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Table 1. The apple genotypes and cultivars evaluated in this study.
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o o ]
Origin Cultivar Origin Cultivar Origin Genotype
ol et b S NS o3l ES
Japan Fuji Shahriar Golab-Kohanz Mazandaran Mazand1
RUIEPW Y& RI dins € RSN ARSI
New Zealand Gala Tehran Gol-Sefid Mazandaran Mazand?2
1l s sy Ol RN 398l \~>,,au*‘
America Red-delicious Tehran Gol-Ghermez Shahrood SH10
Sl s oS oLe S e 354l Yo S
America Golden-delicious Tehran Ghermez-jangali Shahrood GH2

* Red flesh genotypes
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1- Coefficient of Variance
2- Cluster analysis
3- Ward method
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Table 2. Descriptive statistics parameters for studied traits in apple genotypes and cultivars.

(Ao5) S s o o Slrs Gl il Sl Sl Sl olews
CV % Standard deviation Mean Max Min Characters
20.60 17.05 85.06 161.85 451 2 200
Fruit weight
17.71 18.89 106.63 185.00 6.00 s
Fruit volume
0 40 VS‘J;
5.03 0.040 0.794 0.955 0.428
Fruit density
6.06 0.582 8.24 12.17 5.00 S
Fruit firmness
° I Lo
7.04 2.949 41.73 54.62 24.97 S >
Percentage of juice
J ol sl
5.40 0.757 13.89 19.50 11.50 sl bl e
TSS
JS el
16.21 0.065 0.375 0.877 0.163
TA
G o J b
11.54 14.62 126.70 246.10 62.03 5052
Phenol skin
i oS J g
19.37 16.28 84.05 232.65 27.79 #J5
Phenol flesh
18.44 17.46 94.65 198.52 17.67 R TR
Flavonoid skin
S A5 5 D
23.95 4.54 18.96 56.02 1.83 s
Flavonoid flesh
g Alises rﬁﬂ D3 w390 Slaw ealw J-JE_JU QRJ—\" J}J}
Table 3. Analysis of variance of traits studied for different cultivars of apple.

e Y e R s s Ao Sl - e
e . e . S Ll ; ot S s o Uy i e
g e SRS e Js bl Frit hd Fruit Frit o T

Flavonoid  Flavonoid  Phenol Phenol TA Js=s  Percentage  fimmmess Fruit volume weight daf Source of
flesh skin flesh skin TSS of juice density variation

742 3% 1097574 9542.1%%  7696.1%*  (0.153** 206 313.1%% 1228 0059%*  128434% 1046557 11 =

Cultivar
o
1297 216.1 1974 5729 0002 0237 48 056 0.006 1453 1096 24
Error
Sk 2
(As)
2395 1844 1937 1154 1621 540 704 6.06 503 1771 20.60 .
Coeficient
of variations
(%)

.M)J&J@an&);d)nzwbm;ou%;@”ﬁ

* and ** significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of studied traits in apple genotypes and cultivars.

