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Table 1. Environmental characteristics of the studied habitats in Mazandaran province.

wdlaie (il g 5 S5 s S Ot s oS sla S s
Climate of the region Topographic characteristics Quantitative characteristics of trees _
Sk il ks ol
Soil texture " . -t - (cm) 4z, ks g Stuqled
G (m) CL‘“)' g (cm) habitats
o . L ) Collar (m)
Elevation Direction .
Slope  (DBH) diameter Height
TIPS sk o 200 ST 6 122 14 123 S
Clay loam Very humid Southwest Parchinak
- o ; : W ol
A s e 400 ad 7 68 8.7 72 -
Clay loam Sub humid Western Amrel 1
- 5 L VE ol
oS s e 600 g 10 9.13 11 8.7 a
Loam Sub humid North Amre 14
- 5 el VWVl
oS s e 800 i 15 1008 12.8 11.8 s
Loam Sub humid North West Amrel7
o - 5 sdles Sl
o R 1000 < 1 8.7 1.7 7.1 -
Loam Very humid Northeast Alandan
PR 5 A0y Y
s e S 1200 <777 a9 49 7.6 3.9
Sandy loamy clay Mediterranean Southeast Lala
ey : P | oG
oy T S 1400 A 14 25 9.9 57 s
Loam Very humid type A Southwest Gharansara
[PH R cdles I
oS o e 1600 il 20 404 48 455 :
Clay loam Mediterranean North West Eilal
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Table 2. The Names of compounds that were found only in some of the studied areas.

I e 0,6 W ol Wl Vb ol )Y oyl Ko iy,
Eilal Gharansara Lala Alandan Aml7 Aml4 Amll Parchinak Study area
4 4 n-tetracosano
v v Beta sitosterol
4 Behenic alcohol
v v v v Benzoic acid
Cyclopentanol
v v v methyltricyclo
4 Octadecane
Isopropylpodocarpen
4 4 Heneicosanol
heptacosanol
4 Ethylacridine
skaasolis Wil Ky jho 4 4z 5 Sl Sallin 55 sl 5 calis Oljs dunlis o Lo
gl s S el (6,586 g Ol caalld O g S w0 SLS S el O3 Lls i) axdlass ) s
ool Ll S5 alis sy e Sle JQJWPASTJ\P\¢})JE{JWLLL&AS
LoOl s W laollis) o Cald o 5t s 3 a8 Hsbobea s &LIY o JIB
g AN RGN S5 Ao e kel el s e edalis

By el S 4S50S S 5 s sty gy amplls o fle ¥ Uy

Table 3. Comparison matrix of habitats with low replication compounds using beta index.

I [JWRRE W ol Wl Ve ol W ol Sz ALy s,
Eilal Gharansara Lala Alandan Aml7 Aml4 Amll Parchinak Studied Habitats
S
1 1 0.5 1 0.6 1 1 0 i
Parchinak
N o el
0.6 1 0.7 1 0.5 1 0 1 7
Amll
Ve ol
0.5 1 0.6 0.5 0.7 0 1 1 7
Aml4
Vool
1 1 1 1 0 0.7 0.5 0.6 7
Aml7
ol
0.5 1 0.6 0 1 0.5 1 1
Alandan
WY
0.3 1 0 0.6 1 0.6 0.7 0.5
Lala
| O,
1 0 1 1 1 1 1 1 s
Gharansara
L
0 1 0.3 0.5 1 0.5 0.6 1 S
Eilal

Al
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Table 4. ANOVA of secondary metabolites in leaves in the studied areas.

. Z. o . (e
aw ol F Dl sl £ JSVL.A, R S5 (‘L
Chemical structure Mean=Standard error e Compound name
df
ok - ald o
115.60 19.085%1.107 7 S
Neophytadiene
> d>—_ o
— £
5 . U Sl
=& 52.115 14.49+0.900 7 uj o
> Squalene
K P
SN :\
0 o
sk Aol 5 S8
A A A A A 200.68 18.000.910 7 = S
OH n-hexadecanoic acid
o " el K S5l
- 24.73 17.39+1.220 7
Octadecatrienoic acid
ok | els
0 155.584 19.84%1.200 7 Sl O
Vitamin E
*k J WETRC
57.618 3.97£0.360 7 id
) Ferruginol
*k J}:':}
L 5.80 4.234+0.380 7
Phytol
OH wok J HEA
10.838 6.38+0.430 7 SO
Benzeneethanol
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Table 5. Duncan's mean comparisons of secondary metabolites in leaves in the studied areas.

