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Table 1. Geographical specifications of habitats Studied.
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Figure 1. How to measure different characteristics of leaves and fruits of (C. caucasica).
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Table 2. Analysis of variance and comparison of average characteristics of leaf and fruit in the four

studied Populations.

S g3l 5 Wbols 4
Analysis of variance and Duncan test

oSk
E Sig Average _ i s,
oS K5 03 s B &3l ol S trait
T kare D.arjan Abshar  T. Tamoradi
. X S,d
479 0.00 9395 7634  81.78% 72.88" o) S 7 d b \
Length of leaf (mm)
. - S o Sl
328 003" 48004 39.15®  38.72%® 37.18° (o) S b Y
Maximum width of leaf (mm)
- : S e
16.86  0.00 17.14° 9.8° 11.82° 8.47° (o) Sl b v
Length of Leaf Beak (mm)
- : S i
44 001 3.98° 3.20% 2.8 2.81° (rrher) SoA&e 52 ¢
Width of Leaf Beak (mm)
S odels 5l Jub +/4 '
153  022™  26.52° 25.27° 2267 23.92° ” b2 2 0
Width in the 0.9 length of the Leaf base
- S ol 3l o/ ;
538 0.0 8.41° 8.2" 361° 7.72° R I 2 2 1
Width in the 0.1 length of the Leaf base
* a b b b 3}% c]‘“
385 001 3146.49° 2114.42°  2079.49 1989.03 v
Leaf Area
N Sy loes
3.96 0.01 32.313°  265.76°  268.48° 252.19° s A
Leaf Perimeter
R . N
552 0.00 68/07°  55.13°  65.89° 74.53° G 20 4
Angle sine
, \ FP el S8 sl
i c a .
11.092  0.00 44.16 54.24 4951 50.04 The angle between primary and )
secondary nervure
- Ss sl
1681  0.00 2739°  5291° 3586 42.99° 7R "
Angle tip
- S
17.73  0.00 13.31° 9.36° 11.28° 8.73° e I VY
Petiole length
o ol ¥ HEEI RS
136 027° 223 2.41° 2.09° 2.44° Sl T3 w3 S '
Number of teeth in 2 cm
N S ;
319 003 0.29° 0.24° 0.3° 0.24° 2 o db Vo
The relative length of the petiole
. Sl b
498  0006" 3360  294°  252° 25 2 S ey "
Width of leaf serration
S, als
167  019®  593° 5.15° 4.95° 4.93° e Jb v

Length of leaf serration

£a



1¥A0 (¥) aliogg (YY) s SR g ga (55908 9 pole (sla g3y 4 i

Y Jij. aalsl

S il Caa 53 &1L sl

105  038™ 1393 1523 1379  13.75° _ _ A
Number of serration on the right of leaf
S I HEI R
175 047"  13.48°  16.02° 14.11%  14/16® I 14
Number of serration on the left of leaf
N S Kist pm
291 004 0270 0.19° 0.2 0.21% s £ Y.

dry weight of leaf
5.32 0.00™  0.0002* 0.0001° 0.0001°  0.0001° _ T
(er e S

jﬂww)i&i}(ﬂgfél&b

185 015" 57.669° 377.93° 461.89° 416.95° ) YY
(r e 52 05)
- o5 J

848  0.00 9520 933 827 8.48° ey _ vy
Length of fruit

45 000" 865 85" 806" 8.5 Mk \
Width of fruit

514 0007  19.63* 10.71° 13.08° 1256 S dsp Yo

Peduncle length

oy S Cla.« 23 la gme i Ao 3 o2y CEM 3l pme e Gls pae 6 NS

0o 5 S 5 Slis sl g Sesll gl il e S aS sl 0L ez 35 5 =W

V) S ol 4 St o Cad (AN S b s S o o palol>
il jle 3 (/NY) Kes b 5 (YY) wasB 3 b /) s 5 e (+/100) S s
2ol3 5 G0N oy 2,0 Sliwo 4 by jo gDy JlAie (208 5 gDy o 2o LIS
adlaie Lo gie sba il Sl om Calg 3 5 0 (N 23 S8, 5 ol S5,
(/8V8) L amitad op 208 ghols (93160 K5 wilane 5 (+/08)) ety op ziw glyls LT

(¥ Jsd) 55



OSeR 9 5925 yx A

anjlas 3,0 sl 5}34‘955/,3 Slaw M* Ol jme =Y JJJ?

Table 3. The plasticity of studied traits.