L5500 L5500 Jdsé Jdsé ot b sl MJ—. e oS o O3 ]
S S gy S S gy B J o Py Fruit g g g V'TJ
Flavonoid  Flavonoid ~ Phenol  Phenol TA TSS Percentage  firmness Fruit Fruit Fruit Cultivar
flesh skin flesh skin of juice density ~ volume  weight
. Y Lk
6.93° 135.9° 56.8°  160.8°  0.21% 12.2¢F 33.7 10.0° 0.43° 127.5° 54.4° ¥
Mazand1
. ) e Y5k
2.22f 117.2° 133.1°  1752° 034 12.2¢F 34.3° 9.500 0.83%¢ 30.0° 24.7° ¥
Mazand2
. ; . Wte
1.83" 33.9% 232.6°  99.8%¢  0.88 17.2° 26.0¢ 10.5° 0.91* 6.0¢ 54" s
Gol-Sefid
A5
6.40°" 120.2° 95.1° 2461 078 16.0° 25.0° 122" 0.79"¢ 6.0% 45" Gol-
Ghermez
b : £ : d £ cd cd abe cd b S 3
33.56 75.8 27.8 108.4° 029 12.4 45.2 8.50! 0.86 119.0 102.5 Ghermez
jangali
a8 oS
23.38° 50.0%¢ 69.3% 909  0.267 11.5° 429 5.00° 0.73%¢ 75.0° 54.5¢ s
GH2
. . i Vesyals
56.02° 17.7° 62.9°  97.8¢  0.16° 12.6° 37.9° 6.33° 0.77°¢ 104.3¢ 80.6° el
SH10
S
b cd f d f be c d cd c
31.03 51.1 32.9 62.0 0.18¢ 11.5 48.8 6.50 0.67 111.7 74.7 Golab-
Kohanz
. ) b ) ) NS
16.76" 188.3° 3130 1148 0.32% 13.8° 51.6% 7.53% 0.87% 178.3*  154.6°
Gala
19.65% 113.0° 100.7°  1184°  0.40° 15.9° 48.7" 8.17¢ 0.88% 185.0°  161.9° e
Fuji
33
20.09% 1985 90.9%  160.9° 034  19.5° 54.6° 717 086™  183.3"  156.5° Red
delicious
s 08
e de cde cd cd cf ab de a b a
9.63 343 75.2 85.2 0.35 12.0 52.2 7.50 0.96 153.3 146.4 Golden
delicious

AR Vﬁl{&)‘éﬁ&jw Loy 0 Ju:}lcb.w): Ogiw o 53 alie by >~ 6‘)‘561'“’@—('[«3’
Means with common letters in each column are not significantly different at 5% level of probability.

YA



Ol g (s pud (gp0one

e Dlio e sl glacd e 5 5 Ses
3 e alse 53 (g AS5N 5 e el
s a g w...:l.i)‘jv.é..ujl Loy YV &S a S
vS\JS Cao £ ad 3o R Lsls elais
s e 3 Ao p3 VOIAY S AE ol 1 6
hoaps IS aend Ol el axs D
Lol s Sde V) dls ol glaad 3
Lol o 3 S A8 Ol ol aile 4w &) pon
osls jolatl s a4 |, - o Jsl ad 5

AV dsiz) el
(ass ol o3 PCA 51 ol gdmgs s ged
Jsl addze 93 5l eslinal b slacs 55 S| 5
5 e BURSWRTERVVAR § yomeas S 035 5
(O JS8) 455 el o ped a5 1 el
A5l S OIS 5 Ve als Y pe 3 e S LG
SFo Labd pgs 5 sl glaadse 53 e lio
S ysboles b S 1365 8 SO s Lsls OLES
3 e L 05,8 an 3 gl 5300 edalin
Cilles 2N 4 5l fol i LS Axb S
0B (Sl o ged bl o (Y IS0) il il
(’J"JJJ\ slaadie 5o S5 Oliw b5l sidss,
22V 5k 585 s (Cade Caand) s o SV o
ol s s S (Lae Cwd) c\a.w SAomb
Slio lal 5 ez 3 et B axdlls
U5 plete 0 8 a3 gl gnd 5 wld S
ol folg o NRY
w5l Jeol= glaey S o (Mahalanobis)

)

e 5 e oS m ol it Gl

(U Jsds) L odaliv

yvra

Ty R Y e
b S sl Ol Q&wcﬁeabM
(0 I Lxils oa b (gols sne e Slio
reo—a('/‘\\)eﬁﬂgfmj.s)eﬂgﬂc)&ww
IS el 5 i (IAV) osn T A3 5 05
Jdsd s andenl (VYY) Sy Jgd 5 i (4/VY)
Sprs Golme 5 ot (St (V) i S
5 00y Slho f Cude  Stan oy 5 ke b
Dt e Sieen 2508 5 (A0) s oo
(=+/0A) i S gl 5 S wwdl Sl
e g S5 S e U8 e ol Al sdalis
b Oy 5 andesl o L2dls (6 5 o Oo5 S
i o 03 Js 552 5oS Ol St S 5 ey
Jlml & 55 Fobn Sl S A58 5 oge
Eoh a4 SS035 O S5 slae el

