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Introduction

Barberry is one of the native plants of Iran and tolerates environmental stresses, especially drought. This
species can play a special role in the future development of horticulture in Iran. This species is drought tolerant
and can be used in the development of rain-fed gardens. The Barberry family contains 15 genera and 650
species, most of which are distributed in the temperate regions of the Northern Hemisphere. The most important
genus in the barberry family is Berberis. This genus has 500 species, some of which, including Zalzalaki,
Zarafshani, Khorasani, Rastkhoshe, common and Japanese barberry, exist in Iran (i.e., Berberis vulgaris, B.
orthobotrys, B. crataegina, B. integerrima, and B. khorasanica, respectively). This plant is widely distributed in
Iran. Various wild species of barberry are distributed in the southern and northern slopes of Alborz from
Firoozkooh, Taleghaneh, Miyaneh to Amarlu of Gilan. This genus grows on large areas of the Zagros at an
altitude of 1000 to 2500 meters above sea level. Iran is the largest producer of seedless barberry in the world
with a cultivated area of 18341 hectares and production of 21181 tons of dried barberry. This species can play a
special role in the future development of horticulture in the country and reduce the pressure on water resources,
especially in rain-fed horticulture.

Materials and Methods

In this study, 25 genotypes were evaluated from three regions: west of Alborz province (Taleghan region),
north of Alborz province (Chalus road and Khuzenkola, Arangeh, Asara to Dizin heights) and northeast of
Tehran (Lavasanat). Morphological evaluation was performed according to UPOV instruction (TG 68/3). 32
quantitative and qualitative morphological and horticultural traits were evaluated according to UPOV (TG 3.68).
Of which, 11 quantifiable traits including leaf length and width, fruit length and width, pedicel length, Berries
per raceme, cluster length, spines length, vitamin C, TA (Titratable Acidity) and TSS (Total Soluble Solid) were
analyzed.

Results and Discussion

The results of analysis of variance showed significant differences between genotypes for all quantative traits
evaluated at the level of 1% and for the number of berries per cluster at the level of 5%. The high coefficient of
variation indicates high variability for the desired trait, which allows the breeder to have more choices for
selecting desired genotypes. The number of fruits per cluster with 45.55, spines length with 28.67 and titratable
acid with 26.58 percent malic acid, had the highest range of changes. Qualitative traits included Foliage
secondary color, Leaf curvature and Leaf margin, Leaf glossiness, Color of lower side, Fruit tip, Fruit waxiness,
Foliage persistence, and Shoot color in spring among the genotypes were uniform and without variance. The
lowest coefficient of variation among quantitative traits was related to Brix (7. al6 percent) and fruit length
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(13.14 percent). The highest number of fruits was belonged to Lavasan genotype (AD8) giving an average of 25
fruits per cluster, which was substantially different from other genotypes. The highest and lowest fruit length and
width are related to Taleghan 5 (11.59 mm) and Chalus 7 (3.26 mm) genotypes, respectively. In a study, the
average length and width of barberry fruit were 7.69 and 3.32 mm, respectively. Vitamin C is one of the
nutritional values of fruits and has direct effects on human health. Wild barberry genotypes possessing the least
vitamin C content (4.7 mg/per 100 gram) of fresh fruit (Asara | genotype) and also the fruits containing the
highest values (i.e., 10.57 (Taleghan 4), 9.63 (Chalous 8) and 9.4 (Taleghan 8)) yielded more than even
temperate fruits such as stone and pome fruits (The mean amount of vitamin C in apples, grapes and black
cherries is 4.6, 4, 10 mg/100 g FW, respectively). This value in strawberries as an indicator plant is reported
between 10 and 100 and an average of 58.8 and the value for lemons is 53 mg/100 g FW. Khayat and Mahmoud
Abadi (2010) reported the amount of vitamin C in seedless barberry treated by fertilizers varied from 4 to 9 mg
per 100 g of fresh fruit.

