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Table 2. The time structure of tree felling operations in the study area
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Figure 1. Work time structure in tree felling
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Figure 2. The effect of tree diameter on productivity in the study area
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Figure 3. The effect of tree diameter on pure time in the study area
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Figure 4. The effect of tree diameter on unit cost of production in the study area
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Abstract

Background and objectives: Nowadays, chainsaws remain the primary main tool for wood harvesting
in the world due to their multifunctionality and the relatively low requirements in financial investment.
Another reason is that chainsaws provide high workability, enhancing efficiency and productivity, at
reduced felling costs. The felling of poplar stands in the west of Guilan Province is carried out semi-
mechanically using chainsaws within a clear-cutting silviculture system. Productivity and cost are two
main factors that affect the selection of wood harvesting systems, whose tree felling consists an element
of paramount importance, most notably its duration. The purpose of this study was to assess the
productivity and cost of clear-cutting operations in a poplar plantation located in the western part of the
Guilan Province, using the MASHOUF PSI 9700, a short-bladed chainsaw model with a bar length of
50 cm.

Methodology: The research was conducted in the Tanyan district, which is located in the western part
of Guilan province. A work team, consisting of a chainsaw operator and a helper, was used during the
study. The selected work team was chosen as representative of the average skill level of the workers in
the region. The chainsaw selected for this research, the MASHOUF PSI 9700 model featuring a cylinder
displacement of 54 cm?® a power output of 2.2 KW, and a weight of 5.1 kg excluding equipment, had
been in operation for about 2000 hours, which is the average life span of a product of this category. Over
the years, the research on consumption time has focused especially on establishing the relationship
between work efficiency and productivity carried out considering various equipment and wood
harvesting factors. Analysis of work time consumption and productivity in chainsaw operations is an
important concern of sustainable harvest management. A time study was performed to calculate the
hourly productivity rate. Felling time was classified into two categories, namely effective time and delay
time. Effective time consisted of (a) Moving towards the tree, (b) Felling preparation, (c) Under cut, (d)
Back cut and (e) Refueling. Moreover, the delay times fell into (a) Rest time or personal time, (b)
Operational delays, and (c) Technical delays. The total fixed cost was obtained considering the chainsaw
purchase value, the sum of the annual investment, the depreciation, the insurance and taxes. Variable
costs were also calculated considering the hourly expenditure on fuel cost, maintenance as in the cases
of chain and sprocket replacement, etc. The sum total of costs included fixed, variable and labor costs.
The data was initially processed using Excel 2013 software and then analyzed using the SPSS statistical
software version 18 to determine the distribution and ratio of work interruption time according to the
factors affecting it. Regression analysis was conducted to explore the relationship between the factors
affecting the total cut-off time.

Results: A total of 133 trees were felled amounting to a volume of 109.06 m®. The total work time
consumed for felling operations was 500.21 minutes. Of the total working time, 41.42% was allocated
to main work tasks. Supplementary work, such as moving between trees and driving wedges, accounted

* Corresponding author Tel: +989117815510
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for 8.84% of felling time, while preparatory tasks, including moving between workplaces and
preparation activities, constituted 15.29%. Repair time accounted for 9.60% of the total time, while
delays and downtime occupied 15.74%. Additionally, 9.09% of the time was spent on non-workplace
activities. The majority, 71% of the delays were linked to personal delays, of which 80.7% were related
to lunchtime breaks and 19.93% to other personal delays. Operational and technical delays accounted
for 10% and 19% of total delays, respectively. Increases in the diameter of the felled trees, resulted in
increases to both the net felling time and the net production of the felling team. Furthermore, an increase
in the diameter decreased the production cost. The results showed that the average time consumed per
tree for felling were 2.73 min of effective time vs 3.75 min of gross time, and net hourly productivity
amounted to 17.28 m? per hour vs 13.44 m? per hour found for the gross hourly productivity, and the
unit cost of net production was 0.25 USD vs 0.32 USD for the gross production, respectively. The
statistical analysis exhibited a highly significant correlation between work element times (measured in
minutes) and various factors, including the diameter of the tree at breast height, tree volume (measured
in m), and the distance between trees (measured in m).

Conclusion: By developing mathematical models of working time for various chainsaw models,
chainsaws, the performance of the felling teams can be increased, and a more equitable remuneration of
the forest workers is made possible. The results of the present study can support decision making
regarding the work rates, work schedules, and cost estimation. The models and results presented in this
study can generally assist forest managers to better understand the factors affecting productivity and
cost during different work elements with the aim to reorganize and plan forest work to meet economic
concerns.

Keywords: Wood production, Poplar plantation, Biomass, Wood harvesting, Time study.
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Figure 1. Geographical location of the investigated stands
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Table 1. Used linear and non-linear models (Hyams, 2010)

Jslaso J.\.ﬁ tl.a E) O)LQ—«.: JJW &f
Equation Model number and name Model type
y=a+ bx 1- Linear
y =a+ bx + cx? 2- Quadratic P
y = a+ bx + cx* + dx? 3- Cubic linear
y = ae?/* 4- Modified expontial
y = a+ blnx 5- Logarithmic "
[
= elatb/x+cinx) 6- Vapor pressure .
y=¢€ porp Expontial
y = aeb* 7- Expontial
y = ax? 8- Power A
y = ax"/x 9- Modified Geometric s
y = ab*x¢ 10- Hoerl Power
1 _ s
Y= 11- Harris ] i ) e
(a + bxc) Yield density model
y=a(l—e?) 12- Expontial Association
ax . o
y= - Saturation Growth Rate rowth
b+ 2 13-S G h R Growt|
y=ae " 14- Gompertz
a =z
Y= T pew 15- Logistic Sz S
;—+e - Sigmoidal
y=2 T 16- MMF
b+ x4
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Equation Model number and name Model type
y=a-— be_"xd 17- Weibull
a o <
y= . b/, 18- Richards ‘5 T
(1 +eb~x)/d Sigmoidal

y=a/(1+e"%)

19- Ratkowsky

OSle Vs oddpn i Jllis PP ol sdaliv
ol s lEodalice

awlie gl dde sl oy 3l e aslsl s
Sloasy 2 Shas slajbas B 5l adis g 5 2l
claatls slis o zeS gl gladde s
Wisly Golast st a1y ad, YL e lis]
S Jhe 5 el Cosa Jbe a4 5 SSke e
o g Olseas 25 45, 5SSk op S gl
Adesls yasis

sbasls oSk Gbajlas 5ol friaen
laesls s, sl u slie L Ul s sl
dslie 355 S de ladde 5 Lassls Sl eslizal L 0o
sl o Sle 035 grs s p Gl LS
Sladae 3l eslizal Lol 5,51 5 olie b aBly uslis
A eslizal i 5 Ogesl 5l el sl

3gad ey b ploly Ken 53 &
b o gty LB ol 0 Soisel slsetile L
Curve Expert Professional ,lplw‘ 3l eslaal
s leosls 5 ol o Sl Slsgad cpl AS )
was e 0L Joe jate G5l b Olpen
b ditos Lo ol G Laokile L 513 gas (pizean
L pl S sba tdas o 0L 1 skl L bl
VU Coos 0 baoile 3L LT 48 das o OLES Jgeew S5

Yo

Y e Ao

sladibs mwloms ©lp s sk oo
(RMSE) Uaxt Slas o ks | sdome ool vz
—& (Bias) o)l 5 (MAE) Lo jlhae 05 Sl
e 5 (R s g b 55 5 s 5 e 50
sl esls  Olgea (AIC) ST Sledl
ol o ALY gladaly) WE albe e lael
AIC 5 MAE% RMSEY% Ol is ,a ladal,
Al s 65N SIS Sl adde AL S
S\ ) e 53 o BIASY% &S 54w 3 oy
s daly Jed LB C3s adue Wb as s
Gar S Sl U e R M s
Bihamta ) ol g Jie 230 Wil 5 K05 S
.(and Chahouki, 2008

RMSE = fM (1) ia
n
RMSE% = RMSE/y x 100 (Y) dail,
MAE% = g x 100 (¥) i,
MAE=1/nZ lyi—9] (8) da,
Bias = 2= =¥/ (0) iyl
Bias% = % x 100 (V) sl
AIC = 2K — 2In (L) (V)
Rt = 1 - 2= 9) 7 (A) eyl

2L (yi—9)?
szﬁ)@L‘u&st\Mngu@bwbs



\o)Lo..i:s\‘ m‘ﬁowysﬁjf&l@h@

J.)a_g W}S Lsuo)lﬁi JMJJ" .Jﬁ J.Lc \V 9 \/Y

WL\S 9 u"‘.ti)‘} C)Lﬁ o laasOlis oS ails u’:'sb'i

Dl et aals a5 sl QLS Ot s i) 5 a1 Hyams, 2010; Ahmadi et al., ) cl ab s 0 Joe

Ll JS sdkasOlis el plaS s g ol laaasiie ol
J@j};.ﬁ)}ﬁ L;\io— 03¢5 ‘)L“.;-Lw ‘-;QS LSLAW
Slaoslel 4 5l 0L s cpl pomen o
Q)L&S dj.ﬂ)T 9 U':JJ}J LSL!MJ‘J 9 aoals JS dﬁ:...a}:

(Y J)J}-) S S99 65[.0

(2013

L}L.:b’ajl:ijsszéuquw)ﬁwb\ﬁ
A Al e Al 5 eSSl S

;\/Y’ v.:SjS 4 Cw‘)‘)fﬁ&.!l-w Voo 9 \Y/O ciY/i

s> gyl a ol a3 slacasiie hoo s glas,lel =Y U
Table 2. Descriptive statistics of characteristics of DBH and height of trees

