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Table 1. Mean of the tree canopy composition, tree and humus characteristics in different elevation classes
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Figure 3. The results of the multivariate regression analysis of the humus index and topographic and soil
characteristics

(ANOVA] 5055, Jie s %8

d)b_A Sxo Flae Slaye (1Ske PHESS ey Fyacme M%;|
Sig. Mean Square df Sum of Squares
ol Y&IVOY YY/YYY ¥ AAVARYS (Regression) Jie wta
VYA ) YV/Fo¥ (Residual) U oo
o VEFIVD - (Total) JS il yuis
P-value T- test Beta SE B Tolerance VIF Omobe b psie
ofeen \A\i4 - YIYAD VF/-Y0 - - ol lade
-/¥Y- —+/AVY —+IYA¥ /ey AR /-5 \FIE5A (Altitude) U > o 3 glis)|
Y5 Ve¥Y <IVEF YRR RYRARY AN VIEAY (Slope) < duo )y
-IAY ERAN =/ —[-¥5 =[-8 “IAVA VXY (SM) S cugbs,
ofees -Y/avo —-/ayY DAY /559 ANAY YIvoy (ST) Sk slos
Humus Index = 14.035 — 0.001Altitude + 0.019Slope — 0.006SM — 0.669ST (V) osles Jao
Jto aods

ADJ.R2=0.746; R2=0.775; R =0.881; Std. Error of the Estimate = 1.09917;  Durbin-Watson =

b b (Gl OS] e aw g glis)l )l 51 oS 395 oo
adllas ;3 (V1) guomgrg 9 UsS)ss & Jb o il awily
IS Gilisee i 5 glis) 5 b oS wzdly ol g
Oogagm oL g Lapyd (s iy ais 1o lis b
5 S el glaie g 5 glis)) Gy 0lazsls
sloasss w51, (hali8l Ly as amihs )bl (10) yllss
ol ool s &8 oo Gl Gagogn (3Ll (55
Ol sl it (6300807 g QU5 03565 (53909 LRl
G0 ) (B0 SdisS WS15 oyt & Cunl Jb
9 LS )98 (niopen ol 0390 (1) 0395 4 bguje p5l>
SLoases 151,35 (S joba & 2535 Gl (W) @smsss
g ok 5 Y ol Ll g b amsll el b
A b e il S (Sagll g anal o] dawly 4
L sl pwgogn 4o Joo 5l (ogegn slapj & 55k

IS (o s P (ogegr el

9 g AL (e 3 (LS AN (g S @l
&Lé.'i)l ‘OL'L&)Q i_lmu c.‘a_w ‘Ol—":’)*’ ﬂ,fl)_, dhw' i
S99 S me g (o dlaly ls > Gide ZU g ls
Ll ogesn pa3LS Glgicss (V) "Z)lM Joe @ajb il 2
'(\c JBA—>) 55 =yt (R ='/Y‘\) e ST
0l L yusie 51 S pa P-value polis jl oS 66les
Oygmo oS Canl L3 Jide U dastin il 294 o0
(¥ Jga) 1S o (i |y ogegn pasls (gbolixe
b a sl s claedy sbranasuie | g)luw dal,
Ao 9 Sgy by 035 (g )3 )] iyl
0a3Ld b (a9 LS| (L )3 diw il jla3 5 )]
b ccillas 3 ds ol ol b oS 0ol lis jwgesn
elaecs 48 15l ol s 40 wlgioe YU blo )l 365
GM3 s ;135 ) oyl Jlad b slo S Ciliske


http://dx.doi.org/10.52547/ifej.9.18.169
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.8.4
http://ifej.sanru.ac.ir/article-1-379-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1400.9.18.8.4 |

[ DOI: 10.52547/if€.9.18.169 ]

T e 9 (2ol (lig (dlo Lo disyS] phus gl decce

\\ig =l obolyS g K iiber sl jusie b alaly ;> (Humus Index) wgegn asls bl

S Dby lhdasuie § (ugegs aSll Ay (s (9 )S) Jlod @b - Jo
Figure 4. The results of the multivariate regression analysis of the humus index and tree cover characteristics

