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Abstract

Background and Purpose: The wild cherry (Prunus avium) has great
and multiple importance. The fruits it produces are used for several
purposes (as food for people, birds and other animals, as well as in
phytotherapy). As many birds and mammals feed on the fruit of the wild
cherry, it has the ability of dispersion over large areas in a very short time.
1t is present in from river deposits up to 1900 m/alt, while it is quite rare in
the Submediterranean. Wild cherry grows as a solitary tree or in small
groups, usually at the edge of the forest or within the forest in areas with
more sunlight. The significance of the wild cherry is reflected in the high
economic value of its wood, which makes it much demanded and populas,
and thus endangered.

Materials and Methods: The plant material was collected from 22
natural populations in Bosnia and Herzegovina. The fruit and leaves were
collected from marginal or solitary trees, usually from the south-facing,
outer sun-exposed parts of the tree crown. We measured the following fruit
characteristics: fruit length (FL), fruit width (FW), fruit thickness (FT),
seed length (SL), seed width (SW), seed thickness (ST), length of the stalk
(LOS) and width of the stalk (WOS), and leaf characteristics: length of the
petiole (LP), length of the leaf blade (LB), distance from the blade base to
the blade’s widest part (BBW), width of the leaf blade (WB), insertion
angle of the leaf venation (AV), number of leaf teeth on a 2-cm length
(NT), blade width at 1 cm from the blade apex (WBA) and blade width at 1
cm from the blade’s base (WBB). All statistical analyses of the data were
made using the SPSS 15.0 package for Windows.

Results: The results obtained show the presence of a high level of
intrapopulational, as well as interpopulational, morphological variability
in the natural populations of the wild cherry which have been investigated.
Analyses of population differentiation have not confirmed our expectations.
Our results only indicate differentiation in fruit size characteristics, but the
indicators are very weak. The resulting high values of the regression coeffi-
cient in this research can serve to estimate the values of some features and
characteristics without their measurement.

Conclusions: The analyses of 16 morphological characteristics in 22
natural populations of the wild cherry in Bosnia and Herzegovina showed
statistically significant differences between investigated populations. Diffe-
rentiation in natural populations of the wild cherry was very low and
identified only in fruit dimension characteristics.
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INTRODUCTION

he wild cherry (Prunus avium) has great and multi-

ple importance. The fruit of the wild cherry is used
for several purposes (as food for people, birds and other
animals, as well as in phytotherapy). As many birds and
mammals feed on the fruit of the wild cherry, it has the
ability of dispersion over large areas in a very short time.
The wild cherry grows on nutrient-rich soils of neutral
reaction which are moderately moist, but is also often
found on sun-baked and dry habitats. It is found in
deposits up to 1900 m/alt (1, 2, 3, 4), while it is quite rare
in the Sub-Mediterranean. It is a fast-growing species
with a production period of 4060 years (5). It grows as a
solitary tree or in small groups, usually at the edge of the
forest or within the forest in areas with more sunlight.
The significance of the wild cherry is reflected in the
high economic value of its wood, which makes it much
demanded and popular, and thus endangered. Literature
data about the morphological variability of the wild che-
rry are scarce and only general information for particular
characteristics can be found, usually for seed and less for
flower characteristics (6, 7), as well as some data about
fruit size which serve for the taxonomic determination of

the wild cherry (§).

The long-standing growth of local populations in dif-
ferent ecological conditions has resulted in a high num-
ber of ecotypes and forms of the wild cherry. For example,
five ecotypes were defined based on morphology (9), two
forms according to fruit color (10), four forms according
to several other morphological characteristics of leaves
(11), and three forms of the wild cherry (12).

It is considered that the natural wild cherry popula-
tions are distributed from West Asia to North Africa and

North Europe (4). There are several different pieces of
information available about the origin of the wild cherry.
Itis generally assumed that it originated in west Asia and
Caucasus (13), while others believe its origin is in the
Mediterranean (14). However, some authors (15) state
that the wild cherry originated in Asia Minor, as well as
South and Mid Europe, whereas others point out the
Pontic area (the east coast of Asia Minor) (16). Never-
theless, existing archeological and fossil evidence suggest
North-West Europe as the homeland of the wild cherry.

The aim of our research was to identify the level of
ecological and genetic differences between the investi-
gated natural wild cherry populations in Bosnia and
Herzegovina, based on the application of comparative
statistical analysis on fruit, leaves, seeds and fruit stalk
characteristics.