() gl e mles) a0 b
Height (m) DBH (cm) Sheo 55 slassll
bl Jbe 5 bl Jbe Js Descriptive statistics
Evaluation Model Total Evaluation Model Total
Sl
6.41 6.28 6.3 43.16 42.26 42.44 ok
Average
LnS
1.3 1.2 1.2 12.5 12.5 12.5 :
Minimum
17 17 17 140 150 150 T
Maximum
ol
5.8 5.7 5.8 39 38 38 -
Median
Lls
15.7 15.8 15.8 127.5 137.5 137.5
Range
0.45 0.78 0.72 1.07 154 1.42 S
Skewness
; Y
0.6 -0.07 -0.17 2.55 3.44 3.25 T
Kurtosis
5Ll
1098 12,07 11.84 427 468.98 460 i
Variance
Lo b ol
3.31 3.47 3.44 20.66 21.65 21.45 e =
Standard deviatio
0.29 0.15 0.13 1.81 0.95 0.84 Jlme ol
Standard Erorr
51.63 55.25 54.6 47.86 51.23 50.54 S g s
Coefficient of variation
129 513 642 129 513 642 s sl

Trees number
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Figure 2. Hyperpoints of tree height against DBH for training data (A) and test (B)
o5 ol 53 eddeslinal sladde u’)ﬁ”‘)f) ol o =Y J gl
Table 3. Regression coefficients of the models used in the current research
iy
wfp abayl Juke
Coefficients Equation Model
d c b a
0.15 0.08 y=a+bx Linear
-0.0005 0.21 -1.38 y = a+ bx + cx? Quadratic
-0.00001  0.00082 0.132 -0.17 y = a+ bx + cx? + dx® Cubic
-49.21 21.87 y = aeP’* modified expontial
6.44 -17.08 y =a+ blnx logarithmic
0.58 -19.55 0.16 y = e(@+b/x+cinx) Vapor pressure
0.01 3.41 y = aeb* Expontial
0.96 0.18 y = ax? Power
-17.39 30.97 y = ax"/x Modified Geometric
147 0.99 0.04 y = ab*x¢ Hoerl
1
-1.48 29.37 0.04 =—— Harris
Y (a + bx©)
_ Expontial
.002 4.91 = —e7bx -
0.0025 64.9 y=a(l—e™) Association
- - _ W Saturation Growth
2421657132.35 359010787.42 y b +x) Rate
0.03 1.16 17.96 y=ae" " Gompertz

J.LAC,;U\.,{\J,«: :d)CAb za;]u&bwﬁwﬁlﬁﬁzx ‘j*‘wjtl-d)‘y
Y: height (m), x: DBH (cm) and a, b, ¢ and d are constant coefficients of the model
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Continued table 3.

S

alayl Jos
Coefficients Equation Model
d c b a
a
0.05 1143 15.91 = Logisti
y 14 be~<* ogrstic
d
228 1934 14164.86 1.74 y = dbtext MMF
b + x4
1.83 0.0004 15.43 16.76 y = a — be~** Weibull
a
0.31 0.03 0.37 17.09 y= (1+eb——cx)1/d Richards
0.05 2.44 15.91 y=a/(1+ e’ ) Ratkowsky
b .
-186.63 11.85 y=a+-— Hyperbolic
X
3.92 0.02 9.55 6.84 y=a+bcos(cx+d) Sinusoidal
+b .
00001  -0.007 0.11 0.04 y=—t X Rational
1+ cx + dx?
Cc .
-169.33 0.14 0.53 y=a+bx+ =2 Heat capacity
—(x — b)? )
54.53 118.67 16.34 y=ae|—5— Gaussian

JJA\_AU&_,\.i\J.p d )Cub ‘aj,ué:;uijﬁlﬂjuzx gﬂwﬂcwj\:y
Y: height (m), x: DBH (cm) and a, b, ¢ and d are constant coefficients of the model
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JVWAY VY1) ol SleMbl jlas 5 V¥V
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G Y R2 slie lul o sdtestinul ladde
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gl — s slacsslad e 31 ol s (8 )
s MMF Gompertz sladie o5 sls olis Ol s

AV i et 2 5L bl 5 54 Richard
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Table 4. Calculated values of R?, standard error and AIC for modeling 24 linear and non-linear models

Jde

AIC Std-Err R?

Model
349.94 1.406 0.83 Linear
295.69 1.332 0.85 Quadratic
285.60 1.318 0.85 Cubic
367.28 1.430 0.83 modified expontial
444.89 1.542 0.80 logarithmic
308.32 1.350 0.84 Vapor pressure
688.85 1.956 0.68 Expontial
344.11 1.398 0.83 Power
308.00 1.349 0.84 Modified Geometric
284.96 1.318 0.85 Hoerl
288.71 1.323 0.85 Harris
330.78 1.380 0.84 Expontial Association
350.30 1.406 0.83 Saturation Growth Rate
276.04 1.307 0.86 Gompertz

YA
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Continued table 4.

Jde

AlIC Std-Err R?

Model
349.94 1.406 0.83 Linear
295.69 1.332 0.85 Quadratic
285.60 1.318 0.85 Cubic
367.28 1.430 0.83 modified expontial
444.89 1.542 0.80 logarithmic
308.32 1.350 0.84 Vapor pressure
688.85 1.956 0.68 Expontial
344.11 1.398 0.83 Power
308.00 1.349 0.84 Modified Geometric
284.96 1.318 0.85 Hoerl
288.71 1.323 0.85 Harris
330.78 1.380 0.84 Expontial Association
350.30 1.406 0.83 Saturation Growth Rate
276.04 1.307 0.86 Gompertz
278.66 1.311 0.85 Logistic
277.13 1.307 0.86 MMF
277.77 1.308 0.86 Weibull
277.03 1.307 0.86 Richards
278.66 1.311 0.85 Ratkowsky
779.87 2.138 0.62 Hyperbolic
283.84 1.316 0.85 Sinusoidal
281.67 1.313 0.85 Rational
346.40 1.400 0.83 Heat capacity
317.20 1.361 0.84 Gaussian

Linear gladis &5 As ascin el el 4 sl
Saturation Growth Cubic Modified Expontial
gl luis Heat Capacity s Hyperbolic Rate
b5 CUL., LS e A8l e 3l xS
03,50 0 Jadr 53 4ty JSa sladds Ll

Cwlo s

Sl eddeslaul glajlas 51 Jol> @Lq

Sladde a8 sy 0L 4, 84 gladde oo jlael

- s« RMSE L Richard ; MMF .Gompertz

54 MAE 55 5 doys YY/Te 5 YY/Ys (YY4
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Table 5. Calculated values of RMSE, MAE, Bias, AIC and R? for validation of 24 linear and non-

linear models
i . Je

AIC R2 Bias% Bias MAE% MAE RMSE% RMSE

Model
102.01 0.76 -0.012  -0.0008 17.36 1.11 22.79 1.46 Linear
99.86 0.79 0.62 0.039 16.91 1.085 22.42 1.43 Quadratic
99.59 0.78 -0.29 -0.019 16.84 1.080 22.22 1.42 Cubic
118.22  0.78 -0.43 -0.027 18.34 1.17 24.27 1.55 modified expontial
131.36  0.73 0.32 0.02 19.69 1.26 25.53 1.63 logarithmic
101.83  0.78 0.24 0.015 17.14 1.09 22.6 1.45 Vapor pressure

Yq



\o)Lo..::s\‘ b‘uﬁowijnjf@lc&hl@s

0 Jsd dalsl

Continued table 5.

AlIC R? Bias% Bias MAE% MAE RMSE% RMSE e

Model
172.89 0.28 0.52 0.033 24.61 1.58 29.99 1.92 Expontial
100.72 0.75 0.71 0.045 17.29 1.10 22.67 1.45 Power
10365  0.79 0.18 0.011 17.22 1.10 22.93 1.47 Modified Geometric
98.95 0.79 0.61 0.039 16.80 1.07 22.34 143 Hoerl
99.20 0.79 0.53 0.034 16.83 1.08 22.37 143 Harris
98.63 0.75 1.37 0.088 17.16 1.10 22.49 1.44 Expontial Association
102.31 0.76 -0.25 -0.016 17.38 1.11 22.81 1.46 Saturation Growth Rate
97.13 0.79 0.99 0.063 16.69 1.07 22.19 1.42 Gompertz
98.45 0.79 1.46 0.094 17.08 1.09 22.30 143 Logistic
99.29 0.79 1.20 0.077 16.74 1.07 22.20 1.42 MMF
99.34 0.79 1.09 0.070 16.79 1.07 22.21 1.42 Weibull
99.26 0.79 1.15 0.073 16.79 1.07 22.20 1.42 Richards
98.45 0.79 1.46 0.094 17.08 1.09 22.30 143 Ratkowsky
199.91 0.46 -0.80 -0.051 27.24 1.74 33.31 2.13 Hyperbolic
99.62 0.79 0.81 0.052 16.83 1.07 22.23 1.42 Sinusoidal
99.46 0.79 0.76 0.049 16.81 1.07 22.22 1.42 Rational
104.30 0.76 -0.10 -0.006 17.49 1.12 22.81 1.46 Heat capacity
101.82 0.77 1.22 0.078 17.53 1.12 22.59 1.44 Gaussian

s Hoerl Richard Gpmpertz sladae oLl ol

(Vdsd) Lsls olasst] st w |y 45, o e

LsLb)L:M J.:zl.?u J»L..u‘ Ba LQJJ\.A M‘J\ DL

ool s, Sl 5 Lus gluad; (63 ,Sas

(U dsde) A el ool Cowsas glaad g yoomes

Olael slaesls (gl s Shas glajlas olil 5 lssl gladde (guas ; =1 J s
Table 6. Ranking of selected models based on performance criteria for validity data

o ke AIC  Bias%  MAE%  RMSE% R S

Average rank Model
14.2 17 1 17 17 19 Linear
11.8 13 12 10 12 12 Quadratic
9.4 11 6 9 6 15 Cubic
17 21 8 21 21 14 modified expontial
19 22 7 22 22 22 logarithmic
12.2 16 4 13 15 13 Vapor pressure
204 23 9 23 23 24 Expontial
15.8 14 13 16 16 20 Power
13.2 19 3 15 20 9 Modified Geometric

7 5 11 5 10 4 Hoerl

8.2 6 10 8 11 6 Harris
14.8 4 22 14 13 21 Expontial Association
15.4 18 5 18 19 17 Saturation Growth Rate
4.4 1 17 1 1 2 Gompertz
11 3 24 12 9 7 Logistic
7.4 9 20 2 3 3 MMF
7.8 9 18 3 4 5 Weibull
6.6 7 19 4 2 1 Richards
104 2 23 11 8 8 Ratkowsky
21.8 24 15 24 24 23 Hyperbolic
10.6 12 16 7 7 11 Sinusoidal
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Continued table 6.