(Populations) Laccres

oS S5 Oflas lal el pbSs i
T.kare  D.arjan  Abshar T.tamoradi
0.507 0.296 0.431 0.318 leaf Length S, J b
0.565 0.38 0.506 0.414 width of leaf g, 5+
0.481 0.248 0.869 0.491 Length of Leaf Beak sl J b
0.629 0.497 0.773 0.516 Width of Leaf Beak < e & ¢
0.358 0.319 0999 0.256 Width in 0.9length from the Leaf base S, J,b +/4 s 5 ¢
0.611 0.538 0.830 0.529 Width in 0.1length from the Leaf base S, Jsb /) ;5 5,0
0.768 0.545 0.747 0.559 Leaf Area & ,, s
0.548 0.276 0.477 0.392 Leaf Perimeter S ; Lo
0.384 0.169 0.417 0.261 Angle sine & . g 4303
085 0233 0150  0.216 PSS b S s
The angle between primary and secondary nervure
0.411 0.462 0.625 0.211 Angle tip of leaf &, S 5 4515
0419 0302 0401 0.401 Petiole length &S s J 5b
0.470 0.305 0.411 0.491 Number of teeth in 2cm e sl Y 55 S5 alwis sluss
0.487 0.393 0.446 0.335 The relative length of the petiole S, .o Jsb
0.557 0.569 0.467 0.439 Width of leaf serration & ,, «lis slg
0.524 0.457 0.688 0.482 Length of leaf serration S, «lws J b
0365 0408 0475  0.264 St el S 3 G105 Sl
Number of serration on the right of leaf
0351 0412 0424 0325 S S 3 s Sl
Number of serration on the left of leaf
0.757  0.637  0.678 0.498 leaf dry weight &, K2 5~
0.506 0.897 0.872 0.527 SLM (g ok pf) S ool 4 S -
0.903  0.845  0.887 0.957 SDM (g0 o koo 53 .50 Sy b 53 S o il
0.263 0.229 0.889 0.129 Fruit Length ;. Jb
0.244 018  0.123 0.071 Fruit Width « ;.. > ¢
0.464 0.934 0.297 0.951 Pedicle length |Kes J b
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P e e M2 )3 YW/ £I° D e M2 )3 YA/LY Jsl ) sms e S Llesls  yolas]
BENCANPRES RGNV RPN WP O/NV o2y s s 5 koo 53 0/071 pLP;UNWcM)H/Vo
e3> alse 5o 5 S pha 5 Sigy o s S b Do @ bpuilly g optie ol 4l
38 3 s s S asly s ol S8 o asly Slio @ bl e on i
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Table 4. Hidden root of leaves and fruit traits and the percentage of variance assigned to the main
component in the first six components.

o519 slasls
The eigenvectors
ol
6 5 4 3 2 1 ]
traits
S
-.56 133 .076 .044 -.036 -.307 =2
Length of leaf
S, sl S
-.051 .066 .032 .023 .021 -.308 # b Sk
Maximum width of leaf
Solew
-.056 .307 .067 101 -.266 -.203 e b
Length of Leaf Beak
Solee 2
.086 .065 -.05 .055 -.009 -.287 e
Width of Leaf Beak

Spedels 5l b /4 s o e
Width in 0.9 length from the Leaf base
Speels Jl b o/ s o e

-231 .056 -.303 -.136 -.048 -.242

12 -172 -.603 -173 -.054 -123
Width in 0.1 length from the Leaf base
S
-.056 .037 .007 .007 .037 -.305 Ko
Leaf Area (surface)
-.061 -.04 -.029 .182 .269 -.128
Leaf Perimeter

. ‘

-066  -527  -009  .143 -18 .096 s 890

Angle sine

FA s ol LS5 e 4l

.138 -.187 -.141 .148 .355 024

2299 : The angle between primary and
secondary nervure
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£ Jgd aslal
S .Sl
175 -041  -.031 -.02 44 -0112 i
Angle tip
s
-084 049 115 025  -251  -.234 e Jb
Petiole length
ool ¥oys alis slaas
-254 069  -15  -469 052  .144 Fah T o3 hs M
Number of teeth in 2 cm
& .
044  -094 186 .033 -.33 101 - > o Jo _
The relative length of the petiole
S alws b
187 017  -03 059  -055  -.26 z e stey
Width of leaf serration
S wln
107 192 -281 134  -045  -253 e db
Length of leaf serration
Gl y o 3 G163 sl
-183  -031 244  -271  .308  -141 _ _
Number of serration on the right of leaf
) s s
-063  -038 257  -299 341  -106 T e 2 e e
Number of serration on the left of leaf
L, Six
-065 -384 -031  -001  -29  -267 e
dry weight of leaf
-362  -203  -174  -259  -223  -088 SLM
014  -376 146 .029 024 -255 SDM
457 136  -008  -405  -129  -113 e o _
Length of fruit
505 -15 141 -399  -149  -038 iR
Width of fruit
236 045 335  -173  -115  -132 Jrs Jb
Peduncle length
0% 20
1115 1291  1.39 2338 4252  9.857 R A
Eigen-values
Lols Ao
4458 5166 5561  9.353 17.007 39.428 R e
Percent of the variance
R | ¥
80.972 76.514 71.348 65.787 56.434 39.428 AT o e

Percent of total variance
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Figure 3. The scatter of trees were studied from four population-based on discriminate analysis.
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Table 5. Value of the first and second functions in the group centroid, with the average comparison of
Duncan test.