With this research, we wanted to evaluate the level of
variability of several morphological characteristics by using
descriptive statistics of parameters, variance analysis, ca-
nonical and regression analysis. Efficient conservation
measures and programmes, as well as conservation acti-
vities using ex situ and in situ methods depend on the
knowledge about the differentiation level of wild cherry
populations.

MATERIAL AND METHODS

The plant material was collected from 22 natural wild
cherry populations in Bosnia and Herzegovina from
three main phytogeographical provinces (Table 1, Figure
1). We used the same sampling methodology as with the
Quercus robur samples (17, 18, 19, 20, 21, 22, 23, 24). We
used only leaves from short shoots because their cha-

Figure 1. Studied population:1 Zepce, 2 Olovo, 3 Majevica, 4 Posusje, 5 Sarajevo, 6 Rogatica, 7 Livno, 8 Kalinovik, 9 Visegrad, 10 Drvas; 11
Kongora, 12 Sanski Most, 13 Kupres, 14 Bosansko Grahovo, 15 Turbe, 16 Kljuc, 17 Trnovo, 18 Sokolac, 19 Konjic, 20 Cazin, 21 Kakanj, 22

Ustikolina.
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TABLE 1
General information about investigated populations.

Pop. Population name Longitude Latitude Altitude (m)  Phytogeographic Provenance
number
1 Zepie 44°26° 09” 17°57° 58” 609 Zavidovici — Teslic area (3.4)
2 Olovo 44°10° 327 18°33°06” 563 Ozren — Okruglica region (3.5.1)
3 Majevica 44°31° 277 18°51° 43 510 North-Bosnian area (1.1)
4 Posusje 43°32’30” 17°277 247 1076 Sub-Mediterranean mountain area (4.3)
5 Sarajevo 43°50” 09” 18°23° 04” 560 Sarajevo — Zenica region (3.3.3)
6 Rogatica 43°49’ 26” 18°57" 44” 685 Rogatica region (2.2.2)
7 Livno 43°46’ 40” 16°57° 24” 805 Region without evergreen elements (4.3.1)
8 Kalinovik 43°30° 07 18°28’ 417 1054 Igman — Zelengora region (3.6.1)
9 Visegrad 43°48’ 04” 19°18’ 46” 587 Visegrad region (2.2.1)
10 Drvar 44°22° 16” 16°22° 227 499 Sub-Mediterranean mountain area (4.3)
11 Kongora 43°38’ 28” 17°21° 427 958 Sub-Mediterranean mountain area (4.3)
12 Sanski Most 44°46’ 197 16°40’ 20” 155 North-west Bosnian area (1.1)
13 Kupres 43°59’ 56” 17°16’ 16” 1226 Glamo¢ — Kupres region
14 Bosansko Grahovo 44°10’ 46” 16°21° 38” 873 Sub-Mediterranean mountain area (4.3)
15 Turbe 44°12’ 28” 17°30’ 39” 778 Vranica region (3.3.2)
16 Kljue 44°31° 52” 16°46’ 43” 286 Kljuc — Petrovac region (3.2.1)
17 Trnovo 43°41° 117 18°20° 417 929 Igman — Zelengora region (3.6.1)
18 Sokolac 43°56’ 25” 18°46° 37” 954 Romanija region (3.5.2)
19 Konjic 43°34° 377 18°00” 44 696 Sub-Mediterranean mountain area (4.3)
20 Cazin 44°56° 44” 15°55° 44 379 The area of Cazinska Krajina (3.1.)
21 Kakanj 44°06’ 49” 18°04’ 577 558 Sarajevo — Zenica region (3.3.3)
22 Ustikolina 43°36° 10” 18°44° 43” 820 Gorazde — Foca region (2.2.3)

the blade apex (WBA) and blade width at 1 cm from the
blade base (WBB).

racteristics reflect a recent condition of the species and
are suitable for precise morphological research, as well as
for fruit research. The leaves were collected from mar-
ginal or solitary trees, usually from the south-facing,
outer sun-exposed parts of the tree crown, because only
such trees can entirely express its phenotype and geno-
type (22, 23).

All measurements were made with 0,1-mm precision.
Overall, we analyzed 22 populations, 204 trees, 2926
fruits, seeds and stalks and 30693087 leaves. Altogether
we have statistically analyzed 55.720 measurement data
items. All measurements were entered into an Excel
spreadsheet and statistical analyses of the data were made
using the SPSS 15.0 package for Windows. We perfor-
med the following statistical analysis: descriptive stati-
stics, variance analysis, regression analysis and canonical
discriminant analyses.

