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Extended Abstract

Background and Objective: Natural regeneration is superior due to the production of higher-
quality seedlings, and it is strongly influenced by seed size, which affects seedling growth,
establishment, and survival. Seed size represents an important strategy for the competitive ability
of forest stands in the environment. Understanding seed size characteristics in the Zagros forests
can lead to better management, conservation, and sustainability of these ecosystems. In the Zagros
forests, three major oak species are found: Persian oak (Quercus brantii), gall oak (Q. infectoria),
and Lebanon oak (Q. libani), among which Persian oak is the most widespread. Given the ecological
importance of Persian oak, further research on this species is of high priority. Therefore, identifying
the relationship between seed size and geographical latitude, altitude, as well as the trends of seed
size variation along these gradients, is essential.

Material and Methods: To this end, seeds were collected from four provenances of Persian oak in
the Zagros region (Baneh, Chavar—Ilam, Chekani—Khorramabad, and Sisakht—Yasuj), representing
different latitudes and altitudes. In each provenance, 12 trees with similar diameters (30—40 cm)
and approximately 100 m apart (to minimize genetic relatedness) were randomly selected along
transects. The geographic coordinates of sampled trees were recorded using GPS. About one
kilogram of mature acorns was randomly collected from all crown directions of each tree in early
December 2022. For 20 seeds per tree, the following traits were measured: seed length, hilum
diameter, seed diameter, seed diameter at 8 mm from the tip, length-to-diameter ratio, seed
perimeter, perimeter-to-diameter ratio, perimeter-to-length ratio, seed content density, density-to-
length ratio, and density-to-diameter ratio. Data normality was tested with the one-sample
Kolmogorov—Smirnov test. Morphological traits among provenances and the effects of different
factors were analyzed using one-way ANOVA and Duncan’s test (at the 0.05 level). Discriminant
function analysis was applied to distinguish among provenances and elevation classes based on seed
traits, and functions were tested using Wilks’ Lambda and Chi-square statistics.
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Results: Results indicated that with decreasing latitude, seed length and length-to-diameter ratio
increased, while diameter, seed content density per length, hilum diameter, and tip diameter
decreased. Discriminant function analysis (first and second functions explaining 88% of variance)
showed that Baneh had the highest positive distinction (2.956) and Chekani—Khorramabad the
strongest negative distinction (—0.998) in the first function. In the second function, Chavar—Ilam
showed the highest positive distinction (0.905) while Sisakht had the strongest negative (—0.575).
In the third function, Chekani—Khorramabad had the highest positive score (0.781) and Sisakht—
Yasuj the strongest negative. Elevation classes also showed significant differences: low elevation
(1000—1260 m) had the highest values for seed length, longitudinal perimeter, length-to-diameter
ratio, and perimeter-to-diameter ratio. Mid elevation (1260—1540 m) showed the highest values for
area, seed content density, longitudinal cross-sectional area, and density-to-length and density-to-
diameter ratios. Discriminant function analysis for elevation classes (two functions explaining
85.9% of variance) revealed that mid elevation (1260—1540 m) had the strongest positive
performance (0.643) while 1540—-1800 m had the strongest negative (—1.259) in the first function.
In the second function, mid elevation again had the highest positive (0.561) while high elevation
(1800—-2100 m) showed the strongest negative (—0.463). In the third function, low elevation had the
highest positive (0.253) while high elevation had the strongest negative.