0 e AlC Bias% MAE% RMSE% R? S
Average rank Model
9 10 14 6 5 10 Rational
15.4 20 2 19 18 18 Heat capacity
17.2 15 21 20 14 16 Gaussian

VAYANY VETWA L o 5 ) sl palis L
cla“ 03 Bl sslie L Lo 4 ol )J}Iﬂ

(Y Jsdr) 550 Hls gme Loy 40 0Ll

sl Sl s p Sl sdelsn =l
gl aasetie 335551 5 slie L sddodalin slis
Gladde &5 sls oL wasolbsal Joe YE 5 eslaz b

Ol il o xS (gl,ls Richard s MMF (Gompertz
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Table 7. The differences between the actual values and the estimated values of the height characteristic

using selected linear and non-linear regression models

e 31 Gl

) bosls SSka o 5550 SSka s Sk Jia
Mean Estimated Actual

Std. Error differences average average Model

difference
1.46787 0.00079 0.995™ 0.006 6.4153 6.4151 Linear
1.44388 -0.03979 0.775™ -0.313 6.4549 6.4151 Quadratic
1.43147 0.01921 0.879"™ 0.152 6.3959 6.4151 Cubic
1.56278 0.02798 0.389"™ 0.203 6.3871 6.4151 modified expontial
1.64457 -0.02099 0.885™ -0.145 6.4361 6.4151 Iogarithmic
1.45538 -0.01576 0.902" -0.123 6.4309 6.4151 Vapor pressure
1.93168 -0.03353 0.844"™ -0.197 6.4486 6.4151 Expontial
1.45982 -0.04587 0.722"  -0.357 6.4610 6.4151 Power
1.47716 -0.01189 0.927™  -0.091 6.4270 6.4151 Modified Geometric
1.43877 -0.03944 0.756™  -0.311 6.4546 6.4151 Hoerl
1.44032 -0.03412 0.788™  -0.296 6.4492 6.4151 Harris
1.44606 -0.08812 0.490™  -0.692 6.5032 6.4151 Expontial Association
1.46946 0.01616 0.901™  0.125 6.3990 6.4151 Sat“ratg’;frowth
1.42776 -0.06391 0.612™ -0.508 6.4790 6.4151 Gompertz
1.43345 -0.09417 0.475™ -0.746 6.5093 6.4151 Logistic
1.42801 -0.07737 0.539™ -0.615 6.4925 6.4151 MMF
1.42865 -0.07019 0.578*" -0.588 6.4853 6.4151 Weibull
1.42805 -0.07378 0.558%" -0.587 6.4889 6.4151 Richards
1.43345 -0.09410 0457 -0.746 6.5092 6.4151 Ratkowsky
2.14458 0.05183 0.784" 0.275 6.3633 6.4151 Hyperbolic
1.43096 -0.05254 0.677"  -0.417 6.4677 6.4151 Sinusoidal
1.43022 -0.04918 0.697" -0.391 6.4643 6.4151 Rational
1.46945 -0.00689 0.958%" 0.053 6.4082 6.4151 Heat capacity
1.45330 -0.07862 0.540%" -0.614 6.4937 6.4151 Gaussian

ns: non-significant at the 95% confidence level
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Abstract

Background and objectives: Efficient and high-quality information about the current and future state
of the forest is needed for sustainable management and basic planning of forest resources. Zagros forests,
as one of the most important vegetation areas of Iran, have a very important effect on water supply, soil
conservation, climate adjustment and economic and social balance in the whole country, hence, the
sustainable protection and management of these forest ecosystems The main concern of researchers and
managers in this area has become vegetation. The dominant species of these forests is Iranian oak
(Quercus brantii Lindl). According to geographical and environmental conditions, this species has
various habitats in the vegetation zone of the middle Zagros. Considering the noble position of the
Iranian oak species in the forests of Zagros, the importance of developing more researches regarding
this species is essential. The characteristics of tree diameter and height are the most important
components needed in forest statistics. These variables are one of the main variables for measuring the
appearance characteristics of forest trees and are used in cases such as determining the volume and
drawing the height curve. Considering that measuring the height of all forest trees is a long and
expensive operation, hence the use of diameter and height models to estimate the height of trees has
been developed. The purpose of this research is to investigate the linear and non-linear diameter-height
models of Iranian oak species (Q. brantii Lindl) in the high forests of the Middle Zagros in order to find
the answer to the question of whether it is possible to estimate the height of Iranian oak high forest trees
as There is a function of the diameter of the chest in this vegetative zone or not.

Methodology: This research was conducted in Sefidkoh protected area of Lorestan. The dominant tree
cover of this area is made of oak, like other areas of Zagros, but other plants and trees such as Cratagus
persica pojark, Amygdalus sp, Astragalus sp, etc. can be mentioned in it. To carry out this research, by
conducting numerous forest tours and getting to know the forests of the region, a stand with an area of
approximately five hectares, which had a high forest vegetation structure, was selected. In the selected
forest stand, the characteristics of DBH and total height of all Iranian oak trees whose DBH was more
than 12.5 cm were counted as 100%. In total, 642 Iranian oak trees were measured in DBH and height.
Linear and non-linear models were used to fit the data of DBH and height of trees, which include various
models of exponential, power, density-product, growth, sigmoid and other functions. In this research,
80% of the data were used in the modeling process and 20% were used for evaluation, as well as for
fitting the data and estimating the indicators of each of the models from the Curve Expert Professional
software, which is a software Comprehensive software was used to fit the curves. In the modeling
process, diameter data were used as independent variables and height data were used as dependent
variables. In the upcoming research, to verify the accuracy of the obtained models, the RMSE, MAEand
Bias in absolute and relative terms, as well as the R? and the AIC was calculated as validation indices.

Results: Based on the descriptive statistics of Iranian oak trees, the average, minimum and maximum
DBH was 42.42, 12.5 and 150 cm, respectively, and the height was 6.3, 1.2 and 17 meters, respectively.
Based on R? values, the used models explained 62 to 86% of the total changes in tree height. The results

* Corresponding author Tel: +989166598005
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of tree height-diameter modeling showed that Gompertz, MMF and Richard models have the highest
explanatory coefficient (0.86, 0.86, 0.86), respectively, and the lowest standard error (307. 1, 1/307,
1/307) and AIC information criterion were (276/04, 277/13, 277/03). The results of the criteria used to
validate the used models showed that the Gompertz, MMF and Richard models have RMSE of 22.22,
22.20 and 22.20%, respectively, as well as MAE respectively. 16.69, 16.74 and 16.79 percent were
better able to estimate the characteristics of the height of trees. According to the mentioned results, it
was found that Gompertz, MMF, and Richard models have a higher ability to estimate the characteristic
height of Iranian oak trees compared to other models.

Conclusion: Overall, the results of this research showed that linear and non-linear models have the
ability to estimate the height of Iranian oak high forest trees in the growing region of the middle Zagros,
and among these models, three non-linear models are Gompertz, MMF and Richard based on evaluation
criteria. The performance was more accurate. Therefore, these models can be used in the forest areas of
the middle Zagros vegetation zone, which have the same structure and habitat conditions as the studied
area. It is suggested to use the generalized models of height and diameter in future researches.

Keywords: Modeling, Quercus brantii, Regression, Statistics, Validation.
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Table 1. Characteristics and species composition of different 12 studied forest stands

0 o:)..r' ra}): Ya}): \a}}; dpsein
Stand6 Stand5 Stand4 Stand3 Stand?2 Stand1 Feature
()L:g.ds) ol
90 935 925 96 86 89
Area (ha)
5 gas dxdad 3lUss
30 30 31 29 29 29 Lo a3 S
No. of Circular plot
L) el s®
HL ML ML ML HL HL e
Elevation zone
A(68.2),B A(53.7),B A (56.2), B A(44), B A(78),B A(73),B G s
(17.6),C (15.5), C (21.2),C (44), C (16.4), C (22), C (002) S5 8
(7.7), Others ~ (13.3), Others  (10), Others  (8.4), Others  (1.4), Others  (3.3), Others Composition of
(6.5) (17.5) (12.6) (3.6) (4.2) (1.7) species (%)
| 345l
49 64 63 38 33 39 (4202) sl
Standard (%)
[5asls
51 36 37 62 67 61 (a2)2) sl
Coppice (%)
VY o g8 VY o g Voo g Qo3 A o3y Voos g
Stand12 Stand11 Stand10 Stand9 Stand8 Stand7
(L) Comlos
39 27 89 92 90 91
Area (ha)
5 gasdnlad slds
33 28 29 25 28 26 Lamintt 2l
No. of Circular plot
sl anals™
LL ML HL HL HL HL ST
Elevation zone
A (40.7),B
B(23,C  B(931),C  (248).C A@33),B  AQB4BLB () s sy
D(8.5). © (91) D(a4), (37),Others  (18.1) (326), C (39.9), C o
Others (1.5) Oth]ers (12)’ ' (’3 %) Oth.ers, (22.3), Others ~ (18), Others Comp(_)smon of
: (16.4) (12.1) (7.3) species (%)
| ya3!
77 40 54.4 22 23 49.8 (4202) 3l
Standard (%)
‘. . B
23 60 456 78 77 50.2 (A2)2) sl

Coppice (%)

A: Carpinus betulus L. & C. orientalis Mill. ; B: Quercus petraea L. & Q. macranthera Fisch. & C.A. Mey.; C: Acer campestre
L. & Acer monspessulanum L. subsp. Ibericum (M.B) Yaltirik; D: Juniperus foetidissima Willd. & J. excelsa M. Bieb.; Others:
Cerasus avium (L.) Moench., Sorbus torminalis (L.) Crantz, Sorbus graeca (Spach) Loddiges ex Schaver, Sorbus aucuparia
L., Fraxinus excelsior L., Ulmus glabra Hudson, Ulmus minor Miller, Cornus australis C.A. Mey., Cornus mas L., Crataegus
sp L., Pyrus sp L., Taxus baccata L., Pistacia atlantica Desf. Subsp. Mutica (Fisch& C.A. Mey.) Rech. F., Mespilus germanica
L., Prunus sp L., Corylus avellana L., Amygdalus fenzliana (Fritsch) Lipsky = A. communis

o> Ve (HL) aVU 5 e VT oA s (ML) a0l e < Ave (LL) syl el yl als*
* LL: Lowland <800 m, ML: Midland 800- 1600 m, HL: Highland >1600 m

