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1- Labile
2- Particulate Organic Matter (POM)
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1- Soil Aggregate Stability
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Table 1- Theresults of two-way ANOVA and main effects of fire and fire severity, and interactions

Pl Sigw o1 Tl ST oM x g jm T
Par ameter Fire Fire Severity  Fire x Fire Severity
F-Value F-Value F-Value
T eske (Organic Matter) 0.66 6.25" 569"
hys JI o3l (Particulate Organic Matter) 1.87 10.42” 6.40"
JS o385 (Total Nitrogen) 14.95" 3.18 4.38
baliss ¢,lul (Aggregate Stability) 2.20 0.92 1.38

o igime o/ o oy s 5 xe o/ <D pdauwyd
* dignificant at 5 and ** significant at 1 percent probability levels
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Table 2- Theresults of oneway ANOVA among three different fire severitiesin each area separately (in control area: soil
factor s were compar ed among substratum of three plant covers) (small letters show significant differences)

ol ailie (S ©al) Hlhoni& (Jrwgio ouni)aiss (5L 5 Coawd)azss
P )et A Grass (Low Cushion (Medium Shrub (High F-value
arameter rea Severity) Severity) Severity)
() JT ool J 75 (Control) 5.9+0.43b 7.4+0.16a 7.5+0.11a 10.85™
Organic Matter (%) uj;ﬂ(Fi re) 7.1+0.30a 7.0+0.18a 7.2+0.26a 0.11
Partﬁi’ufi)e‘gr;;nﬂ ;\j;ner Js(Control) 0 4+0,06b 0.8+0.05a 0.7+006a  17.65"
iR 0.6+0.10a 0.7+0.04a 0.5+0.03a 1.06
(9/KQ) UiSI(Fire)
(1) JS oot J 75 (Control) 0.3+0.02a 0.2+0.02a 0.2+0.03a 2.52
Total Nitrogen (%) LiI(Fire) 0.3+0.01b 0.3+0.02b 0.3+0.02a 6.36"
(s S 5l Jyus(Control) 36 5+4.37a 46.6+3.62a 37.1+4.76a 177
Aggregate Stability (%) Ui1(Fire) 36.7+4.66a 34.9+2.91a 30.8+1.52a 0.11

M gime o/ oV pdauyd s > gxe o/ o0 pdauwyd
* significant at 5 and ** significant at 1 percent probability levels
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Table 3- theresults of independent samplest-test in comparing one by one of edaphic factor s between burnt and unburnt
areas. (small letter s show significant differences)

Parameter yil,b Jyus Control  isTFire t  Df a5l an s
J o3l Organic Matter% 6.90+0.25a 7.08+0.13a -0.62 21.76
«loyd JI esle Particulate Organic Matter g/Kg 0.65+0.06a 0.58+0.04a 0.95 23.22
JS 59, Total Nitrogen % 0.21+0.01a 0.27+0.01b -3.27 27.23

bl ¢ b Aggregate Stability%
<% AOOTED Y 40.09+2.60a 35.46:177a 147 24.71
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Figure 1- variation of soil parameters (organic matter, particulate organic matter, aggr egate stability and total nitrogen) in
different fire severities between burnt and unburnt areas (*: significant differences, ns: not significant differences)

loyd AT oals
aS cowlodly L clabos M o)lil deddo p> &S jglailen
0dlo 4 Capus o slacdlad > e Sig sloyd Josle
Pl 5 0391y Copde s & o Coplas |5 23l o S ]
7 35 oml 33 (4) a0 L5 i |y (e sleidld
il 4 syt ol (el 03 T ool o8 e ) S gl
3 loyd (Hosle a8 sl s bo ol )l JS T esle 4y s
ol e 35 g bwwgio cud ) bl 3,55 (g pmis 351 o5 s
by yrebly cpl oS sy oy 5o ondiee | (B 08l ials
S 38U sl (madld loe an ol Vb colus LB
S 93,5 ool g5 e (g BT 51 g (LS by,
oS (10 9)3) aidges )5S (gt jlam |y o pSade
3 glds 5 b YL @ bawgie cond b isT Bl oy (gl o> Sl ol
(V) cmslaciasd ool 33 Ol 3585 Gas g (BLS iy £