(ANOVA) (o)) Jdo pbly 4525 MJAd» |
5 ode
Sl F ol ﬁtﬁ 33l & Olayo ggome
Sig. e df Sum of Squares
Mean Square
<[+\A Y/¥AY \Y/avs ¥ OV/VFY (Regression) Jie st
Y/VY- An ANIRRY4 (Residual) U3 oo
Yo \EEIND - (Total) JS" clyess
P-value T- test Beta SE B Tolerance VIF oot b jusio
o[+YA YIYY. - ¥/-08 a/rvy - - ol e
1Y Viars /YA ofoe¥ ofee¥ -Ivoy VIYYY (TD) o355 w515
Nital —-Ivys AL o[-\ —e/-\- -IVY- V-] (TBA) i y> glaiiapdans
Niaal -[£5% -[-A¥ -[-A -[-¥Y -IAYY VYN (TH) ol s glis))
-[-¥a ALY /Y0¥ -[-¥¢ —+/-40 <1534 VY (TCC) Jidsy b
Humus Index = 9.373 + 0.003TD — 0.010TBA + 0.042TH - 0.095TCC (V) oyles Jto
ADJ.R*=0.221; R?=0.310; R=0.557; Std. Error of the Estimate = 1.92611; Durbin-Watson = 0.825 Je 4o
i glp S Jibe sdasuie 4 Cows SB &5‘5),;4,%:_.

S o (g ol 3 bl oo sl wgegn oLl
2 g pasls Ly blise jobay (IS idg gb
S Gl oy )3 B30 Jelos o ptags 1 g L5 b))

P18 g S
5 e Gy o8 Jle coles U ains ol
Jad plosl jiS” oligld g o) Kdmg I Coles Fgiio
(i Hbjle paio b lus) wawgalas Je LI
G s plin o i il  Siwd sacsaS 4lp
sl (oL g 959 3o | peimen 2gd e SIS
—dg00 Jsluwg 3,5 waly 8 5 ool o linle S
kg 9 e 5Kl llln b > (5o
A Milj ST joudgy 51y 295 dilosens (S10,08 (yisron
s 5 opmogn JISCH (5 pluls > S8 ol

Syl el gls

sl odbw 5 330 (adld plgie 4 (wgegn aSl

j e Jualge 1L cod SR sladllopy o))
Dy 0 )8 Sy (S (g (ST s Jelye Jud
A5 (5)90 000 9 CudsS SAL3a oS g Folel oy
lbaasie | IS balolops S Saze = S 5 ]
S opl jlg 1 oolatul ugagn jaSls g by (50,
CaS s oS Gl Jbb ol ] cusal bl
bord sladasiieo (6 Sojlisl b R I i ol
5+ sl olab a8 ol )l ol ool dje 5 jlas
—bgl — sl (> Lo L Ly g I e 04
LS Glie )5S Sl (el =g =Bl 5 e
Lopd o Sl gl G2ali8l L of liee 9 35 (050
rgegn paSld (dmie Oered Cuwl 03,8 1y 38
2 sl Lol (e pSojlassl 48 elndaseto Gy b 5|
o 4y g b sl Sl ploxl LB (o)) 4 (oSl
oalitul AW (9w )y oo 5l jobate cul sl 2l oo

&l

. Ascher, J., G. Sartori, U. Graefe, B. Thornton, M.T. Ceccherini, G. Pietramellara and M. Egli. 2012.

Are humus forms, mesofauna and microflora in subalpine forest soils sensitive to thermal conditions?
Biology and Fertility of Soils, 48(6): 709-725.

. Badia-Villas, D. and A. Girona-Garcia. 2018. Soil humus changes with elevation in Scots pine stands

of the Moncayo Massif (NE Spain). Applied soil ecology, 123: 617-621.

. Barnes, B.V., D.R. Zak, S.R. Denton, and S.H. Spurr. 1998. Forest ecology, John Wiley and Sons.

INC., New York, 773 pp.

. Bayranvand, M., Y. Kooch and G. Alberti. 2018. Classification of humus forms in Caspian Hyrcanian

mixed forests ecoregion (Iran): Comparison between two classification methods. Catena, 165: 390-
397.

. Bayranvand, M., Y. Kooch, S.M. Hosseini and G. Alberti. 2017. Humus forms in relation to altitude

and forest type in the Northern mountainous regions of Iran. Forest ecology and management, 385:
78-86.