Conclusion: The findings indicate that northern provenances and lower elevations produce larger
seeds with higher content. Due to their greater width (diameter) and lower length-to-diameter ratio,
these seeds are expected to generate more vigorous seedlings for afforestation. However, such
variation in seed size across provenances and elevations may represent genetic and ecological
adaptation to local habitats and natural seed predators, serving as a site-specific survival strategy.
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Figure 1. Samples from the scanning of seeds from different habitats of Zagros
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Table 2. Analysis of variance and mean comparison of different habitats
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220.40¢ 274.37¢ 290.40° 313.300° 29.90 1180 0.000 82.69  448332.07

10.99° 10.69° 10.92° 16.00° 23.52 1180 0.000  382.98 1488.54

6.94° 6.62° 6.72 10.97¢ 31.65 11180  0.000  322.25 999.03

112.95¢ 126.037 112.90¢ 117.84° 14.11 1180 0.000 50.05 12180.29

2.74¢ 3.33¢ 3.07° 2.20¢ 21.01 1180 0.000  264.62 58.81

12949.82°  13204.83°  160578.75*  20124.74° 39.12 1124 0.000 15.34 1.71

¢ a b d
6.31 7.40 6.93 5.30 17.95 1180 0.000  225.00 201.74 Surrounding ratio

Seed diameter
o dsb 4 e s

Surrounding ratio
Seeding length

2.31° 2.22¢ 2.27¢ 2.43° 7.34 1180 0.000 75.10 1.80

ok dsb 0 (gl g aniils o
d C b a
4.47 4.80 5.82 6.38 25.80 1180 0.000 161.14 212.31 Density ratio of seed content to
seed length
o kBl (gl e andls S
The ratio of seed content density to
seed diameter

el Sl oy (470 0) Sols e SN 5 g 5 pde elias (LS sy 3 alie Sy WJhea| c]d—w P i o5l F

12.37¢ 16.10° 17.95° 13.97¢ 32.32 1180 0.000  99.006 1919.11

F: Fisher's F test, P: probability level, similar letters in the row indicate the absence of significant difference (0.05) between
the means.
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Table 3. Eigenvalues, percentages and aggregated variance percentages of provenance discriminant

function
O laze S ez alily Loy bl oo N 331 o
Conventipnal Cumulative variance Per.cent Special Function
correlation percentage variance value
0.809 74.6 74.6 1.8922 1
0.509 88.4 13.8 0.350* 2
0.476 100 11.6 0.2932

.Jﬁia:L&;ﬁﬂlM}qF;{}MJﬁgﬁjmcUMﬁ:a
a: All three conventional functions were used for detection and analysis.

La liss et w1 SulslS s Wilks lambda Oge3) =4 Jsdr
Table 4. Wilks lambda and chi-square test for discriminant functions of provenances

15 O ge3l
Sig. df Chi-square Wilks lambda & o
Test functions
YL
0.000 39 1901.355 0.198 ;
1 with 3
YLy
0.000 24 654.295 0.573 ;
2 with 3
0.000 11 301.608 0.774 3
3575 4l od sl Dlie Sl s s U il Gl AU s 5 o4 e

(=) Loy ) Llas JAASJJAJSUgVA)'H)J:;'uL;LmJJUjjﬁAS

Y=0.20IND -0.238L+0.188N+0.184W+0.309WI+2.821LW+0.429PW-2.169PL+0.789INDL-

0.521INDW-3.887 ()<=l
Y=-0.002IND-+0.118L-0.136N-0.212W+0.213WI-0.056P-1.087LW+0.01 5PW+2.226PL+0.031 () i
INDL+0.248INDW-2.378 ;

Y=-0.010IND-0.028L+0.109N-0.304W+0.088WI+0.097P+10.243LW- (*) el

2.784PW+3.753PL+2.769 INDL-0.791INDW-26.027
BEI RN ('/YQi))J\.’ d}.la “ Lﬂ“}w (_;.?.w_;‘j ('/OYO) LSJ‘:'Ag;k‘«"p i PL ).1.3 J.E_;:WI c).l..s jléa=W (3l

o by e Cute Ssen op i pss w0 ks b 4 b e 4 Jgb ol =LW L S5

)y pd < VEY) 5o a3 4y 5y (6l gime atendls ol dsboa od Glsee andls Coes =INDL
e o Sl (/AY) L b 4 54 (gl e s Jlad w54 (sl see axdls S =INDW
@6 03 ap CIFYE) S e 5 (YY) L4 ok Sl by el Slio  Saen i

e b by cote Steen op i pse — 2 0L (0 Jsdr) il 5 oS Sle sl b il

Sk St 3 b Dlis w4 by e o S U
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Table 5. Matrix structure and correlation of seed traits with discriminant functions