4.?‘7 oule

L Jy8 adlaie 5 JS Jloole o 0 0 e i 42 5]
b L aS 595yl ixe olds ol Lol sl coglite (¢ 5qm 51
o ol 23 51 {5+ 5 YY) bl a1
MIJJTQM)QUQ;JMLjoJLa4§>I>OLmQ¢&Em
Bl g 4 Gud dw ja 2 b (690 4 g0 Sluwlie Ll (V)
S pS e 3 a3 il g S adhate Cpo gl)d dxe Coglis
o 1 odle 48,laSs uibylg LT b ya 4 ol lis eeus
xSl jlial g J S ddlaie 1> (LS by g A o
O cel il a5 amd o LES egd 3 I e g Jol 3 I
calizo Lo isy » Jledls e (Homogeneity) o
Dgd 0 08 g,y S (Patches)



YoV ol bz gaesuis g GidT Jolie 1o SB ol b Sig puuis

0593 Ol 3l ol @Bl Gl (S g Sl e (bawgite 0 5
(Vo Y X0 & FF) aliso wldllas )3 (g9 35T 5l puw S
5 (NOp) s yis (g yiand ol jwo Il > [Tl oads j5)l55
bowg ad Sdme Collad 5l U aSumd o iol38l (NO3) il s
Ll 51L(FY) sl 9,800 llad 5 ST (slod S (slorlS s S
ssilan § 2.0 (St (BLSGidsy ose 5 £ & s oS
i il 035565 s> 45 molan 55 Ltleas ub aziS &S
2 g plpl ol y2aS ()3 039565 b @elyz 4 S
Pl Galite bt e sly £55° 53 00d M5 (slo)S g (S g
SIS g (b (Fane Oliwe bj @b ) 931 JS ()59
=l b a5 cul S5 @ p3Y (YY) Caol 039y o5 s 1 i
oAb 20> YV e 4y idne gyt plaldl el GTY Jgu
9 e o g S5 (ke JIS olRuwd oS ol 53 g
A oforis 4ty Casl o sl 03,5 (6,5 ojlil ) JT oo
il Ylaisl s o g5 03l (el 63 5 JS T oolo aiilan
2 ey Slidos 4l oAb J ey el el

o1d (S5 (151 b 0sd (gjpmtil blio ity L lalllas
o (2LS Jidy £55 4o da g (g & (6ysb 4 W90 dunlie
L g cuslyy SB diges ord (g5gmw i blie 5l Bolad & )jgo
Oba 45 johilon 03 (oo dunlie jglre 0AL5 (Gjgm (] Bble
(slass L ail jlidle a Sl Jidy g9 4ol 4 a2 b A
= Slite ;80 Iy e (23] ) glages o b al g,
any Gl ogMe ol (3iios )3 g ABL il S SleShg
WU s ang L as ol ol gl b by jo il s
wslosd 5 JS Jlosle Jols) (SB sloS 29 3 8] 0 oglie
56 o1 ad ol Slills o (aalaS gyl 5 I 09
25,5 bl

Sde Y5k g 03 (it 4508 Gl Vo0 Jlo 5> (s
2y 2 Sl gy 3o Lo 3985 cu
loyd u—ﬂ odle idlS plpls s o )8 W36 cov |y odaw
Y b g Sl (b plaSiee |y i 85T 51 o SB-
slacas 1 ol gl § (aLS lga g rsj o S yudY