The highest values of total soluble solids or Brix® were related to Chalus 8 genotypes with value of 24.83%
and Chalus 1 with value of 23.23% and the lowest amount was related to Asara 2 genotype with 18.1%. Khayat
and Mahmoud Abadi (2010) reported the total soluble solids ranged between 18.3 to 33.06 percent in seedless
barberry, which is much higher than our experiment. The highest titratable acidity were observed in Taleghan 4,
Taleghan 8 and Taleghan 2 genotypes, with 2.66, 2.65 and 2.41 mg/ml malic acid respectively, and the lowest
titratable acid was observed in Chalus 9 genotype with 1.12 mg/ml malic acid. This value has been reported in
domestic barberry is between 1.07 and 2.95. The highest mean leaf lengths were observed in Chalus cultivars 3
and 5. Among the genotypes, Taleghan 7 has the longest Pedicel length.

Conclusion

The selected genotypes for breeding programs were the Oshan (AD8) genotypes with an average of 25 fruits
per cluster. Regarding vitamin C content the prominent genotypes were the Taleghan 4 (10.57), Chalus 8 (9.63)
and Taleghan 8 (9.4) mg/100 g F.W. The highest genotypes for total soluble solids were Chalus 8 genotypes with
24.83 and Chalus 1 with 23.23 percent.
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Figure 1- Areas for identification and evaluation of wild
barberry samples
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Table 1- Descriptive information on the names and codes of the 25 evaluated wild barberry genotypes
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Table 3- Variance analysis of quantitative traits of wild barberry genotypes
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Table 4- Mean comparison of quantity traits in evaluated wild barberries by Duncan's multiple range test.

MIE s M JSasdgb sgmse sgmedsh S pu2 e S b "’"ib“’ it ':M olse M’;
Trait SI* RL 4..;5> 5 PI Fw FI Lw LI V;’C Q?A)*:‘ JQl_’r‘;: >
nr A
RRY (mg:}OO (mg.rpl‘1
Genotype (mm)  (mm) (mm)  (mm) (mm) (mm) (mm) Fgm Tpamg: (%)
1Ch 10.3"  39.05%f 8.15b 5.3Mi 4.49¢0 83290 1547 4363 7.17% 157 23.23®
2Ch 14.15%h  39.15%F 6,50 5.72F 5.192¢ 939¢9 13.1bf 316f 6.67°" 136K 20.6
3Ch 24.65* 37.85*9 6.1° 7.9%f 3.75M 10.14b¢ 17.8*¢ 5832 6.53f 1.429 20.57 di
4Ch 12.68%1 37.66°9 4.32° 6.91c™" 3.6299 91249 12.35¢F 37.6% 6439 167 19.2im
5Ch 14,756 2691 5.1° 6.66°" 4.37¢1 872" 17.3%¢ 55652 6.87% 1419 21.23 ¢
6Ch 18> 413504 10.7° 8.48%¢ 3.6M 872t 18.4% 481% 6.8% 1.31 19.77 9
7Ch 11.45%1 36.95%" 5.25P 6.93¢" 3.26) 7.50 137> 44 7.2 1.86¢ 20.07
8Ch 16" 26.259"  4.75P 6.16¢" 3.53i 7.150  13.8*f  476%® 9.63° 1.46 1 24,03
9Ch 20.11*¢  26.189"  5.87P 3.76 3.7% 6.4 18.9¢8  47.8® 7.079% 112m 18.77'm
1T 19.31>4  39.8°f 7.6° 6.86" 457%9 102204 978ef 36520 55K 1.94°¢ 19471
2T 10.33N 25.2¢ 10.7° 5.51¢9 3.89¢1  979¢f 11239 3657 8.63°¢ 241" 21.27 ¢
3T 14.24%h 27 9H 10.5° 7.0 441> gogls 9g1ef 2857¢f 6.1 18 20.57 di
4T 12.62¢ 21 3.1° 5.09N 4579 8.91%9 9.65%f 21 1057®  2.66° 22,135
5T 12.84¢1 293¢ 4.9° 7.97%¢ 5.06%¢ 11592 12.74>f 31.11¢f 527'™ 117 18.9 km
6T 17.340f 225 5.1° 5.699 4214 92199  954f 2443 6479 1.36 1953 M
T 13.76%" 53.12 6.8° 9.542 4.8 89489 10.81¢F 39.62°¢ 7.63¢ 17¢ 20.67 dn
8T 2151 31.65%1 1.87° 9.13%® 424 858t 183720 31.25¢f 9.4° 2.652 21.47 <
1AD 11.83 22 4.4b 5.459 51124 90249 12880 3320F 47m 1.38 "k 19.13im
2 AD 13.15%1  40.8v¢ 7.3° 6.55¢" 45%h  g58th 14.06%f 30.27¢f 5.531 1.22km 18.1m
3AD 10.749F  32.1¢ 4.9° 6.58¢" 5.37% 10.07¢ 12.6°F 34.07° 6.06 1421 19.8¢
4 AD 7.96' 44%¢ 7.9° 8.17%¢ 5.08*d 8.6 16.95¢¢ 16,9520 6.47 9 1.54¢ 20.17 ¢
5AD 10.7497  44.3% 12.8° 8.3524d 5.26%¢ 11.13% 13.37>f 3588>f 8.67° 1.27km 18.23m
6 AD 15.13¢"  34.9>h  13.3P 6.37¢" 5.428 941%¢ 153+f 153f 747 1.25im 19.1im
7AD 16.26>9 37.45>0  3.35b 7.52%9 5452 10.47%¢ 14.12*" 14.12F 7.13% 136 20.83 49
8 AD 14.36%" 32,6 252 6.169" 46T 8780 14.45%" 14.45%F 6.77 % 1.321 19.431

