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Abstract — The three year variability of fruits and seeds was investigated in Berberis
croatica (Vosac, Mt Biokovo, Rakov Potok near Zagreb) and in B. vulgaris (Fran KuSan
Pharmaceutical Botanical Garden in Zagreb). Berberis croatica had the following dimen-
sions of fruits (seeds): length 7.28-7.88 (4.57-5.03) mm; width 3.85-3.99 (width 1:
2.06-2.20; width 2: 1.44—1.63) mm; weight 0.065-0.078 (0.0116-0.0134) g. Dimensions
of B. vulgaris fruits (seeds) were: length 10.20-11.29 (5.71-6.24) mm; width 5.29-5.83
(width 1: 2.40-2.71; width 2: 1.60-1.98) mm; weight 0.1602-0.2199 (0.0146-0.0235) g.
The fruit shape of both species was similar and the length/width ratio was 1.91-2.04 in B.
croatica and 1.77-2.07 in B. vulgaris. The number of seeds per fruit was 1.23—1.58 in B.
croatica and 1.36—1.54 in B. vulgaris. Generally, fruits and seeds of B. vulgaris were sig-
nificantly longer, wider and heavier than fruits and seeds of B. croatica. ANOVA showed
significant statistical differences between populations for all analyzed fruit and seed traits
while the species significantly differed in all traits, except in the fruit shape and number of
seeds in fruit.
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Introduction

Inter- and intraspecific variability in fruit and/or seed traits has been in the focus of in-
terest of many authors (JORDANO 1984, HENDRIX and SUN 1989, WILLSON et al. 1990,
HERRERA 1992, OBESO and HERRERA 1994, ERIKSSON 1999) but only few of them address
the genus Berberis. At the same time, when dealing with the fruit and seed properties of
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barberry species in relation with interannual variation (HERRERA 1998, ALLEN and WILSON
1992), papers are mainly concentrated on the seed and/or fruit production. Even though
data regarding basic fruit and seed related traits for some of the European species of the ge-
nus Berberis, namely B. vulgaris (RUDOLF 1974, AKBULUT et al. 2009) and B. hispanica
(OBESO and HERRERA 1994) could be found, those concerning B. croatica are lacking. B.
croatica is a species with a still unresolved taxonomic status and is still not recognized as a
distinctive species by the leading authorities on European flora. Several attempts have been
made to crystallize the morphological (KARLOVIC et al. 2009) and chemical difference
(Zovko KoNCIC et al. 2010) between B. croatica and B. vulgaris. However, fruit and seed
characters have not been included in the analysis to date yet they could help in the charac-
terization of the distinctive morphological traits of these species.

Material and methods

Fruits of Berberis croatica Horvat and B. vulgaris L. were randomly collected during
three years (from 2008 to 2010). B. croatica fruits were collected in one natural habitat
(Vosac, Mt Biokovo, in text as abbreviation Vo; 43°18’ N; 17°02’ E; 1422 m a.s.1.), while B.
vulgaris fruits were collected in one natural (Rakov Potok near Zagreb, in text as abbrevia-
tion RP; 45°47° N; 15°42’ E; 160 m a.s.l.) and one cultivated habitat (Fran Kusan Pharma-
ceutical Botanical Garden, Zagreb, in text as abbreviation PBG; 45°50° N; 15°59’ E; 195 m
a.s.l.). Twenty plants were harvested in the locality Vosac, ten in the locality Rakov Potok
and six in the cultivated habitat. According to our permit from the Ministry of Culture of
the Republic of Croatia, we were able to analyse 100 fruits for the locality VoSac and so the
same number of B. vulgaris fruits (100) was collected for each population. Length, width
and weight of fruits, as well as seeds, were measured. Since the seeds of the researched
Berberis species have irregular shapes, the width of the seed was measured on two axes
(width 1 and width 2). The ratio between length and width of fruits and length and width
(width 1, width 2) of seeds was obtained through mathematical calculation, as well as their
mutual (fruit-seed) ratio, which included length, width and weight. A greater ratio indicates
narrower fruits (or seeds), while a smaller ratio indicates more orbicular fruits (or seeds).