" xS C"}"

N . Sles
discriminant functions
Characteristics
3 2 1
: LSy glanl gz i 5
0.148  -0201  0.710° (o) S S5 il (s e oo 53 e
Diameter in the first eight millimeters of the tip of the seed (mm)
: Lol s
0.119  -024  0.648" (o) oAy SL 8
Seed navel diameter (mm)
- J.! 5
0.015  -0509 0525 (Pahe) oA
Seed diameter (mm)
.Y Ll Cond
0272 0134 0294 ot b o e
The ratio of seed circumference to seed length
Uy QL gl gime sy Cwd
0404 0742 -0.077 A A o Sl el
The ratio of seed content density to seed diameter
L Ll g anudls s
0.157  0.683° 0356 A b o sl s 2
The ratio of seed content density to seed length
: shais sl L
0079 0336"  -0.019 (g o) S =
Longitudinal cross-sectional area (mm?)
g_,-&i.& - XL
0077 0.324°  -0.014 (e o) o 2
Seed volume (mm?)
- X
0.693"  -0.105  -0.161 Crashen) 5o d b
Seed length (mm)
JEVE DT
0.644" 0.36 -0.517 ratio of length to
Seed diameter
= X s
0.621°  -0.189  -0.032 () o 5
Longitudinal cross-sectional perimeter (mm)
(= ) ol Jhad a4 b
0585° 0344  -0477 Frte) o S ok Db
Longitudinal perimeter of seed-to-seed diameter (mm)
8 s i
0.468" 0.459 0.196 e =

Seed content density

U‘»{‘ U"L‘”‘J’ Q\};uﬁjv\;)\b ol JSJ &jjj‘}ﬁ)}»
.(,.:,ﬁ.'adh}&ciﬁ@lj:)

2o G pilss s sasds Ul s
)‘ g.gi Jﬁ sl DJAT (-\ dﬁ.l}-) BL) JJu C)L‘Lﬂ uALA‘
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Table 6. Coefficients of different provenances discriminant function based on seed characteristics

b ilss Slio
Provenances Characteristics
S o S s <L
Sisakht Chekni Chavar Baneh
Lol e |
1,185 11.208 1.187 1122 RS e
Seed content density
(o) 5 d
137.523 137.622 137.62 136.71 Feste) o I
Seed length (mm)
(rodes) 5 U s
-6.867 -6.835 -6.968 -6.171 = ] s
Seed navel diameter (mm)
Graden) 5y e
37.306 36.726 36.902 37.622 “M‘%f o
Seed diameter (mm)
(ragdhen) S S5 abal (6 oo otn s L
-6.169 -6.106 -5.729 -4.92 Diameter in the first eight millimeters of
the tip of the seed (mm)
-0.001 -0.001 -0.001 -0.001 (¢" .’"‘&’) S Clw o=
Longitudinal cross-sectional area (mm?)
Croen) 5ds Jsb oo
-61.803 -61.682 -61.842 -61.749 Longitudinal cross-sectional perimeter
(mm)
(CnSe e k)
5.60E-05 5.72E-05 5.80E-05 5.49E-05 S )
Seed voume (mm?)
o b a b s
308.051 321.13 311.942 325.88 ratio of length to
Seed diameter
o) sy 5 4 ol b s
24.028 19.868 22.836 23.275 Longitudinal perimeter of seed-to-seed
diameter (mm)
B
3044.425 3051.414 3048.871 3040.741 The ratio of seed perimeter to seed
length
o b a sds (glsee adls S
142.091 145.72 143.631 147.138 The ratio of seed content density to seed
length
o kS 4 5 (gl g andls
-29.416 -30.246 -29.557 -31.797 The ratio of seed content density to seed
diameter
Ny
-4187.068 -4223.635 -4203.617 -4226.78 '
Fxed