s Sl (laselais 905l 3l olitul b duoys & Jloin] gaws 43 Iy (ime NS 43 gt o 40 aliie g b b (uSkie
Means with similar letters in each column are not significantly different at 5% of probability level (Duncan's multiple range test).
* Abbreviations: Leaf length= LI, Leaf width= Lw, Berries per raceme= Bpr, Fruit Pedicel Length= Fpl, Fruit width= Fw, Fruit

length= FI, Spine length= SI, Raceme Length= RL

owbayly JS7 5l aoyn YEIYA gl adlgs bsle (Bl Jio p> dors
Eo—ezmo 3l o) d FAYY ol Jlspy ol S o angi |y Jo
Uiy il a sl 0 dbul ol (Lol adlge dus lawgs il g
et Lol )l jSCSleiSy an g aald wlate (wSley
XVAS NP Jyartia Jyl Lol Jole Jag iy o s b

Ladsls ds aajas
55 Ol byl 5 g gaieg S cae b Jole 425 |l
oyl Sl il ey cnl 28 98 oo eliul lag
(Yilmaz et al., 2009) s (55, L Glaw (S 50 & Cuwl

2 g odd b me Lol glafole & 450 50 Jol ddlgo los



VAD o g Sy sl 935 3 (B 30 (S E955 (23! e 35 g (el (0

ailge )3 g Adod )3 > s pow adlge ) 8)S )15 Ades Jobo
A ) U (e 9 W8S 15 Ll A & ppeling p)ler

(F Jase) sl ewie (Suss aold

0P 9 Jyb egmepdye g Jsb Slie iy @y > Clae
P> alge 3 85 sl Jol adlge )3 &5 Widgy JB Jsbo 5 Sy
5 Jotore dol> dlgo ¢ yamol i b6 aliwl woropd Job law

alge 2 ;3 uily )y (Red W yd g il lg 0329 p3le -0 Jga>
Table 5- Eigenvalue and percent of variance determination in each component

a8l .
Comp; ent 2329 y3le owbyly 2o (RS W0y
Eigenvalue values (Variance %) Cumulative (%)
1 2.89 26.29 26.29
2 24 21.86 48.15
3 1.59 14.46 62.61
4 1.07 9.76 72.37
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Table 6- Principle component analysis using studied traits in 25 wild genotypes of barberry