$0



\O)Lo.,i:‘\‘ b‘ﬁ*’wﬁjwj)—‘wlcaﬂw

sl 5 (Kindt and Coe, 2005) (BiodiversityR
ANOVA- ) SPSS25 I Calises (glacy S aculis
A& eslizad (PitkaEnen, 1998) (Duncan

@b
SIS S5 5 o iz Slaes s IS Dlakis
03 ez iy oS sl 0L Wl (glamest p3 5 )
655 sler s Ll S 15 e e 5 L el
£+ Slsl3 L Carpinus spp L. Jols aes 5 > I
Aoy YA Jlsls L Quercus spp L. oo
Acer spp 5 Lo, \Y sl e L Juniperus spp L.
Sl cpemen 5 A dwys V) Sl L L
Wl sl3als B i 58 slias s glagl
JS s S gl wuls Sl
(SR 35 a Gl et el 5 4 saiolakd
el sy aos 5 53 4 93 aemglin L 5,81 st d
©slaesg 4 by e calld il F Jodr G
Glaos i 5 s 5 s Glaos 5 Of 5w 5ot g
f b ald (p S e Sl 225 S

(Y dj.\;-)g;.w\\")jbobjj)\‘j\' &LAAJJJ

VY 4 gadladad plad s L el aralows 3l ey

Gluaih 5 lide s amlie gl (Ko oy
Sl pde bl elad n s 23550 laes 5
S Larls Gl K laes s sl
Lo gla fags 55 aS A eslenal (Jaccard, 1901)
Lakicevi¢ and Srdevic, ) 5,15 3L 5 5,8 2o
bl oS 55 alie 4 Lasli ol (2018
(&S gleesly) LaS o= pie L

J;ajjfjéw.sggj’;;.a 6@@;%) JJ‘JJJQJ

Dy

055 A e s S 5 S e gl S e
e o sty Sl s ol gae
55 o0 el (J distance = 1 —]) 5,51 ol
S sde axa Sl Ky i e O e oS
Lol i Calid oa Loy S 5o gm0
Jool> (=|j§))_u> .(Lakicevi¢ and Srdevi¢, 2018)
e Bl Aol elil 58 bees g (gduaid S
s n e oty s O ga3T 3l bl b s
g5 slaatly B 5l aey S o (g bl glacsls
aenle Gl rasn cpl s S atl p 2
sl» SDR J‘J.'é‘ff.’ BNy & sla el
=50 R 342 gk 5 bag kb

ISR 6&03)3}.34.3}3 AMiu.a st.: J)\Sl;.- u.,a;-u 6:.19)‘J.5A—Y d).\}

Table 2. Similarity between studied forest stands with Jaccard index

VY o g Yooy Qo345 A o3y Voes s Vesy 0 o3y Loy Yooy Y ooxg \ oy
Stand1l Stand10 Stand9 Stand8 Stand7 Stand6 Stand5 Stand4 Stand3 Stand2 Standl
Y oos g
0.736 g
Stand 2
Yoosy
0371  0.487 g
Stand 3
¢ aJ}J
0.632 0.389 0.468
Stand 4
0 aJ}J
0.653 0.500 0.439 0.540
Stand 5

Las e QLS ) bacalil o 2eS s (g3de polie g el o 2l amwl.:;&)ﬁ@,\;ﬁ;uﬁ

Values in bold represent the highest similarities and values in italic represent the lowest similarities between analyzed forest

stands.
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Continued table 2.
ARIYPY Vooesg Q o3y A osg Voess Texg 0 o34 £ osy Y oes s Yoesg \ ey
Stand11l Stand10 Stand9 Stand8 Stand7 Stand6 Stand5 Stand4 Stand3 Stand2  Standl
-\eJ}S
0.698 0.634 0.516 0.604 0.741
Stand 6
Ve:_,;
0.438 0.433 0.539 0.623 0.291 0.370
Stand7
A o3y
0.747 0.412 0.439 0.523 0.510 0.235 0.302 >
Stand 8
q o3y
0.771 0.683 0.408 0.420  0.555 0.504  0.232 0.301 >
Stand 9
Vo oy
0.113 0.141 0.190 0.119 0.107 0.122 0.231 0.113 0.141 .
Stand 10
VY ey
0.101 0.317 0.309 0.286 0.176 0.193 0.230 0.215 0.083 0.119 .
Stand 11
VY o3y
0.235 0.007 0.012 0.012 0.013 0.008 0.008 0.010 0.010 0.007 0.008 S db}dz
tand 1

s o QLS I lacalid o S (e g3 de polie 5 el o iy aM:ngﬁjﬂd;J&ﬁsL&A

Values in bold represent the highest similarities and values in italic represent the lowest similarities between analyzed forest
stands.
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Fig 2. Dendrogram of forest stands based on Jaccard index values
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Table 3. Values of quantified characteristics and biodiversity indices of five clustered groups

Oajﬁ ia}ﬁ thjf Vh}ﬁ

Yooy S

Group5 Group4  Group3 Group2  Groupl

8.3 10 135 12

8.8

(ol i pl o Jlad

DBH (cm)
1a /314x) oS5
2170 247 961 1326 1998 GBS (14D 517
Density (N/ha)
clais mlaw
13 2.4 16 18 13.6 (LS o 20)
BA(m?ha) oS Slaasiia
2) sty i ifi
6.3 4 7.2 127 108 (o) 2 g8 Quantified
Height (m) characteristics
(Ao y3) sl4ls
54.4 58.5 32 55 40
Standard (%)
(hoy3) slja=li
456 415 68 45 60 _
Coppice (%)
T
58 43 58 77 71 (o02) A
Canopy cover (%)
oLt
0.21 0.41 1.20 0.83 0.59 i
H g5
0.12 0.39 0.69 0.56 0.39 QW;: 2 Diversity
0.29 0.40 1.15 0.72 0.64 ? ) e
R1 L D E
0.28 0.48 0.92 0.60 0.49 i Richness  Bjodiversity
R2 indices
P
0.06 0.13 0.37 0.26 0.18 :
J SFIES
0.13 0.31 0.66 0.54 0.36 ~E** Evenness

s 058 g w53 ol meS ediasOLE g sl 5 o i e kiasOLES Ky slasl
Numbers in bold represent the highest values and numbers in italic represent the lowest values between five groups.
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Table 4. Results of ANOVA analysis for biodiversity indices between five classified groups

) skl S L O groes S —opls
E J R2 R1 A H
Sl
0.44 0.22 0.59 0.7 2.12 0.72 b
Mean
Lo 8l >l
0.29 0.15 0.33 05 1.14 0.49 o
Std.D
(Ao 33) Ol puds g 2
67 69 56 72 54 69 YT
CV (%)
F ol e
40 60 47 395 53 60
F
\ .
0.00%* 0.00%* 0.00% 0.00%* 0.00%* 0.00%* éjs e
ig.
** The mean differences are significant at the 0.01 level 2 a3 Sl e o

OWJ‘J@MQW}‘)%}QU;F‘*%U‘UJ? w)ﬁqc_ﬁbQ)A)'T@tjj\wu;w\l{‘ub\):
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Fig 3. Comparison of different groups in terms of diversity indices based on Duncan test
(Low letters are referring to statistical differentiation at the 0.01 level)
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Abstract

Background and objectives: Biodiversity loss, increase in invasive species, and climate change are
challenging issues of this century leading to decreased plant diversity and negative impacts on the
sustainability and stability of ecosystems such as forests. Arasbaran forests have significant changed in
recent years due to degradation and human interventions. Therefore, it is essential to assess the
biodiversity of Arasbaran forests in terms of species composition and species diversity to improve the
forest stands stability. The aim of this research was to evaluate and determine the tree and shrub species
diversity in the Arasbaran forests using biodiversity indices and classifying forest stands based on their
species similarity.

Methodology: Mountainous broad-leaved forests of Arasbaran located in the northwest of Iran
belonging to the main Euro-Siberian region and the Hyrcanian sub-region is known as a biosphere
reserve of Iran. However these forests are protected, but intense human activities in recent decades have
severely changed the appearance, composition, and structure of Arasbaran forests.To conduct this
research, 12 forest stands were randomly selected all over the area based on suitable distribution of
stands in different forest types and elevation gradients using a two-stage sampling method. Then, 347
circle permanent sample plots of 300 and 1000 m? were established using a systematic-random sampling
approach and all tree parameters were measured. Afterward, species composition, basal area
distribution, mean cross-sectional area, density per hectare, tree height, and proportion of sprout and
seedling bases were estimated based on the collected data. To assess the species diversity of the stands,
Margalef and Menhinick richness indices, Pielou and Heip evenness indices, and Shannon-Wiener and
Simpson diversity indices were used. Furthermore, the Jaccard index was applied for classifying forest
stands based on species similarity or dissimilarity, and a dendrogram was prepared based on Jaccard
distances. Statistical differences among groups regarding biodiversity indices were examined using
analysis of variance.

Results: Based on the results, 25 tree species were identified in the study area, including four dominant
species of Carpinus spp L. with 40%, Quercus spp L. with 29%, Juniperus spp L. with 12%, and Acer
spp L. with 11%. The quantitative characteristics of the studied stands indicated that the forests of
Arasbaran are young forests with small tree diameters (average diameter of 10 cm) and high tree density,
with the dominance of coppice and seedling bases, that it is likely due to historical clear-cutting of
forests for charcoal production, strong resprouting ability of species such as hornbeam and oak, and
human interventions. The obtained six biodiversity indices showed that the species richness, evenness
and biodiversity were moderate, very low, and relatively moderate respectively in the Arasbaran forests.
Based on the Jaccard index, forest stands were divided into five groups, which analysis of variance
results indicating significant statistical differences between groups in terms of biodiversity indices. The
highest biodiversity indices related to mixed broad-leaved stands with values of 1.15, 0.66, and 0.21 for
richness, evenness, and diversity indices respectively, while the lowest indices associated with pure
stands of Quercus macranthera with values of 0.28, 0.06, and 0.12 for richness, evenness, and diversity

* Corresponding author Tel: +989125701432
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indices respectively. Furthermore, the Margalef, Pielou and Shannon-Wiener indices were recognized
as the best indices for the region based on the coefficient of variation.