Following collection of the material, additional selec-
tion was made and we removed all fruits and leaves that
were not fully or properly developed, those that were
damaged or of irregular phenotype appearance. Apart
from collection, it was necessary to herbarize all the leaf
material to make it suitable for later measurements, so an
additional selection of the leaf material was done during
the herbarization process.

RESULTS

The results obtained show the presence of a high level
of intrapopulation, as well as interpopulation, morpho-
logical variability in the natural populations of the wild
cherry which were investigated (Table 2, 3a and 3b). The
analyses of population differentiation did not confirm
our expectations. Our results only suggest differentiation
in fruit size characteristics, but the indicators are very

We measured the following fruit characteristics: fruit
length (FL), fruit width (FW), fruit thickness (FT), seed
length (SL), seed width (SW), seed thickness (ST), len-
gth of the stalk (LOS) and width of the stalk (WOS), and
leaf characteristics: length of the petiole (LP), length of
the leaf blade (LB), distance from the blade base to the
blade’s widest part (BBW), width of the leaf blade (WB), weak.

insertion angle of the leaf venation (AV), number of leaf
teeth on a 2-cm length (NT), blade width at 1 cm from

Period biol, Vol 114, No 1, 2012.

As we can observe in Tables 2, 3a and 3b, the obtained
mean value for fruit length (FL) is 11.76 mm (Kongora
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o © ~ + o =n = 9.61 mm, Drvar = 13.23 mm) with the highest varia-
g g % O T tion in the Drvar population (19.21 %) and minimum
=™ v o variation in the Trnovo population (5.08 %). The mean
value for fruit width (FW) is 12.13 mm (Kongora = 9.50
Bl e R 2 2 8 3 mm, Sarajevo = 13.70 mm) with maximum variation
g\&; e S AT S observed in the Drvar population (20.00 %), and mi-
nimum variation in the Posusje population (5.42 %). For
T fruit thickness (FT) the characteristic mean value is 11.05
7 § T T =2 F mm (Kongora = 9.01 mm, Sarajevo = 12.63 mm) with
- - maximum and minimum variation in the Drvar (17.71
%) and the Kongora (6.51 %) populations respectively.
N © © © <+ 1N )
: - N N R The obtained mean value for seed length (SL) was
E oo BT - 8.11 mm (Kongora = 7.31 mm, Bosansko Grahovo =
= 8.76 mm) and the highest variation was displayed within
g Bl 283 33 the Cazin population (11.39 %), while the minimum vari-
) Els 28 g = ation was observed in the Kongora population (5.35 %).
g The mean value for seed width (SW) is 7.03 mm
€ E€ 5 8 8 9% & = (Kongora = 6.61 mm, Olovo = 7.37 mm), with maxi-
2 RE| R & 8 ¥ ° 1 mum variation in the Ustikolina (10.38 %) and mini-
S mum variation in the Kupres (4.29 %) population. The
8 Al ©» o o o - mean value for seed thickness (ST) is 5.48 mm (Konjic =
ME |l n & = — = . . .
e HE (R @ o g & = 4.86 mm, Drvar = 5.88 mm) with maximum and mini-
S - mum variation in the Konjic (14.95 %) and the Posusje
I _ (4.44 %) populations, respectively. The mean value for
2 & S lu;w % i 5 § § length of the fruit stalk (LOS) is 37.28 mm (Sokolac =
2 = | = ¥ = 32.10, Olovo = 43.39 mm), with maximum variation
] observed in the Bosansko Grahovo population (19.60 %)
o o M 8 Bl R 2 S 5 2 and minimum variation i¥1 the Drvar p.opulation (1 1.8.7
W j 2E(Q © © = 2 = %). The mean value for width of the fruit stalk (WOS) is
2 2 5 0.60 mm (Kakanj = 0.56 mm, Turbe i Trnovo = 0.63
= Do IS — mm) with maximum and minimum variation in the
3 |2 |28 8 & R 8 R =5 I
2 = S £ S 2 & 3 = Majevica (13.53 %) and the Kongora (9.47 %) popula-
§ = A - tions, respectively.
g — Moreover, as presented in Tables 2 and 3b the mean
= g O o en o o~ N . . ..
3 = - BRI values for investigated leaf characteristics were as fo-
g - llows: the mean value for length of the leaf blade (LB)
2 was 80.03 mm (Kongora = 72.69 mm, Sarajevo = 85.65
S a B'é\ S =2 289 v g mm) with maximum variation in the Kalinovik popu-
2 B ®E | Q] v o & S~ lation (18.61 %) and mini iation in the Majevi
o = E | ation (18.61 %) and minimum variation in the Majevica
-é population (6.63 %), the mean value for length of the
5 Y . - o - N petiole (LP) was 29.51 mm (Kalinovik = 24.18 mm,
8 3 E § S == 2 2 Olovo = 33.15 mm) with maximum and minimum va-
O = riation in the Sanski Most (19.19 %) and the Kongora
. (10.31 %) populations, respectively, the mean value for
= E § 2 8 8 28 distance from the blade base to the blade’s widest part
MEIQA > = = — o (BBW) was 44.45 mm (Turbe = 39.62 mm, Sarajevo =
49.18 mm) with maximum and minimum variation in
= ~lo ®©® ® = o o the Kalinovnik (21.77 %) and the Majevica (8.60 %)
=) B Ela = ® = K & . .
Z|RE|Q ©° 5 o — 4 population, the mean value for width of the leaf blade
= (WB) was 42.94 mm (Kalinovik = 37.81 mm, Kakanj =
A - e e e . 49.95 mm) with maximum and minimum variation ob-
E] S § x5 o served in the Zepée (13.55 %) and the Rogatica (7.03 %)
| o - populations, respectively, the mean value for insertion
- angle of the leafvenatiogl characteristic (AV) was 45.20°
g (Sanski Most = 48.68°, Zepée = 42.37°) with maximum
g g £ and minimum variation recorded in the Konjic (16.38 %)
g E o A R and the Majevica (9.79 %) population, the mean value
S & J pop
7 é § § s 5 for the number of teeth on a 2-cm leaf length (N'T) was
& 10.16 (Olovo i Sarajevo = 9.41, Kakanj = 11.44) with
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TABLE 3a.

