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ABSTRACT

Nepeta binaludensis Jamzad is an endemic and rare perennial plant that grows in a limited area in Binaloud Mountain in
northeast of Iran. The aerial parts of 20 populations of N. binaludensis, were collected during their flowering stage and seven
morphological traits and essential oil yield were evaluated. Results showed significant differences in all of traits between
populations (p<0.01). The highest and lowest aerial fresh weight were obtained in Zoshkl and Grineh populations with
average values of 378.2 and 58.2 g/plant, respectivel. The highest and lowest essential oil yield were obtained in populations
of Darood and Friezyl with average values of 4.91 and 1.2%, respectively. The results of correlation analysis showed that
plant height was positively correlated with stem diameter, aerial fresh and dry weights. Climatic factors such as rainfall,
altitude and slope percentage were positively correlated with morphological traits and essential oil yield. Morphological
traits and essential oil yield were positively correlated with climatic factors, such as rainfall, altitude and slope percentage
and negatively correlated with temperature of the habitat, indicating that mean of mentioned traits were increased by
increasing altitude and decreasing of temperature. Cluster analysis using Ward method, the studied populations were splited
into two groups. The populations of cluster 1 (seven populations adapt to high altitude and cold) had higher mean values for
morphological traits, i.e. plant height, aerial fresh and dry weights. Results indicate the presence of high diversity among
populations of N. binaludensis that could be used for domestication and breeding improved varieties of this species.
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Table 1. Geographical locations and climatic conditions of 20 sampling sites of Nepeta binaludensis in Binalud
Mountain, Mashad, Iran.

No Local Altitude Latitude Longitude Ar.m'ual Hot'rr%onth Wetmonth  Annual Slope Slope
masl) N E raining raining Temp. Temp. degree %)
(mm) (mm) (€Y (&Y
1 Azghad 2288 36°10'35" 59°16'02" 308 18 5.30 6.20 11.76 20.83
2 Darrod 2480 36°11'07" 59°12'10" 325 22 3.90 4.60 14.47 25.80
3 Dehbar 2413 36°13'19" 59°14'12" 306 18 5.60 6.50 24.70 46.00
4 Dizbad 2457 36°07'43" 59°15'51" 271 11 9.30 10.50 4.28 7.49
5 Dowlatabad 2344 36°18'22" 59°05'02" 301 18 5.70 6.70 25.88 48.52
6 Ferezil 2391 36°25'30" 58°54'55" 298 19 6.00 6.90 16.81 30.22
7 Ferezi2 2268 36°25'35" 58°54'13" 300 19 5.60 6.50 7.42 13.02
8 Gerene 2630 36°10'35" 59°13729" 313 19 4.80 5.70 39.13 81.36
9 Golmakan 2375 36°20'03" 59°03'17" 308 20 5.20 6.00 430 7.52
10 Jaghargh1 2366 36°18'22" 59°11'08" 303 18 5.70 6.70 20.84 38.06
11 Jaghargh2 2258 36°12'57" 59°12'01" 301 18 5.90 6.90 10.63 18.76
12 Kangl 2575 36°14'40" 59°1021" 315 20 4.60 5.40 18.57 33.60
13 Kang2 2521 36°14'44" 59°1024" 320 21 430 5.10 10.56 18.64
14 Kordine 2154 36°13'06" 59°12'58" 292 15 6.40 7.50 16.92 3041
15 Mazrae 1017 36°12'56" 59°38'53" 254 6 7.90 12.50 0.26 0.46
16 Moghanl 2501 36°08'07" 59°18'36" 312 18 5.10 6.00 23.81 44.12
17 Moghan2 2482 36°09'12" 59°16'50" 314 19 4.90 5.70 18.08 32.65
18 Shirbad 2490 36°16'07" 59°07'19" 315 20 4.50 5.40 18.50 3345
19 Zoshk1 2509 36°15'54" 59°09'09" 323 22 3.90 4.70 19.93 36.26
20 Zoshk2 2650 36°15'50" 59°09'07" 323 22 3.90 4.70 16.37 29.37
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Figure 1. Location map of 20 sampling sites of Nepeta binaludensis in Binalud Mountain, Mashad, Iran.
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Table 2. Results of variance analysis effect of site on some morphological traits of Nepeta binaludensis.