Conclusion: According to the results, biodiversity of tree species is more influenced by species richness,
and species richness plays a significant role in the variation of biodiversity in the Arasbaran region.
These forests are dominated by two or three tree species, that leading to a reduction in evenness. This
research revealed that classifying tree species based on biodiversity using the Jaccard index, which
effectively differentiated groups, is feasible and can be useful in conservation and management
decisions. Therefore, it is necessary to assess the biodiversity indices and identifying factors caused to
reduction in biodiversity in the region in order to improve them to achieve sustainability. Successful
management plans depend on proper conservation practices for the forests, preventing livestock grazing
in the forest stands, avoiding tree cutting, identifying seed-trees and creating space for seed production
by removal of the coppice sprouts and investigation of the reasons for lack of establishment of
regeneration in the region.

Keywords: Arasbaran area, Biodiversity indices, Jaccard, Species diversity.
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Table 1. ANOVA (mean square) of mycorrhiza and drought stress effect on antioxidant enzymes on
Paulownia seedlings
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Table 2. Mean comparison (+ standard error) of simple effects of drought stress and mycorrhiza on
antioxidant enzymes of Paulownia Seedlings
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Figure 2. Changes in the concentration of macro and micro-elements in the leaves of Paulownia
seedlings inoculated and not inoculated with mycorrhiza under drought stress conditions
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Abstract

Background and objectives: Drought stress is one of the most important factors limiting plant growth
in the world and one of the most common abiotic stresses. Drought stress is a multidimensional stress
that stimulates a wide range of physiological, biochemical and molecular responses in plants. In arid
and semi-arid areas, the establishment and growth of young seedlings is completely affected by water
deficit and drought stress. In this situation, the use of symbiosis of microorganisms, especially
mycorrhizal fungi, can reduce the effect of drought stress via increasing the absorption of water and
nutrients. Therefore, the aim of this study was to determine the effect of mycorrhizal fungi symbiosis
on the absorption of the on the absorption of some macro and micro nutrients as well as the activity of
antioxidant enzymes of Paulownia fortunei (Seem.) Hemsl., known as a fast-growing species.

Methodology: This pot experiment was conducted in factorial form in a completely randomized design
with three replications and two factors. The first factor included four levels of drought stress (no stress
or control with full irrigation at 100% of crop capacity, mild stress with irrigation at 80% of crop
capacity, moderate stress with irrigation at 60% of crop capacity and severe stress with irrigation at 40%
of crop capacity) and the second factor which included two surfaces of using mycorrhiza (without and
with arbuscular mycorrhizal fungi). Application of drought stress treatments was done based on the
weight method. The investigated features included the measurement of soluble protein, catalase,
peroxidase, superoxide dismutase enzymes, as well as the absorption of nutrients such as phosphorus,
nitrogen, potassium, zinc, iron and manganese. The normal distribution and the homogeneity of the
variance of the obtained data were checked using the Shapiro-Wilk test and Levene's test, respectively.
Two-way analysis of variance was used to test the significance of the simple and interaction effect of
the factors. Duncan's multiple range post-hoc test was used to compare the means.

Results: The results of analysis of variance showed that the interaction effect of drought stress and
mycorrhiza was not statistically significant on any of the traits. The simple effect of mycorrhiza on the
changes of superoxide dismutase enzyme was significant, but it was not significant on other measured
traits. The results showed that drought stress significantly increased the amount of soluble protein,
peroxidase and superoxide dismutase activity. The highest concentration of soluble protein was related
to severe stress treatment with a mean value of 38.95 mg/g leaf wet weight, and the lowest is related to
the control or no stress treatment with a mean value of 31.45 mg/g leaf wet weight. However, no
significant difference was observed between mild, moderate and severe stress treatments. About catalase
enzyme no significant difference was observed between moderate and severe stress treatments, as well
as between mild and moderate stress treatments. The highest concentration of peroxidase enzyme was
related to severe stress treatment with a mean value of 3.77 mg/min per mg of protein and the lowest
mean value (3.21 mg/min per mg of protein) was related to non-stress treatment (control). No significant
difference was observed between the treatments of moderate stress and severe stress, as well as between
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the treatments of mild and moderate stress in terms of the concentration of peroxidase enzyme. The
highest concentration of superoxide dismutase enzyme was related to severe stress treatment with a
mean value of 0.176 mg/mol/min per mg of protein and the lowest value (0.108 mg/min/mg of protein)
was related to the control. The concentration of superoxide dismutase enzyme in the treatment with
mycorrhiza with a mean value of 0.159 mg/mol/min per mg of protein was significantly higher than of
it in the treatment without mycorrhiza with a mean value of 0.140 mg/mol/min per mg of protein.
Drought stress also led to the reduction of all measured nutrients. While, inoculation with mycorrhizal
fungi increased nutrients except nitrogen at all levels of drought stress.

Conclusion: It was concluded that although the absorption of macro and micro nutrients by the seedlings
decreased with the increase of drought stress levels, the use of mycorrhizal fungi could increase the
absorption of macro and micro nutrients in drought stress conditions due to the better absorption of
water by the hyphae around the roots of Paulownia seedlings. Therefore, it seems that the mycorrhizal
fungi are very important in the absorption and metabolism of elements required by Paulownia seedlings,
especially in stress conditions. Also, the inoculation of mycorrhizal fungi led to an increase in the
activity of the antioxidant enzyme superoxide dismutase (SOD), which can increase the resistance of
seedlings against drought stress.

Keywords: Catalase, Peroxidase, Soluble protein, Superoxide dismutase.
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Table 1. Respondents' communication with the natural resources office

bl ek
Level of communication by ol
oS s o Lo g 3L Village Name
Very low Low Middle High
LJ; .
29 4 2 2 = J‘.))Lé?
Chahar-zebar Olia
Ilwod
20 3 6 0 -
Deh-Sefid
Ll a8
42 2 10 1 Llas
Gohar-Abad
Slacsls
11 13 8 0 )
Kashanbe-Lak
102 22 26 3 JS

Total

Table 2. Knowledge of women in the study area abput natural resources around the village

oS o JCRRY by LSl e 511l Lt
Very - - Very Standard
low Low Middle High High Mean Mode deviation Parameter
ba S pluls
6 3 15 3 93 435 5 1.01 e
Species identification
O P Nt
53 69 26 5 - 189 2 0.799 S et _
Familiarity with the Natural Resources Office
Lo o5 glsl 5l BT
10 40 72 30 1 282 3 0.846 Pl e _
Knowledge about the types of forest destruction
b ale Jolo b bl
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Familiarity with the natural resources cooperative
b b CoSIle b plisd
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Familiarity with the natural resources ownership
S Ko comal b sl
3 3 24 106 17 386 4 0.711 Familiarity with the importance of forest and
pasture
e 53 b b B L b
35 57 53 8 - 222 2 0.86 Familiarity with the impact of natural resources
on livelihood
4 Ske
58.7 249 38 37 37 2.45 2.6 0.723 s
Total average
Loy
30 127 194 189 189
Percent
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Table 3. Time spent on natural resources activities by rural women

_ ) Ol eSSk -
Sl sl G . Sl 3l sl oS e el
Number of i Mode Star_1dz?1rd Minimum Maximum Activity
respondents Average time deviation
spent
S op 5 5 sl
105 1574 180 1550.5 180 5160 Collecting forest seeds and
fruits
; 1
86 300.5 180 172.2 105 900 SR ST
Collecting firewood
ool olals du"@e-
99 158.2 120 107.8 60 600 _ he
Collecting medicinal plants
Shs 0LlS 5 2,6 55laer
138 1130.8 900 115.2 180 2700 Collecting mushrooms and
edible plants
Z. ;-I . 5 alst
13 36.9 30 9.2 30 60 o 05 el
Extinguishing forest fire
e
20 184.2 180 514 120 360 SIS

Charcoal making
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Continued table 3.
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Sl sl e L e Sl s - e
Number of ﬂ Mode Standard Minimum Maximum Activit
respondents Average time deviation y
spent
A Ol il eslizal
11 139 120 33.6 90 180 T O T el
Use of wood from forest trees
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Fencing yard with branches
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Table 4. Repetitivity of natural resources activities by rural women
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Continued table 4.
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Table 5. Participation of family members and others in natural resources activities
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Continued table 5.
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Table 6. Correlation between women's individual characteristics and natural resources management

variables
e 3 e Ol > ) N .
S pee 9 S e )3
e Role in management and
Activity time in decision making Knowledge of natural resources Factors
natural resources
-0.269" -0.167" -0.05 o
Age
0.153 0.07 0.023 e
Education
b e o Sl O
1 0.588™ 0.45™ Activity time in natural
resources
GrS ol 5 g pde 53 i
0.588 1 0.414 Role in management and

decision making
R Clg.dﬁ BIPCV RN Y Cla.d); Sl gme®

*significant at the 90% level, ““significant at the 95% level.
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Table 7. Correlation between family and social characteristics of women and variables of natural
resources management

MCL.AJAC,.:]LQQL:) LSJ’:fr':“""sﬁ“:"iJiJ-‘)ﬁgw MCL.AC,;-L& Jw\}c
Activity time in natural ~ Role in management and Knowledge of natural Factors
resources decision making resources
Ly, sl
0.062 0.035 -0.113 e

Number of children

0.126 0.102 0.061 _ )
Literacy level of family head

3l coles

0.297 -0.121 0.041 )

Economic support
- CoalBl e
-0.211 - 0.095 -0.068 o

Staying history
. = e

0.095 0.119 0.064 I B e

Quality of house
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Continued table 7.
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Abstract

Background and Objectives: Inrecent years, following the failure of government management policies
in Zagros forests, the country's natural resources organization (NRO) has emphasized the participatory
management approach. Although the implementation mechanism of this policy and its framework has
not been cleared, utilizing the capacities of all stakeholders, especially women, is one of the most
important manifestations of the realization of participatory management. Rural women make up half of
the beneficiary population of natural resources and, despite the limitations, play a considerable role in
managerial, social, and economic activities. However, the main focus and attempt of managers' intention
on participation, has been dedicated to men. Rural women affect the quality of management and
protection of natural resources due to their wide connection with these resources and the transfer of their
knowledge, information, and beliefs to the next generation. This study aimed to identify the role of rural
women in activities related to natural resources management in villages of Chahar-zebar region —
Kermanshah.