The differences in fruit and seed traits between species and populations were analyzed
by the General Linear Models (GLM) procedure using repeated measures ANOVA and
Tuckey’s post-hoc test at the p <0.05 level. The statistical analysis was performed using
Statistica 7 software (StatSoft Inc., Tulsa, OK, USA).

Results

Table 1 presents descriptive statistics for the analyzed traits of fruits and seeds of
Berberis croatica and B. vulgaris. The average length of B. croatica fruits ranged from 7.28
mm (Vo 2010) to 7.88 mm (Vo 2009) while the width ranged from 3.85 mm (Vo 2010) to
3.99 mm (Vo 2008). Weight of B. croatica fruits ranged from 0.065 g (Vo 2008) to 0.078 g
(Vo 2010). Fruits of B. vulgaris were the largest and their length ranged from 10.20 mm
(PBG 2009) to 11.29 mm (RP 2010), while the width ranged from 5.29 mm (RP 2008) to
5.83 mm (PBG 2009). Weight of B. vulgaris fruits ranged from 0.1602 g (RP 2009) to
0.2199 g (PBG 2009). The shapes of the two species were similar and the ratio between
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length and width of fruits was from 1.91 (Vo 2010) to 2.04 (Vo 2009) in B. croatica and
from 1.77 (PBG 2009) to 2.07 (RP 2010) in B. vulgaris. The most variable trait was fruit
weight, ranging from 25.61 % (Vo 2010) to 28.55 % (Vo 2008) and from 22.84 % (RP
2010) to 36.54 % (PBG 2008) in B. croatica and B. vulgaris, respectively. The least vari-
able trait was fruit length, which ranged from 5.84 % (Vo 2009) to 9.62 % (Vo 2010) and
from 6.37 % (PBG 2009) to 9.83 % (RP 2008) in B. croatica and B. vulgaris, respectively
(Tab. 1).

The number of seeds per fruit ranged from 1.23 (Vo 2010) to 1.58 (Vo 2009) in B.
croatica and from 1.36 (RP 2008, RP 2010) to 1.54 (PBG 2010) in B. vulgaris.

Tab. 1. Statistics for analyzed traits of fruits and seeds of Berberis croatica — Vosac (Vo) and B.
vulgaris — Rakov Potok (RP) and Pharmaceutical Botanical Garden »Fran KuSan« (PBG).
Min, Max and Std. dev. are in mm (length, width) and g (weight); CV (coefficient of variabil-
ity) is in %. Minimum and maximum are bolded.

B. croatica B. vulgaris

Statistics Vo Vo Vo RP RP RP PBG PBG PBG
2008 2009 2010 2008 2009 2010 2008 2009 2010

Fruit traits

Length N 100 100 100 100 100 100 100 100 100
Mean 7.83 7.88 7.28 10.89 10.39 11.29 1042 10.20 10.41

Min 7.00 6.89 5.26 534 8.64 584 894 9.01 733
Max 9.04 9.07 943 12.74 1210 13.26 12.54 1247 12.12

Std.dev. 050 046 0.70 1.07 079 091 074 0.65 0.67

Cv 639 5.84 9.62 983 7.60 806 7.10 637 6.44

Width N 100 100 100 100 100 100 100 100 100
Mean 399 391 3.85 529 530 555 542 583 571

Min 3.03 286 223 391 422 416 376 459 3.50

Max 503 5.06 5.01 690 690 704 776 758 743

Std. dev. 042 044 0.51 0.69 0.62 054 094 0.68 0.73
Cv 10.53 11.25 13.25 13.04 11.70 9.73 17.34 11.66 12.78

Length/ N 100 100 100 100 100 100 100 100 100
Width Mean 198 2.04 191 205 198 207 197 177 185
Min 146  1.52 1.40 122 155 130 149 147 112

Max 2.88 288 3.05 277 278 240 260 2.07 2.66

Std.dev. 025 0.25 0.22 0.19 022 0.19 030 016 0.25

Cv 12.63 1225 11.52 927 11.11 9.18 1523 9.04 1351

Weight N 100 100 100 100 100 100 100 100 100

Mean 0.065 0.071 0.078 0.182 0.160 0.209 0.180 0.220 0.206
Min 0.034 0.032 0.036 0.066 0.082 0.107 0.062 0.102 0.051
Max 0.119 0.113 0.132 0.307 0.250 0.328 0.362 0.376 0.348
Std. dev.  0.018 0.020 0.020 0.050 0.037 0.048 0.066 0.0531 0.062
Cv 27.06 28.55 25.61 2748 2285 22.84 36.54 24.15 30.05
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Tab. 1. — continued