Descriptive statistical data for investigated populations describing measured fruit, seed and fruit stalk characteristics.

Population Population

number

name

FRUIT SEED FRUIT STALK

FL (mm) FW (mm) FT (mm) SL (mm) SW (mm) ST (mm) LOS (mm) WOS (mm)

Mean CvV Mean CvV Mean CvV Mean CvV Mean CV Mean CV Mean CV Mean CV
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (% (mm) (%) (mm) (%) (mm) (%)

S O 0 NN O U B W

—_ =
—

12
13
14
15
16
17
18
19
20
21
22
Average

Nn@mn
Olovo
Majevica
Posugje
Sarajevo
Rogatica
Livno
Kalinovik
Visegrad
Drvar
Kongora
Sanski Most
Kupres
Bosansko Grahovo
Turbe
Klju¢
Trnovo
Sokolac
Konjic
Cazin
Kakanj

Ustikolina

11.86 8.16 12.43 10.98 11.55 10.18 8.15 6.72 7.19 8.25 5.55 13.20  39.22 17.58 0.59 11.86
12.70 8.97 12.91 11.21 11.94 10.24 8.70 7.53 7.37 6.61 5.67 8.19  43.39 13.86 0.62 11.86
10.33 9.12 10.66 13.28 9.86 12.81 7.89 6.17 6.73 8.43 5.38 954 3352 18.15 0.62 13.53
11.04 5.49 10.43 5.42 9.81 6.58 8.33 7.36 6.88 4.99 5.44 444 3892 16.27 0.57 12.47
12.94 14.26 13.70 13.86 12.63 13.65 8.03 8.03 7.12 5.90 5.50 6.96  39.77 13.93 0.60 12.75
11.54 9.50 12.35 10.34 11.34 10.12 7.89 7.47 7.29 6.73 5.57 7.09 3749 18.15 0.61 12.44
12.09 7.34 11.25 6.76 10.54 7.40 8.64 6.69 7.12 5.03 5.43 6.14  42.61 12.86 0.60 9.87
10.38 8.22 10.45 10.14 9.63 10.00 7.89 8.04 6.93 9.83 5.33 1329  36.56 15.42 0.60 12.12
10.41 7.07 10.83 8.69 9.98 8.02 7.66 7.02 6.73 6.30 5.26 589  36.02 14.84 0.57 13.51
13.23 19.21 13.45  20.00 12.27 17.71 8.63 9.39 7.37 5.98 5.88 6.93 3437 11.87 0.61 10.69
9.61 6.32 9.50 6.96 9.01 6.51 7.31 5.35 6.61 5.54 5.27 498  41.10 13.63 0.57 9.47
11.88 10.09 12.83 12.33 11.29 10.81 7.97 7.52 6.75 7.12 5.44 737 4225 16.46 0.58 10.34
11.07 733 11.17 791 10.26 7.13 7.98 7.14 6.97 4.29 5.46 4.65  36.34 12.51 0.57 11.79
12.09 7.70 11.93 10.55 10.81 8.96 8.76 7.94 7.11 5.35 5.59 6.67  40.83 19.60 0.61 10.46
12.99 12.37 13.29 12.52 11.84 11.06 8.70 10.20 7.38 7.61 5.79 747 3437 18.42 0.63 10.33
12.20 6.73 12.63 9.10 11.27 7.07 8.14 6.13 7.09 9.79 5.46 6.99 3253 17.00 0.60 10.68
11.78 5.08 12.52 7.74 11.35 7.62 8.18 5.89 731 5.27 5.72 7.17  38.72 14.78 0.63 12.42
11.80 6.47 12.50 6.70 11.21 6.15 7.94 5.68 6.99 6.22 5.55 6.72  32.10 13.03 0.61 10.79
12.16 6.93 12.44 8.17 11.14 8.41 8.05 7.83 6.63 8.08 4.86 1495  33.04 13.22 0.61 9.69
11.25 5.77 12.26 7.66 10.71 5.12 7.93 11.39 7.06 7.56 5.58 6.61 36.21 17.47 0.60 10.58
11.31 10.04 12.15 8.93 10.91 7.85 7.68 8.17 6.68 6.22 5.17 6.81 33.99 16.05 0.56 11.28
12.47 6.88 12.89 9.99 11.87 9.94 8.00 6.22 7.09 10.38 5.54 11.34 3450 17.36 0.59 10.68
11.76 12.53 12.13 13.99 11.05 12.89 8.11 8.94 7.03 7.88 5.48 935  37.28 18.01 0.60 11.79
