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Effects of Forest Fire on Soil Nutrients Dynamics

CHA, Sangsub - Jae-Kuk SHIM
Department of Life Science, Chung-Ang University

ABSTRACT

Forest fires are major environmental disturbances, and can affect the physical, chemical, mineralogical, and
biological properties of the soil. This study was carried out to determine the effects of forest fire disturbance
on functions of the ecosystem. We examined the influence of fire on the chemical properties of soil in a recently
burned pine forest in Seosan, Chungcheongnam-do Province in Korea. Immediately after a fire, we established
four burned plots and control plots outside the margin of the fire. Soil organic matter, water content, and total
nitrogen was slightly lower than those in the unburned sites. The soil pH, NOs-N and NH4N contents of the
burned site was significantly higher than those in the unburned site. The concentrations of calcium in the burned
soil was approximately 1.1~1.5 times higher than that in the top-soil (0~5cm) of the unburned site during
the experimental period. In contrast, the concentration of magnesium was lower than that in all soil layers in
the unburned site. The concentration of phosphorus partially increased in the burned site (1.4 times), but rapidly
decreased. The total nitrogen content decreased in all soil layers of the burned sites. The chemical properties
of the top-soil of the burned site were observed to be restored within five months after the fire, but we believe

that the restoration of soil layers below Scm requires additional time.

Key words : pine forest, forest fire, mineral nutrients, nitrogen. soll

A

ri

A fEivetelld s = EAR] A AEoR, AR5~ "141) 384319] A7 A
ataL, o] 2 <l8lo] 631hadll B3te Yokt HalE AerthAHEA, 2015). AHES Eajlolt ofgf 4k

24
HA O EAE 7HAE& Bk ol gl 7, EAMTE 2 o] mlafet 22 A S AEhE 2
2k A E FE7| = 3 (Marques and Mora, 1998; F3lot AHET S| A] FF52AR, 2000). 2HES
%o P29 1 x4 9IS v|X|(Gallant ef al., 2003) EXS] o]3}alA AAn}t A AAE)A <
< 1 X =Hl(Raison, 1979; Woodmansee and Wallach, 1981; Boerner, 1982; Chorover
et al., 1994; Beyers et al., 2005), 7L G AHE9] ZFmo) X &7t BEoke] RS, Aol HAYs)
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B A7), AHE 3 s-o] w Soll wheh B2 xo] 7} 9tK(Chandler ef al., 1983). 2HE BHAo 2 WE}
H= A EC] 518tA A Wales A T 2~31d ool AHE o] o] AHR IEEE= Ao
AH A UK &, 1985; ©] 5, 1988; -9} ©], 1989).

AR A gy, HA] 5o FdEe Aae A A Rl ZE, & T8 2L oY TR
o] =418 &) 31x] vh(Kauffman ef al., 1993), A2] o]yt B pHE] S71e} A YA Q] FiFA| 9}
Fe FrEE Y= Fo Aol AEE 2= Al 9= WA BrHKhanna and Raison,

1986; Carballas et al., 1993).

53] dae vE 77| GEEH 2, diie] EG AEY & oste] dojAn, dof| ¢
gl GA L= 7] wfZoll AbEo] AGHe] AEA S} Y] f1ES AT Bl B &
o] Adld Hul olg), A4 giite] AAE o ESUAEE IS W=THGrier, 1975; White et
al., 1973; Raison et al., 1984; Caldwell et al., 2002; Beyers et al., 2005). 3HH, 2HE2 Qlsle] Ao
ARt FrlH AL ] PR Bkl A H B FUIHEA dFe 57141714 RKChristensen
and Muller, 1975; Stark, 1997), &%l oA B2 Fo] FIHA L7} FE55 = 302 g4 3l
(Minshall et al., 1997).