Slalssn 4 Cond Jd Jsb 4 e s
oslizal L &l ilsy p aS g, sba . das o 0Lis Kos
Ll ol pasis LB ity Jol pasis o
S o 3 3Llp 2 S @Dl Sl sla s
Lo ol dol a4 Cod (g 28 abol # sl

ol Sl dess AA gyoms 53 S GU 93

e sla g s s o555 o Jol |y Cilises Silis
s S5 (X S) el 13,8 K5 a1,
Sles Olans L5l g i b sl Al clus b
o k3 DUk Gy S (g ke e ila s kb
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Figure 2. Differentiating different provenances based on seed trait discriminant functions
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Table 7. Centers of seed traits in different provenances based on discriminant functions

&b s liss
Function Provenances
3 2 1
L
0.166 0.162 2.956 '
Baneh
|
-0.184 0.905 -0.302 o
Chavar
0.781 -0.257 -0.998 “’g}
Chekni
-0.646 -0.578 -0.575 T
Sisakht

L bl s S ke b ajliliad 6 G laze leze el
Non-standard canonical discriminant functions were evaluated with group mean

calises Slelis )l Sl anslis 5 iboly JUT-A Jsu
Table 8. Analysis of variance and comparison of the mean of different altitudes
o S50 Dl

Seed morphology
traits

1800-2100  1540-1800 1260-1540 1000-1260 P F MS

(= ) ok d
47.15¢ 48.80° 51.57° 53.93¢ 0.000 42.245 2558912 Fahe) ok Ik
Seed length (mm)

Gro o) o s
17.93° 2091 17.14¢ 17.155 0000  111.405 966.849 Fachen) o s
Seed diameter (mm)

L gl g anls
221.4664 260.234° 297.027* 276.96° 0.000 34.510 208173.554 e "
Seed content density
S el e e Sl s

Grashe) 5
Diameter in the first eight
millimeters of the tip of the seed
(1mm)

10.78¢ 13.91* 11.28° 11.06% 0.000 93.566 579.826

(x ) 5y Bl
6.94% 9.36% 7.19° 6.72¢ 0.000 98.595 444.634 Foh) o SUE
Seed navel diameter (mm)
The cross-sectional area of the
seed (mm?)
Gragh) sy Job Lo
Longitudinal perimeter of the
seed (mm)

ol dgb e
ratio of length to
Seed diameter

665.74° 808.08" 12166.99* 726.30° 0.000 21.344 9.4173

109.32°¢ 116.01° 116.58° 121.006* 0.000 21.639 5625.669

2.65° 2.39¢ 3.06° 3.18° 0.000 161.124 58.81

12294.85° 17581.52° 189054.74* 12743.56° 0.000 20.019 2.208 ) Fohe) o 2
Seed volume (mm?)

sl SKls y (+/40) Sl sme D] 3 g pe sdaasOlis sy s wlin Gy (Jla| Cld—w H Q).a)'I -F

F: Fisher's F test, P: probability level, similar letters in a row indicate no significant difference (0.05) between the means.
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Continued table 8.

1800-2100

1540-1800

1260-1540

1000-1260

ok S5 P s Dlie
Seed morphology
traits

5.65¢

2.32°

4.71¢

12.56°

6.15¢

238

5.26°

12.30¢

6.92°

2.27¢

5.85%

17.77%

7.13¢

2.25¢

5.11°

16.30°

0.000

0.000

0.000

0.000

L L .