. Haidari, R.H., A. Sohrabi Zadeh and M. Haidari. 2020. Effect of Physiographic Factors on Plant

Biodiversity in the Central Zagros Forests (Case Study: Educational Forest of Razi University of
Kermanshah). Ecology of Iranian Forests 13(7): 66-75 (In Persian).

. lzadi, M., H. Habashi and S.M. Waez-Mousavi. 2017. Variation in soil macro-fauna diversity in seven

humus orders of a Parrotio-Carpinetum forest association on Chromic Cambisols of Shast-klateh area
in Iran. Eurasian soil science, 50(3): 341-349.


http://dx.doi.org/10.52547/ifej.9.18.169
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.8.4
http://ifej.sanru.ac.ir/article-1-379-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1400.9.18.8.4 |

[ DOI: 10.52547/if€.9.18.169 ]

TS P2 9 (2o s (Slig (o Lo M disyS] phus gl decce
Wy VEe e o) 5 52l VA oplesd /ot Jlo lyel celoJSin slidps:

8. Jabiol, B., A. Zanella, J.F. Ponge, G. Sartori, M. Englisch, B. Van Delft, R. de Waal and R.C. Le
Bayon. 2013. A proposal for including humus forms in the World Reference Base for Soil Resources
(WRB-FAQ). Geoderma, 192: 286-294.

9. Khaleghi, p., H. Abbasi, S.M. Hosseini M. Forouhar and H. ghelijnia.1998. Caspian Forest Profile,
Vas Research Forest. Ministry of Jihad Sazandegi Deputy of Education and Research, Forest and
Rangeland Research Institute, 380 pp (In Persian).

10. Korkina, I.N. and E.L. Vorobeichik. 2016. The humus index: a promising tool for environmental
monitoring. Russian journal of ecology, 47(6): 526-531.

11. Korkina, I.N. and E.L. Vorobeichik. 2018. Humus Index as an indicator of the topsoil response to the
impacts of industrial pollution. Applied soil ecology, 123: 455-463.

12.Labaz, B., B. Galka, A. Bogacz, J. Waroszewski, and C. Kabala. 2014. Factors influencing humus
forms and forest litter properties in the mid-mountains under temperate climate of southwestern
Poland. Geoderma, 230: 265-273.

13. Lalanne, A., J. Bardat, F. Lalanne-Amara, T. Gautrot and J.F. Ponge. 2008. opposite responses of
vascular plant and moss communities to changes in humus form, as expressed by the Humus Index.
Journal of Vegetation Science, 19(5): 645-652.

14. Moslemi Seyed Mabhalle, S.M., S.G. Jalali, S.M. Hojjati and Y. Kooch. 2020. The Effect of Different
Forest Types on Soil Properties and Biodiversity of Grassland Cover and Regeneration in Central
Hyrcanian Forests (Case Study: Seri-Alandan-Sari). Ecology of Iranian Forests, 14(7): 10-21 (In
Persian).

15.Ponge, J.F. and R. Chevalier. 2006. Humus Index as an indicator of forest stand and soil properties.
Forest Ecology and Management, 233(1): 165-175.

16. Ponge, J.F., G. Sartori, A. Garlato, F. Ungaro, A. Zanella, B. Jabiol, and S. Obber. 2014 .The impact
of parent material, climate, soil type and vegetation on Venetian forest humus forms: a direct gradient
approach. Geoderma, 226: 290-299.

17. SPSS Inc. Released 2007. SPSS for Windows, Version 16.0 Chicago, SPSS Inc.

18. Waez-Mousavi, S.M. and H. Habashi. 2014. Humus forms and the most important factors affecting its
changes in mixed beech forest (case study: Shast Kalate forest of Gorgan). Journal of Wood & Forest
Science and Technology, 20(4): 151-166.

19. Zaiets, O. and R.M. Poch. 2016. Micromorphology of organic matter and humus in Mediterranean
mountain soils. Geoderma, 272: 83-92.

20.Zanella, A., B. Jabiol, J.F. Ponge, G. Sartori, R. De Waal, B. Van Delft, U. Graefe, N. Cools, K.
Katzensteiner, H. Hager and M. Englisch. 2011. European humus forms reference base.

21. Zanella, A., J.F. Ponge, B. Jabiol, G. Sartori, E. Kolb, R.C. Le Bayon, J.M. Gobat, M. Aubert, R. De
Waal, B. Van Delft and A. Vacca. 2018. Humusica 1, article 5: Terrestrial humus systems and forms-
Keys of classification of humus systems and forms. Applied Soil Ecology, 122: 75-86.

