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Figure 1. Wild almond forest habitat in Isfahan province (Natanz)
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Figure 2. Geographical distribution of the studied populations of wild almond in Isfahan province
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Table 1. Geoclimatic characteristics of wild almond populations and the number of parent shrubs examined in
each population
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Average annual rainfall and average annual temperature were estimated using 20-year statistics (1996-2016) of the closest

meteorological stations to the study areas
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Figure 3. Measurement of seed dimensions (length, thickness and width) and morphological characteristics of
wild almond leaves
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Table 2. Comparison of the average seed size in populations of wild almond in Isfahan province

S o Jsb o b ws o N
Seed diameter ~ Seed length  Seed width 100 seeds weight E“t’ag o < I“‘?’“‘?
mm) mm) mm) an y Populations
6.76" 13.75¢ 8.25" 36.24° Fereydounshanr e 5
6.89°¢ 11.76°¢ 8.70¢ 34.65°¢ Borkhar g5 .
6.77F 11.74°9 8.28f 33.19¢ Semirom p o
8.15" 16.4° 10.53° 61.43° Khor va biabanak il 5 >
7.83% 14.47°¢ 10.67°2 57.982 Shahinshahr s .els
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6.89°¢ 11.74°9 8.70¢ 32.68°¢ Naein .U
6.78F 12.39F 8.35f 32.09¢ Isfahan kol
1059.07™ 1508.08"™ 1435.84™ 47 44™ F-value F s LI
0.000 0.000 0.000 0.000 Significance s o s
8.134 9.905 9.943 19.686 CVal s co,o
WS aoys O Jlois| gl o gylel s 5 S i Ggym shls a5 i o slaceSilke oy 38 luabl waw s (5 ls ae®

8, gl s
** Significance at the 99% level, Mean of each column that have same letters do not have a statistically significant difference
at the 5% probability level
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Table 3. Comparison of the average traits of leaf dimensions of parent shrubs in wild almond populations of
Isfahan province
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0.83¢ 7.05¢ 0.49 b 3.20°¢ Natanz ;L
0.78¢ 7.29b 0.51b 3.26 b Naein .t
0.46°¢ 5.144 0.33¢ 2.34¢ Isfahan gl
111.3™ 79.88™ 78.58™ 69.44™ F-value F 3L
0.000 0.000 0.000 0.000 Significance s ls_xs
46.868 26.066 29.191 26.061 CV i
O sy O Jlets! mhaw o gkl Ll ) il i Bgy> s a5 gie 2 sl Sl oy A8 Gl mhaw (o (55l xe™

8, gl s
** Significance at the 99% level, Mean of each column that have same letters do not have a statistically significant difference
at the 5% probability level
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Table4. Comparison of the average growth traits of wild almond seedlings in populations of Isfahan province

SO L st Bl olass 4y b3 ady, Jsb Lo Jobo S
leaf 7 S Numberof stems ~ Stemdiameter ~ Rootlength  Stem length R IO (SRR
number Number of branches mm) cm cm Study Populations
64.00 b 0.32¢ 1.104 297t 20.27 @ 15.88¢ Khor va biabanak L. 5 ,s>
54,3 0314 1.35¢ 2.69° 21.32¢ 16.99¢ Naein ..t
63.00 2172 2662 267" 13.73¢ 23.12¢2 Natanz :Ls
36.7¢ 062 1.93°¢ 2.67°P 14.59d © 22402 KashanLals
67.9° 061 249 2.72b 17.02° 19.88° Shahinshahr .z ,.als
700 0.40 b 2.15% 2.86°¢ 18.32 ¢ 23.25¢2 Borkhar s>,
51.40¢ 0.65® 243 2.882 21.03@ 21.44 @ Isfahan 2!
64.00 0.33¢ 245 2.71b 2029 ® 15.78¢ Semiroms .o
54.30 0454 1.92¢ 2.68" 22322 16.97 2 Ardestan - i.s)|
88.202 2178 2662 2.68" 13.63¢ 23.42° Fereydounshahr .iss 3
110.28" 32,62 37.75" 16.55™ 20,54 2152 F-value F s L
0.000 0.000 0.000 0.000 0.000 0.000 Significance s Js sz
59.13 7247 62.02 14.34 53.88 47.491 CValoss cupo

BB aoy0 O Jliml mhaw 5o golel Ll 5l kS ie By sl a5 peie e sl Sile oy A Gliebl gl 3 (5l ™

A5l (gl Sre

** Significance at the 99% level, Mean of each column that have same letters do not have a statistically significant difference

at the 5% probability level.
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Table 5. Comparison of the average fresh and dry weight of wild almond seedlings in the studied populations of
Isfahan province