142.804  147.740 o i 4y B o

Perimeter ratio to Seed diameter
ol dsb 4 e s

44.819 1.150 Perimeter ratio to seeding

length

Job 4 5ds sl anpadls o

30.316 52.278 Density ratio of seed content
to length

o kB a5l s il o
The ratio of seed content density
to seed diameter

101.897 1963.621

el Sl (4/00) (g ls sme M 5 phe o lasOls sy s alie By UL».:;—!CE“:P i O30 F

F: Fisher's F test, P: probability level, similar letters in a row indicate no significant difference (0.05) between the means.

ol |y s 5 A0/ t;w):dﬁﬁbﬁ‘&é))b‘g

Wilks 05051 olul s onl (4 Jsir) 5 00

OV dsde) L)l Ol (gyls sme 5 sbas lambda

il Sl )| jasid mb s 5 4 s
ool cilzes Slelis a8 el OF 51 Sl =
23 i 4SS s 1l s 5 g I oa 5l U e

A glaml 5 aopn AN L dsl b 4 bl

;ﬂ:ﬁw@bw)‘u@mqGUM&\{)\)M}J}M)Jw}jﬁJUJ—‘\ J gl

Table 9. Eigenvalues, percentages and cumulative variance percentages of discriminant function of

different altitude
. = L Lols Lo ys . . .
Solaze (Saas e ol e RS o3 p3las ek
. . . . Variance . .
Conventional correlation ~ Cumulative variance percentage Eigenvalues  Function
percentage

0.613 69.1 69.1 0.602* 1

0.357 85.9 16.8 0.146* 2

0.331 100.0 14.1 0.1232 3

.Ma:@l%;gﬁé}ﬁzjsd)wdl:wﬁ:a

a: All three conventional functions were used for discriminant and analysis.

e Slelis )| asets ml 5 ISl SIS 5 Wilks lambda Ose3) =V v sl

Table 4. Wilks lambda and Chi-Square tests for discriminant functions of different altitudes

. : . 55 0ol
Sig. df Chi-square Wilks lambda &=
Test functions
AR
0.000 39 850.401 0.485 '
1 with 3
AR
0.000 24 296.754 0.777 '
2 with 3
0.000 11 136.264 0.890 3
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Ll S 350 a1 5 5580 Slio Sl ol

Qm‘o.kﬂi@j)k.@q- L{‘)‘))J

Y=-0.023IND + 0.299L - 0.147N - 0.500W + 0.069WI - 0.007P - 0.212LW - 0.394PW + 1.751PL

+ 1.565INDL - 0.044INDW - 7.224

Y=-0.029IND+0.039L+0.102N+0.111W+0.149WI+0.012P-0.467LW+0.669PW-3.226604PL +

1.565INDL + 0.011INDW - 4.758

Y=0.028IND-0.247L+0.015N-0.304114W+0.299WI+0.059P+11.169LW-3.384PW+7.381PL-

0.183INDL-0.471INDW-22.298

(S OYY) Dd Sy e Sla s A kb
G 00 5 Sl (H/EYV) A d b 4 5 e S
edls Cod 4 b (Sheen i g
gt o Lol (4 AAE) 54 sk 4 s (gl s
Slszme andls 5 (V84N LAy e (/007 LA
Nt o iy e @l 53 el (V)
sk dsb 5 (/oVA) S b 4 bp e e

(VY Jad) el (/0VY)

el s gloplis | s wb ol
K e skl (VY Jsas) s L Slie
S35 sho e Dlio B 51 pasie ol b Lapls )l
Sl 5 ol ol 015 o 5 03 003 S5
(b st Jae) 3,5 S5 on 311, il

flS a5 LS e a1 1 Cilie Slelis) oS

() o
(0) ia

V) iyl

AN Gy Jsb =L oy sl ails <IND
— ke Sl 5o oy a8 =Wy i =Wt s
=P Ol b 4 Jgb el LW G4 S g
Oy Sk 4 5 e Cod SPW G4 50 Lo
od sk o4 oA Gl adls oo =INDL
oy kS ey s (Gl e andls Cod <INDW
L ciliee Sleli )l ol Slino  Siaen s
i S A e 0L g eSSl el
3o Gude S Jol w6 s Sl o Steat
Sliw 4 by Cd g cils ) LACUJ)\ RS
b e il 5 (/AN0) S lB o Jgb e
odls s (AN LA B ((VRR)