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TABLE 4

ANOVA F values.

FRUIT SEED FRUIT STALK LEAF

Pop. name FL FW FT SL SW ST LOS WOS LP LB  BBW  WB AV NT  WBA  WBB
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

Zepie 1523 2765 2017 2786 2371 7719 2366  10.15 4117 5465 2265  73.69  10.66 1793 3710  13.06
Olovo 3705 3681  43.18 1416 1627 2147 1347 1034 9.40 1055 532 2053  15.89 819 2353 7.13
Majevica 13.61 2872 2523 2100 5433 8320  60.08  14.42 277 2534 054 3653 1.11 0.63 4.61 657
Posusje 8.52 0.62 136 37.66 1.34 256 3.61 9.95 4.08 878  15.14 9.99  22.49 0.00 0.34 9.66
Sarajevo 12035  97.68 9269 5435 1850  33.94 960 1682 2715  21.05 1627  18.04 8.19 422 3489 1538
Rogatica 3938 2919 2334 2151 975 1209  17.96 714 1245 8.62 9.18 5.10 4.84 3.76 9.45 8.08
Livno 2697  10.52 834 2707 1339 1661 1256 464 1022 17.85 9.56 8.27 584 2446 4171 1338
Kalinovik 6396 7566 7763 5371 9875 8055 1715 3038  70.12 2695 6546  19.01 754 1453 1875 1651
Vitegrad 1213 3197  19.60 1682 2202 2454 3291 1583 1580  31.65 1176  17.67 533 640 5016  12.97
m Drvar 314.86  287.12 25940 14720  44.86  47.24 838 1863 2051 9.74 1222 1584 9.57 695  18.86 9.86
E  Kongora 15.34 941 652 6.69 6.28 7.65 1691 1211  10.19 4.89 897 2327 5.41 4.32 633 3.26
m Sanski Most 5030  63.77 4145 4498 3827 3452  39.43 700 2770 4820 2122 1351 1238 3.29 893 1871
S Kupres 3643 3040 3071  39.10 927 1251 6.88 832 1352 2496 1342 1012 1416 8.05 1342 10.94
m wwwwm“_% 2118 2016 1843 2616  10.09 2497  14.14 650  10.84 1504 1093  44.93 6.69 6.68 3608 2092
" Turbe 10270 9161 9025 6676 6737 5604 1770 1124 2110  43.74 9.75  25.60 402 20.01 8.58 1.60
Kljug 2820 3791 2550  30.89 4401 2527  17.08 3.03 3401 2138 2596 2445 9.00 2044 3235 1152
Trnovo 740  23.64  33.62 2318 3037 3332 1791  13.16 2423 1663 1072  20.70 524 18.09  18.10 8.98
Sokolac 2747 2051 2462 2078 3343 2952 5.98 4.85 9.64 2589  11.88  15.10 402 13.48 625  10.88
Konjic 4371 3580 6210 5689 2576 11556  10.42 6.87 5.87 5.85 735 3983  13.02  18.67 2629  19.97
Cazin 1662 3479 2927 17087 101.64 7610  33.01 5.38 490 1174 8.08 6.49 7.35 4.68 498 1495
Kakanj 4388 2525 2205  40.60 1574  29.60  26.62 5.47 2.08 6.04 1.22 3.60 6.48 5.75 143 2.63
Ustikolina 2481  51.89 4548  29.03 111.80 119.84  31.59 657 2596  18.62  21.04 5324 1040 3201 6813  24.08
wwwmmmMozm 90.69 9026  89.85 5314 3585 3310 4842  13.04 2748 3398 2824 7120 1232 2326 2732 3575
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Figure 2. Discriminant analysis of fruit.
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Figure 4. Discriminant analysis of fruit stalk.

