307.

[8] LiBT, Chen Y R, Liang W Z, Mu L L, Bridges W C, Jacobson A R, Darnault C J G. Influence of cerium oxide nanoparticles on the soil enzyme
activities in a soil-grass microcosm system. Geoderma, 2017, 299 54-62.

[9] Weil, Zhang X Y, Liu X Y, Liang X, Chen X P. Influence of root components of celery on pyrene bioaccessibility, soil enzymes and microbial
communities in pyrene and pyrene-diesel spiked soils. Science of the Total Environment, 2017, 599-600: 50-57.

[10] Boerner R E J, Brinkman J A. Fire frequency and soil enzyme activity in southern Ohio oak-hickory forests. Applied Soil Ecology, 2003, 23(2) :
137-146.

[11] Deng S P, Tabatabai M A. Cellulase activity of soils. Soil Biology and Biochemistry, 1994, 26(10) . 1347-1354.

[12] Sinsabaugh R L. Phenol oxidase, peroxidase and organic matter dynamics of soil. Soil Biology and Biochemistry, 2010, 42(3) : 391-404.

[13]  #3cHs, BKEW, TAM. BITKBE S A MR B 0 CERE . AR5, 2015, 35(14) : 4604-4612.

[14] Rietl A J, Jackson C R. Effects of the ecological restoration practices of prescribed burning and mechanical thinning on soil microbial enzyme
activities and leaf litter decomposition. Soil Biology and Biochemistry, 2012, 50.47-57.

[15] Boerner R E J, Waldrop T A, Shelburne V B. Wildfire mitigation strategies affect soil enzyme activity and soil organic carbon in loblolly pine
( Pinus taeda) forests. Canadian Journal of Forest Research, 2006, 36(12) :3148-3154.

[16] FEHH, n@,m% A, ARPERE. K4 Z0e K bailt st SR W AR W B BTG MR ST NS A K2 . BARPBLAF R, 2016(4) :77-83.

[17]  BRALiE, BURTE, SONB, SRk Bl BA N TAbk LSRRGS R R I R AR IO K224, 2014, 42(3) :89-92, 102-102.

[18] Schlesinger W H, Lichter J. Limited carbon storage in soil and litter of experimental forest plots under increased atmospheric CO,. Nature, 2001,
411(6836) : 466-469.

[19] B, HEME, BOWK, Framg, BTt Jpe 2k LA PLERI AT . 48541, 2015, 35(9) : 2800-2809.

[20] SR, 25, JUBERR, AK, BRER, MM, HEE B IBERTH BMOR R BE T3 CO, M RERYREI. 425253, 2017, 37(4):

1221-1231.
[21] BGEEL, FIEA, FER, BRIT, BAT, MGG, Kobexd i LIty ROk 5 AR LA HLER Y #4225 2% , 2016, 35(1) ;
135-140.

[22] &0, PR ASFIDRIE KPR IE bR T AR AT LR A SR RUARPRLF, 2015, 43(12) :85-87, 133-133.

[23] kM, R, BUMIFR. KB RIS F AN RIRAR L IEA HLBR L 73 158 7K 1424, 2016, 30(5) - 322-326.

[24] RV, BEME, B, WEM, FEGR, SRAE. ST ZE XU 2 bR 39 O B i R BB XA SDURR TR fr w1 AR A AR,
2015, 35(20) : 6686-6693.

[25] Zak D R, Grigal D F, Gleeson S, Tilman D. Carbon and nitrogen cycling during old-field succession: Constraints on plant and microbial biomass.
Biogeochemistry, 1990, 11(2) . 111-129.

[26] i, B, VIER, EF, Mook, LRI, 43540, 2014, 34(17) ; 4829-4838.

[27] HHREE, %W, KRV, BES, W R KPR Z BRI HLRR A ] RIS S RRIG 25 8] 404 A%, 2006, 26(9) :
2847-2854.

[28] Marti-Roura M, Rovira P, Casals P, Romanya J. Post-fire mineral N allocation and stabilisation in soil particle size fractions in Mediterranean
grassland and shrubland. Soil Biology and Biochemistry, 2014, 75.124-132.

[29] Neff J C, Harden J] W, Gleixner G. Fire effects on soil organic matter content, composition, and nutrients in boreal interior Alaska. Canadian Journal
of Forest Research, 2005, 35(9) :2178-2187.

[30] Jiménez-Morillo N T, de la Rosa ] M, Waggoner D, Almendros G, Gonzdlez-Vila F J, Gonzdlez-Pérez J A. Fire effects in the molecular structure of

http ; //www.ecologica.cn



15 4] XURER A5 JCBRXT B RN AR SR PR A LB 410 O 52 ) 9

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]
[43]

[44]
[45]
[46]

[47]

[48]
[49]

[57]

[58]

soil organic matter fractions under Quercus suber cover. Catena, 2016, 145.266-273.

Chang Y, He HS, Bishop I, Hu Y M, Bu R C, Xu C G, Li X Z. Long-term forest landscape responses to fire exclusion in the Great Xing'an
Mountains, China. International Journal of Wildland Fire, 2007, 16(1) ;34-44.

