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Table 1. Characteristics of strawberry genotypes used in this study
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Sample code Genotype name Pedigree Origin ?ﬂtrggiigor?enmype
VAVA-IS, o
1 PAJARO Cal63.7-101 x Sequoia 2
USA-1978
149A- UL
2 PAROS Marmolada x Irvine T
IT-1998
. Yoor- Ul
3 QUEEN ELISA Miss x USB35 s
IT-2003
14— T
4 MISSIONARY - RSP
USA-1900
5 TENNESSEE BEAUTY Howard17 x Missionary -
6 ALISO - -
14N = Ll
7 FRESNO Lassen x Cal83.25-2 7
USA-1961
1A= Ll
8 TIOGA Lassen x Cal42.8-16 7
USA-1963
VAOA-IS, ol
9 SEQUOIA Cal52.16-15 x cal51s 1-1 -
USA-1958
10 YALOVA - -
11 MACDONANCE - -
14Y9- (S ]
12 BLACK MORE Missionary x Howard17 o
USA-1929
VAT el
13 CATSKILL Marshal x Howaed17 "
USA-1934
14 NO.14 . _
VAAY-(S, o]
15 SELVA Cal70.3-117 x cal71.98-605 -
USA-1983
VaaY- I
16 CAMAROSA Douglas x cal85.218-605 -
USA-1993
S al
17 CHANDLER Douglas x cal72-361-105 -
USA
s T
18 GAVIOTA Cal87.112-6 x cal88.270-1 1AV= 15
USA-1997
VAAV= IS, ]
19 MRAK - N ~*
USA-1987
1400 — i
20 KURDISTAN - Aoy
USA-1950

1A%
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Table 2. Analysis of variance in physiological traits of 20 strawberry genotypes

Sla o Sk
M.S.
Gtﬁ LS Jal- 3l 4o
o e g ; ; B andl B
i el a Ly S b Lot ab |5 ,ls g JJ \ T
SO.V. D.F. Chiorophyll Chlorophyll b Chlor/ol?hyll Total O Anthocyanin
a a suspended Acidity
solid
Sk
: 2 681.601" 124.551ns 986.325" 2.522* 780.117" 108.259**
Block
‘.";‘;J‘j *k *k *k *k *k Kk
: 19 3695.424 826.580 7324.780 3.473 22139.104 118.664
Genotype
o
38 398.734 98.324 744,353 0.638 3823.625 5.329
Error

* NS

Loy ) jOJL@.:>|Ckw)})\avéanu\b&nﬁb%)}@:ﬁﬁ)mu
ns *and ™: Non significant, significant at 5% and 1% probability levels, respectively

SADS ST S35 s Sy bl e T s
Table 3. Analysis of variance in phonological traits of 20 strawberry genotypes

Sl Sibe
S b 353l am s M.S.
S.0.V. D.F. Ol sl e I ol el e d‘“ﬁ 0,93 ogee sl 5els B0y 09
First stolon First flower Flower period First fruit Fruiting period
Sk 2 0.2/ o o 1117 2,917
Block
S 19 132%* 15.876** 43.343** 9.558** 12.873**
Genotype
L 38 1.042 1.053 0.351 0.818 2.373
Error

Aoy ) }JLQ.“;-\CE.Nﬁ)\:dLu Olsgme b oS 5 R

"s and *: Non significant and significant at 1% probability levels, respectively
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Table 4. Mean comparison for physiological traits of 20 strawberry genotypes

Means of traits

s 5 . . . Lol JB el -
555 Genotype g (5,15 b, s Lissab Al N I
Chlorophyll a Chiorophyll b Chlorophyll afp 012! Suspended o= Anthocyanin
(ng/gFW)  (ng/gFW) (ng/gFW) BX Acidity (mg/100gFW)
(BX) (mg/100ml)
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sl Pajaro 26162 *° 1281 P 389.7 a 7.76 be 538.33 bodef 19.78 k
ook Paros 27131 & 1523 @ 423.6 a 7.76 be 547.33 bede 11.92 :
5l msS Queeneliza 19128 efo 108.1  cdef 299.4 efghi 7.80 b 489.00  cdef 20.36 Ik
S 5ae Missionary 214.06 %F 1015  dfo 315.6 cdefg 7.30 bede  409.66 9 27.88 efgh
s 5 TenBeauty 239.09 @« 1260 b° 365.1 b 7.00 bede  523.66 bodef 24.62 ghi
o]} Aliso 22584 <% 1238 b 349.6 bede 6.23 cdef  498.66 cdefg 32.75 bed
ESE Fresno 207.31 df 1189  bed 326.3 cdef 7.73 bed  562.33 bed 24.24 hij
By Tioga 23228 P4 1309 P 363.1 b 6.83 bede 541,00  bodef 25.30 fahi
LS Sequia 17757 foh 1121 bedef 2897 fghi 5.96 ef 494.33 cdefg 30.93 cde
55 Yalova 239.75 @cd 1283 P 368.1 be 8.36 b 788.00 a 28.28 efgh
o~bsaSaMacdonAnce 211.29 %f 117.3  bed 328.6 cdef 7.10 bede  503.66 cdefy 34.79 abe
o3k Blackmore 22957 bd 1284 b 358.0 bed 6.20 def  544.33 bodef 26.72 i
JSules catskill 14258 M 9668  efo 239.3 i 5.93 ef 559.66 bede 25.87 fahi
Ve ol No.14 213.18 def 113.4  bede 326.6 cdef 6.10 ef 539.00  bodef 36.31 ab
s Selva 21049 df 9554  efg 306.0 defgh 7.26 bede  654.66 a 29.09 def
55LS  Camarosa 18519 ™ 8870 9 273.9 ohij 7.66 bed  622.33 be 28.72 defg
AL Chandler 16419 9 8721 ¢ 251.4 i 5.23 f 531.66 bedef 34.96 abe
U558 Gaviota 163.95 9 9448 T 258.4 hij 9.93 a 440.00 efg 38.48 a
Slye Mrak 233.86 ¢ 1189 b« 352.7 bed 8.20 b 439.66 defg 23.04 iik
Okws S Kurdistan 26521 ® 1158  bed 381.0 a 7.76 be 422.33 fg 26.97  efoni