B. croatica B. vulgaris
Statistics Vo Vo Vo RP RP RP PBG PBG PBG
2008 2009 2010 2008 2009 2010 2008 2009 2010
Seed traits

Length N 145 158 123 136 138 136 142 149 154
Mean 5.03 492 457 588 571 599 6.14 594 6.24

Min 413 397 3.58 430 423 429 481 514 451

Max 572 584 574 694 688 699 729 6.64 7.75

Std.dev. 031 030 0.38 047 052 047 045 036 049

CV 6.16 610 8.32 799 911 785 733 6.06 7.85

Width 1 N 145 158 123 136 138 136 142 149 154
Mean 2.10  2.06 2.20 257 255 271 246 240 250

Min 128 122 1.30 143 154 2,03 178 1.87 1.68

Max 290 251 260 3.09 316 3.14 328 3.14 332

Std. dev.  0.26 0.23 0.18 027 035 023 033 032 031
CV 12.38 11.17 8.18 10.51 13.73 849 1341 1333 1240

Width 2 N 145 158 123 136 138 136 142 149 154
Mean 149 144 1.63 194 182 198 161 1.60 1.66

Min 082 092 0.85 087 1.09 09 050 0.79 0.83

Max 227 197 196 248 275 257 236 224 266

Std.dev. 026 021 0.22 030 025 030 034 034 036
(&% 1745 14.58 13.50 1546 13.74 15.15 21.12 21.25 21.69

Length/ N 145 158 123 136 138 136 142 149 154
Width 1 Mean 243 241 209 230 226 222 253 250 252
Min 1.87 193 1.66 1.88 187 171 1.88 2.01 1.90

Max 3.62 353 283 330 296 2.67 340 3.07 396

Std. dev. 030 0.26 0.20 023 022 021 031 024 030

CvV 1235 10.79 9.57 10.00 9.73 946 1225 9.60 11.90

Length/ N 145 158 123 136 138 136 142 149 154
Width 2 Mean 348 348 286 312 318 310 395 388 3.89
Min 2.04 245 2.17 222 215 215 262 258 244

Max 5.09 495 5.01 5,65 471 546 6.11 6.67 6.72

Std. dev.  0.57 0.51 045 059 042 059 080 0.84 0.83

CV 16.38 14.66 15.73 1891 13.21 19.03 20.25 21.65 21.34

Width 1/ N 145 158 123 136 138 136 142 149 154
Width 2 Mean 145 146 1.37 135 142 140 158 1.56 1.55
Min 056 092 1.01 1.07 076 098 1.02 1.03 093

Max 212 191 1.89 240 220 229 251 296 281

Std. dev.  0.29 0.22 0.16 0.19 020 021 032 034 030

CvV 20.00 15.07 11.68 14.07 14.08 15.00 20.25 21.79 19.35
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Tab. 1. — continued

B. croatica B. vulgaris
Statistics Vo Vo Vo RP RP RP PBG PBG PBG
2008 2009 2010 2008 2009 2010 2008 2009 2010
Weight N 145 158 123 136 138 136 142 149 154

Mean 0.012 0.012 0.013 0.022 0.022 0.024 0.018 0.017 0.015
Min 0.001 0.001 0.005 0.004 0.007 0.010 0.003 0.003 0.002
Max 0.018 0.021 0.019 0.035 0.034 0.035 0.038 0.046 0.033

Std. dev.  0.003 0.003 0.003 0.007 0.013 0.005 0.008 0.007 0.006
Cv 24.14 2397 20.15 31.78 57.72 2213 4432 4379 4247

Seed and fruit traits

Seeds in N 100 100 100 100 100 100 100 100 100
Fruit Mean 145 158 1.23 136 138 136 142 149 1.54
Min 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Max 2.00 3.00 2.00 2.00 2.00 2.00 200 2.00 2.00

Std.dev. 050 0.52  0.42 048 049 048 050 050 0.50
Cv 3449 3291 34.15 3529 35.51 3529 3521 3356 3247