(B) 21y s oL 5 5 lamgte

Lalasla g ylusbs

s S (T olso s (598 waiitns abasly olitS (o
o3lo gl 8l b &S Wled)S" lo g Sledged (o)l IS (g,lL
S ylub a3 g a4, Yo SB ) f Lg0 SB
POl ol gmals plpls (W) s e il )
S odle Lials 4 bgsye silgs o 51 0b5 g bawgie slacuas
j sl s > S Josle gals b 4 asb S
Blgs o sloyd T osle )3 yuss cplpls g i 5 ime (g,lol Lolsd
30 sloyd Josle bles an gy i |y b SIS g)lub > puss
g i )3 oy bwgy (I aiwn 53, S ablsl Ly (POM)
el () iz 29 ) aslSB g )lul Wiy o laaslSs
ol Gl bl alSB gyl il a8 ol )l Lo gl
Lol U buwgio s 13 4S5 0b 4 sl aliie S5 (glo)d I
Ol 35 b lSB gyl doyd (S gl o)d JTosle yials
5 il Callas YO Jlo j0 )en 5 00 wls b &S il
(V0 g V) cusly cisllae Yo N Jlo 0 1dgw (uSSle Glalllao b

S JS 059
g addhaio JS 0SB S 595 odel Cand 4 uls Gub
M ime € 9 0L 9 oS slacuad > I bxe) (T A dw o

&be

1- Akhani Sanjani H. 2004. Illustrated Flora of Golestan National Park. University of Tehran Press. Vol.1.
2- Allred B.W., and Snyder K.A. 2008. Ecophysiological responses of Chihuahuan desert grasses to fire. Journal

of Arid Environments, 72 (11):1989-1996.

3- Bento-Gongalves A., Vieira A., Ubeda X., and Martin D. 2012. Fire and soils. Key concepts and recent

advances, Geoderma, 191(0):3-13.

4- Bongiovanni M.D., and Lobartini J.C. 2006. Particulate organic matter, carbohydrate, humic acid contents in
soil macro- and microaggregates as affected by cultivation. Geoderma, 136(3-4):660-665.

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

6- DaviesK.W., Bates J.D., and Miller R.F. 2007. Short-term effects of burning Wyoming big sagebrush steppein
southeast Oregon. Rangeland Ecology & Management, 60(5):515-522.

7- DeBano L.F. 2000. The role of fire and soil heating on water repellency in wildland environments: A review.

Journal of Hydrology, 231:195-206.



VAP Sl 5l = (99598 Vol « ¥Y ul> (S gl 4 pis YA

15-
16-

17-

18-

19-

20-

21-

24-

25-

26-

27-

28-

29-

30-

Diaz-ZoritaM., and Grove J. 2002. Duration of tillage management affects carbon and phosphorus stratification
in phosphatic paleudalfs. Soil and Tillage Research, 66(2):165-174.

Erfanzadeh R., Bahrami B., Motamedi J., and Petillon J. 2014. Changes in soil organic matter driven by shifts
in co-dominant plant speciesin a grassland. Geoderma, 213:74-78.

Esque T., Kaye J., Eckert S., DeFalco L., and Tracy C.R. 2010. Short-term soil inorganic N pulse after
experimental fire alters invasive and native annual plant production in amojave desert shrubland. Oecologia,
164(1):253-263.

Fernandes P.M., and Botelho H. 2003. A review of prescribed burning effectiveness in fire hazard reduction.
International Journal of Wildland Fire, 12(2):117-128.

Franzluebbers A., Schomberg H., and Endale D. 2007. Surface-soil responses to paraplowing of long-term no-
tillage cropland in the southern Piedmont USA. Soil and Tillage Research, 96(1):303-315.

Franzluebbers, A.J. 2002. Soil organic matter stratification ratio as an indicator of soil quality. Soil and Tillage
Research, 66(2):95-106.

Ghaemi R. 1997. Destructive and threatening factors of Golestan National Park. EnvironMent, Seasonally —
Iranian Environment Protection Organization 4 (2). (In Persian).