.,UJJ{‘;JJVSJJ;ALS\)DJJJJ{
2 Ll 5 (PCA) ol sbaadje 4 430
Ao s ALY Jl 4l e aw o ol slaail o 4 4 50
03 (0 Jgd) s S a5 | laesls IS ol s
g IS bl 5l de s £0/V0 aS Jl ad e
WSl Ok A g g |y < RA 93,5
b sl adlie s n e sl Aoy o
(S &L Aol ol 3 o 8 sl upL,a.:;’-l 242 4
Lp s SES 5 Casy JeE e s
oS0 Slio L s |y cul o op 5 e &b S
oS 2 Sas 5l jsbay L5 e ol adlse o
Loy YV/ET pgs adlse il SIS Sl ese S
Sge i Jals 535 a5 1 s pize Sl is |
Lo adlie 2 Sy A8 5 olome el
VS\J:WL@;:JSQ\J:ASJ Lo VO/AR S

u,:,{\}_e\ e Slas w‘ &bﬁl A JAL\;’ b 0 40



VAR (1) kot (V) sl (A 55 sloriigsy

e ool | P’Y w8 e e C)Lpl
R I SR T R VR P oS i B B
slosss Ve fe o op Fohe oS
e (Y00 5 8 SSE sllasl 51 o sllas
Sl Ol (144)) aldizal o ki b ilas
Saddols Ghls Chw il 270 5l S e
C oY g o smses S plyl)ls axila AL
5 buse addls bl cas il w0
YOS GeS s, Sde g plills ol
V) 3L e el g plhlls lils Caw il
Sy Sl Ll g pdicdly addlae s
53 eoimlesl e ot oSG cdea Yl L5
G e il el e S en 2L
Sl sdasplis & sy S 3l 5SS
5w g e (VY dsds) Al e b
Qo 3l ge o gol Aoy ¢ i oS1 5 (sl S5
Srhihs o oml S Jpd s Jole
s dadOlis cpl &S 3p VUoedd sl eses
Sladele o5 b 5 Laos nll Jas GV 28
S 50) il Sy el U8 5 e
s SE e e e S sl
Wl 5w O35 Oemer 2 SHs ln
55 AL 5 eSS Sk R edias0ll
S5y el Ol Sl b S5 ol s Jase
0L Ao 0 (K) Obisl oot b ediis 1 Se sl
5 CbS Jgs = Ois bLl bl s sl
gl 03 L S5 ek iAot ey A0
il axdlze

V€

Sladsr apsd ml bl oiglad s w e
TV a4 Sy Aol 3 ) 550 (‘B)\ ¥ L)
Cb S S S Bl S 15 Ak a2
Sl S Yl 5 5ids OIS Aoy als (Y e 3
(e PSS SO Ol St
A S 15 S st s iy S Al 5 o1
oo Olpea LOT Slopas blia Ol
}iﬁtlzz))‘ygcdq-}é{aujl 5S G 555050
R 055 Lls Cleay (Mg g ad 3 &S
Jgloms Lol 3l g0 w0500 T Ao y3 camm (035 M
25 5 Se e T mles 53 Gy 3506
e o 5 e 48 i S5 Y5le e 3 IS o5
DB A adr s il g K;nﬂj;j&:ﬁnﬂﬁ Jgd
a5 sl gl sl WOl 5l Ol e oS a3 S
a5 S os S e SIS W s 5 S eslan
e SN S5 Al sy ol Ol St
Sl 5 L S S8 Kl 00,5 50 ol
dol jodme ol bl poagd sl S
Dt S5 ol Sk ekt sl Sl
emed el Gy 58 O 5 ki S ol
dols opfeS 5l 303 S5 5 5 S LB
g sy andlles e Dlis wlal (S35
03 A Jair) s pdl s 5l el C,L; ool
St s pS s adlhe 3 Dlio s
Jelse U e dns0lts o sy S5 g8 2
e Ol 4 a g Ol ul 0 s
s Dl b Sl S Sk
Cdo Sy Jaome I &S s e 0L L 56S

