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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
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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)
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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
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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

kﬁ)kgf‘)ﬁmﬁjéudmﬂeJLLZ...u\Ltw)‘WeMJJJTfﬁJuAL@ﬁbﬁJuﬁéuQ}Lﬂ;—V J}J}-

o gb’dﬁl

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
37



Forest Research and Development, Vol. 10, No. 1, 2024

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
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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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Aosd 5 by g Aoy (S el Ul.:_iajsclzb
Al el 05 S (gl slals 5 slials slaal
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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
152 1 - - - 101 1 0.081 Ty as _
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
13 236.2 240 62.3 120 360 Lotz )

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.

%
c [%2]
b S o
3 2 g ° £ > 12
38 58 .8 £ 28 8 55§
T ._j e 3 25 % E 2 o § IS s
8 a2 ‘i 2 4 g Y\ g rTE 9> i
\i 5 2= £ "z 238 £ 4 E Activity
o ) ° % g = ; NN
2 g w = 2 =
3 > <
15 olals (g,
9 26 124 78 32 13 85 IO IR ST
Collecting medicinal plants
Ly OlS s ~ 56 gyl
138 07 85 118 556 137 Sl s gl sl
Collecting mushrooms and edible plants
Z. ;wT . 5 el
13 26 5.2 0.7 SR 028 At
Extinguishing forest fire
e s
20 78 . . 13 39 sdes
Charcoal making
1 16 07 ) S ol s gl eslizd
Use of wood from forest trees
13 5.9 0.7 2 et s el b Bl
Fencing yard with branches and shrubs
Sl
61 1.65 10.7 5.57 20.37 1.8 7.03 o
Mean

S B0 5 SR e Gl S e 2
Gladelys O pas S8 53 06y Jib 5 bl o
e baal b 3 oL b b
53 0L Jaws 5 03 o Ol s (013 sme 5 e
5 Copde o3 0L B s b sl glac b
S 565 s Sole ks sdalin (¢S e
Sro b sl gl s g xly Ol
St G O1 (S oo 5 Zu ke 53 L5 S e
L oL 538 Gl Sy om (Stanar () A2l
Stses 3575 pde Sy 55 aeb b cxlid
5o sl piie b b sl ol l3 gne
SE L b mle Gl Wl sy 065 S s
sk e 5o OUT e 0Ly 5 2y ke 53 0L

sl 6)‘.)@&» 5 Clo M/" .

AL

b ol Olo3 b 065 (535 S Sy (Somes

b ple CHLS 5 g e 55 B
5o b 06 @0 sl Shs Sees
Gl ool (gl sk o Ol b S
(Jolse nl o sl aS sl uw&,.bcubhsf
5 obme Stees S ol g3 LS e
s b e Glacl D U i 2
sl 53 05 sl (e Rl L s 5 o
Shed Vs 53 AL e el b sl
b e ol b ds gep selShs
el e s s DL b s sla s
Capde 53 G0 M A= B 50l 0L (s
S el 3 i pe S Ll b mbis
0Ly oSl Jold Jlgms aws b ok sl 55 0L



(GLM.)LO; s).l))l.e‘} ddlaio (5990 ‘5..:))_\) ;t....]a é)Luo 6)“5)‘.")9@ 9 cblas WCo pde yO LS!LM.:5) Ul')) ua..ﬁ.)

(;"“J’". CLA S e LSLA]:&ZAJQL) 6;}; 6“;;1)@ z. . A Jj_)\,..
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 T
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
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