Materials and Methods: Four villages of Chahar-zebar Olia, Deh-Sefid, Goharabad, and Kashanbelek
in Mahidasht district of Kermanshah province were selected to conduct this research. The considerable
forest cover and employment of most of the villagers in rural jobs and animal husbandry to meet their
livelihood were among the most important criteria for choosing these villages. A total of 153 women
living in the villages were interviewed in a survey using a researcher-made questionnaire and through
semi-structured, face-to-face interviews (mainly due to the low literacy level) and direct observation of
women's activities. The individual characteristics of the respondents, the general profile of the
household, the role of women and the time of their participation in various activities of managing and
utilizing natural resources, the relationship of women with the natural resources administration, women's
knowledge of the natural resources of their village, the repeatability of activities and the participation
and companionship of other people were among the variables that were recorded and measured for
investigation the role of women in the management (conservation and utilization) of natural resources.
To evaluate the role of women in management and decision-making at the household level, their role in
the directing and administration of expenditure and income was questioned. Spearman's correlation
analysis was done to determine the relationship between different personal and social characteristics of
women with different features of the activities performed by them.

Results: Based on the findings, women in the villages surveyed have a low to medium knowledge about
natural resources. Despite predicting 30 types of activities related to natural resources in the
questionnaire, women were involved in only 27% of natural resources activities while a considerable
share of the practices (96.7 percent) were done with the participation of other people (other women,
husbands, and children respectively). Women were more commonly engaged in activities such as
collecting mushrooms, edible plants, seeds, fruits, medicinal plants, and firewood, while tasks like using
forest wood, fighting forest fires, and fencing yards with branches were less commonly performed by

* Corresponding author Tel: +988733620551
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women. This study showed that women's knowledge of the village's natural resources was average to
low. Correlation analysis indicated that factors such as age, religious activity and the desire to migrate
had a negative relationship with the role of women in both management and decision making, while a
positive correlation was observed for time spent in forest activities. Additionally, variables like age,
length of stay in the village, and tendency to migrate were also negatively correlated with the time spent
on forest-related activities.

Conclusion: Based on the research findings, it is evident that women in the studied region have limited
participation in the management of natural resources. They only engaged in the utilization of some forest
and pasture products while not performing considerable activity in the conservation and development
of the resources. Therefore, it is crucial to recognize and enhance the role of women in governing natural
resources to improve preservation and restoration efforts. Raising awareness, providing counseling, and
increasing involvement of women in this field are essential steps to address the current lack of
participation. The fact is that contrary to the claim of NRO, local communities, and villagers, both
women and men, do not have a considerable role in the management of natural resources. The very little
connection with the natural resources’ office indicates the lack of promotion and educational programs
suitable for women and the lack of presence of natural resources experts among local communities.
Therefore, it is suggested that the Natural Resources and Agriculture Departments seriously take into
account education to local communities in their plans. Paying attention to the education and
empowerment of young women is of great importance in the management of natural resources, since
they perform more activities in natural resources, they have relatively more knowledge of natural
resources, and their role in management and decision-making is also more considerable. We concluded
that the duration of women's activity in natural resource appears to be a key factor determining their
understanding and involvement. It is essential to valuing women's contribution and utilizing their
potential effectively in natural resources conservation and restoration to establish an efficient
participatory management system.

Keywords: Women’s participation, Natural resources, Chahar-zebar region, Local communities.
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Table 1. The results of the two-way Anova test to compare the physical and chemical parameters of soil in the classes of stand type, slope aspect, tree health,
interaction effect of stand x aspect and aspect x health in the study area

CS 50 Caodw x diald g aals Sz x 00gs CB 50 Caodhw aals Sy 0345
Aspect x Health Stands x Aspect Health Aspect Stands S dasie
Sig. Slaye 5Sle Sig. Slas e il Sig. Sla e il Sig. Slas e Slee Sig. Slaspe eSle Soil parameters
Mean Square Mean Square Mean Square Mean Square Mean Square
. LI
0.076 "™ 0.028 0.642"™ 0.002 0.542" 0.003 0.210™ 0.014 0.009 0.066 Mp:“
" * x 2SI )
0.711™ 756.450 0.042" 24992.450 0.050 23052.050 0.012 39427.200 0.000 180310.050 ‘;”’é! c e
0.134" 10.389 0.857"™ 0.144 0.748"™ 0.456 0.079™ 14.582 0.751"™ 0.445 | -
Available Phosphorus
e
0.417" 0.195 0.150"™ 0.631 0.191"™ 0.517 0.007™ 2.478 0.000™ 5.304 ‘51. o
Organic Carbon
Ly
0.934" 371.522 0.594 " 15440.124 0.248"™ 74200.562 0.017" 347345.724 0.012" 394833.100 Po:;sdsiijm
0.414" 0.001 0.169™ 0.004 0.199™ 0.004 0.007™ 0.018 0.000" 0.041 @3 ”“
Total Nitrogen
0.920™ 0.003 0.347"™ 0.254 0.000™ 5.549 0.000™ 10.280 0.000" 17.339 w’b ’
Moisture
0.000™ 134.162 0.732" 0.112 0.000™ 142.578 0.000™ 149.604 0.000™ 621.612 !
CaCO3
0.073™ 145.800 0.132" 101.250 0.309"™ 45.000 0.706"™ 6.050 0.007" 361.250 e
Magnesium
0.112" 72.200 0.014" 186.050 0.081"™ 88.200 0.897"™ .450 0.000™ 994.050 Caicium

*and ** respectively indicate the significance of the treatment effect at the confidence level of 95 and 99 percent.
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Table 2. The results of ANOVA test to compare the physical and chemical parameters of the soil
between healthy trees and trees affected by oak decline (in two slope aspect) in the study area

Sla e ks @3ll s Slay o g sames Sl st
Sig. F Mean Degrees of Sum of Parameters
Square freedom Squares
550
0.004** 4,754 0.039 5 0.194 =
! ’ ! ) Between a il
Groups T
Z. pH
0.008 24 0.196 GBS0
Within Groups
J S ot
0.004** 18.078 97475.793 29 487378.967 it\id‘”
Cfm een S S gl
ups
c- EC
5391.850 5 129404.400 PP 092
Within Groups
AIS o
0.067™  2.404 10.402 24 52.009 "
' : ’ ) Between STy A
Groups Available
4.326 29 103.826 e Phosphorus
Within Groups
- A3 S
0.000 8.014 2.283 5 11.414 Between LQT s
Groups ) o
0285 o4 s 536 s S0 Organic Carbon
Within Groups
. A3 S
0.020 3.340 176483.739 29 882418.695 Between "
Groups =
¢ Potassium
52835.927 5 1268062.244 IS0
Within Groups
- A3 S
0.000 8.162 0.017 24 0.085 Between 5
Groups ’w
0.002 29 0.050 P S0s0 Total Nitrogen
Within Groups
- A5 O
0.000"  44.359 12.232 5 61.159 Between -
Groups ; ’
0.276 24 6.618 235010 Motsture

Within Groups

deo3 A8 540 mhaw 53 ls e SV (glls s 5
*and ** respectively indicate the significance of the treatment effect at the confidence level of 95 and 99 percent
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Continued table 2.
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Abstract

Introduction and Objectives: The Zagros forests vegetation area with an area of more than 5 million
hectares and providing more than 40% of the country's water are ecologically very important and the
forest covers 256000 hectares of Kurdistan province (8.8% of the province) and in recent years, Oak
decline and decay have increase in these forests. Oak decline in the Zagros forests has started in the
last two decades and has caused serious damage to the forests of this vegetation area and study of the
effective and aggravating factors of Oak decline provides valuable information to natural resource
managers. The factors of slope aspect and physical and chemical soil parameters can has an effect on
the aggravation oak decline in this forest. The aim of this study was to investigate and compare the
physical and chemical soil parameters in around healthy and dieback trees under the influence of slope
and dieback in Marivan forests (in Kurdistan province).

Materials and Methods: Deteriorated (Garan) and control (Dolah Naw) stands were selected in the
northern and southern slopes aspect. In the Garan habitat (Oak decline) on the northern slope, five
healthy trees and five dieback trees were selected (10 trees in total), on the other hand, in this habitat
on the southern slope, 10 more trees were selected (five healthy trees and five trees with dieback). In
Dolah Naw habitat (control habitat), five healthy trees were selected in each aspect (in total, 10 trees
in the control habitat). In total, 30 healthy and dieback trees were selected and numbered (20 healthy
trees in the control and dieback trees and 10 trees in the dieback stands). Then, in the vicinity of the
trunk of each tree (in the shaded part of the crown), a soil sample was taken at a depth of 0-20 cm
(Horizon A) and the samples were transported to the laboratory in plastic bags. Physical and chemical
characteristics (moisture percentage, acidity, soil electrical conductivity, absorbable phosphorus,
absorbable potassium, nitrogen percentage, organic carbon percentage, lime, calcium and magnesium
percentage) were measured for each soil sample. The two-way analysis of variance test was used to
compare the effect of each factor and the interaction effect of the investigated factors on the physical
and chemical parameters of the soil and data analysis was done in SPSS 20 software.