INIZE, BURREE, RBE. KGRI IR AR IO LA A M BT SE IR . ARALARl R 2273, 2009, 37(5) :33-35.

XUEREL, MIFRL, SRR, RESOME, Aanil, BREFRE, AR, SREM, M5, 05 AR A DI AT N ARG ARRETE RS R R R 45
g 525 VAR S ERHSEE , 2015, 21(3) +540- 546,

Verchot L. V, Borelli T. Application of para-nitrophenol (pNP) enzyme assays in degraded tropical soils. Soil Biology and Biochemistry, 2005, 37
(4): 625-633.

Deforest J L. The influence of time, storage temperature, and substrate age on potential soil enzyme activity in acidic forest soils using MUB-linked
substrates and L-DOPA. Soil Biology and Biochemistry, 2009, 41(6) :1180-1186.

ZRUTR, TR, MIREE. 45 = LA A A 7 X R e MU A4, AR 382741, 2015, 35(11) : 3733-3742.

Lungmuana, Singh S B, Vanthawmliana, Saha S, Dutta S K, Rambuatsaiha, Singh A R, Boopathi T. Impact of secondary forest fallow period on
soil microbial biomass carbon and enzyme activity dynamics under shifting cultivation in North Eastern Hill region, India. Catena, 2017, 156;
10-17.

Wang H, He Z L., Lu Z M, Zhou J Z, Van Nostrand J D, Xu X H, Zhang Z J. Genetic linkage of soil carbon pools and microbial functions in
subtropical freshwater wetlands in response to experimental warming. Applied and Environmental Microbiology, 2012, 78(21) : 7652-7661.
Turner M G, Romme W H, Smithwick E A H, Tinker D B, Zhu J. Variation in aboveground cover influences soil nitrogen availability at fine spatial
scales following severe fire in subalpine conifer forests. Ecosystems, 2011, 14(7) . 1081-1095.

Certini G. Effects of fire on properties of forest soils: a review. Oecologia, 2005, 143(1) . 1-10.

KE, RZE, BINE, iR, THA, RN, KR, B, BFRE. KR g R L i 5 A AR IR AL R B 5. AR SR
2011, 31(19) . 5809-5817.

Binkley D, Fisher R F. Ecology and management of forest soils. 4th ed. Hoboken: John Wiley & Sons, 2012 73-74.

Wanthongchai K, Bauhus J, Goldammer J G. Nutrient losses through prescribed burning of aboveground litter and understorey in dry dipterocarp
forests of different fire history. Catena, 2008, 74(3) . 321-332.

Dyrness C T, van Cleve K, Levison J D. The effect of wildfire on soil chemistry in four forest types in interior Alaska. Canadian Journal of Forest
Research, 1989, 19(11): 1389-1396.

B, JCBeilidt 1wl & 4 AL RYRITSE. PUREARA B4, 1997, 17(1) : 21-25.

20, WP, B0, HOUAR. KBt R BRI, T HGE R, 2003, 34(1) : 65-69.

RWWE, FEITF, REAE, AT, XUNK, BEE. RRIARY AR Z 3R AR PO BSR40, 2014, 34(7) ;
1645-1653.

WESL, BRI, BRECER, WA, AR b LR BUEY S RER RIS, A, 2003, 40(2) :280-285.

Boerner R E J, Brinkman J A, Smith A. Seasonal variations in enzyme activity and organic carbon in soil of a burned and unburned hardwood forest.
Soil Biology and Biochemistry, 2005, 37(8) : 1419-1426.

Ta N, Prestat E, McFarland ] W, Wickland K P, Knight R, Berhe A A, Jorgenson T, Waldrop M P, Jansson J K. Impact of fire on active layer
and permafrost microbial communities and metagenomes in an upland Alaskan boreal forest. The ISME Journal, 2014, 8(9) : 1904-1919.
BT, IS, AR TIERERIUESTIEE. ARl FLE, 2004, 40(2) : 152-159.

AR, ERUE, BUAE, Sk RN TARBUR ISR A [ b A s sz . BT AR 52740, 2005, 16(8) : 1411-1416.
&, AR, ERGE, ZE, IMPF, B PRI IE T LR S . AR, 2015, 35(9) : 3023-3033.
Gonzdlez-Pérez J A, Gonzilez-Vila F J, Almendros G, Knicker H. The effect of fire on soil organic matter—a review. Environment International ,
2004, 30(6) : 855-870.

FrrtE, MER, B, MoK, ST, 805, BAE. B ICRERT R AR TR+ 54 HLBCR R0 52 m. 3254, 2009, 46(2) .
352-355.

Wang Q K, Zhong M C, Wang S L. A meta-analysis on the response of microbial biomass, dissolved organic matter, respiration, and N
mineralization in mineral soil to fire in forest ecosystems. Forest Ecology and Management, 2012, 271 91-97.

Fritze H, Pennanen T, Pietikiinen J. Recovery of soil microbial biomass and activity from prescribed burning. Canadian Journal of Forest Research,
1993, 23(7) : 1286-1290.

K=, HRE, FOMEK, 90T . 8t GIAE LR A Pk S5 0RCA AL, 1H AR BEIREHR, 2010, 25(2) : 218-226.

http ; //www.ecologica.cn