22. Zanella, A., K. Katzensteiner, J.F. Ponge, B. Jabiol, G. Sartori, E. Kolb, R.C. Le Bayon, M. Aubert, J.
Ascher-Jenull, M. Englisch and H. Hager. 2019. TerrHum: an iOS application for classifying
terrestrial humipedons and some considerations about soil classification. Soil Science Society of
America Journal, 83(1): 42-48.


http://dx.doi.org/10.52547/ifej.9.18.169
https://dor.isc.ac/dor/20.1001.1.24237140.1400.9.18.8.4
http://ifej.sanru.ac.ir/article-1-379-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1400.9.18.8.4 |

[ DOI: 10.52547/if€.9.18.169 ]

Ecology of Iranian Forests, Vol. 9. No. 18, Autumn and WINter 2022 ...........coiuiininiiiit et 178
Humus Index Assessment in Relation to Forest Cover Variables and Altitude
Gradient

Mohammad Bayranvand®, Moslem Akbarlnla Gholamreza Salehi Jouzani®, Javad
Gharechahi* and Yahya Kooch®

1- Ph.D. Student of Forestry, Faculty of Natural Resources & Marine Sciences, Tarbiat Modares University (TMU),
I.R. Iran
2- Associate Professor, Department of Forestry, Faculty of Natural Resources & Marine Sciences, Tarbiat Modares
University (TMU), I. R. Iran, (Corresponding Author: akbarim@modares.ac.ir)
3- Professor in Microbial Biotechnology Department, Agricultural Biotechnology Research Institute of Iran (ABRII),
Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran
4- Assistant Professor, of Genetics, Human Genetics Research Center, Bagiyatallah University of Medical Science,
I.R. Iran
5- Assistant Professor, Department of Forestry, Faculty of Natural Resources & Marine Sciences, Tarbiat Modares
University (TMU), L.R. Iran
Received: April 22, 2020 Accepted: Jun 28, 2020

Extended Abstract

Introduction and Objective: The humus index is a numerical score based on the visual
assessment of organic horizons and humus forms identification. This index reflects different
characteristics of forests stand and soil. Forest humus is an intermediate between plants and soil,
which is affected by various factors, such as topography, climate, vegetation and soil.
Nevertheless, by digging the humus profile and determining its index, it is also possible to
determine many ecological factors. The aim of this study was to investigate the humus index
and its relationship with topographic, soil and forest cover characteristics along an altitudinal
gradient in the four-altitude class, including 0, 500, 1000 and 1500 meters above sea level (m
a.s.l.), in Vaz forests located in Mazandaran province.

Materials and Methods: In each altitude class, the characteristics of the trees such as crown
canopy, density, diameter and height, as well as topography and soil characterlstlcs such as
altitude, slope percentage, soil moisture and temperature were taken in 400 m? plots, and in each
plot, five 30 x 30 cm profiles for identification of humus forms were drilled and then identified
and classified based on Humusica classification. In order to evaluate the humus index between
different altitude classes was used one-way analysis of variance (ANOVA), as well as to
analyze its relationship with the mentioned characteristics, multiple linear regression analysis
(MLR) was used.

Results: The results showed that the highest amount of humus index and litter thickness
belonged to the altitude class 1500 m a.s.l. and their trend is increasing along the altitudinal
gradient. Also, the results of MLR indicate the existence of a linear and significant relationship
is between humus index and topographic and soil characteristics with high determination
coefficient (R? = 0.76), especially soil temperature Wlth (P-value = 0.000), while the tree cover
characteristics with a low determination coefficient (R* = 0.31), cannot well be a good predictor
for evaluating the humus index. Meanwhile, soil temperature and trees crown canopy are two
factors that have shown the highest t-statistics in relation to the humus index, so that the
decrease in soil temperature and trees crown canopy has increased the humus index.
Conclusion: In general, it can be concluded that with increasing altitude, the organic part of the
forest floor and Humus index increase, and their variability is mostly due to changes in
topographic and soil temperature characteristics.

Keywords: Altitude, Humus forms, Humusica classification, Multiple linear regression, Soil
temperature, Tree species composition
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