Source Mean of squares
of df Plant Internode Leaf Stem Branch Aerial fresh ~ Aerial dry
variation height length length diameter number weight weight
Sites 19 537.07 3.6 101.37 357 20.7" 70031.7" 9755.6"
Error 180 373 0.4 33 0.5 5.6 4354.0 613.0
CV% 14.1 17.4 12.4 19.1 20.9 394 39.6

**: Significantly difference at 1% of probability level.

o0V Jlis] e jo lo sixe Dglas ok

39l sladigy (ilul 03il § (S3el58 )50 Do (B p oBliag) ST Sl anylie ¥ Jour
Table 3. Mean comparison effect of site on some morphological traits and essential oil yield of Nepeta

binaludensis.
Plant Internode Leaf Branch Aerial fresh Aerial dry  Essential
Site name height length area diameter number weight weight oil %
(cm) (cm) (mm’) (mm) (g'p) (g/p) (W/w)
Gerineh 35.40 ef 4.58 ab 118.19d 3.81de 10.30c 58.2h 232h 2.0cd
Dizbad 38.85 def 4.26 be 70.15¢ 3.87 de 10.60c 87.6 gh 39.0 fgh 1.3d
Zoshk1 52.40 ab 4.08 cd 75.58de 479a 10.00c 3782 a 140.8 a 2.7bc
Shirbad 47.59 be 5.00 a 59.45¢ 3.73 de 9.90c 299.2b 110.0b 2.9b
Ferizil 50.10b 341 fg 248.75a 4.23 be 10.10 ¢ 2739 be 105.8 b 1.2d
DolatAbad 38.60 def 3.57 ef 194.33b 3.59 ef 10.90 be 127.8 efg 50.9 efg 3.3ab
Golmakan 37.85 def 337fg 186.05b 3.80 cde 990 ¢ 207.5cd 73.0 cde 2.8b
Kangl 45.90 bed 3.69 de 116.55d 3.07 fg 11.30 be 136.6 efg 44.0 efg 2.7abc
Kang2 33.70 ef 327 fg 105.25d 395cd 11.90abc 189.2 def 63.0 ef 2.7abc
Dehbar 38.60 def 338 fg 169.39bc 3.20 efg 10.50 ¢ 92.2 gh 282h 2.3¢
Azghad 51.00 ab 3.79 cde 192.81b 4.85a 10.70 ¢ 1753 ef 70.7 def 2.1cd
Moghanl 45.50 bed 343 fg 177.94bc 4.25 be 11.50 be 170.7 ef 67.4 def 2.2¢
Moghan2 49.20 be 3.85 cde 154.80c 4.43 abc 10.50 ¢ 191.7 cde 75.0 cd 4.2a
Kordineh 46.90 be 329 fg 98.40d 3.81de 12.60abc 138.0 efg 49.3 efg 1.4d
Mazrae 45.00 bed 2.80 gh 48.69f 3.14 efg 13.90 ab 105.2 fg 37.6fgh 1.8cd
Darrod 31.80 f 2.63h 61.90¢ 4.13 cd 11.20 be 91.0 gh 333 gh 4.9a
Jagharghl 3120 f 342 fg 58.10¢ 28lg 1030 ¢ 103.5 fgh 415 fg 3.8ab
Jaghargh2 44.60 bed 3.08 fgh 66.78¢ 3.20 efg 13.90 ab 101.3 fgh 40.2 fg 3.7ab
Ferizi2 41.30 cde 3.13 fgh 160.26bc 3.40 ef 11.00 be 148.0 ef 56.5 efg 2.1cd
Zoshk?2 58.10 a 4.41 abc 167.06bc 4.69 ab 14.80 a 273.7 be 101.8 be 2.0cd

W I e Dl wsys gy il maw 13 (S e B SO Blas L ol Sl et 0 40
In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Table 4. Correlations among aerial yield, morphological traits and essential oil content of Nepeta binaludensis.

Traits Plant  Internode Leaf Stem Branch  Aerial fresh Aerial dry Essential

height length area diameter  number weight weight oil %
(cm) (cm) (mm?) (mm) (g/plant) (g/plant)

Plant height (cm)

Internode length (cm) 0.36 1

Leaf area (mm?) 0.28 0.01 1

Stem diameter (mm) 0.55" 0.33 0.35 1

Branch number 0.31 -0.27 -0.21 -0.08 1

Aerial fresh weight (g/p) 0.66" 041" 0.21 0.60" -0.15 1

Aerial dry weight (gp) 0.68™ 0.43" 0.22 0.64™ -0.16 0.99™ 1

Essential oil % (w/w) -0.36 -0.24 -0.30 -0.11 -0.11 -0.11 -0.12 1

*, **: Significantly difference at 5 and 1% probability level, respectively.
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Table 5. Correlations among climatic parameters with aerial yield and morphological traits of Nepeta binaludensis.