Seed/Fruit Length 0.64 0.62 0.63 054 055 053 059 0.60 0.60
Seed width 1/Fruit Width 0.61  0.62  0.54 043 043 040 047 043 044
Seed width 2/Fruit Width 0.87  0.89  0.74 0.59 0.60 056 0.73 0.67 0.68

Seed/Fruit Weight 0.177 0.170 0.172 0.119 0.137 0.113 0.098 0.077 0.071

Seeds of B. vulgaris were also larger than seeds of B. croatica. The length of B. croatica
seeds ranged from 4.57 mm (Vo 2010) to 5.03 mm (Vo 2008), width 1 from 2.06 mm (Vo
2009) to 2.20 mm (Vo 2010), width 2 from 1.44 mm (Vo 2009) to 1.63 mm (Vo 2010) and
the weight from 0.0116 g (Vo 2008) to 0.0134 (Vo 2010) g. In B. vulgaris seeds the length
ranged from 5.71 mm (RP 2009) to 6.24 mm (PBG 2010), width 1 from 2.40 mm (PBG
2009) to 2.71 mm (RP 2010), width 2 from 1.60 mm (PBG 20) to 1.98 mm (RP 2010) and
the weight from 0.0146 g (PBG 2010) to 0.0235 g (RP 2010). The most variable trait was
seed weight, ranging from 20.15 % (Vo 2010) to 24.14 % (Vo 2008) and from 22.13 % (RP
2010) to 57.72 % (RP 2009) in B. croatica and B. vulgaris, respectively. The least variable
trait was seed length and it ranged from 6.10 % (Vo 2009) to 8.32 % (Vo 2010) and from
6.06 % (PBG 2009) to 9.11 % (RP 2009) in B. croatica and B. vulgaris, respectively (Tab.
1).

ANOVA showed significant statistical differences between species for most analyzed
fruit and seed traits (Tab. 2). The only exception was the ratio between fruit length and
width as well as the number of seeds in the fruit. The analysis of fruit traits between species
showed that fruits of B. vulgaris were significantly longer, wider and heavier than fruits of
B. croatica (Tab. 3). Nevertheless, fruit shape (based on ratio between length and wide)
was similar in the two species.
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Tab. 2. Results of ANOVA for analysed traits of fruit and seed. Asterisks indicate significant p val-
ues at p<0.05.

Effect Sum of Degr. of Mean F p-level
Squares freedom Square
Fruit Length
Population 1765.34 2 882.67 1608.8 <0.0001*
Species 1725.57 1 1725.57 2536.49 <0.0001*
Fruit Width
Population 523.84 2 261.92 643.30 <0.0001*
Species 513.08 1 513.08 1161.04 <0.0001*
Fruit Length/Width
Population 4.504 2 2252 40.52 <0.0001*
Species 0.202 1 0.202 2.89 0.0904
Fruit Weight
Population 2.99660 2 1.49830 832.78 <0.0001*
Species 2.94489 1 2.94489 1497.422 <0.0001*
Seed Length
Population 347.93 2 173.97 977.2 <0.0001*
Species 335.54 1 335.54 1608.2 <0.0001*
Seed Width 1
Population 49.319 2 24.659 300.74 <0.0001*
Species 43.625 1 43.625 454.14 <0.0001*
Seed Width 2
Population 31.795 2 15.898 189.02 <0.0001*
Species 15.041 1 15.041 119.48 <0.0001*
Seed Length/Width 1
Population 16.161 2 8.081 126.2 <0.0001*
Species 1.598 1 1.598 15.92 0.0001*
Seed Length/Width 2
Population 142.38 2 71.19 165.92 <0.0001*
Species 18.93 1 18.93 25.67 <0.0001*
Seed Width 1/Width 2
Population 6.560 2 3.280 48.44 <0.0001*
Species 0.826 1 0.826 10.08 0.0016*
Seed Weight
Population 0.023150 2 0.011575 44.116 <0.0001*
Species 0.016446 1 0.016446 59.0474 <0.0001*
Seeds in fruit
Population 2.047 2 1.023 4.241 0.0153*
Species 0.005 1 0.005 0.020 0.8870
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Tab. 3. p values from Tukey post-hoc test for variability of fruits of Berberis croatica in VoSac and
B. vulgaris in Rakov Potok and Pharmaceutical botanical garden »Fran KuSan« (PBG) pop-
ulations. Asterisks indicate significant p values at p<0.05.