(=0 /0VY) GU s ((/NA) Ly s 4 Ly (gl gies

cilime Slelis )l Gasis ols LA Slio  Stas 5 S5 5l Hlle =) Jsd
Table 11. Matrix structure and correlation of seed traits with discriminant functions of different

altitudes
G
< ; Slaw
Function -
3 ) 1 Characteristics
s jlas o dgb s

0.317 -0.219 0.805"

Seed length to diameter ratio

0.282 -0.204 0.759*

ok oy J sk e

Longitudinal perimeter of the seed to the diameter of the seed

0.296 0.257 -0.661*

(,iavlaf) )J“'Jl”

Seed diameter (mm)

0.209 0.403 0.618"

o b 4 5ds (gl gme andls

The ratio of seed content density to seed diameter
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Continued table 11.

G
¢ . law
Function o
3 ) ) Characteristics
“ ool Les
0.331 0.522 -0.572" (ﬂ‘}?‘) o Jlﬁ
Seed navel diameter (mm)
* LSy ol gx i 3
0523 0457  -0.537° (ees) Sl S5 gl (g e s B
Diameter in the first eight millimeters of the tip of the seed (mm)
e b @ Lo o
-0.075 0.154 -0.427" Perimeter ratio
Seeding length
QL oel e ey Cd
0.080  0.684"  0.114 b o sl il =
Density ratio of seed content to length
- L aled S ls
0205 0506°  0.139 (g o) s o e =
The cross-sectional area of the seed (mm?)
g_,:.{a = J.v
0197 0.496"  0.130 e L
Seed volume (mm?)
QL ol e o]
0405  0476" 0239 I Gy L
Seed content density
(= X b
0.579" -0.040 0.150 ﬂéﬁ) ’ “;jb N
Longitudinal perimeter (mm)
” £
0571 -0.107 0330 (nh) o J 5
Seed length (mm)
Table 12. Discriminant function coefficients of different altitudes based on seed traits
il Dol
Different altitudes e
1800- 1540- 1260- 1000- Characteristics
2100 1800 1540 1260
XLl e o]
1,181 1,152 -1.219 -1.179 I S G
Seed content density
(x ) 5 d
138.411 137.943 138.626 138.442 ﬂdu o }b
Seed length (mm)
(x ) Hdo Gl ks
-8.100 -7.897 -8.144 -8.205 JMJLJ i Jb
Seed navel diameter (mm)
- _b °
37.226 37.606 36.745 36.665 Creden) oy b
Seed diameter (mm)
(radee) 5de Sy il (g e Joo colin 5 Jlas
-6.564 -6.234 -6.166 -6.169 Diameter in the first eight millimeters of the tip of the seed
(mm)
-0.001 -0.001 -0.001 -0.001 ujj}a Cku =

Longitudinal cross-sectional area
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Continued table 12.

e Dol
Different altitudes e
1800- 1540- 1260- 1000- Characteristics
2100 1800 1540 1260
” .Lv .lo.ou
62228  -62.156  -62.189  -62.173 (egsh) Sk sk Lo
Longitudinal perimeter (mm)
xS &
5.965E-5 6.004E-5 6.135E-5 6.185E-5 (5 ﬁdkf) e
Seed volume (mm?)
Sy b 4y b
266918 277.724 272627 278.067 ratio of length to
Seed diameter
o skl 4y Sk b
31.322 28772 29.647 27.607 Longitudinal circumference of the seed to the diameter of the
seed
)JJ d_,]a & o Cs
3044.767 3048.205 3047.171 3053.342 ’ T ’
Surrounding ratio seeding length
o QL gl e sy Cwd
129.560 129219 132960  131.123 ot b ok e il
The ratio of seed content density to seed length
& b3 L gl g atndly G
25133 25550 25439 -25.654 ot oy e il
The ratio of seed content density to seed diameter
osb
-4141.179  -4160.304 -4166.404 -4171.187 ’
Fixed
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Figure 3. Differentiating different heights based on seed trait discriminant functions
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Table 14. Correlation rate of s
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