Results: The one-way analysis of variance test showed that there was a significant difference between
the parameters of pH, electrical conductivity, percentage of organic carbon, potassium, nitrogen,
moisture, lime, magnesium and calcium among the soil samples of healthy and dieback trees in the
northern and southern slopes. The results of the analysis of variance test confirmed the interaction
effect of kind of stands x slope aspect for electrical conductivity and calcium and for slope aspect x
tree health in the parameter was lime percentage. Other findings showed that the highest average
parameters of electrical conductivity, available phosphorus, potassium, organic carbon, nitrogen, and
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moisture were respectively 2.654 (d s m-t), 1.10 (mg/kg), and 869.5 (mg/kg). ), 4.03%, 0.35% and
12.4% were observed in the soil adjacent to the control trees in the northern slope and for magnesium,
calcium and CaCO3 parameters of healthy trees in the southern slope with the values of 21 (meqg/100),
42.2 (meg/100) and 13.60% was significantly more than other treatments. On the other hand, in the
soil sample adjacent to the trees located in the stands affected by dieback, the average physical-
chemical parameters were lower than the control stand (Doleh Naw) and this shows the importance of
the physical-chemical parameters of the soil in reducing or increasing the resistance of trees to tree
dieback. The findings of the research showed that the highest average macro elements (available
phosphorus, potassium and nitrogen) in the soil adjacent to healthy trees in the northern slope and for
calcium and magnesium, the highest amount of these elements were observed and confirmed in the
soil adjacent to the trees in the southern slope and in the total amount Macro elements were more in
the soil of the trees of control (north and south domain); Therefore, the physical and chemical
characteristics of the soil (especially macro elements) have an effect on the resistance of oak trees to
dieback and other environmental stresses, and the lack of macro elements causes the trees to be weak
against the phenomenon of oak dieback.

Conclusion: In general, in the soil adjacent to the dieback trees, the poverty of nutrients and macro
elements and lower values of the studied parameters were observed. In general, in the trees affected by
Oak decline, the poverty of nutrients and macro elements was observed, and the lower values of the
parameters were observed in the soil adjacent to the trees affected by Oak decline. Based on the
results, for the optimal management of dieback stands and trees, increase protection measures (control
of livestock grazing through grazing and reduction of traditional exploitations), increase restoration
programs and forest development in the stands affected by dieback (increase seeding and enrichment
operations). In degraded stands and planting with native species in dieback stands) and
implementation of health cuts (withered and dieback branches and stems) were suggested.

Keywords: Available phosphorus, Calcium, Dieback trees, Garan sample plots, Soil nutrients.
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Table 1. Mean diameter at breast height of trees in the control and improvement cutting stands
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- L bwg 5
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Figure 3. Species composition (%) of the recorded plant taxa in control and improvement cutting stand
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Table 3. Comparison of percentage species composition in the control and improvement cutting stands
using Chi-Square test

Sig ol3T a4 s s & dasein
' Degree of freedom Chi-squared Feature
&w" (IR
0.00"" 5 191,53 _ -
Mixture percentage
** Significant at the 99 percent confidence level 235 48 Olabl mlans 3 (g)ls me

Adald e.l,.facﬁ)\...a\ 634 95 330> wskguw do s =Y J}J.}

Table 3. Stand qualitative characteristics in the control and improvement cutting stand sections
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L
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(.JLN
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(Wi i
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Upright s bl
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Different letters indicate statistically significant differences (P<0.05)
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Table 4. Comparison of mean qualitative features in improvement cutting and control stand sections
using Chi- square test
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Abstract

Background and objectives: Silviculture is considered one of the most important activities of forestry
and includes all issues related to training and improvement of forest stands. The main goal and purpose
of forest treatment is to strengthen and improvement of the quantitative and qualitative of forest stand
and to keep it in health condition during the long life of forest. Different cuts in the forest as forestry
tools play an important role in guiding the forest stand towards the desired goals. These cuttings are
done to improve forest stands and to achieve the development and sustainability of forest ecosystems.
Investigation the importance and impact of these cuts in the target forests of the region is vital for forest
management. This research conducted with the aim to compare the quantity and quality of mature forest
stands and the regeneration of improvement cutting stand (improvement cutting operation for 14 years)
and the control stand (adjacent to the improvement cutting stand) in Makidi area of Kalibar city.

Methodology: Makidi region located in the protected part of Arsbaran forests and in the southwest of
Kalibar city. The altitude of this area is 1400-1500 meters above sea level and it is located in the western
part of the middle Kliberchay river watershed. Both of the treatment areas were similar in terms of
physiographic and ecological conditions and differed only in terms of the type of treatments. A total of
5% of the trees in the improvement cutting stand were harvested during the 14 years. In this operation,
the trees that were weak or diseased in terms of their appearance, or the trunks of the trees that were
attached to the elite trees or that had crown and root disturbances removed. The total surface area under
study is 40 hectares, of which 20 hectares considered for each of the treatments. Using a 50x50 meter
grid, 33 circular sample plots of 300 square meters were implemented in the control area (three sample
plots located inside the uncovered area) 36 sample plots established in the improvement cutting area.
Also, the regeneration of woody species in both stands investigated in circular sample plots with
dimensions of 100 square meters centered on the main sample plot.

Results: The results showed that the average d.b.h of the trees was 11.35 and 10.98 cm, the average
crown diameter was 2.48 meters and 2.11 meters in the improvement cutting stand and control stand,
respectively. The average height of the trees in the improvement cutting stand was 9.22 meters and, in
the control, stand was 9.61 meters, and the difference between the two stands was not statistically
significant. Regarding the number of trees per hectare in both stands, the highest number recorded in
the 10 cm diameter class, and in the higher diameter classes, the number of trees decreases. The results
show that the stand is immature and fewer trees are in higher diameters. Observing the state of the two
stands shows the youth of these stands, and considering that they are at the age of growth, they are high
in number per hectare, and the competition between the stands to obtain soil nutrients and light is high

* Corresponding author Tel: +989104052230
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and the demand for more treatment interventions can be felt. The height-to-diameter ratio of two
improvement cutting stand and control stands shows that the average height-to-diameter ratio in the
control stand is higher than in the improvement cutting stand, which indicates the improvement of the
ratio due to cutting operations and the better stability of the stands after improvement cutting operations.
Among the most important trees and shrubs observed in the study area, species such as Quercus petraea,
Quercus macranthera, Acer compestre, Carpinus betelus, Cerassus avium were recorded. The results
show that in terms of species composition, Quercus petraea was 56% and cypress species 0.31% more
than the control population in the improvement cutting stand. The percentage of trees with a healthy
crown is 93.4% and 93.9% and the upright trunk angle is 68.7% and 43.5% in the improvement cutting
stand and control stands, respectively. Examining the tendency of the trees shows that trees in the
improvement cutting stand has a more favorable position than the control stand, However, the control
stand also have a favorable condition. The stand origin observed in the study area is seedling. The
correlation between the diameter and height of trees in both the improvement cutting stand and control
stands shows a significant exponential relationship, and the coefficient of determination for the
improvement cutting stand is better than the control stand. In terms of the frequency of regeneration,
the control stand has a more suitable state of regeneration compared to the improvement cutting stand,
and the highest number of regenerations observed in the 5 to 7.5 cm diameter classes, followed by the
2.5to 5 cmand 0 to 2.5 cm diameter classes.

Conclusion: The summary of the obtained results shows that these stands need more intervention and
subsequent cuttings to increase the amount of light and nutrient to the remaining trees which causes
more diameter growth increment. It is recommended that these studies be repeated every five years to
understand better the impact of this operation.

Keywords: Forest composition, Forest regeneration, Systematic sampling.
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Abstract

Background and objectives: Plant Species Richness (PSR) plays an important role in forest ecosystem
functions and services. Despite the fact that Fine Woody Debris (FWD) occupy a large volume of the
temperate forest ecosystem in the north of Iran, they have received less attention than Coarse Woody
Debries (CWD). FWD is a component of natural forests, in addition to increasing the productivity of
forest trees, helping to trees regeneration, maintaining and increasing soil moisture and nutrients, and
long-term carbon storage, contribute the enhanced function of newly developing microhabitats with an
important function in plant understory richness. Therefore, not paying attention to FWD leads to wrong
estimation of the total volume of woody debries and its key role on the performance of forest ecosystems.
Therefore, it was considered for current study that Boosted Regression Tree (BRT) machine learning
technique used to model the PSR in unmanaged forest stands. For this aim, Oak - hornbeam stand in
Loveh forest in the east of Golestan province, Iran was selected for sampling.

Methodology: For this purpose, 30 sample plots 400 m2 (20 m x 20 m) were set in the study area, and
the type and percentage of plant cover was recorded based on the Braun-Blanquet index. In the
following, the number of plant species recorded in each sample plot was the basis for calculating species
richness. In order to measure the volume of FWD, the alignment of the sides of the sample plot of 400
square meters was used as the basis of calculation. Therefore, in line with the sides of each sample plot
and in the form of a linear transect with a total length of 80 meters (equal to the perimeter of each sample
plot), FWD intersected with the transect were identified. The names of tree species of each of the FWD
is specified, and according to the cross diameter with the transect, the FWD were placed in one of three
diameter classes: 1t0 2.5¢cm, 2.5t04.5 cm, and 4.5to 7.5 cm. To measure the percentage of soil moisture
and organic matter, the soil was taken from the center of each sample to a depth of 15 cm. Soil moisture
percentage was obtained by using the difference between wet and dry weight of soil and also the amount
of soil organic matter by Walkley-Black method in the laboratory. The gmb package in R programming
language was used to fit the boosted regression tree model. This model is one of the methods that helps
to improve the performance of a single model by using the combination of multiple models. Therefore,
in this method, the combination of two algorithms "regression tree and classification™ and "boosting™ is
used. It should be noted that in this research, in order to reach the optimal number of trees, the number
of 1000 was used as the starting point. In this study, the amount of species richness in each plot as the
response variable, and the variables of slope percentage, slope aspect, altitude, soil moisture percentage,
soil organic matter percentage, average of total volume of fwd, average volume of fwd in decay class 1,
average volume of fwd in decay class 2 and the type of fwd were considered as predictor variables.

Results: Based on the results, the initial model fitted in the number of trees 7700 showed the highest
accuracy. However, due to the lack of influence of some variables in the model, the variables of slope,
slope aspect, altitude, the type of fwd and the average volume of fwd in decay class 1, these variables
were excluded from the model based on the deviation changes. And the model was refitted in the optimal
number of trees of 7800. Based on the final model of the BRT, the highest amount of species richness
was recorded with the increase of soil organic matter to > 2.15% and in a soil moisture percentage >30%.
Furthermore, a high amount of FWD from the first diameter class and with the decay class 2 (rotten) led
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to an increase in plant richness in the studied area. In the present study, the adjusted R squared > 0.99
with the Root Mean Square Error (RMSE) < 0.039 shows the high accuracy of the BRT model.

