Korean J. Ecol. 10(3) : 129~138, 1987

WR7F ALREIS| AT SRk {LERM HE
U ER N X = BE

B E B2 B M
(AEXBE ARBELE EHEH)

Effects of Fire on Chemical Properties of Soil and Runoff,
and Phytomass in Pinus densiflora Forest
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(Dept. of Botany, Seoul National University)

ABSTRACT

In a red pine (Pinus demsiflora) forest, changes of pH, electric conductivity, total
carbon, total nitrogen, available phosphate and available potassium in soil and runoff
have been studied at intervals for 1 year after early spring fire. Phytomasses of herb
and shrub were measured following the current and the subsequent year.

The pH, E.C., total nitrogen and phosphate of soil in burned site were 1.1, 1.5,
1.6 and 2.0 times higher than in unburned site, respectively. But potassium showed no
significant difference. A rise in pH, E.C., and total nitrogen in burned site were
maintained through the study period while phosphate maintained 4 months after the fire.

The E.C., total carbon, NO,-N and NH;-N of runoff in burned site were 1.3, 1.3,
1.3 and 29.0 times higher than in unburned site, respectively, while NOs-N in
unburned site was 4 times higher than in burned site.

In burned site, phytomasses of herb and shrub were 148 and 33% of unburned site
in a current year and 107 and 51% in a subsequent year, respectively.

The considerable amount of increase in soil nutrient after the fire was conserved by

the uptake of the fast regrowing plants and by the immobilization of NH,-N.

FHEY AFE 4~6de] AZHY] Aol 4ol AF Yotk HFY dwEelE
Y] 98 FRAd A el el el 2FE 9o Fekn A 45

249 A%E ARTE FE AP Aok wA b $o Aol §24 Runol)

F 5% &4 EF ATl e Ak ol9 Azdez £EUL BE 2] F

B Ggs ARt Aol Yol A% F GFs R0l Fo2 44 Fe) B
— 129 —



130

Korean J. Ecol. Vol. 10 No. 3
Azte] 2" Y g gdele] AdASe 48 5 AQY wE Yoz q ¥
FE FHHT AP 9FF EQol 2Yse] 2 £4% %4473 9o Boerner and For-

man, 1982: Boerner, 1983).
2 94+
AL,

R g FEE a2 EsE

24 g%l 9% PG SO 2 ne
AR 2AAAELH AL of

=
e

okl & =

el el AT F 2y

147 B 4259 pH, AAEE,
Age AEFE HAF) J2FE vlnge
& shel e ZHo] gioh.

REH #ER

Fig. 1. Map showing the sampling sites. Circle
and square indicate each soil and bio-
mass, and runoff sites. Capital F, C and
R mean burned, unburned and runoff.
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Jg e AAG 2Fe SATFE-1,2,3)9 A2T(C-L2)AA 44 4353t 10cm Fo]7t
A AR LA%T lmmAZ A4 B AL $25E FR-15 CR-1F0)4
Wase A4stz —36°C ooz wa F $ASgt

s} 4249 pHe AAAEEE 5@ 5% 1:52 &%, A% o shehel pHrl g
(Fisher 230A)8F A7 AEEA (YSI 33) & 24314t 2949 428 %2 micro-kjeldahl
Wl (Jackson, 1967)2.2, 7+&4 <& 0.03N ammonium flurideg<f 3} 0,025 N o 2} &3t
(Bray and Kurtz, 1945) 0 2 %238 % ascorbic acid¥ (Strickland and Parsom, 1972)¢] o}

s34 2 700 nme] A v A gaga #AE2 1N ammonium acetateR FE 3o
flamephotometer (Coleman 51)2 A @3t on, +&4 59 Fek4F-2 potassium persulfate
2 Bg A7 COA5EAA (Yanaco Air-200) 2 37 3% v (APHA, 1981). NO,-N,
NO,-N 2@ NH,-N-& Strickland and Parsons® (1972)¢] whe} A 23} % -,

B R

A -9 2T Eokgels ol F-1,2,3x 9 C-1,2A1498 A7 AMFTE 474
§ o 2 (Table 1), A7A ] W& 24549 W3l Duncand] fp5d Aoz vl wagint
(Table 2).