NPETRS S0
. Ao, SS9 asls Fuis SO P B NN
w .
Stem t(? root Rootdry —stem dry o e il
ratio (S-R) weight (gr) weight ~ Stem wet root (gr) ~ Stem wet weight (gr) Study Populations
(gn)
Kh Siblo 5 53
1.11¢ 0.28° 0.32° 1.16° 1.12° Orva Stk s o>
biabanak
1.12¢ 0.23« 0.29¢ 1.092 1.12¢ Naein .U
1.11¢ 0.21¢ 0.28°¢ 0.69¢ 1.08°¢ Natanz ;s
1.50P 0.23¢ 0.32°¢ 1.03bc 1.3¢ Kashan Lats
1.53° 0.278 0.39bc 1.04b¢ 1.520 Shahinshahr ez .als
1.50" 0.24b¢ 0.45° 1.12% 1.68% Borkhar iy
1,520 0.26% 0.33° 0.85¢ 1.20° Isfahan il
1.31°¢ 0.20¢ 0.31°¢ 0.864 1.13¢ Semirome .o
1.15¢ 0.23b¢ 0.29¢ 0.96¢ 1.08°¢ Ardestan ks
2.7 0.21¢ 0.47° 0.68° 1.77¢ A2
Fereydounshahr
182.70™ 77.87" 191.10™ 78.58™ 68.44™ F-value F s LI
0.000 0.000 0.000 0.000 0.000 Significance s s sxs
40.99 33.56 54.11 35.34 51.76 CV ol s coye

B as ) b Jisl maw o Solel S 5l IS i By glyls a5 gie e slouSile oy A1 Lol o 5o (gl g™

8, gl s

** Significance at the 99% level, Mean of each column that have same letters do not have a statistically significant difference

at the 5% probability level
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Table 6. Simple correlation coefficients between geoclimatic variables and characteristics of wild almond seeds

and leaves in the studied populations in Isfahan province
Jsb Cole 4 Jsb oo e b se

$, laa S5 3y ylab
Sp L Sroee =, 5, R s ks i i s e

Leaf Leaf Leaf Leaf Seed Seed Seed  Seed 10.0 .

. A length to ; ; grains  Variable

environment  width length area ; . thickness width length .
width ratio weight

0.90™ 0.87"  0.92" 0.89" 0.41 0.55 0.64 084" 0.69 Y
0.052 0.04 0.06 0.024 0.50 -0.03 -0.06 0.20 -0.04 X
-0.33 0.73 0.63 0.52 0.46 0.25 033 0.08 0.24 ASL
-0.85* -0.79"  -0.80" -0.64 -0.17 -0.23 -0.31 -041  -0.28 T
0.66 0.58 0.68" 0.79° 0.09 0.80" 0.85" 0.84" 087" R

J}!a ‘u;gL:..‘B‘)x} P d)_uo ;A:.J)J‘\AR 5T ASL XY SRS (oo QL\MJ ‘) o/ 9 LRI Jl&.\}‘ C?Ja""’ » )L)u’_;.x.n :L]a.:b 3929 o Ay Mij

#

KECOW-SRY Toe HLIL SNk 5k g Alles slos 2 Kbeo b yo mhaws 31 glas,l e LSl 3
* and ** respectively indicate significant correlation at 0.05 and 0.01 probability levels. Y, X, ASL, T and R respectively represent the

Longitude, Latitude, Altitude above Sea Level, Average Annual Temperature and Average Annual Rainfall of Seed Origin.
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Table 6. Simple correlation coefficients between parent trees and seed traits of the studied wild almond
populations in Isfahan province

TLW TLW TLP TLA RLW SWD ST sSL sw TCD TH ot
TH

097  ACD

021 001  SW

081** 028  0.06 sL

0.76**  0.98** 0.28 0.09 ST
0.95%% 0.90** 0.98* 0.16 -0.05 SWD
-0.01 -0.24 0.05 -0.18 0.21 0.16 L:W
0.22 0.91** 0.86s%% 0.93** 0.88** 0.52 0.32 SW

0.84+ 0.22 0.84+ 0.70 0.89*  0.80* 0.23 0.01 LA

0.92* 073 003 074 072 089+ 074  0.27 0.06 LP

0.96*= 093 071 007 067 056 068 067 030 0.0 Lw
0.95* 099 093 0.76* 005 0.76* 067 075 076" 028  0.06 LL

Od oy SW izl Hhs Sl (TCD oo gl )| TH s o las 1) +/+) 5 +/20 Jloix| zohaw )0 s gine dlayl ) 5929 ol 5oy ¥ g

#

ujﬁ L= LP ujﬁ Coluw (LA s);\J. &ls so 39 SW ‘);\g 0PN J}Jo S LWeasls 2 059 SWD ;)..‘\.3 Cwlbes ST s).')g J}Jo SL
s oo s 1y g0l (Lm0 Sy Jeb Ll 5 Sy o ,e LW

* and ** respectively indicate significant correlation at 0.05 and 0.01 probability levels. TH: Tree Height, ACD: Average
Crown Diameter, SW: Seed Width, SL: Seed Length, ST: Seed Thickness, SWD: Weight of each Seed, L:W: Seed Length to