Il (R WY ol Wl Vol VYol S . S5 b
Eilal Gharansara Lala Alandan Aml7 Aml4 Amll Parchinak name Compound
a b c d e of f y o ool 5

27.7 24.4 225 18.4 16.5 15.6 14.23 12.078 115.60
Neophytadiene
- ISl
21.7 19.17° 12.9¢ 16.01° 13.96"  1246°  10.51° 8.58" 52.115 S
Squalene
. . i - Aol S 1851 K
26.8* 21.13° 18.9° 17.57¢ 15.95¢  17.114  13.77" 12.50¢ 200.68 el S
n-hexadecanoic acid
) b . . . . . . - el K5 IS5
28.3" 21.71 17.5¢ 16.70° 17.47°  14.98° 12.3% 9.41 24.73
Octadecatrienoic acid
- | sl
0.00° 0.00° 14.5¢ 15.64¢ 18.36°  19.93° 22.8° 27.81° 155.58 il
Vitamin E
0.00¢ 517 0.00¢ 0.00¢ 527 4.09° 3.03° 2.33° 57.618 il
Ferruginol
6.35° 5.67" 3.3¢ 5.74® 45" 364> 2.60¢ 1.83¢ 5.80 sl
Phytol
a b be bed d cd d d o skl 05
10.39 7.69 6.9 6.22 478 5.07 4.94 461 10.838
Benzeneethanol

oedS 5 S O30 5 SO cgle sla S
JiL.d )]‘-’ )\ AJJUGAJJJA éL&oKﬁi‘.{}) uJ}J.:B

e bl Dl e

YA

105344 Olaebl b 53 Gl ime ™

oSle Slalie 5 by LT el
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Table 6. Analysis of variance and Duncan grouping for physicochemical properties of soil in the study areas

Il (O Y ol Voo el Ve ol A S .
2 Sand) ) ) ) u..f. F gy C’”
Eilal Gharansara Lala Alandan Aml7 Aml4 Amll Parchinak
. ) . . ) . - (AS
24.16" 35.59* 18.76°  20.73° 27.28° 28.16"  35.40° 20.24° 11.99 e
Humidity
3 . .
¥ m g0 J )
1.47° 1.61° 1.74 1.09° 1.66° 1.6° 1.56 1.79° 3.36 @m>) - 05
Bulk density
32.45" 22.49° 23.18°  13.08° 23.3° 3036™ 26.47™ 37.2° 7.64 ) o
Clay
. . ) . . . . . . (1) e
38.56° 40.56° 25.92 45.23° 38.54° 36.91° 38.64° 41.92° 4.158 1
Silt
cd be a ab be be be d *x (/> \.)":'
28.98 36.94 509" 40.96 38.15 32.73 34.88 20.88 6.6
Sand
- Sl S|
6.49™ 6.01° 6.67" 6.24" 7.13* 6.55™ 6.74™ 6.6™ 423 5
pH
) S colaa
505.33 507.66 533.66 514 425 527 453.33 520.66 0.97™ S
EC
. . ) . ) ) - o) I
2.98° 3.56° 6.72° 3.01° 5.2° 5.75%® 5.04° 5.86"™ 9.62 H oS
oC
. . ) . ) ) () sl
5.143° 6.152° 11.587*  5.19° 8.96" 9.9% 8.69° 10.10® 9.62 Sl
oM
0.10 0.16 0.16 0.12 0.12 0.18 0.22 0.15 1.95™ ) Js 0357
N
- Gl LB i
0.38° 0.48° 0.63°  119%  252° 261°  142° 2520 14337 PP AnlE
AP
. . : abo . . abo , . (ppm) ol L5 ol
497.02°  591.93% 535.15%  8834™  697.32%  103495® 884.7°  1268.78" 3.12 ppm) —r BB oty
AK
) (ppm) e LB‘,....JS
153.26 139.73 149.83  183.4 160.7 153.05  216.06 222.66 24" ppm) or B e
ACa

o3 o 5o SaaS0L5 S 3 550 ol

s g Bl s pde ™ 5 4o ;3 40 Sluebsl o 3 Gobsime” do ;3 48 Olals! o 53 Sl e

(V d).,\}) Sl ol 4.5:\)\

yvra

LsLAL;}J O O dlsz L;;MQA @L:j
LS5 LS pled 5 (Kb SSes
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Table 7. Correlation of Pearson between chemical compounds in leaves with topographic and soil characteristics.