Conclusion: Although fwd comprise a large part of woody debries in the forests of the north of Iran, no
specific place has been considered for it in any of the statistical protocols. This matter has led to the fact
that there is no specific estimate of the volume of fwd and its role on the forest ecosystem is neglected.
Therefore, this study was conducted with the aim of modeling the effect of this important component
on the richness of plant species in a broadleaf stand in Loveh forests of Golestan province. The findings
of the research showed that by creating favorable habitat conditions, the fwd increase the abundance of
plant species and maintaining this component is important in increasing the organic matter of the forest
soil. The high rate of decomposition in fwd compared to cwd causes that while maintaining and
increasing the soil moisture, the organic materials in the wood are available to the soil layer in a short
period of time. In recent years, some experts in the field of natural resources have emphasized the
collection of fwd and their use in cellulose industries. A large part of these opinions has also found a
scientific basis in the shadow of the minimization of the volume and role of the fwd and the lack of
sufficient information about this very important component. If the findings of this research clearly show
that the collection and removal of fwd will have a negative impact on soil moisture and organic matter
and thus on the richness of plant species. Conducting similar and additional studies by including soil
nutritional variables as well as other plant indicators can significantly help in confirming or rejecting
this result

Keywords: Decay class, Machin learning, Transect, Understory.
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Figure 1. Location of the investigated area in the province and country
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Table 1. The initially chemical composition of the leaf litters of the studied species (standard error +

mean) (mg/g)
e olelasls Sl bl sl ols
Pistacia atlantica Celtis australis Quercus brantii Nutrients
16.24+0.632 16.82+0.982 17.08+0.712 (2=
Magnesium
0
29.93+1.54° 26.82+0.83? 32.09+1.23? IS
Potassium
10.01+0.97° 14.92+0.822 7.98+0.87°¢ o
Calcium
11.76+0.882 11.95+0.802 11.81+1.432 St
Phosphorus
11.15+0.882 11.82+0.282 12.71+0.762 s
Nitrogen
374.45+4 520 345.97+0.67¢ 397.33+4.372 o
Carbon
33.58+0.32° 29.27+0.82° 31.26+1.21° D327 4 S
C:N ratio
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Numbers in each row with different letters indicate significant differences.
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Table 2. The average temperature and moisture of the soil in the studied treatments
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Figure 2. The average annual temperature in each of the altitudinal gradient
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Table 3. Two-way analysis of variance of the mass loss in the leaf litters in different altitude classes in

a period of 30 days
Sl e Sl sl as s =l Sl i molee
Pvalue F-value 7 o o S G
Mean square  Degrees of freedom Sum of Squares Source
CL&.I)\
0.000 25.732 87.107 2 174.215
Height
S N ey
0.000 11.208 37.942 8 303.536 S
Leaf litter type
SN g x gl
0.022 2.098 7.102 16 113.635 '
Height % Leaf litter type
Lo
3.385 54 182.800
Error
81 92.15.100 o

Total
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Figure 3. The amount of mass loss from leaf litters (standard error + average) at different altitude
levels in a period of 30 days .Quercus brantii= Q, Celtis australis= C, Pistacia atlantica= P, Quercus
brantii (Quercus brantii + Celtis australis) = Q(Q+C), Quercus brantii (Quercus brantii + Pistacia
atlantica) = Q(Q+P), Celtis australis (Celtis australis+ Quercus brantii) = C(C+Q), Celtis australis
(Celtis australis+ Pistacia atlantica) = C(C+P), Pistacia atlantica (Pistacia atlantica+ Quercus
brantii) = P(P+Q), Pistacia atlantica (Pistacia atlantica+ Celtis australis) = P(P+C).
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Table 4. Two-way analysis of variance of the mass loss in the leaf litters in different altitude classes in a period

of 60 days
Sla e 5ok 330 a3 Sl _ Sl et aslee
P-value F-value o S e FE
Mean square  Degrees of freedom Sum of Squares Source
&w)\
0.000 38.54889 62.98704 2 125.9741
Height
S,uY ey
0.000 21.11655 34.50342 8 276.0274 s
Leaf litter type
Sy ijxtw)l
0.000 3.55465 5.808127 16 92.93003
Height x Leaf litter type
o
1.633952 54 88.2334
Error
81 J
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Figure 4. The amount of mass loss from leaf litters (standard error + average) at different altitude
levels in a period of 60 days.

(Quercus brantii= Q, Celtis australis= C, Pistacia atlantica= P, Quercus brantii (Quercus brantii +
Celtis australis) = Q(Q+C), Quercus brantii (Quercus brantii + Pistacia atlantica) = Q(Q+P), Celtis
australis (Celtis australis+ Quercus brantii) = C(C+Q), Celtis australis (Celtis australis+ Pistacia
atlantica) = C(C+P), Pistacia atlantica (Pistacia atlantica+ Quercus brantii) = P(P+Q), Pistacia
atlantica (Pistacia atlantica+ Celtis australis) = P(P+C))
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Table 5. Two-way analysis of variance of the mass loss in the leaf litters in different altitude classes in

a period of 180 days.
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P-value F-value Degrees of
Mean square Sum of Squares Source
freedom
CL&JJ\
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Height
SV ey
0.000 4915 10.177 8 81.417 e
Leaf litter type
SN s gx gl
0.047 1.858 3.848 16 61.570 D St e
Height x Leaf litter type
Lo
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Error
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Figure 5. The amount of mass loss from leaf litters (standard error + average) at different altitude levels in a
period of 180 days
(Quercus brantii= Q, Celtis australis= C, Pistacia atlantica= P, Quercus brantii (Quercus brantii + Celtis
australis) = Q(Q+C), Quercus brantii (Quercus brantii + Pistacia atlantica) = Q(Q+P), Celtis australis (Celtis
australis+ Quercus brantii) = C(C+Q), Celtis australis (Celtis australis+ Pistacia atlantica) = C(C+P), Pistacia
atlantica (Pistacia atlantica+ Quercus brantii) = P(P+Q), Pistacia atlantica (Pistacia atlantica+ Celtis australis)
= P(P+C))
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Abstract

Background and objectives: In forest ecosystems, the decomposition of leaf litter is one of the most
important ways of entering nutrients into the soil, and the availability of soil nutrients is largely due to
the dynamics of nutrients and leaf litter decomposition in the forest. Decomposition of dead leaves
enables important ecological functions and affects the composition of the internal nutrients of trees.
Decomposition processes influence the formation of soil organic carbon stocks. It is necessary to
understand how climate change and global warming affect the decomposition process and thus the
amount of carbon stored in the soil. The space-for-time (SFT) approach makes it possible to compare
litter decomposition in current conditions and at different altitude levels, and to investigate the effects
of increased temperature on litter decomposition. The present research was conducted with the aim of
investigating the effects of increasing or decreasing temperature on the decomposition rate of leaf litters
in pure and mixed states.

Methodology: In the present research, by using the space-for-time approach, the decomposition rate of
leaf litters (in two pure and mixed states) in three tree species (Quercus brantii, Celtis australis and
Pistacia atlantica) was carried out in three altitude classes of 750, 900 and 1050 meters in the forests of
Dareh Shahr. The forests of this region have relatively severe topography and have mountains and hills
with steep and smooth slopes, and there are rocky outcrops in many parts of it. The average height of
the area is 1200 meters and the average slope is 15%. The average annual temperature is 21.40°C and
the average annual precipitation in this region is 426.3 mm. The climate type of the studied area is semi-
humid. To achieve the objectives of the research, the leaf litter of the studied species were randomly and
manually collected from the forest floor in the fall season of 2020. After preparing litter bags, a number
of 243 single-pocket and double-pocket litter bags were installed on the mineral soil at the litter
collection sites and during 180 days with intervals of 30, 60 and 180 days and the decomposition rate of
the leaf litters were measured. In order to measure the decomposition rate of the leaf litters, the primary
and secondary weight of the leaf litter was recorded and the weight loss of the leaf litter was calculated
through the weight relationships. To determine the initial quality of leaf litters, the nutritional elements
of leaf litters such as nitrogen, carbon, phosphorus, calcium, potassium and magnesium were measured.

Results: Based on the results, it was found that the studied leaf litters are similar in terms of magnesium,
phosphorus and nitrogen concentrations. Quercus brantii leaf litters had the highest amount in terms of
potassium and carbon concentrations. Also, Celtis australis leaf litters had the highest amount in terms
of calcium concentration. The quality ratio of C:N in Celtis australis litter was low, this issue shows the
high quality of this leaf litter. The results showed that in the studied time periods, litter type, height
above sea level (except for the period of 180 days) and the interaction effects of litter type and height
had significant effects on decomposition rate, so that increasing the altitude above sea level has led to
further decomposition process. Based on the findings of the research, it was found that in the period of
30 days, the highest amount of decomposition related to the combined treatments of Celtis australis
(Celtis australist+Pistacia atlantica) and Quercus brantii (Quercus brantii + Celtis australis) (14.61%
and 14.40% respectively) at the height of 1050 meters and the lowest was related to the treatment of
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Pistacia atlantica (4.52%) at the height of 750 meters. In the period of 60 days, the highest amount of
decomposition rate was observed in the combined treatment of Celtis australis (Pistacia atlantica +
Celtis australis) at the height of 1050 meters (15.41%) and the lowest amount of mass loss was observed
in the treatment of Pistacia atlantica at the height of 750 meters (5.31%). Also, at the end of the
incubation period, the highest amount of decomposition rate belongs to the combined treatment of Celtis
australis (Celtis australis+Pistacia atlantica) at the height of 1050 meters (16.12%) and the lowest is
related to the pure leaf litter of Pistacia atlantica at the height of 750 meters (10.12%).

Conclusion: In general, based on the findings of this research, with the increase in altitude above the
sea level, the rate of mass loss not only did not decrease, but also increased significantly (especially in
the first two months of incubation) compared to the lower altitude classes. Also, at the end of the study
period, only the interaction of height and type of litter was able to affect the amount of decomposition
of litter.

Keywords: Altitudinal gradient, litterbag, Mass loss, Temperature, Zagros forests.
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