Gregorich E.G., and Carter M.R. 1997. Soil quality for crop production and ecosystem health. Elsevier.25
Gonzalez-Pérez J.A., Gonzdlez-Vila F.J., Almendros G., Knicker H. 2004. The effect of fire on soil organic
matter—A review. Environment International, 30(6):855-870.

Haynes R.J. 2005. Labile organic matter fraction as centeral components of the quality of agricultural soils: an
overview. Advances in Agronomy, 85:221-268.

Heidari J., Dashtaki Ghorbani Sh., and Tahmasebi P. 2014. Layers of soil organic matter and aggregate stability
under the influence of fire in rangelands of Chahar Mahal and Bakhtiari. Iranian Journal of Soil Research,
28(1):39-51. (In Persian).

Heidary J., and Ghorbani Dashtaki Sh. 2013. The effect of fire on soil quality in semi-steppe rangelands of
Karsanak, Chaharmahal and Bakhtiari, Journal of Water and Soil Conservation, 20(2):125-142. (in Persian with
English abstract).

Javadi S.A., and Mamoon Z. 2011. Natural burning effects on some vegetation and soil characteristics of
rangeland (case study: Pir Gol Sorkh Behbahan rangeland). Renewable Natural Resources Research 2(1):45-54.
(in Persian with English abstract).

Jordén A., Gordillo-Rivero A.J., Garcia-Moreno J., ZavalaL.M., Granged A.J.P., Gil J., and Neto-Paix&o H.M.
2014. Post-fire evolution of water repellency and aggregate stability in mediterranean cal careous soils: a 6-year

study. Catena, 118(0):115-123.

Kedley JE. 2009. Fire intensity, fire severity and burn severity: a brief review and suggested usage.
International Journal of Wildland Fire, 18(1):116-126.

Lavorel S. 1999. Ecological diversity and resilience of Mediterranean vegetation to disturbance. Diversity and
Distributions, 5(1-2):3-13.

Lombao A., Barreiro A., Carballas T., Fontlrbel M., Martin A., Vega J., Fernandez C., and Diaz-Ravifia M.
2014. Changes in soil properties after a wildfire in Fragas Do Eume Natural Park (Galicia, NW Spain).
CATENA

Mataix-Solera J., Cerda A., Arcenegui V., Jordan A., and Zavala L.M. 2011. Fire effects on soil aggregation: a
review. Earth-Science Reviews, 109(1-2):44-60.

Matinizadeh M.1., and Gudarzi M. 2013. Effects of fire on activity of some rangeland soil enzymes. Iranian
Journal of Range and Desert Research, 20(1): 213-225. (in Persian with English abstract).

Meira-Castro A., Shakesby R.A., Espinha Marques J., Doerr S.H., Meixedo J.P., Teixeira J., and Chaminé H.I.
2014. Effects of prescribed fire on surface soil in a Pinus pinaster plantation, Northern Portugal. Environmental
Earth Science, 1-8.

Movlavi, R., Bagherngjad, M., and Adhami, E. 2009. Effects of forest burning and slash burn on physico-
chemical properties and clay minerals of top soil. Journal of Water and Soil Sciences, 13 (49):99-110 (in
Persian with English abstract).

Nazari F., Hosseini V., and Shabanian N. 2012. Effect of fire severity on organic carbon, total nitrogen and
available phosphorus of forest soils (case study: Marivan). Iranian Journal of Forest and Poplar Research, 20(1):
25-37. (in Persian with English abstract).

Neary D.G., Klopatek C.C., DeBano L.F, and Ffolliott P.F. 1999. Fire effects on belowground sustainability: a



Yol T bz slacsass g o1 Jolie 10 S (o b o SS9 i

31-

32-

33-

35

45-

review and synthesis. Forest Ecology and Management, 122(1-2):51-71.

Page A.L. 1982. Methods of soil analysis. Part 2. Chemical and microbiological properties. American Society
of Agronomy ,Soil Science Society of America, Madison, Wisconsin.