A2 Fo =& pH 7.5~8.024, A2T9 3 pH 6.5~7.04] v]3te] &4 FAHH

Table 1. Summary of soil data at 3 burned and 2 unburned sites. Asterisks indicate significant
(*; p<0.05) or highly significant (**; p<{0.01) differences between burned and
unburned sites for each soil factor. All figures are means and SD taken from all
sampling dates

Site pH E.C. T-N A-P A-K
(gmhos/cm) (mg/g) (pg/g) (mg/g)
Burned 7. 77+0. 09%* 111. 1+ 8, 2%* 4.16+0. 61** 2. 1140, 45** 0.26+0.07
Unburned 7.1740. 27 74.24:10. 8 2.60+0. 23 1.060. 24 0. 27+0. 01

Table 2. Changes of soil factor after the fire. For each site, values followed by the same lower
case letter are not significantly different at L.S.R.=0. 05

Location Date pH E.C. T-N A-P A-K
(pmhos/em) (mg/g) (eg/2) (mg/g)

Burned 21 Apr. 7.8a 135.9a 5.32a 3.6la 0.28 a
(n=12) 9 Jun. 7.9b 90.3b 4,06 b 2.85b 0.23a
28 Jul 7.9b 101.7b 3.95b 1.75¢ 0.26a

5 Oct. 7.6¢c 106.8b 3.49b 1.28 ¢ 0.30a

31 Mar. 7.7¢ 120.8 ¢ 4.00b 1.15¢ 0.21b

Unburned 21 Apr. 7.2a 79.0a 2.90a 1.38a 0.28a
(n=8) 9 Jun. 7.1a 73.3a 2.29b 1.0la 0.25a
28 Jul 7.4a 76.0a 2.66b 1.3la 0.29a

5 Oct. 7.2a 68.0a 2.68b 0.55b 0.31a

31 Mar. 7.0a 77.3a 2.49b 1.05¢ 0.23b
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Fig. 2. Changes of pH, electric conductivity (E.C.), total nitrogen (T-N), available phosphorus
(A-P) and available potassium (A-K) in soil after the fire. Closed and open circle
indicate burned (F-1; e—e, F-2; e.--s, F-3; e---¢) and unburned sites (C-1; o—o,
C-2; o-0). Arrows mean date of fire.

o}(Fig. 2, Table 1). 4% ] 29 pHe u]A & < 3ol th3le] 22 o4 pH 1o]3}(Raison,
1979), A#e]AE aE Fo] pH 2~3 4538w (Raison, 1979) 53] A+ dlA &= pH
5e 4 pH 6~7f’a(Rundel, 1981a) A%atgcr. o)A ¥ =<k pHY F7b AL #71E4
352 @74 ol Lol FAST AA Bgo] xEHE W Y& Aok AAH ] wE
g¢k pHe Wale: A FolA 699 F719 1089 #aF Agstz 27k A dgle
(Table 2). &7+ F43 AZ wast Ao

By AAARE(E.CE A F7F Jz=Trr}h Lo A5ets o (Fig. 2, Table 1) =
Ae 2477k 3 AT f2TY ECxe A4 Aeld ezt fA5 et E.C9
A4l e Ca¥, K+, Mg® 5 <ol fa9 o] glg Ao, 4+ AF9Y EC&
FAF7F 2T Lo ke 249 F9 AL L2E gApst A Az =
ol Fo] FATE 45 FS, WE2TE FaF FE UeivFig 2). o] olfE dFE 4
~69 Aole] Z$-(300mm)e] 93te] AutH I, A& FATA A AH T st
F4d S Aol a7 AAA Wik dgieh(Table 2).

Eoke £A&L(T-N) e A 77 d&2F ot A2A7 7 5 L6 woketFig 2,
Table 1). A Z+A el BHE AT A4 Sl A4 JF 5.3mg/gollA 2744 F 6
949 3.7 mg/gR F&xdtd F27t A2 (P<0.0D) 2 o] F FE7A ZhaEFI} o5
2ol Frbete Aol 270¥ F9 T-No e A& {59 45 I3 A=l
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Aoleh. H2TE 69 AHY #ast Fosiged 224489 F5d Ad AZH AP
d Aol

B9k 7184 Ad¥FA-P)L AT H2TFolA 22 2.11, 1.06 pg/ge2HA AT
Lo e e JdeJdz(Fig 2). F ezt FT A F3R=@<0.0,
Table 1). 2822 AL Fo] £ A-P: =715} (Wagle and Kitchen, 1972; w3} 71,
1981; Raison, 1979). Boerner (1982)7} #13 & vFdolA 48 Ax} A-Pr} 2.5~5. 0}
Z718 A s B Adte e Agolrk. AT 2T A-PEIFL 495 6ol =
77 3.59F 1.4 pg/g(2.5:1), 2.99 1L.0pg/g2.9: DEA 2 37t ot 794 & 185}
L3pg/e(l.4: DEA K427 sl