S 2 oS ol s el 58 his e



Ol g (s pud (gp0one

i S 5 55 adlans; g0 Sl gl p (PCA) Lol slaadd 5o 4 4558 —0 J g
Table 5. Principal component analysis (PCA) for the studied traits in apple genotypes.
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Table 6. Mahalanobis distances between cluster analysis groups.
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Table 7. Phenotypic, genotypic and environmental variation coefficient, general heritability and genetic
advance of studied traits in apple cultivars.
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Fig. 1. Phenotypic correlation coefficients of studied traits in apple cultivars and genotypes. FJ: Fruit Juice, FV:
Fruit volume, FW: Fruit Weight, FF: Flavonoid flesh, FS: Flavonoid skin, FD: Fruit Density, TSS: Total Soluble
Solids, PS: Phenol skin, PF: Phenol flesh, Fir: Fruit Firmness, TA: Titratable Acidity. Red delicious: RD, Golden
delicious:GD, Gala: GA, Fuji: FU, Mazand1; M1, Mazand2: M2, GolSefid:GS, Golghermez: GG, Shahroud10:

SH10, Golab kohanz: GK, Ghermez Jangali: GJ, Gosht Ghermez: GH The correlation coefficients with the
absolute values higher than 0.58 and 0.70 are significant at the probability level of 0.05 and 0.01, respectively.
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Fig. 2. Distribution of varieties and genotypes of apple studied based on effective traits in components of the
first (PC1=45.85%) and second (PC2=22.5%).

FJ: Fruit Juice, FV: Fruit volume, FW: Fruit Weight, FF: Flavonoid flesh, FS: Flavonoid skin, FD: Fruit Density,
TSS: Total Soluble Solids, PS: Phenol skin, PF: Phenol flesh, Fir: Fruit Firmness, TA: Titratable Acidity. Red
delicious: RD, Golden delicious:GD, Gala: GA, Fuji: FU, Mazandl; M1, Mazand2: M2, GolSefid:GS,
Golghermez: GG, Shahroud10: SH10, Golab kohanz: GK, Ghermez Jangali: GJ, Gosht Ghermez: GH.
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Golghermez: GG, Shahroud10: SH10, Golab kohanz: GK, Ghermez Jangali: GJ, Gosht Ghermez: GH.

Shils &8 5adss, 50 s el Ll
3y Jlome Lol Slge 5 e DT 055 0 S
sl ool s W Sl e LG
R D i U T
Vb Jgoe ol slse 5 i gl S 1) 2l
3 LS Kb Lad sl 5 Slsle ¢l AL
Gladys wps @l 4 g Loy oe osel
K55 ol o s S B 3 015
sl 5 53 B pdlly Olgea il e

23S el ol

1.Aaby, K., Hvattum, E. and Skrede, G.
2004. Analysis of flavonoids and other
phenolic ~ compounds  using  high-
performance liquid chromatography with
bolometric array detection: relationship to
antioxidant activity. Agric. Food. Chem.
52:15. 4595-4603.

2.Abdi, N. and Maddah-Arefi, H. 2002.
Study of variation and seed deterioration

V€€

& 5 4o

3 el Gl Gladie LS e Slash

o 3l Sl gl e G5 S
a8 sl 0lis sy ol ) edel sty b AL
S S eIl 5,5 Slis Lld Sl axdlas 54 el
slaarld mld il A L (gl e sl
Sl oo Slio oy &S ol ol bl
2 Clhe ol Caenl &8 asls SV g
S Ols e e e Ol Wlilcsy, sla w)
shls a8 5, <=L} .,u....df B J»J.Edf fB)\ S

S g s S I e Ol (S

of Bromus tomentollus germplasm, in
natural resources genebank. Iran. J.
Range. For. Plant Breed. Genet. Res.
7: 1-25.