maximum variation in the Trnovo population (17.04 %)
and minimum variation in the Majevica population
(9.91 %), the mean value for characteristic blade width at
1 cm from the blade apex (WBA) was 14.79 mm (Konjic
= 10.94 mm, Kongora = 20.15 mm) with maximum and
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Figure 3. Discriminant analysis of seeds.
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Figure 5. Discriminant analysis of seed.

minimum variation in the Konjic (45.26 %) and the
Kongora (18.77 %) population and, finally, the mean
value for characteristic blade width at 1 ¢m from the
blade’s base (WBB) was 22.24 mm (Grahovo = 19.94
mm, Rogatica = 26.10 mm) with maximum and mi-

TABLE 5
Regression analysis of fruit. seed. fruit stalk and leaf (linear regression parameters correlation coefficient and coefficient of determination).

Variable Dependent Independent Intercept bl b2 R R?
FRULT IFIL, W 2.87 0.73 0.84 0.71
FT 1.57 0.78 0.93 0.87

SL 3.90 0.60 0.46 0.21
SEED ST SW 0.33 0.73 0.79 0.63
LOS 23.39 0.16 0.22 0.05

FRUIT STALK WOS LOS 0.628 -0.001 0.08 0.01
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Figure 6. Regression model of relation between seed thickness
(PLOD_DEB) and seed width (PLOD_SIR).

nimum variation observed in the Ustikolina (24.28 %)
and the Majevica (14.41 %) populations, respectively.

For all measured characteristics, statistically highly
significant interpopulation variability was obtained at
the 99% significance level, as well as for the tree-popu-
lation interaction, as shown in Table 4 where linear
regression parameters, the correlation coefficient and co-
efficient of determination were used.

Statistical analysis at the individual level by the ANOVA
F-test showed statistically significant differences for al-
most all characteristics and in all populations (Table 4).
Such results should have a significant influence on suc-
ceeding analyses of population differentiation.

In canonical discriminant analysis, where we the grou-
ped measured characteristics (fruit, seed, fruit stalk and
leaf) of investigated populations from the central Dina-
rides, no differentiated groups were obtained by use of
analyzed morphological markers (Table 5 and Figure

100+

751

LIST DU_PLO
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Figure 7. Regression model of overall length of the leaf blade
(LIST DU _PLO) in relation to blade width (LIST OD-
STOJANJE) at 1 cm from the blade apex and width of the
leaf blade(LIST_SIR_PLOJj).
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2-5). Therefore, populations did not form groups ac-
cording to the Ecological Vegetation Classes, altitude
above sea level, soil type, aspect of a slope, etc. Only weak
differentiation was noticeable for fruit characteristics which
can be associated with altitude above sea level.

For specific characteristics, high regression values were
obtained by regression analysis, as, for example, for fruit
thickness (FT) (R? = 0.87) (Table 5), while other chara-
cteristics displayed very low values, as in the case of fruit
stalk characteristic relationship (R? = 0.01). As an exam-
ple of high regression value (R? = 0.71), the relation
between seed thickness and seed width is shown in Figure
6. A similar three- dimensional regression model was
obtained by analysis of three different characteristics (len-
gth of the leaf blade, blade width at I cm from the blade
apex and width of the leaf blade) where high regression
value was obtained but without significant influence on
population differentiation (shown in Figure 7). Regar-
ding soil reaction (pH), wild cherry populations in acid
soil did not show any difference with respect to popu-
lations in limestone soil.