9] A%, el ARAY 0§ ARFGA BHAN el F2E AR LA UA
e Seielel A5 AAYA BB E ALANS Shol} weE oA F5E WAl 29
9Iek. AT @A ] 2N PBEAT ALA bl mrek ofY Aol WA 7

o1 A7 AAD U3, olel] wet Ade] T Bk AEot 47H 3 G Aol

I el A 9] *PEOH gk ATe F2 19809 o] FHE & AHEo] dojdt T 1 X e] 23} #Ho]
o} Eoke] A Watol] thal AT} ol, 1982; A <, 1983; 7, 1989; A2t 7, 1993; % £, 1985;
79 <], 1989; o] €], 1988; o] 2], 2004), tH=o] Avr-# EC’U BLFA T A= FHEH A
1996), AHEo] ESF mAE T H B4 DA HIX= L 9, 2008) T AF7HA] UM = At
=3 ddste] B2 dFEe] FAHAA gk 2y o]y g -2 Hg
AlZte] 742t o= g AJ- ol Hlw B AEd] HAFE ] e dEe g ik AT At
o] W2 W3l olgliste dl= ?1 AL 7L Sl

T F2 HuE 1 e AHES AU £9d], AR et Ao ZA Fe]
w3sha Qe o RS 7}Ttﬂ sholth AuF = 247 gHEde &

o] 53] Axg B ATl shEo] RIvstA BAstaL, el <3l 7}

= ToE dHA kel o], 2006).
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w AT T A ejviH et o] AubRielA 2012 59 1Y Aee] EAsto]
F 3 hao] AHIRA Q] S P2 Hell M FHHAT 2w T 15L F a7t 2 A AFF

2 A5t smxsm 2719 WEF 0E DX R, 7 4] AFHE T A2 AHEA G 8
z7o] H]S=slARE, ol oJal] & WA F2 A 43S A7 TR A AT AL |
TS 1,285/ mm=zZo|H, &4 7FraFS 707.7mmEA AH T FraFe] 55%7F 52 3
o] gtk AHHE7&E 11.9CE FS] et 25 W, 7P T8 29 89 ¥9a7|=
51°C, 7 2 29 199 €972 —20CE Aduaks 27.1Colth71734).
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Fig. 1. Daily precipitation and mean air temperature of Seosan area in 2012 (from Seosan Meterological
station). The pine forest burned at March 30, 2012.

Fig. 2. Photographs show the forests after fire (right) and control forest near to burned site (left).
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R, SRR, A, AR, NI, R, w0, 23R, B, g a0 5 28
Fol Ay, 27184, GulAe, AR, AuldYE, TEAE 2, BeldE, 4t

7, AU, AR FEAE o] @,

2. BY] £4
Eoke 7b Adubg ol gz W oA 0~5em, 5~10cm, 10~20ecme] Zo|¥H 2 233k

AT EFS FAAA 2mm A =E 1 F, pH, 171=, QLT 59 Sl AHSith EY pHe
A EGT FHTE 1159 HER o] 1A7F 52t JBAIZ] & A5He] pHE pH meter(ORION
3 STAR, Thermo)Z 43} 1, B 7% &S 4T 105ToA AZRAZ EFS 550TC
A ARIZE B AAAZ 3 2 BESF Tl ek A Al MiEEE eIt A E A
o} dnFejdie dFFe] BEdS oM KCZ FE3 57 25241 7](QuickChem 8000)% % &3+
o}

& 7 hot platedl A 12134 B A £ol4] 71T} 48] 22 ol Aol ALk WA 7}
Fatith HNOy7F 25 S8 a1, HCIO,o] 214 47|71 e o) 2} v]o]AE 213]a, 10mLe] Ipy,
o 7RI, SREE £ AR 9ol SmLsh HES Atk ol o7kl olslel ] Ca, K
P, Na, Mg®] &%=% ICP (Inductively Coupled Plasma Spectrometry: ICPS-7510; Shimadzu)2 57 5+ th
(Helrich, 1990). 7} A5l Ul S3& qution Zgeglon), 1 dake Fghoz 1A%

Ege] dddFe A3 E 0.2g= 150mL H|o]AC @31, 10mLe] HNOs} 60%<] HCIOsE 7}
]_

=

Azt 9 12

1. B &, pH, #71& kel Wzt

B ZARA] A AHE A 21291 AR 179 ol i<l BIAESER| 9 9] EoF pHE 0~5em 7J°]
o] EYoM 443, 5~10cm Zo]e] EU)A 4.53, 10~20cm Zio]2] EJol|A] 4582 YEPGE O 4F
}Alol| A 9] pHE 0~5cm ZolollA] 5.03, 5~10cm Zio]e] ESFelA 4.92, 10~20cm Z1o]e] EoFoA
4972 Uetgth A § EYO pHE 53] BE F2A 48 A5 Bk dutdoR B
pHE 2 EA7F Bl & 3383 1 Fof| x3d ¢fo]29 F7lol|A H]F(Raison, 1979; Debano,
1991) B Ao 2 ofg] AF(o] 5, 1988; 7-¢} ©] 1989; &3} &, 1996)| = & A3E Bt}
H7u EFY pHe GSENA SFFER ol met S7kete Aem delA] UthAlH o], 1985
o9} -, 1989; s} =, 2002).