Cudo Jol adlge P9 adlge Py 4ilg0 Pl alge
Trait First component Second component Third component fourth component
S CJI?J" 0.730 0.053 -0.359 -0.224
SﬁLué)‘ 0.692 0.258 0.234 -0.024
w
°*"Ff9’° -0.658 0.483 -0.260 0.034
°9*-"Fué)‘ -0.784 0.270 0.134 0.116
W
°9*‘F°'*‘° -0.095 0.084 0.857 -0.195
n
S T{’b 0.552 0.143 -0.337 -0.160
Ji‘; IJ91" -0.001 0.901 -0.124 -0.237
e |J9]" 0.046 0.823 0.265 0.164
& ol 0.281 0.153 0.156 0.698
Vitamin ¢
Ol s BB !
-0.194 0.751 -0.424 0.114
TA
Jofone sl dlye -0.324 0.518 -0.224 0.274
TSS

* Abbreviations: Leaf length= LI, Leaf width= Lw, Berries per raceme= Bpr, Fruit Pedicel Length= Fpl, Fruit width= Fw, Fruit
length= Fl, Spine length= SI, Raceme Length= RL
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Figure 2- Grouping of wild barberry genotypes based on the main factors method

Lacsg) omm SIS slonl )3 1) 80 o jaeS” uslosls ()Las
(Y USS) wlasly adgd )0 an dlasd g dded Job Claw

S Jsb o e dale 4555 S 5l o3litl b liao uy
Lacass) o 0> pmiboyly Sbml 3 YL Wb b bo Glaie 4 )
295 311y ilnsly oy osee Jobo Cdio ol g 93,5 (Byeo

Loading Plot of X1; ...; X8

1.00 4

0.75 4
1)
Q
o 0.50 4
i)
=
c
8
g 0.25
1]

0.00 4

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50
First Factor

ol b, giS 1 & ay jon (g 51 03lii! b Glio s alal, =Y JS
S 52 Jsb (XB) 15 355 (XT) togeo Jobo (XB) fogeo 26 (X5) 1S5 Job (X4) £ ey 3 4o shaos (X3) sags Jsb (X2) 15 Jsb (X1)
Figure 3- The relationship between traits using analysis the main factors method
Spines length= X1; Raceme Length= X2; Berries per raceme= X3; Pedicel Length= X4; Fruit width= X5; Fruit length= X6; Leaf
width=X7; Leaf length=X8
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Table 7- Correlation coefficients between different traits of barberry genotypes

©liw Sl Rl Bnradgs Pl Fw Lw LI Tss Vit. C TA.
Traits
)l$ J9]o 1
sl
“e sk o083 1
RL
4 ol
adg -0.144  0.183 1
Bpr
FSerdsk 0111 0em -0.025 1
PL
% 0% 356 0.179 0.117 0123 1
FW
°WFLJ9]° 0000 0.174 0.066 0393 0579
SrO%E 0352 0155 030 0143  -0204 -0339 1
LW
JﬁL]Jfl‘ 0321  0.040 -0.286 0020 -0615" -0262 0.340 1
Jid"; S”;‘? A9 0747 0.220 0.13 068" 023 0.790"  0.610” 1
Vitamin C Kk * Kk Kk Kk Kk
. L. 0686" 0440 0.757 0.948" 0310 0270 0976™ 0.690 0.002 1
bl ® cabe V)
JB !
opmlizs 0.9597 0.250 0.256 0.747" 0210 0710 0170  0.080 0.00 0.020 1
TA.

Lo B g oy ) Jlain] maw jd ad b dxe iy 4y s g
**and * : Significant at the 1% and 5% of probability levels, respectively
Abbreviations: Leaf length= LI, Leaf width= Lw, Berries per raceme= Bpr, Fruit Pedicel Length= Fpl, Fruit width= Fw, Fruit length=
FI, Spines length= SI, Raceme Length= RL
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Figure 4- Grouping of wild barberry genotypes according to different traits and the resulting correlation
Spines length= X1; Raceme Length=X2; Berries per raceme= X3; Pedicel Length= X4; Fruit width= X5; Fruit length= X6; Leaf
width=X7; Leaf length=X8
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Figure 5- Dendrogram of grouping wild barberry genotypes based on Average linkage (Between groups) method
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Figure 6- Barberry genotypes from Talegan2 (right) and Talegan 4 (left)
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