gx 3 %‘ - <
Tofx1-3=38qu 2 $8353818 3003089

2 Y B = .
05 07" 09" 033 04 014 033 024 029 016 011 000 097 06" Yl
05 06" 077 04 07" 004 038 010 009 020 -031 014 097 026 Y2
05 06" 077 037 057 014 032 013 011 022 018 001 097 049" Y3
04 067 06" 035 05 001 023 006 011 008 015 010 09" 045 Y4
06" 067 07" 026 06" 010 045 001 017 010 018 019 09" 04 Y6
009 008 044 019 01 027 001 016 016 007 031 06" 027 0I8 Y7
04" 04 05 067 077 018 028 014 010 024 025 012 077 008 Y8
04 05 07" 017 05 019 028 008 008 004 019 003 08" 005 YI2

Y1: Neophytadiene; Y2: Sgualene; Y3: n-hexadecanoic acid; Y4:

Y8: Phytol; Y12: Benzeneethanol.

el (TIV) 00 5 5 s Ja i 66 a3, 53
Catechin quercetin Tannic acid e LS 5 A
F. angustifolia <5 S, 5 sy > Rutin s
Ot b Us O dle b S s S
(Y8) dzn psles, 15 5 Sl A5 (ol A
a-Tetratriacont Opr LS5 3525 Gizes
Phytanic m-Octatriacont m-Hexatriacontane
s Hydroxystigmasterol-18-oic acid acid
5 blakes bav 5 SieS0L3 45 S 0 s a-L-xylose
) el ol 18 (YOIA) O
BB e S blles Sl tasy
Coys Sy slend SN As S
» e olsy ol s plels SeaaSoL;
ue@JJﬁu,;Jm1> 343 Lol 5y 5l ool
5 () WKes 5 58 Shash mls As il
by S ojlas CoiS 5 CraS ol s

Sl s Juniperus communis) s, o5)ls 455

V€

Octadecatrienoic acid; Y6: Vitamin e; Y7: Ferruginol;

S 5 4o 9 Sy

Wil el il SLS 5 50l 4 6

3 0RO A el S0
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Abstract

Background and Objectives: Common Ash is a forest species with versatile biological and
medicinal activities that extracts of its various organs are used as a model for making new
compounds in the treatment of various human diseases. There is a high correlation between the
geographical origin of medicinal plants and the active compounds produced in them. Therefore,
in this study, using this correlation, the most suitable habitat in terms of production of secondary
metabolites is introduced.

Materials and Methods: For this research, eight habitats were selected from an altitude range
of 200 to 1600 meters (Parchinak, three parcels of Amre forest district, Alandan, Lala,
Gharansara and Eilal) in Tajan and Siahroud watersheds located in Mazandaran province. In
each habitat, three trees that were similar to each other in terms of qualitative characteristics
(tree diameter and height, leaf freshness and health, canopy density) were selected. Leaf
samples were selected from the middle part of the branches. The canopy was harvested in four
directions in order to eliminate the effect of geographical direction in sampling. The leaf
samples were dried in the open air and after grinding and preparing the extract with absolute
ethanol, the leaf extracts were prepared for injection by gas chromatography. In order to study
the physical and chemical properties of the soil, a soil sample was taken as a mixture around
each tree base from a depth of 0-15 cm. Then physicochemical properties of soil such as bulk
density, acidity, organic carbon, total nitrogen, available phosphorus, potassium, and calcium
were measured in the laboratory. One-way analysis of variance was used to investigate the
differences between the sampling areas in terms of secondary chemical composition in the
leaves. Pearson double correlation was also used to find out how environmental and soil
parameters relate to these chemical compounds.

Results: The results showed that the characteristics of the sampling location had an effect on
the values of the identified secondary compounds. All identified compounds (except Vitamin E
and Ferruginol) had a positive correlation with altitude factor. The highest levels of
Neophytadiene (27.7%), Squalene (21.7%), n-Hexadecanoic acid (26.8%), Octadecatrinoic acid
(28.3%), Phytol (6.35%) and Benzeneethanol (10.39%) were observed in Eilal, which has the
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highest elevation among the studied sites. There was no significant relationship between soil
physical properties such as moisture content, bulk density, and soil texture with chemical
compounds in the leaves. In addition, in all studied habitats, there was a significant negative
relationship between soil nutrients and identified compounds. Also, a number of identified
compounds were observed in only one or more habitats and were not common in all studied
habitats.

Conclusion: The results of this study showed that with increasing in altitude, the amount of
metabolites in the leaves increased and most of the soil nutrients had a negative correlation with
the identified chemical compounds. In other words, reducing soil nutrients can cause some kind
of stresses and increases the production of secondary metabolites in the plant.

Keywords: Extraction, Gas chromatography, Multipurpose afforestation, Secondary metabolites,
Soil nutrients
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