A ol Al A kA o] wE <19 B A A% 4, 6, 790 3.5, 2.9, L.8pug/geE
R AZA astd 2 %7t 4939 2 (L.S.R<0. 05, Table 2) = o] %% thi adte 7
ol gt HEzTAAE ARA e wal 4, 6, 796 1.38, 1,01, 1.31pg/g2%E F9
g 27F AAZ 1090 0.55 pg/g2 A F23E e At

Bk ZEF}FA-K)L 0.2~0.4mg/ge 2 AEH e, AT =7 FHTL
Ztzb 0.262F 0.27 mg/go 24 J2TF7F Egev fFYeA e gt dazavFd L 4
2 % 299 A-K7} 2.5~5, 0u] (Boerner, 1982), chaparrel-& 71%% 7} (Debano and Conrad,
1978)8rgd vy, 2 v 939 22X & 20~30 mme] P42 Eke] A-Kg 80~90% A=A Z
o} (Lloyd, 1971). &8 £UFHAE 4E F 80 mme] 75 4%}0% e ol o] 1/32
Z28tact olHlg AR Bol B 2AdA A-KZr7h gle ot A-KJt A 2
o2 Qyzgh, Azk3 ) & W3te AT A=TFUH %%lv}rﬂ AEF 2H 1097
A F9E 27t gz 10958 gl 39 Alolo] A-Kgake] zarst feise
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Fig. 3. Change of pH, E.C., total carbon (T.C.), NO;-N, NOz-N and NH~N in runoff after
the fire. Closed and open circle indicate burned (FR-1; e—e) and unburned site (CR-
1; o...o)‘
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AT+ F249 pH, EC 2 F5t£3(T.CHL 279 23ug ¥d+Fig 3). =

A 9 2T pHE 247 537 7,459 7.30(1. 02 : 1. 00), E.C.3= 2499} 198 pmhos/cm
(1.3:1.0), T.C.= 30.9¢} 23.2mg/i(1.3: 1. 0o gle}. E.C.o} T.C.:= # ko] wlhef HF
3o} ARFagFo] 40mm o] A4 = A=) BastE A Fo| gt A FolA E.Ct T.C
b & olfE Af g5 AR FrlolLolvt ¥y L frlvtadEY Helth

AT H249 NO-Nz NH-No djz=7re gt 5 sal 79 dz279 NO-N
& Zb2 FHF 0,059 0.04 mg/i(l. 25 : 1.00), NH,-N& 1.169} 0,04 mg/i(29: o]+ =
21} NO;-N& s}A| Fuch e 2Tl A o] go] f45 0] 22 FF 0.119 0.45 mg/I(0. 25!
LOo0eISieh. o] ARE Al T Eoko] AEstE A4F L FE NH-NGE A%

Table 3. Mineral output to runoff in kg/ha/month at burned and unburned site

Date I}ilunoff T.C. NO;-N NH,-N NO»-N
(ton/ha/month) g, noq glrégu' Burned gf;gu' Burned grgéu- Burned }i‘;gu'
May. ’ 84 290 7. 00 6. 41 0.03 0.08 0. 00 0. 00 0.01 0.01
Jun. 6550 16.84 12.39 0. 05 0. 34 0.92 0.01 0. 03 0.03
Jul. 550 16.78 11.31 0.07 0.18 0. 03 0.00 0.02 0.02
Aug. 560 20.96 14.66 0.04 0.31 2.93 0.04 0.05 0.02
Sep. 990 26.12  22.96 0.16 0.48 0.01 0.00 0. 04 0. 04
Oct. 500 14.74 12,10 0.08 0.20 0.00 0.00 0.02 0.02
Table 4. Allometric equations between organ and D®H per stem in seven species
Species No. of stem Organ Allometric equation Correlation coefficient

Abelia coreana 21 Stem log Ws=-—1.904+0. 861 log D*H 0.982

Branch log Wbh=—3.209-+1. 153 log D?H 0.814

Leaf log Wl=—1.382+0. 651 log D°’H 0. 953

Lonicera maackii 31 Stem log Wa=—2.174+0. 945 log D?*H 0. 989

Branch log Wb=—3.092+1. 101 log D*H 0.910

Leaf log Wl=—1.82340. 707 log D’H 0. 875

Quercus dentata 21 Stem log Ws=—1,979+0, 906 log D*H 0. 952

Branch log Wb=—3.164+1.111 log D*H 0. 883

Leaf log Wl=—1,32640.749 log D°H 0.983

Carpinus tschonoskii 9 Stem log Ws+b=—2.03340. 933 log D*H 0.987

+Branch
Leaf log Wl=-—1.574+0. 615 log D*H 0.903
Rhus trichocarpa 6 Stem  log Ws+b=-—1.990+0.891 log D*H 0. 999
+Branch