DISCUSSION

Based on our results from this research, we can see
that the wild cherry represents a very specific species,
characterized by high variability at the individual as well
as interpopulational level, with a lack of differentiation
between populations. From available literature data about
the wild cherry, we were able to observe certain vari-
ability at the morphological level (5, 6, 7, 8, 25, 26, 27, 26,
29, 30, 31) and less variation at the molecular and genetic
level (32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42), which
provided a certain specificity to this species, that is the
topic of much research. In carlier studies of the wild
cherry (7, 43) with smaller number of populations, negli-
gible differences were recorded between populations. This
is the reason why this research included a higher number
of populations from different habitats and investigated a
higher number of characteristics.

For some characteristics, we confirmed differences at
the individual and population level using an F-test, but
with very weak or, in most cases, absent population dif-
ferentiation. Earlier studies, due to their small scope,
could not explain the obtained weak interpopulational
differentiation of the wild cherry. Analyses of obtained
results, along with those from other researchers, indicate
that phylogenetic youth of the species could be one of the
reasons for such results. This is reflected in the late and
relatively fast colonization of these areas, although some
researchers based on the wild cherry fossil records, point
out that it was spread over Europe in the ancient past (15).

As the usage of particular morphological markers en-
ables detection of differences within or between popula-
tions, as demonstrated with results for Pedunculate Oak
(17, 18, 19, 20, 21, 22, 23, 24), we expected the same
results in this research, but they were not confirmed.
Possible causes for these differences, if we exclude natural
selection and anthropogenic effects, are developmental
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factors, that is, the process of adaptation to given ecolo-
gical conditions in which the individual appears, as well
as very complex fertilization mechanism and fast gene
flow among populations (40). From all investigated cha-
racteristics, results imply that we can indicate very low
differentiation only in fruit dimension characteristics,
which can be explained by specific ecological conditions.
In this way, we can conditionally group populations with
small, middle-size and large fruits but with a high risk
and precaution because the values are too small to spe-
culate about strong and clear differentiation between
populations.

The reproduction system of the wild cherry is very
complex and genetic analyses indicate that gametophytic
self-incompatibility is controlled by the multi-allelic S-
-locus (S}, Sy, S;,..., S,) (I5, 43). Some authors report six
S alleles (44), while others believe that they produce
certain proteins in the pollen, which control the in-
compatibility phenomenon by the enzymatic degrada-
tion of the growth hormone in the pollen tube when
identical male and female allele appear both in the pollen
grain and the style (45). In addition, there are explana-
tions for the gametophytic self-incompatibility mecha-
nism provided by hereditary regulatory mechanism the-
ory (46, 47). New data (4) obtained by the analysis of
amino-acids and DNA of the sweet cherry confirm the
presence of 12 S alleles, whereas 25-30 alleles controlling
the incompatibility were identified in the wild cherry.
The self-incompatibility phenomena have to be taken
into account when analyzing intrapopulation and inter-
population variation because the presence of S alleles
decreases differentiation, along with very fast gene flow
by seed and pollen dispersal (entomophily and ornitho-
chory).

From all investigated characteristics, results imply that
we can indicate very low differentiation only in fruit
dimension characteristics, which can be explained by
specific ecological conditions. In this way, we can con-
ditionally group populations with small, middle-size and
large fruits but with a high risk and precaution because
the values are too small to speculate about strong and
clear differentiation between populations.

For other analyzed characteristics (seed, fruit stalk
and leaf characteristics) we did not find such or similar
results. When drawing conclusions based on the analysis
of obtained results, we must not overlook the presence of
adjacent glacial refugia where the wild cherry probably
survived the glacial period. One of these refugia is situ-
ated in the South, in the area of Greece (48, 49), while
other secondary refugia, mentioned in the research of
European oaks (50, 51), is situated in the vicinity of
middle Dalmatia and could have influenced the low
differentiation. Usually species close to their glacial re-
fugia do not lose much of their genetic potential and are
therefore less differentiated, as opposed to species quite
distant from their refugia. However, in this research it
was not possible to answer in a satisfactory way whether
this had any influence on the low differentiation of inve-
stigated wild cherry populations.
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Taking into account that the wild cherry grows in
areas where morphological characteristics depend on cli-
matic, edaphic and orographic factors which can have
direct influence on morphological characteristics and
adaptation of the wild cherry, we expected the formation
of matching ecotypes, which, however, could not be con-
firmed by this research. Unlike in this study, several
researchers working with other species successfully cor-
related obtained statistical differences between investiga-
ted characteristics with climatic conditions in investiga-

ted areas (52, 53, 54).