Population VosSac Rakov Potok Population Vosac Rakov Potok
Length Length/Width

Vosac Vosac

Rakov Potok <0.0001* Rakov Potok 0.1867

PBG <0.0001* 0.0001* PBG 0.9058 0.0757
Width Weight

Vosac Vosac

Rakov Potok <0.0001* Rakov Potok <0.0001*

PBG <0.0001* 0.4388 PBG <0.0001* 0.9738

ANOVA of seed traits showed similar results (Tab. 4). In general, seeds of B. vulgaris
were significantly longer, wider and heavier than fruits of B. croatica. Interspecies and

Tab. 4. p values from Tukey post-hoc test for variability of seeds of Berberis croatica in Vosac and
B. vulgaris in Rakov Potok and Pharmaceutical botanical garden »Fran KuSan« (PBG) pop-
ulations. Asterisks indicate significant p values at p<0.05.

Population Vosac Rakov Potok Population Vosac Rakov Potok

Length Length/Width 2

Vosac Vosac

Rakov Potok <0.0001* Rakov Potok 0.0002*

PBG <0.0001* <0.0001* PBG <0.0001* <0.0001*
Width 1 Width 1/Width 2

Vosac Vosac

Rakov Potok <0.0001* Rakov Potok 0.0198*

PBG <0.0001* 0.0058%* PBG 0.0004* <0.0001*
Width 2 Weight

Vosac Vosac

Rakov Potok <0.0001* Rakov Potok <0.0001*

PBG 0.0031%* <0.0001* PBG <0.0001* <0.0001*

Length/Width 1 Seeds in fruit

Vosac Vosac

Rakov Potok 0.0008* Rakov Potok 0.4001

PBG 0.0163* <0.0001* PBG 0.9030 0.6651

ACTA BOT. CROAT. 71 (1), 2012 121



KREMER D., JURISIC GRUBESIC R., POPoVIC Z., KARLOVIC K.

intraspecies variability for seed traits was something higher than for fruit traits. The least
inter- and intraspecies variability was recorded for the number of seeds in fruit.

Discussion

The least variable traits in this analysis were fruit and seed length while the most vari-
able traits were fruit and seed weight. That was expected since dimensionality consider-
ations predict that, all else being equal, the coefficients of variability (CVs) of mass-related
traits will be larger than those of linear or surface measurements (LANDE 1977), such as
length and width of fruits and seeds. The largest variability for fruit and seed weight was
also reported by OBESO and HERRERA (1994) which state CVss for these traits ranging gener-
ally from 20-30 % for eight investigated species, including Berberis hispanica. The same
authors also reported fruit length and width variability ranging generally between 5 and 12
% (7.6 % and 7.4 % in B. hispanica for fruit length and fruit width, respectively). These re-
sults are in keeping with the results reported in this paper.

Regarding fruit traits of B. vulgaris, AKBULUT et al. (2009) reported much lower values
for the wild population of B. vulgaris growing in Turkey. For example, average fruit length,
width and mass are reported to be 7.69 mm, 3.32 mm, and 0.07 g, (compared with the aver-
age value range for the same traits in this investigation, thatis, 10.20-11.29 mm, 5.29-5.83
mm and 0.1602-0.2199 g). This could be explained by environmental factors but also by
great intraspecific variation in Berberis already reported by LANDRUM (1999).

Generally, fruits and seeds of B. vulgaris were significantly longer, wider and heavier
than fruits and seeds of B. croatica. This is in congruence with the results of KARLOVIC et al.
(2009) who, when analyzing distinguishing morphological traits between these two spe-
cies, stated that B. croatica is characterized by reduced growth/size traits compared with B.
vulgaris. Our results support this thesis. Results regarding fruit and seed traits show signifi-
cant differences between species for most analyzed traits (10 out of 12). Nevertheless,
whether the observed differences between B. croatica and B. vulgaris are merely non-he-
reditary modifications caused by environmental factors or species-related differences,
should be further tested by means of genetic analysis.
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