EYY pHE F2 E9¥ 4h Ao mRE FuEe f7lecl 9ote] 2% = ai(Pritchett and
Fisher, 1987), B¢+e] 7<) Zlo], F-2159] d, A9 {3, dol& FF 18la $ed 39
ofal FaFe WE=THA 5, 1994; ©], 2000). ok, A EGFS Hejo] a2 o] AdE= f714F =
v EG U €Ot 3 vEEE o B E = ekl oste] AT o g A} Rl E ) Ak
=49 Fez Qo] B AHdste] 715317} o] Fo1A] 7] = §tk(Kennedy, 1986; Pierzynski er al.,
1994; Brady and Weil, 2004). ©]2]gt dntx &2Jo] H|Fo] HH EQF pHY} SolAF= ZHE, 24,
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vl 59 @714 o]&o] Fae| 2t AgE o] §eE = Aol e AES g 199)H= 2
g 2HE R Qlste] EF pHe 7= EGVAEY] 5 St st A4, & 1 4F 5 o
AR A= o 7K R FEEE S7HA]7]1H(Reich et al, 1990) o] 2 Q1] AjZo] A
o]ﬂ /\Mg ul ZH%Q 013‘4 Agx]-J,]_ 3ﬂ-;<¥oﬂ /\ohﬂ»“} %_Q. = _/‘,: 9\)\ ° 2001)

s gk JIAF TS At FEstH(E %, 199), Eok ALY EY T2
o] 24 °ﬂ G A ol X8 ol gt B BAZE U=(oslin er al, 1992) EF
F1ES AR 98] 7+4d A K Convington and Sackett, 1984), Z7Fele A($- 5, 1985; ©] 5,
1988) 0. = OLEW Atk o] F YA WH o zE AHEIAY § A]/FHe] gl s 71
S 2E Y, A T 2L 715 FHel Ahs] "ol 1 AR B Be 4o F
< B E WA, 2 AR A B f71Ec] Sk Eoe B kel &, 1997).

B AR A Y EF {715 T H]4skA] 9] 0~5em Zlo]e] EgA 892% 1E]al Ak
0~5cm Zlo]9] EqkoA 734%5 vehfio] 1 e wov, fodt 4Aas UehiAle= &
o} ol2lgk date 0% F71ETFE daHo] A3 EUoY, Fr1d EYY {7l A4
HEo] e e o] WEo R HAdH T

AkglA19] 0~5em Zolo] EFENA FE TS 132%=2A HAtsA] Eg] R

Fe BHATh AR dFd T EQ] R O 9] A4t gl 2UE neshd

1 13 A ske] AF), oz fatE = dAtEe] SR Qlste] B

3t € Aoz gt 53] 0% %?3?% 1= QAR Qg AAZ 2 &
Aoz e}, &, aix| A2l 0~5em FFENA F7lEHe] AAE AFES §7]
q 2 A0E AANYEH 4, 199). BT EGTES 2B 2 a3
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Fig. 3. Comparisons of soil water content, soil organic matter content, and soil pH at different soil depth