en ls e OV 8L wlie Gy (slls sls S0l O g2 a3
Means followed by similar letters in each column are not significantly different
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Table 5. Mean comparison for phonological traits of 20 strawberry genotypes

Means of Traits

S 85 Genotype Jjj )ﬂf Fodslosel s S e s sl sss asesm e s Slos

o G Gs) ) G i

First flower Flower period First fruit Fruiting period griplant

First stolon

b Pajaro 91 =@ 24 be 33.66 i 59.33 ef 27.00 abed 1076 o
ook Paros 77 e 20 fg 44.66 a 60.33 def 28.00 abe 616 a
Ll wsS  Queen eliza 79 ¢ 22 de 37.66  on 62.67 b 24.67 o 6295 2
St Missionary 78 o 20 fg 43.66 b 61.33 od 25.33 e 488.1 be
Sse o5 TenBeauty 91 =@ 22 de 39.66 fg 60.67 de 26.00 e 5742 @
] Aliso 78 o« 26 a 33.66 ] 64.33 a 29.00 ® 4637 ¢
55 Fresno 7 22 d 4166 % 6067  ® 2600 405 o
40 Tioga 91 =@ 25 ab 39.66 fg 64.00 a 29.67 ¢ 486 be
R Sequia 91 =@ 19 g 41.66 de 61.67 o 25.00 o 3622 G
15 valova ™ T 25 ab 35.33 i 63.33 a 20.33 f 473
Lsu%e  MacdonAnce 79 ¢ 19 g 43.33 be 60.33 def 2433 o 2009  ¢f
JPRe Blackmore 7 * 18 h 44.66 2 59.33 ef 2433 o 3339  df
ISl s Catskill 7 of 23 od 38.33  fon 58.67 f 2333 ¢ 339 def
ViolicSs5  No.l4 75 f 19 g 40.33 ef 57.00 9 26.67 bed 489 be
| hes Selva 90 =@ 23 od 43.33 be 61.67 od 24.67 o 249 f
15, lels camarosa 17 ® 22 © 4333 ™ 6100 % 2433 ¢ oo w
s Chandler 90 @ 23 od 37.33 hi 60.67 de 25.00 e 159.9 g
G 58 Gaviota 76 °f 24 be 33.33 i 59.33 of 24.33 e 38.9 h
Sl Mrak 90 @ 21 ef 43.33 be 60.67 de 24.00 o 4605 ©
Obs S Kurdistan g2 °b 20 fg 42.33 od 60.33 def 26.33 bode 4675 ¢

L I gme OV BB alie Gy > sluls gla J:_<.L:.a O 5w & 53
Means followed by similar letters in each column are not significantly different
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Table 6. Estimated of range of genotype, standard error, variance components, coefficient of variation and
heritability to the studied traits of strawberry genotypes

@by glacs 55

wals il . olls sl O =
. . Range Genotvpe related to e oSl Variance components ,(f:oeffm;!ent .
Slie  Traits yrgnge s st M" 0 of variation ¢ .4,
. - . - €ans . . P ()]
SR FeS A eSS SE s 5 S5 e 5 53 S Heritability
Max  Min Max Min Vp Vg Ve CVp CvVg

a JsSChlorophylla 271.3 142.6  Paros  Catskill 11.52 213.9 1231.81 1098.90 132.91 16.40 15.49 89
b s SChlorophyll b 152.3 87.21  Paros  Chandler 572 1143 27553 24275 3277 14.52 13.63 88