Pojasok T., and Kay B. 1990. Assessment of a combination of wet sieving and turbidimetry to characterize the
structural stability of moist aggregates. Canadian Journal of Soil Science, 70(1):33-42.

Pourreza M., Hosseini S., Sinegani A., Matinizadeh M., and Alavai S. 2014a. Herbaceous species diversity in
relation to fire severity in Zagros Oak Forests, Iran. Journal of Forestry Research, 25(1):113-120.

Pourreza M., Hosseini S.M., Safari Sinegani A.A., Matinizadeh M., and Dick W.A. 2014b. Soil microbial
activity in response to fire feverity in Zagros Oak (Quercus Brantii Lindl.) Forests, Iran, after one year.
Geoderma, 213(0):95-102.

Rau B.M., Blank R.R., Chambers J.C., and Johnson D.W. 2007. Prescribed fire in a Great Basin sagebrush
ecosystem: dynamics of soil extractable nitrogen and phosphorus. Journal of Arid Environments, 71(4):362-
375.

Reich P.B., Peterson D.W., Wedin D.A., and Wrage K. 2001. Fire and vegetation effects on productivity and
nitrogen cycling across a forest—grassland continuum. Ecology 82(6):1703-1719.

Romanya J., Casals P., and Valego V.R. 2001. Short-term effects of fire on soil nitrogen availability in
Mediterranean grasslands and shrublands growing in old fields. Forest Ecology and Management 147(1):39-53.
Safaian N., Shokri M., Ahmadi M.Z., Atrakchali A., and Tavili A. 2005. Fire influence on the grassand

vegetation in Golestan National Park (Alborz Mts. Iran). Polish Journal of Ecology, 53(3):435-443.
Six J., Conant R., Paul E., and Paustian K. 2002. Stabilization mechanisms of soil organic matter: implications

for C-saturation of soils. Plant Soil, 241(2):155-176.

Thomaz E.L., Antoneli V., and Doerr S.H. 2014. Effects of fire on the physico-chemical properties of soil in a
slash and burn agriculture. Catena, 122(0):209-215.

Trabaud L. 1994. Postfire plant community dynamics in the Mediterranean Basin. in: Moreno J., Oechel W.
(Eds.), Therole of firein Mediterranean-type ecosystems. Springer New Y ork, pp.107:1-15.

Ubeda X., LorcaM., Outeiro L.R., Bernia S., and Castellnou M. 2005. Effects of prescribed fire on soil quality
in Mediterranean grassland (Prades Mountains, North-East Spain). International Journal of Wildland Fire,
14(4):379.384.

Varela M., Benito E., and Keizer J. 2010. Effects of wildfire and laboratory heating on soil aggregate stability
of Pine Forests in Gdlicia: the role of lithology, soil organic matter content and water repellency. Catena,
83(2):127-134.

Wan S,, Hui D., and Luo Y. 2001. Fire effects on nitrogen pools and dynamicsin terrestrial ecosystems. a meta-
analysis. Ecological Applications, 11(5):1349-1365.

Wells C.G., Campbell R.E., DeBano L.F., Lewis C.E., Fredriksen R.L., Franklin E.C., Froelich R.C., and Dunn

P.H. 1979. Effects of fire on soil: a state of knowledge review. Department of Agriculture, Forest Service.



Journal of Water and Soil (6329LiS @alioo g psle) S g O @ i
Voal. 31, No. 1, Mar .-Apr. 2017, p. 302-311 LA FoY-¥1) o IPAS sl — c299,8 o) 0 leis FY al

Changesin Chemical Soil Characteristicsin Confronting with Fireand Its
Severity

H. Taefi' - R. Erfanzadeh® - M. Abedi®
Received: 30-12-2015
Accepted: 10-10-2016

Introduction: Amongst different habitats, fire is an ecological factor and determinant that affects many
physico-chemical soil factors. In addition, among natural disturbances, fire plays an important role in plant
diversity conservation and in some areas around the world, the presence of some plant species depends on
natural fire. The extension of fire influences on soil is related to the fire severity. In fact, fire severity
encompasses of two characteristics: extension and time of burning. On the other hand, fire extension and
burning time are affected by humidity, air temperature, wind speed, topographical characteristics. Despite high
frequency of fire in natural habitats and high level of fire effectiveness on soil parameters, study of fire impacts
on soil characteristics were rarely reported in Iran. In addition, most previous studies were conducted in forest
habitats, ignoring the severity of fire on soil.