between bumed and unburned control sites after 1 week forest fire in pine forest in Seosan,
Chungcheongnam-do.
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B Ao A AHE T Eoko| A o] E4 A% nitrate-NS 748191 11, ammonium-N-& Z7}3}1
3] nitrate-N} ammonium-N- AF8FA] €} t ol 4] wl-§- & 2to] & HSTh & ZARA] €] 5%1&?}
& 8RR 9] 0~5em 2] EFONA 0.15%, 5~10cm Zo] EFIA 0.07%, 10~20cm Zolo] Eok
A 0.04%= YERE AL, v]4kskR| o] A el A 0~5em Zo]e] EFolA] 0.18%, 5~10cm Z o] ESF
oA 0.12%, 10~20cm Z o] ELoA 0.09%= 2o oJ3le] e BE9F Zolo|a] FALs e 7t
A3t ALt d s BlAkSEA] 9] 0~5cm Zo]e] EFolA] 9.16 1 g/g, 5~10cm Z o] EqFeA] 8.28
rg/g, 10~20cm Zole] EFol|A 7.65png/gO 2 AtslR] 9] 7+ Zlo|l E kol A 2] 2.99 1 g/g, 2.79 1L g/g,
2pggitt AR =A vetwth 22y dREHELE AR 0~5em Zo] EFEFNA
21.07 £ g/g O 2 H|4FSEA| 9] 529 png/eell Ha H-53] A WEbsom, zlolol AJagle] AskA o] o
Eeedart o =4 Jeisch

Wright and Bailey(1982)< 4H&©] ““3 ot AbEe] el £4 At Fol whet ES U] AAag
astAY, 2 W3t gAY e f§7159 AR Qg Al EG U fdeR
H331900) Mroz e al. 1980y AHEHAoIA SA2ge] Z7ke grmedast @
ao] FA% F7tet st U180 YRR E FEZOE o|Fsly| wiol
AR Aae dell Qs fA 3EET] Wi 500T ool 2ol A EA e
29 A9 100%7} A ETHWhite et al., 1973; Beyers et al., 2005).
B FALTLEE AE] o5 fdasiAw, 23S 2HEe] Rk met depxivkal By o
A THDeBano et al., 1979). E%F2] —,47]%15:‘; HE A& 93 5715 A 9K Christensen and Muller,
1975; Stark, 1997), 15=32] sfeb2{Ql ol weh O FFdE 22t o Ath(Lewis, 1974). Ah&
o oa Fr1HA7t STkt HAe HEe 7713t $X57] v thChristensen and Muller,
1975; Stark, 1997).

B AR M= R EE A %7}7} ?54_11 s, o= Al *%94 2 ET} el vedol

o

= é oty Jm

W o Koo

=
o ABE AMSIE A FAT A 9] el 1999, 2% F 448 e BHD 3
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Fig. 4. Changes in content of total soil nitrogen, nitrate-N, and ammonium-N in different depth of soil after
one week of pine forest fire at Seosan.
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(Beyers et al., 2005).

e F B g e A STITE B AFEEC] A EYO A3 v
=7 }—g B 113k v} QtKLewis, 1974; Scotter, 1963; Chandler ef al., 1983). E%2] Z43} nfav|lge o
Ao w FaHe] F3tol oal A=A (Kimmins, 1987), == 99 ol = J3F
S et AEe 2R Yo 0~5cm 1,588.3 1 g/g, 5~10cm 1,111.4 £ g/g, 10~20cm 10,118 12 g/g©
2 B2 Bl 0~5cm 1,101.3 2 /g, 5~10cm 981.6 1 g/g, 10~20cm 908.8 £ g/g) =A VEREoH,
< ggoly AEAVE A4E IS B8l Age]l B o|ydE] WEer = th
2 0~5cmol| A 23R 7} 217.8 1 g/g, HIAFEFA G| A] 150.8 1 g/g @& AFBRA| G| A O] E=A] YEFEA|
9 5~10cmol A= BIAIEEA] 137.8 nglg, AFBFA] 127.6 1 g/g O & BIARSIAGA B =A UERd e,
10~20cmell A= HAFSHA] 112.8 1 g/g, AFSFA] 112 ng/g O = 2ko] 7} A 9] glleh Abso] EA e o
FI} A& FHZ A I3t OH glo] mlAg Ale] P2 AAEAT, AA|ZE Aol €
& Gdolut AEA ol SoIUd Qle] 3129 P Ed o|dE= &3t A7) wiEel EXY
Q1 shefo] F7hetthar Hushar ) th(Wright and Bailey, 1982; &2} 7, 1996).