To explain the weak differentiation, we can refer to
several studies carried out at a molecular level (55, 56, 57, 58,
59, 60), and dealing with gene flow analyses in tree species
where seed dispersal by birds was present. In the research
of Frangula alnus (61), it was pointed out that birds are
the crucial factor for fast gene flow, which also happens to
be the case with the wild cherry. According to the same
author, species migration is influenced by bird migration
routes, as well as the movement routes of other animals
that feed on fruits of this scrub species. As we have the
same situation with the wild cherry which serves as food
for numerous birds and animals, this statement is very
logical. Nevertheless, we must not forget the complex
reproduction system present in the wild cherry, regulated
by a series of multiple S-alleles mentioned by many re-
searchers (4, 15, 40, 43, 44, 45, 46, 47). The aforemen-
tioned multiple alleles regulate incompatibility during
fertilization, functioning independently one from another
(4, 15, 44, 45, 46, 47). The number of discovered multiple
alleles ranges from 25 to 30, depending on the applied
method of research. Based on these findings, the gene
flow from one population to another is quite fast and,
along with good ecological adaptation of the wild cherry,
it does not allow significant population differentiation.

When we cannot exclude the effects of applied metho-
dology (the number of sampled individuals or selection
of analyzed characteristics) or developmental and an-
thropogenic factors in the wild cherry, the existing dif-
ferences can sometimes indicate that different adaptation
processes are taking effect in investigated populations,
and can drive the populations from divergent ecological
conditions toward the same evolutionary direction, that
is, toward the establishment of genetic equilibrium bet-
ween populations. Based on our results and the argu-
ments given in the discussion, we can present certain
points of view about the wild cherry:

— The obtained variability in the intrapopulational,
and individual level can be associated with very
complex fertilization mechanisms in the wild che-
rry, above all with the activity of a large number of
multiple S-alleles which are the key factor for the
differentiation decrease between populations.

— Pollination by insects indicates very rapid gene flow
between populations, which additionally contribu-
tes to the overall low level of differentiation.

— Fastlong-distance seed dispersal by birds contribu-
tes to fast gene exchange which has a significant
effect on low differentiation level.
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— Based on analyses of investigated morphological
features, we could not identify the differentiation of
wild cherry populations in given ecological condi-
tions on any basis. Apart from complex and fast
gene flow, such results could be a consequence of
the late colonization of these areas, phylogenetic
youth and fast expansion of the species, and finally
strong anthropogenic and zoogenic impact.

— Regarding soil reaction (pH), wild cherry popula-
tions in acid soil did not show any difference with
respect to populations in limestone soil. Further-
more, according to geology and soil type, we could
not find any strong differences between investiga-
ted populations.

— Relatively small, isolated populations from higher
altitudes (in our case we are referring to the po-
pulations of Kupres, Kalinovik and Sokolac) do not
show any differences at the morphological level
from the populations from lower altitudes of the
central Dinarides and the Alps, which have a lon-
ger vegetation period and grow in soils of higher
quality. These three populations show a relatively
high level of degradation due to very pronounced
negative anthropogenic and zoogenic impact.

Based on our results and our obtained knowledge
about the variability of the wild cherry in Bosnia and
Herzegovina, we can develop quality regeneration plans
for this species, as well as in situ and ex situ genetic
diversity conservation plans.

As we have at our disposal small-size populations or
only individual trees, often with low quality and scarce
arrangement of trees in the stand, it is necessary to adopt
a number of breeding regulations in order to improve the
condition of the trees in the field. This is specifically
meaningful for some of the investigated populations (Kup-
res, Kalinovik, Sokolac). For the adaptation and main-
tenance of a certain population in situ we have to con-
sider the fact that survival depends on basic life factors, as
well as on the individual itself which carries the genetic
material, that is, on its ability to transfer the genetic
inheritance to the next generation (through vitality, resis-
tance, fructification...). Therefore, it is necessary, apart
from knowing the variability obtained by the applied
markers, to know and understand the ecological con-
ditions in which the species develops. In general, we can
conclude that research of the wild cherry and similar
species, which are bird-dispersed (ornithochory) and ha-
ve a specific fertilization mechanism, is very complex
and has to be based on individual-level research, because
individuals can grow one next to the other and originate
in very distant areas at the same time.
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