Width Ratio, SS: 100 Seed Weight, LA: Leaf Area, LP: Leaf Perimeter, LW: Leaf Width, LL: Leaf Length of Mother Trees
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Table 8. Simple correlation coefficients between geoclimatic variables and seedling traits of the studied

populations of wild almond in Isfahan province

i;f - é“@;f““ ook ) bbb T oo
Average annual Average Altitude above Longitude Latitude Seedling traits
temperature annual rainfall sea level
-0.49 0.81" -0.49 -0.45 0.83" LW, o0
-0.51 0.83" -0.54 -0.41 0.83 LLsS, Jsb
-0.51 0.83" -0.53 -0.42 0.81" LPS ) Lo
-0.46 0.82" -0.46 -0.48 0.81" LAS , glaw
-0.93" -0.33 -0.77* -0.21 0.82" SiRaiy, 4 adle e
0.7 -0.47 0.73 -0.03 -0.82" LN, slass
-0.27 0.84" -0.63 -0.39 0.65" RDWasy, S5 5
-0.67" 0.15 0.45 -0.44 -0.57 SDWailes St 55
-0.67 0.82" 0.62 0.25 0.78" RFWas; 5559
0.7 0.17 0.62 -0.43 0.57" SFWals 505
0.92" -0.42 0.77 -0.16 -0.78 BNasLs olaws
-0.69 -0.36 0.52 0.65 0.24 RLasy, Jsb
0.53 -0.62 -0.58 -0.32 -0.73 SNl slaws
-0.12 0.75 0.16 0.34 0.39 CRDag, ,las
0.44 0.65 -0.33 -0.80" -0.09 SHaiL, ¢l

hw LA Sy e LP (5 Job LL 5y o0 LW s o lad 1) +/+) g +/+0 Jloiol mohaw 1o o sme dlasl) 0929 o ity ™ g *
olass BN wadles 5 59 SFW sy, 5 059 RFW Bl i o359 :SB iy, ez 55 RBuS p slowi (LN iy 4 a8l ¢ SIR (S
Ao ol 1y adle gl ) S i, Jad :CRD il olass SN waiy; Jobo :RL sl

*and ** respectively indicate significant correlation at 0.05 and 0.01 probability levels. LW: Leaf Width, LL: Leaf Length,
LP: Leaf Perimeter, LA: Leaf Area, S:R: Stem to Root ratio, LN: Leaf Number, RDW: Root Dry Weight, SDW: Stem Dry
weight, RFW: Root Fresh Weight, SFW: Stem Fresh Weight, BN: Branch Number, RL: Root Length, SN: Stem Number,

CRD: Collar Diameter, SH: Stem Height.
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Abstract

Introduction: Wild almond (Amygdalus scoparia Spach) is a very important forest species with a wide distribution range in
arid and semi-arid areas of Iran. Considering that the study on the geographical variation of morphological traits of this
species in the limits of its natural distribution is considered an important step in the genetic studies and the protection of these
forest resources, the present research was planned and implemented.

Material and methods: In this research, in order to investigate the geographical changes of the morphological characteristics
of this species, 10 representative populations of wild almond were selected from the province with different distribution and
ecological conditions, and in each population, the number of 21 to 25 of parent trees of wild almond were determined and the
seeds of each of parent trees were collected from the four sides of the tree crowns. To determine the weight of 100 seeds, 400
seeds were randomly selected from each tree and the wet, dry weight and dimensions of the seeds were measured. In order to
investigate the characteristics of the leaves, 20 healthy and expanded leaves were selected and the external characteristics of
each of them including length, width, area and width of the leaf were measured. Ten parent trees were randomly selected
from each population and after preparing the seeds for germination, the seeds were planted in Shahid Jabal Amilian Nursery
using a randomized complete block design with 3 replications. In this experimental design, 100 parent trees as 100 genotypes
were randomly placed in each block, and for each parent tree, 10 seeds were planted in a row of 10 in polyethylene pots. At
the end of the growth period, the number of leaves, stems, branches of the seedlings, the length and diameter of the stem, the
length of the main root of each seedling, as well as the height of the seedling and the collar diameterwere measured.

Results: Based on the results, significant differences between the studied populations were observed in all the studied
attributes. Weight of 100 seeds, leaf area and number of stems showed significant changes among the studied traits. In drier
areas they had smaller weight, seed size and leaf dimensions compared to wetter areas. This study showed that seed width
had a higher correlation with seed weight among the examined traits. Also, the results showed that the height of the seedlings
decreased with the increase in longitude and decrease in rainfall, as well as the increase in temperature from west to east of
Isfahan. In addition, the findings of the present research showed that the height of the seedling trees of wild almond increased
from the east to the west of Isfahan province, and the dimensions of their leaves decreased from the north to the south and
this means that in the seedling stage, the plant shows bidirectional geographical diversity with latitude and longitude, but the
influence of latitude on the observed diversity was much higher than that of longitude.

Conclusion: Generally, the findings of this study indicate the existence of significant differences in a wide range of
morphological traits of seeds, mother shrubs, leaves and seedlings from natural populations of wild almond in Isfahan
province. According to the results, while emphasizing on paying attention to the origin of the seed in forest planting
operations with this species, it can be stated that the wild almond has a high ability to adapt to the environmental conditions
of its habitats in Isfahan province.
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