Leaf log W1=—0.740-0. 541 log D*H 0. 860

Lespedeza cyrtobotrya 30 Stem log Ws=—2.644-+1.094 log D*H 0. 990

Leaf log Wl=—1.730-+0.788 log D°H 0.953

Smilax sieboldii 9 Stem  log Ws=—1.602-0. 806 log D’H 0. 872

Leaf log Wl=—2.234+0.914 log D°H 0.943
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Table 5. Phytomasses of shrub and herb after the forest fire

Months Phytomass (g dry wt. / m?)
Date after Burned Unburned
fire F-1 F-2 F-3 c-1 c-2
Shrub (6] 84 6 132+ 6.3* 119+ 7.6 116+ 9.5 356+44.1 380+20.3
Oct. ' 85 18 214411, 7 242+18.0 153+22.7 380+33.0 411+35.1
Herb 0 84 6 131£22.2 152+14.7 126:+18.0 75+17.7 106x 9.6
Oct. ’ 85 18 86-+17.5 108+10.5 74+ 9.4 691+14.8 98-+10.8

* Data are means=*S.E.

Thornthwaite] (1948) 22 A Adt 94 f& 5o g3t 3% 94 T.C. NH-N,
2 NO,-Ng &F-2g2 dzFrd A7 272 1.3, 80.0 2 124 23tA = NO,;-N
L 238 &7 3.89 Byrh 6197k A4 FHAFL AT HE2FA A
4,483} 1.78 kg/haol gl 230 4 53] 34 o 4 & NH,-No] 87% &, o] 2F¢] A& NO,-
Ne] 89%% A&t}

AE Fol At HEgFE A A% 2AE 75 AHAZAE A Q970
o FatgL(Table 4) = A& ZAX A 9 ddF AT AAo & &3 (Table 5).
z2Ax 8] AgE 4 3l 871w od BRI o ol Felxch. 2l Lo AHEF
2 AT Az T9 33%, dd 29 AL 51%E Ak AFEFAA G AT, AE
i B AT F2 elst FARA A=A AEF B FEE AAYAT 28
£ Pd "ol dEzF 2o FA T 148% FoMetdsh A4y A TE &R
220% F7rerl ek (abat 71 1981). 22l Lloyd (197D A&l A& AEH S715 F-
Azt et I vdavFde A F we] A4 2o (Boerner, 1983). £ AT 2EL ¢
3 el AT &7 107%EHA At E . o] e A ARS A A &%
7t AeE &5 v g

39 4849 G A4 EFHA1E ASE 5T H¥e 2A% P 5
o Astoleh, L TRANA LAY 47 T4 FololLow TS HeH AFE
S7/HFA 22 EC & $3)3 Q7)Ao &g £ }0‘1 HE EQchFig 2). & 249 B9
= Zgol A3 ghel =2 pHot Eged AT 3 H 0.60] o Egt=}(Table 1). o]
S}re] Bk Eo pHE Eoku g &3 t_!_}-s]]a]o]-_,] %xg 2 =9 do]Q—(Rundel, 1981a).
Zol 29 T E vehie ECE 34 14 ?'—77}?1 HETET Fol Frld %7t B
dehi Qe Fig. 2). 2ads) 249 F9 Fat 2REAS 540080 B 43}«4 3
2 Sed AT f25 3 £ ECoh 288 A4E 3 LATHFE 9.

A9 A4 fed JFAFE A, AELeRY A my FRAAFEER FET
(Boerner, 1982). 34179 EoF T-Ne] 34 1d F74x dz&Fuct 54 §A 9 ol f&
Azt HuEA gx ez 2454 ov]dch. Boerner(1982) & WAL &9 3
AA Bzt 200°C o) Asd ALE A9 3ws L g3 Debano and Conrad(1978)
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T A&t FEA 384 vz vk el Christensen(1973) & chaparrale] 344 &
NH,-No] 144 €5 d=2F 5} 4T Rundel(1981b)-& Adenostoma chaparralo] 4] 3}#)
F NH,-N9¢| w2 Z719} NO;-NF =9 wslgldg 2ustgrh. £ zAdAx 3t
A 295 § NH-Ny=st g2 Az & 4 Fig 3), E¥ FA4E NO;-Nxc
NH,-NoZ F2 ZA ¢S ¢ + Avh o|A#H Bk ¥£& NH,-N9 ke 38 #
AN A&t AlE GErfobst #-g-& ukr] o Folrh,