J,s;)s Chlorophyll 4236 2393  Paros  Catskill 1575 328.3 244159 219348 248.12 15.05 1427 90
a

J slone

PrIR W

LB Firstflower 788 409.67 Kurdistan Missionary 35.70 532.4 7379.70 6105.16 127454 16.13 14.67 83

Firststolon 9.93 5.23 Gaviota Chandler 0.17 7.2 1.16 0.95 0.21 1493 1349 82

O gl S

bl FOWS 3848 1192 Gaviotn  Paros 133 275 3955 3778 178 2283 2231 96
o5k Pajaro

SAs Fistuit 91 75 Sthe el o5 82 44 4365 035 809 806 99
O ) gl ten Beauty

o5éb Fruiting :

- i 26 18  Aliso Blackmore 059 218 529 494 035 1053 1017 93
JS sl period

092

Total
_ suspended 44.68 33.33 B'aca"r'(\)"sore Gaviota 034 40 1445 1433 012 949 945 99
K solid P

o Acidity  64.33 57 Aliso No.14 0.52 60.8 3.19 291 0.27 293 2.80 91
0 90 U’ijj.
Tose 0093 . .
Anthocyanin 29.67 20.33  Tioga Yalova  0.88 254 4.29 3.50 0.79 815 7.36 82
Pl
5 Shas Yield 629.5 38.9 %lfiiean Gaviota  30.7 389.9 25417.37 24473.32 944.06 40.89 40.12 96
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Table 7. Factor scores, eigen values, variance and cumulative variance percentage for four major factors related
to the studied traits of strawberry genotypes

Sl Traits \ el Y el ¥ el ¢ Jole
Factor 1 Factor 2 Factor 3 Factor 4
a s ls Chlorophyll a 0.904 0.095 0.073 -0.207
b lés s Chlorophyll b 0.893 0.104 0.085 -0.079
ab s ,ls Chlorophyll ab 0.942 0.102 0.080 -0.173
O sl sl 5eb First stolon 0.123 0.179 -0.654 0.037
B ol seb First flower -0.153 0.946 -0.073 0.029
AU o5 Flower period 0.306 -0.771 0.085 0.291
o5 sl oseb First fruit 0.228 0.623 -0.140 0.494
RO o 009 Fruiting period 0.487 0.070 -0.693 -0.139
Fre dalr il 53 Total suspended solid 0.116 0.289 0.4835 -0.561
el Acidity -0.027 0.406 0.475 0.526
b 31 Anthocyanin -0.732 -0.018 -0.142 -0.085
s Shes Yield 0.627 -0.203 0.070 0.482
o5y nolie Eigenvalue 3.866 2.235 1.565 1.220
olols Lo Percent of Variance 32.220 18.623 13.040 10.168
0 olbols )3 Cumulative Percentage 32.220 50.844 63.884 74.052
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Figure 1. Biplot based on factor analysis for 20 genotypes
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Figure 2. Relations between different traits in 20 strawberry genotypes
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Abstract

Strawberry (Fragaria x ananassa Duch.) is one of the important and commercial small fruits that are
planted in temperate regions which contain high amount of natural antioxidants. Study of genetic
diversity is very important for distinguish the genotypes relationships and evaluation and exploitation
of genetic resources for breeding programs. To evaluate the physiological and phenological
characteristics of strawberries genotypes, an experiment was carried out using a randomized complete
block design with 3 replications in the Agricultural Research Center of Kurdistan, Iran. Physiological
parameters (amount of chlorophyll a, b and ab, soluble solids, titratable acidity and anthocyanin) and
phenological characters (appearance of first stolon, first flower and first fruit, flowering and fruiting
period) and yield of genotypes were evaluated. Results of analysis of variance showed significant
differences among genotypes for all traits at the 1% level of probability, indicating the existence of
genetic diversity among genotypes. The results of mean comparison showed significant differences
among genotypes for all traits, indicating existence of wide diversity among the studied strawberry
genotypes. The highest chlorophyll content belonged to Paros genotype and the highest yield recorded
from Queen Eliza and Gaviota genotypes, respectively. The highest anthocyanin and soluble solids
content was belonged to Gaviota and lowest amount of these parameters belonged to Paros and
Chandler genotypes and Chandler genotype also had the highest amount of chlorophyll a. There were
little difference between phenotypic and genotypic coefficient of variation, indicating the low effect of
environment on these characters. All traits had high common heritability with range of 82-99 %. Data
were analyzed using principal factor analysis. The factor analysis technique extracted four factors.
Four factors explained about 74.05% of the total variation, and 50.84% of the variance was accounted
for by the two first factors. Factors | and Il were identified as photosynthetic, and fertility Index,
respectively. According to results of factor analysis and other analysis, Paros genotype was identified
as suitable cultivar.

Keywords: Strawberry, Genotypic coefficient of variation, Chlorophyll, Factor analysis
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