Materials and Methods: In order to investigate the effect of fire severity on some soil physico-chemical
characteristics, Y eylagh Dasht area (rangeland habitats) was selected in southern-east of national Golestan Park
with three different plant covers, viz. grass, shrub and cushion. Many fires occurring have been reported in this
park in each year. For the current study, we tried to select the habitats in which the fire was occurred at least one
year before. A control area without burning with similar ecological parameters was also selected adjacent to the
burnt area. in fact unburnt area was isolated by aroad from burnt area, unable to extend the fire into unburnt area
due to the road. Fire had been occurred in the burnt areain September, 2014. Soil samples with 15 replicationsin
burnt area and 15 replications in unburnt were collected within a depth of 0-5 cm and then transported to the soil
laboratory to measure some qualitative soil characteristics i.e. soil organic matter (SOM), particulate organic
matter (POM), total nitrogen (TN) and aggregate stability (AS). All statistical analyses were done by R
software. Before ANOVASs (one and two-ways) and unpaired t-test, we tested data for normal distribution by
Shapiro-Wilk test and homogeneity of variance by Flinger Test.

Results and Discussion: The results of two-way ANOVA showed that the main effect of fire on soil was not
significant while the main effect of fire severity and the interaction of fire and fire severity on SOM and POM
were significant (Table 1). The results of one-way ANOVA showed that the content of SOM was significantly
different between three different treatments in unburnt area (control area) while there were no significant
differences between the three treatments (three fire severities) in burning areas. Therefore it can be discussed that
the kind of vegetation (grassland, shrub or cushion) could affect SOM while the fire increased the spatial
homogeneity of SOM. The same pattern of SOM was occurred for POM in burnt and unburnt areas. However,
the results of unpaired t-test showed that POM was drastically decreased after high and intermediate fire
severities. Aggregate stability and POM were significantly decreased in the intermediate and high severities of
fire (cushion and shrub plant cover). Fire in the intermediate and high severities increased TN (Figure 1). We
concluded that fire occurring by plants might be decreased POM and AS significantly. In addition,
mineralization probable increased TN after burning. We also compared soil characteristics among three fire
severitiesin burnt area and in unburnt area separately.

Table 1- Theresults of two-way ANOVA and main effects of fire and fire severity, and interactions

Parameter Fire Fire Severity Fire x Fire Severity
F-Vaue F-Value F-Value
Organic Matter 0.66 6.25 5.69
Particulate Organic Matter 1.87 10.42"" 6.40"
Total Nitrogen 14.95™ 3.18 4.38
Soil Aggregate Stability 2.20 0.92 1.38

0.001 ***,0.01 **, 0.05 * :Significant Code

1, 2 and 3 - MSc. Student, Associate Professor and Assistant Professor, Rangeland Department, Faculty of Natural
Resources, Tarbiat Modares University
(* Corresponding Author Email: Rezaerfanzadeh@modares.ac.ir)
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Figure 1- variation of soil parameters (organic matter and particulate organic matter) in different fire severities between
burnt and unburnt areas (*: significant differences, ns: not significant differences)

Conclusion: This study showed that the variation of soil characteristic was mainly affected by different fire
severities. Therefore, we emphasized that fire severity should be considered in the studies of the impact of fire
on soil in different habitats. Fire can decrease the spatial heterogeneity of soil parameters among different sites.
We showed that soil POM is a characteristic more sensitive than total SOM in confronting with fire.
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