3.Alizadeh, A. 2008. Identification and
collection and morphological evaluation
of native apple germplasm in Iran.
Research Project Report. (In Persian)



Ol g (s pud (gp0one

4.AOAC. 1984. Officinal methods of
analysis. Association of official analytiol
chemists. Washington, DC., U.S.A. 114p.

5.Balazs, A., Toth, M., Blazics, B.,
Hethelyi, E., Szarka, S., Ficsor, E.,
Ficzek, G., Lemberkovics, E. and
Blazovics, A. 2012. Investigation of

dietary important components in selected
red fleshed apples by GC-MS and
LC-MS. Fitoterapia. 83: 1356-1363.
6.Barel, A., Paye, M. and Maibach, H.
2014. Handbook of Cosmetic Science and
Technology, fourth edition. CRC Press.

7.Bert, P.F., Jouan, I., Tourvieille de
Labrouhe, D., Serre, F., Philippon, J.,
Nicolas, P. and Vear, F. 2003.
Comparative  genetic  analysis  of
quantitative  traits in  sunflower
(Helianthus annuus L.). 2.
Characterization of QTL involved in
developmental  and agronomic  traits.

Theor. Appl. Gen. 107: 181-189.
8.Brand-Williams, W., Cuvelier, M.E. and
Berset, C. 1995. Use of a free radical
method to evaluate antioxidant activity.
Lebenson Wiss Technol. 28: 25-30.
9.Ceymann, M., Arrigoni, E., Schérer, H.,
Nising, A.B. and Hurrell, R. 2012.
Identification of apples rich in health-
promoting flavan-3-ols and phenolic

acids by measuring the polyphenol
profile. J. Food Compos. Anal
26: 128-135.

10.Chang, C., Yang, M., Wen, H. and
Chem, J. 2002. Estimation of total
flavonoid content in pro polis by two
complementarily colorimetric methods.
J. Food Drug Anal. 10: 178-182.

11.Damyar, S., Hasani, D., and Parvanch,
T. 2013. Evaluation of some
characteristics of native red-fleshed
apple genotypes of Iran. Seed Plant
Improv. J. 29: 3. 483-501. (In Persian)

12.Duda-Chodak, A., Tarko, T., Satora, P.,
Sroka, P. and Tuszynski, T. 2010. The
profile of polyphenols and antioxidant
properties of selected apple cultivars
grown in Poland. J. Fruit Ornam. Plant
Res. 18: 2. 39-50.

13.Fadai Aghdam, M., Moatafavi, M. and
Arzani, K. 2003. Quantitative and
qualitative traits of foreign trade of Avil
Gold cultivars on vegetative rootstock

V¢o

M. 9. Researches of the National
Conference of Apple.Iran. Damavand.
31p. (In Persian)

14.Faramarzi, S.H., Yadolahi, A., Haj
Najari, H., Shojaiyan, A. and Damyar,
S. 2014. Investigation of morphological
characteristics of Iranian red flesh
apples, compared to native and
commercial varieties. J. Crop Improv.
16: 1. 1-10. (In Persian)

15.Farshadfar, E. 1998. Application of
Biometrical genetics in plant Breeding.
Razi University Press, 528p. (In Persian)

16.Feliciano, R.P., Antunes, C., Ramos, A.,
Serra, A.T., Figueira, M.E., Duarte,
C.M.M., de Carvalho, A. and Bronze,
M.R. 2010. Characterization  of
traditional and exotic apple varieties
from Portugal. Part 1- Nutritional,
phytochemical and sensory analysis.
J. Funct. Food. 2: 35-45.

17.Food and Agriculture Organization of
the United Nations. 2017. FAOSTAT.