A-PY FFL AT € 7tA] d2TRo B2 2 olFE =z Holst itH(Fig
2). 3 & A-P¢ ¥ %5 Wagle and Kitchen(1972)¢] ponderosad=1}52 of A] 324, Run-
del(1981a)-2- 200~500% 7 & Bxstgeh. Ao 93t Q42 A9 HudlA ol
3¢ =8 AFEE For] (Debano and Conrad, 1978), &uFelA ¢lare] FAo] A
ek (Lewis, 1974). =& A Tl A F2F T 4T Fo] Fol 24T & dgd Aoz
Ed fE25E 5% J4Y AE oz Bgdet, 222 A3F 3 449739
EFAATEFY Fas Aol AR dAdA o] &d Aoz A4 AE F 44
of o8 dEFF Fte JHEA o] BEFT 433G B wE Y B 79 E A
o]tk (Lloyd, 1971, 1972). A-K& 1A #28lx ¢k ov}(Raison, 1979), Aol 45 25
L 27 4A 24522 (Fig. 2) 449 38 v|Xe dFgE A& Aoz AA4d,

239 AEFE spAddo] 136%, whEalel 107% 2 A5 FAH S ch(Table 5). %
Bo z¥ 34 = wa] A At (Old, 1969; Boerner, 1982, 1983; Wright, 1976) %2 o

=

< M4 dUE T U R dAA R EguAES HEAA A E g4
A7} 7113t} (Raison, 1979; Rundel, 1981a). =@} o]elg &b+ 3h4 wdo] A
v gleld ddel s AEFe] T FAbEE ol A% AEgdoez ALse
pine barrenc| A & & 3-7] Fo] wbgdle abgel] Hdtd wlE I ELE Il £VFe
F EFFE FAH] 1~2d oluld =7t 100% 3 5= vk (Boerner, 1981). o okl {7}
BE23 adFgdAde AT ol AZeo] FHite Aoy g 53} £4
o] Zx}., ZHEE E ZAAAM 28I AEY YKo FH AL AFFFE I I
FdF BEZ/A F9 ek AAEn 0E BRENZE FE25Y dadgdA ¢ F 9l
Sed 27w NOy-Ne e 2 F4% dd 34 7= NH-NZ §%5+= Ao Fig 3,
Table 3). dubd oz NH,-N& F54e NO-Nuvh Egmigzo] 74 = $48& Fal
k. A8 F 44" NH-No|] NOs-No 2 abshslx] 4 o]f& = olsbay g ofr} &
shube] 2] obroh Fol v Zetx HEx wiEd 7l E Aol ok (Raison, 1979).

-l

A HED 2FHold 28l AFe] WA ¥, 1\ ESH 359 JFAFY
Hil s zAsg 2 3dd JdASy) o] AER JE-S 2T v asqgh

B¢ pH, EC., $4& 2 7184 A4 &3 A 77 =79 27 1.1, 1.5, 1.6
g2 2. 0ol et B AEE 2T 9% Aot gl =% pH, EC. 9@ EA 43
o A8 1d37A], 4 9 7R fzTFry 24 $A= 90

249 pH, E.C., F5t4d, NO,-N @ NH-NZ A +7F f 279 1.02, 1.3, L3,
1.3 2 29,08 o}tz NO-N df 2771 o ol 344179 4] o} gie}.
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AsA A8 285 %5 HEFe 4RI we| A4 2T 1487 33%0lR=
QA &7 ol & Z7 1075} 51%°] et
o] 4 AR, 2E9 4E AF FeED FrAdSEE 229 #E A F4E HE
ol o3t FF FFHe] Z FAL UATE & F UJT ALY Aol o] H 2 T
& Byl okas F B3 AaE EGTA o] Ad NH-Nog zEstd 94 Fridogs
o HEe Jq¥TE & g UAt

51 A X W

AEE - A5 AR A ES (197D, A, 99€, 5, A4S € o RAY 4I F4z=A49T
AT T2 2AGTRE, 91 113~160.

Az, (1970). &4AE AAY F4¢ A% AR AES] o] Fof Ao, 2434, 13 47~55.

et A5, (198D, H Gae] At Eodd wlA Age g A=A, 24 31~45.
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