(Function) et [EXGINEPE™
2 1 (Population)
‘ - Buiw
-0.42" 2.62° 2l S
T.tamorady
et
-1.12° -1.47° o
Abshar
SR R
1.42° 2.23° OO0
D.arjan
0.49% -2.97° oSS
T.kare
F ol
9.21 81.14
F value
- - Js
0.000 0.000 Nl
Significant

Aoy ;{.l CEM 3 )bbg."" P

(s @b LT el addllas 30 Slio (gl L cal oo -1 g
Table 6. Coefficients of structural traits based on discriminate analysis.

(Function)
2 1 B
FR1YCow] | ST FR1sYCow] | S ]
standard _ Structural coefficient  standard  Structural coefficient (traif)
S VAT
0.549 0.576* 0.747 0.044 2dsb N s e
Width in 0.1 leaf length
v I3
-0.501 -0.469 0.523 0.031 s )
Angle sine
S S5 sl
0.137 0.26 0.954 0.041 2 Sx b
angle of leaf tip
-0.045 0.215 -1.134 0.46* S e Jsb
length of petiole
0.726 0.583* -0.323 -0.118 Bl
fruit width
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Table 7. The accuracy of classification of different regions based on the discriminate analysis validity.
(Group) o5 5

&3l el K Sl O3, Cuds oS K slws 3055 a ailais
Tamorady  Abshar  Dashtarjan  Tang kare  Each group in numbers (region)
‘ “« Boiw
12 0 1 0 13 Sl S
T.tamorady
Lt
0 6 0 2 8 o
Abshar
05l el
0 0 6 0 6 2=
D.arjan
o S K
0 2 0 10 12 4
T.kare
923 75 100 833 e
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Figure 3. Tree diagram of cluster analysis of traits of detection function in populations (bases 1-13
populations of Tange Tamorady), (bases 14-21 population of the Abshar ), (bases 22-27 population of
Dashte Arjan), (bases 28-39 population of Tange kare).
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Abstract

Background and Objectives: Plant morphological characteristics are affected by
environmental factors in various extents. Investigation of leaf and fruit variations
of a plant species is a practical tool to provenance differentiation and biodiversity
management of populations. The aim of this study was to investigate the
morphological variability of leaves and fruits of different populations of Celtis
caucasica in southern Zagros forests using a multivariate analysis approach.

Materials and Methods: In this study, 39 mother trees from four natural
populations of hackberry located in Fars and Kohgilooye and Boyerahmad
provinces consist of Tange Tamoradi (altitude of 1542 meters above sea level),
Abshare Yasouj (altitude of 1900 m above sea level), Dashte Argan (altitude of
2000 m above sea level) and Tange Kare (altitude of 2120 m above sea level) was
selected. In early November, the amount of 10 leaves and 15 fruits per ramet were
collected from the outer and the middle part of the crown, and 25 morphological
traits were measured, and the data were analyzed using multivariate analysis.

Results: The results of analysis variance showed that except for traits of width at
0.9 length of base of leaf, the length of serration, the number of serration at right
and left side of leaf, the number of serration in 2 cm of base of the leaf, and
multiplication of dry weight on the leaf area, traits of studied populations were
significantly different from each other in terms of other traits. The principal
component analysis showed that the first five components have allocated 76.51%
of the variances that in the formation of the first component, traits of leaf length,

“Corresponding author: salvaninejad@yu.ac.ir
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maximum width of leaf, and surface of leaf showed the highest importance.
Considering the second component, the angle between major and minor nervure,
leaf tip angle, number of serration at the left and right side of leaf and relative
length of the petiole showed the highest importance compared with other traits.
Investigation of the studies tree bases on according to discriminate analysis showed
that the four populations have been separated by traits of leaf width in 0.1 of length
of the leaf base, sinusoidal leaf angle, petiole length, and width of fruit.

Conclusion: In general, traits of angle between the major and minor nervure and
width of fruit can be used as distinguishing traits in making distinction in
separation of C. caucasica species from each other due to their lower formability
under environmental conditions In addition, in the area of Tange Tamoradi, C.
caucasica species was less affected by environmental conditions due to minimal
formability of traits, showing its adaptability in this area. The opposite of this issue
is true in the Abshare Yasouj area and C. caucasica species is adapting itself with
this area.

Keywords: Plasticity, C. caucasica, Multivariate analysis, Southern zagros
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