18.Ghorbani, E. and Bakhshi, D. 2011.
Evaluation of content of chlorogenic
acid, flavonoids and antioxidant
potential of 13 native and foreign apple
cultivars. J. Plant Prod. Technol.
11: 2. 53-62. (In Persian)

19.Ghorbani, E., Bakhshi, D., Haj Najari,
H., Ghasem Nejad, M. and Taghi Dost,
P. 2010. Phenolic compounds and
antioxidant activity of some cultivars of
Iranian and imported apple in the Karaj
region. Acta Hort. 24: 1. 705-712.

20.Gonai, T., Manabe, T., Inoue, E.,
Hayashi, M., Yamamoto, T., Hayashi,
T., Sakuma, F. and Kasumi, M.
2006.0Overcoming hybrid lethality in a
cross between Japanese pear and
apple using gamma irradiation and
confirmation of hybrid status using flow
cytometry and SSR markers. Sci. Hort.
109: 43-47.

21.Gozlekei, S. and Kayank, L. 2000.
Physical and chemical changes during
fruit development and flowering in
pomegranate (Punica granatum L.)
cultivar (Hicaznar) grown in Antalya
region.  Turkey. CHEAM-Options
Mediteraians, 42: 79-85.

22.Janick, J., Cummins, J.N., Brown, S.K.
and Hemmat, M. 1996. Apples. P 1-77,



VAR (1) kot (V) sl (A 55 sloriigsy

In: Janick, J. and Moore, J.N. (Eds)
Fruit Breeding, Vol. I, Tree and Tropical
Fruits. John Wiley and Sons, New York.

23.Kalinowska, M., Bielawska, A.,
Lewandowska-Siwkiewicz, H., Priebe,
W. and Lewandowski, W. 2014. Apples:
content of phenolic compounds vs.
variety, part of apple and cultivation
model, extraction of  phenolic
compounds, biological properties. Plant
Physiol. Biochem. 84: 169-188.

24 Khanizadeh, Sh., Tsao, R., Rekika,
D., Yang, R., Charles, M.T. and
Rupasinghe, H.P.V. 2008. Polyphenol
composition and total antioxidant
capacity of selected apple genotypes
for processing. J. Food Compos. Anal.
21: 396-401.

25.Kiani, M.R. and Jahanbin, G.H. 2006.

Investigate the genetic diversity of
indigenous Melon Iranian masses.
J. Tran. Field Crop Res. 2: 17-1.

(In Persian)

26.Koch, T., Kellerhals, M. and Gessler,
C. 2000. Virulence pattern of Venturia
inaequalis field isolates and
corresponding differential resistance in

Malus % domestica. J. Phytopathol.
148: 357-64.
27.Korban, S. and Skirvin, R. 1984,

Nomenclature of the cultivated apple.
Hort Sci. 19: 177-180.

28.Lata, B., Przeradzka, M. and Binkowska,
M. 2005. Great differences in antioxidant
properties exist between 56 apple
cultivars and vegetation seasons. Agric.
Food Chem. 53: 8970-8978.

29.Marks, S.C., Mullen, W. and Crozier, A.
2007. Flavonoid and chlorogenic acid
profiles of English cider apples. J. Sci
Food Agric. 87: 719-728.

30.McDonald, S., Prenzler, P.D.,
Autolovich, M. and Robards, K. 2001.
Phenolic Content and antioxidant

activity of olive extracts. Food Chem.
73: 73-48.

31.McGhie, T.K., Hunt, M. and Barnett,
L.E. 2005. Cultivar and growing region
determine the antioxidant polyphenolic
concentration and composition of apples
grown in New Zealand. J. Agric. Food
Chem. 53: 3065-3070.

Y€1

32.Minnocci, A., Iacopini, P., Martinelli, F.
and Sebastiani, L. 2010. Micromorphological,
biochemical, and genetic characterization
of two ancient, late-bearing apple
varieties. Eur. J. Hort. Sci. 75: 1-7.