ZAEE A fAsH BEZAA = @Wﬂ O =4 UErRAR st EGelA = HAksEA] ol A
O =4 Uststh B2 AFEddA e Fof A8 2ol Tkete o2 A =T (Austin
and Basinger, 1955; Lewis, 1974; Stark, 1977), 2} 7(1987)2 A3 dA|tfe] AYFHAA AbE & %]
3L4] Z-go] AHskA| o) H]gf BALERR| oA =& Ao 7 Bk vl It} Beyers ef al., (2005)S AHEo]
SIS o] %7 ZF g gl 83 991US A5, 774T odd A5 ZEol ¥
Fise STl =
W, whdlEd YEES BAEIA A O =S ghe UERlet), e F EGRAeY 88

e

Table 1. Changes in contents of soil nutrient element in different depth of soil after one week of pine forest
fire at Seosan

0~5cm 5~10cm 10~20cm

Unburned Burned Unburned Burned Unburned Burned

Ca (ng/lg) 1,101.3£114.0  1,588.3+499.5 981.6+90.5 1,111.4497.7 908.8+112.3  1,011.8+174.2
P (rgg) 150.8+18.7 217.8+142.5 137.8+13.6 127.6£35.4 112.8+16.4 112.0+44.1
K (rgg) 2144342238  2,275.4+226.7 2,537.7£268.3  2,265.1+317.6 2,543.5+2854  2,372.1£976.8

Mg (rg/g) 2,585.1+312.1  2,440.5+448.3 2,943.1£136.1  2,454.6+586.4 2,788.8+97.7  2,531.9£916.9
Na (1 g/g) 746.3+£89.2 685.3£25.4 737.3£81.4 675.8+19.7 696.6£79.0 691.6+40.2
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= AAaEE Aoz delA dthDeBano, 1991). ¥ 7ol A n}
Tl o] W o] e AbEo] g £ HlEof| ol X8 Folo] S ~AEHIY] W
7

3. AkE A & AT sHe ¥t
*Pi}ﬂsﬂr H| AR o) A AR 3 AR ol mE 7] dFA 7Y WHste REZO = & Aol
o1}, 5em o]ate] EGFAME & AtolE YERWA] &dth ol2g At A3 viadlE

131 *éi‘?} oA @A stAT

A T AIZE A wet EF A Y] #ske 0~5cm 2ol EdfelM e 5T
£ UERHAAITE, 5~10cm Z10]9] BT 10~20cm Z oo EFA e 1 T el
sk oF BAkskR|7ke] FEEIgE Apo] & Ho|A] ggken, EF Zlolo] Frtd wet 1 e Ak
th 0~5cm Zlo]o] EkoA 48] Eeke] Z4 TS v Bt dA 5] = UEstom, A
Zrel At wet AkskR] EqkdA = Al SUlste Adke Btk BE EF ZolddlA 110¢ A4
FE 1369 Aelol] Zgdao] At e, ole shd719] A= Qs Aol waA z1P= 7]

o= A TiFig. 5).

Eoke] 9 ke Eokzlolo wet 7HAStE FEldk Hdks B oH, 5~10cm, 10~20cm Z ]2
EgdA e Abskr] o] A% 1 gefo] BlAks R A Bt 2 ke Btk 12y 0~5em ol E
FollAe e A% F43] T B Ql e el e, o] Fo= 5~10cm, 10~20cm %°]
o] E¢follA ke th2A] AtstAlelA H|4bskA] o} Bl =gk @19 Fhakg Hol AHER Qlste] FEA]
o] Q9] A4 F7+HE eI ol Aate REA = Ao ofste] Ao JE g <
o] dtzko] AA vERE 4= & ¥hHol 5~10cm, 10~20cm Zo]o] EoAE AR 213 Eoku]
AEe] Hamste] 7]Q1gk Aol A, AHE 3 A A A AN F5E 3R FSETH

B9l 45 UYEEF FHFe LE EYSA 2 2o]Z Ho|x] gghon] Akaix] 9} u]ikaix] ]
EolM o e fofgh 2fol & UehliA] et v EFY] nladlg FEe BlAkskR] o] =
T EGToA A A =& g Uitk 24 S 0~5em Zo]9] EdolARt txTd
METE ARl A 2 SES BRI, o]¢ thxA o miavge] RS ARl A A

H|AksER] o] Ekol M Bt we ks li it o)t Avts dubd o 2 ulad|<go] o] 7} Yol Lo
2A EYA 9] FHie Zad vt JHE Hole Ade oE AHEA, B ZANA U 2
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