Traits Plant Internode Leaf Stem Branch  Aerial fresh  Aerialdry  Essential
height length area diameter ~ number weight weight 0il%
(cm) (cm) (mm?) (mm) (g/plant) (g/plant) (w/w)
Altitude (m) -0.03 0.49" 0.26 0.35 -0.40 0.24 0.24 0.20
Annual precipitation (mm) 0.06 0.26 0.19 0.42" -0.23 0.40" 0.37 047
Hot month raining (mm) 0.05 0.21 0.28 0.37 -0.28 0.45" 0.42" 0.42"
Cold month temperature (°C) -0.13 -0.16 -0.15 -0.36 0.10 -0.45" -0.40" -0.47
Annual temperature (°C) -0.07 -0.24 -0.25 -0.39 0.26 -0.41° -0.38 -0.43"
Slope (%) -0.08 0.417 0.19 0.06 -0.31 -0.05 -0.04 0.10
Slope degree -0.11 041" 0.17 0.04 -0.30 -0.09 -0.08 0.08

*, *#%: Significantly difference at 5 and 1% probability level, respectively.
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Table 6. Matrix of coefficients of eigein vectors, eigenvalues and variance of the first five principal components for
the examined traits in 20 populations of Nepeta binaludensis.

Variable PC1 PC2 PC3 PC4 PC5
Altitude (m above sea level) 0.33 0.12 -0.10 -0.08 0.14
Hot month raining (mm) 0.37 0.09 0.19 -0.11 -0.01
Annual precipitation (mm) 0.38 0.11 0.18 0.01 -0.07
Cold month temperature ( °C) -0.35 -0.08 -0.24 -0.08 0.18
Annual temperature (°C) -0.38 -0.11 -0.16 0.04 0.07
Plant height (cm) 0.10 -0.47 -0.07 0.16 -0.32
Stem diameter (cm) 0.22 -0.32 -0.01 -0.11 -0.06
Aerial dry weight (g/plant) 0.23 -0.42 0.06 0.08 0.20
Aerial fresh weight (g/plant) 0.23 -0.41 0.09 0.09 0.19
Slope degree 0.23 0.26 -0.41 0.15 -0.22
Slope % 0.22 0.27 -0.43 0.15 -0.22
Internode length (cm) 0.19 -0.14 -0.41 0.43 0.25
Essential 0il% (w/w) 0.11 0.30 0.45 0.16 0.13
Leaf area (cm?) 0.13 -0.13 -0.21 -0.75 -0.27
Branch number -0.14 -0.12 0.23 0.32 -0.72
Eigenvalue 6.21 3.10 1.88 1.09 1.06
Proportion 0.41 0.21 0.13 0.07 0.07
Cumulative 0.41 0.62 0.75 0.82 0.89

sl so A5 0 50 adlie b o g (Swen Iyl 0l 00t s il 5 aS Cl o cogd bl ol
* The bold font and underline coefficients have significant correlation with the relevant axes.
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Figure 2. Scatter plot of 20 populations of Nepeta binaludensis of the first two axes (PCA analysis) for morphological
and climatic traits.
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Figure 3. Loading plot of climatic and morphological traits of N. binaludensis based on the first two axes of PCA.
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Figure 4. Dendrogram of the 20 populations of Nepeta binaludensis resulting from the cluster analysis of all
morphological traits based on Ward method.



AYY

VEe e ol oF 5,Lad Y 850 o))l SLEL pole

Coroz Vo (sl ddiss 4y 3o 5l Jol> mdlS 98 )0 codl8l sl il b 5 (05905850 Slao 2 Slo auslin Y Jooo
-09llies sludig

Table 7. Comparison of mean morphological traits and climatic parameters in two clusters obtained from cluster

analysis of 20 populations of Nepeta binaludensis.

Chuster1
(low altitude, warm, low rain area)

Chuster2
(high altitude; cold, rainy, and steepy)

Variables Darrod, Dehbar, Dizbad, Dowlat abad, Mazreah Azghad, Ferizil, Moghanl, Moghan2
Ferizi2, Jaghragh 1,2, Gerine, Golmakan, Kangl,2 Shirbad, Zoshk1, Zoshk2

Plant height (cm) 39.21b 50.56a
Internode length (cm) 3.42b 4.0a

Leaf area (cm?) 111.86b 153.75a

Stem diameter (mm) 3.52b 4.34a

Branch No. 11.41b 11.07a

Aerial fresh weight (g/plant) 122.01 251.81a

Aerial dry weight (g/plant) 44.59b 95.93a
Essential 0il% (w/w) 2.75a 2.47a
Altitude(m above sea level) 2397b 2473a

Annual precipitation (mm) 300.7b 313.3a

Hot season raining (mm) 17.31b 19.71a

Cold season temperature (°C) 5.76a 4.80b

Annual temperature (°C) 6.97a 5.66b

Slope% 15.23b 17.89a

Slope degree 28.43b 32.41a
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In each row means of clusters followed by common letter, are not significantly difference at 5% probability using T test.
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