33.Mokhtarian, A., Asgharzadeh, A., Ganji
Moghaddam, E., Khavari Khorasani, S.
and Hamidi, H. 2016. Investigation of
genetic diversity of Razavi Khorasan
Province Local Apple (Malus communis
L.) genotypes using morphological and
pmological Characters. J. Plant Prod.
39: 1. 65-78. (In Persian)

34 Mortazavi, S.A. 2000. Investigation
quantitative and qualitative traits of
apple cultivars of Shahroud region.
Master Thesis. AREEO. (In Persian)

35.Mratini¢, E. and Fotirié- AkSi¢, M.
2012. Phenotypic diversity of apple
germplasm in South Serbia. Braz. Arch.
Biol. Technol. 55: 3. 349-358.

36.Péneau, S., Hoehn, E., Roth, H.R.,
Escher, F. and Nuessli, J. 2006.
Importance and consumer perception of
freshness of apples. Food Qual. Prefer.
17:9-19.

37.Phipps, J.B., Robertson, K.R., Rohrer,
JR. and Smith, P.G. 1991. Origins
and evolution of subfam. Maloideae
(Rosaceae). Syst Bot. 303-332.

38.Prange, R.K., Meheriuk, M., Lougheed,
E.C. and Lidster, P.D. 1993. Harvest
and storage, P 64-69, In: C.G. Embree
(ed.), Producing Apples in Eastern and
Central Canada. Agriculture Canada,
Publication 1899/E.

39.Rahai, M., Seadtabatabaie, A., Shah
Nejat Busheri, A.A., Abdemishani, S.
and Malboobi, M.A. 2004. RFLP using
the techniques to assess genetic diversity
in canola. Seed Plant Improv. .
19: 469-481. (In Persian)

40.Redalen, G. 1988. Quality assessment
of apple cultivars and selections. Acta
Hort. 224: 441-445.

41.Reim, S., Proft, A., Heinz, S. and Hofer,
M. 2012. Diversity of the European
indigenous wild apple in the East Ore
Mountains (Osterzgebirge), Germany.
Morphological characterization. Gen.
Resour. Crop Evol. 59:1101-1114.

42 Rotondi, A., Magli, M., Ricciolini, C.
and Baldoni, L. 2003. Morphological



Ol g (s pud (gp0one

and molecular analyses for the
characterization of a group of Italian
olive cultivars. Euphytica. 132: 129-137.

43.Saei, A., Tustin, D.S., Zamani, Z.,
Talaie, A. and Hall, A.J. 2011. Cropping
effects on the loss of apple fruit firmness
during storage: The relationship between
texture retention and fruit dry matter
concentration. Sci. Hort. 130: 256-265.

44 Serra, A.T., Rocha, J., Sepodes, B.,
Matias, A.A., Feliciano, R.P., Carvalho,
A., Bronze, M.R., Duarte, C.M. and
Figueira, M.E. 2012. Evaluation of
cardiovascular  protective effect of
different apple varieties correlation of
response with composition. Food Chem.
135: 2378-2386.

45.Shukla, S., Bhargava, A., Chatterjee, A.,
Srivastava, A. and Singh, S. 2006.
Genotypic  variability in  vegetable
amaranth (Amaranthus tricolor L.) for
foliage yield and its contributing traits

ey

over successive cuttings and years.
Euphytica. 151: 130-110.
46.Stansfield, W.D. 1991. Theory and

Problems in Genetics. McGraw-Hill.

47 Veberic, R., Trobec, M., Herbinger, K.,
Hofer, M., Grill, D. and Stampar, F.
2005. Phenolic compounds in some
apple (Malus domestica Borkh) cultivars
of organic and integrated production.
J. Sci. Food Agric. 85: 10. 1687-1694.

48.Vieira, F., Campelo Borges, G.S.,
Copetti, C., Pietro, P.F., Nunes, E. and
Fett, R. 2011. Phenolic compounds and
antioxidant activity of the apple flesh
and peel of eleven cultivars grown in
Brazil. Sci. Hort. 128: 261-266.

49.Wang, X., Li, C., Liang, D., Zou, Y.,
Li, P. and Ma, F. 2014. Phenolic
compounds and antioxidant activity
in red-fleshed apples. J. Funct. Food.
18: 1086-1094.






