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Abstract. The purple carrot population, which is cultivatedrenonly in Konya region in
Turkey for industrial purposes, was used. Differtgpes of purple carrots were collected
in order to have a gene pool, and they were sudijetct selection according to the charac-
ters studied. The experiment was carried out in adBaized Blocks Trial Design in
a 3-recurrent using 22 inbred lines of purple dadtoing 2009-2012. As for average vyield,
Eregli 1 was the highest (11.5h4d") whereas Eregli 14 was the lowest (9.27ab).

A correlation between some physical and chemicalitpcharacteristics was determined.
In carrot samples, the amount of dry matter wa$3216.30%, total sugar content was
7.13-9.67 ¢.00 ¢*, the amount of-carotene was 117.17—249.55gi} the amount of an-
thocyanin was 272.0-596.2 g9, the amount of total phenolic 155.83—206.67184 g™
GAE, and antioxidant activity ranged from 31.854th20%. At the end of the study, the
Eregli 9 and Eregli 10 lines were determined asefidplines, and Eregli 4 and Eregli
16 lines were determined as being cultivar canditiaes.
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INTRODUCTION

Although carrot farming is widespread in many ar¢lsy are more widely farmed
in northern hemisphere [Swingle 1946]. Carrot ioagithe most important ten vegeta-
bles in the world in terms of production areas,doiction rates and market value [Si-
mon 2000]. Today, it is cultivated worldwide andedsas the source of pro-vitamin A.
It also contains various vitamins, carotenoids,nolie substances and volatile com-
pounds [Holley et al. 2000]. The chemical compositdf carrot roots is affected by
cultivar and agricultural practices [Majkowska-Geawika and Wierzbicka 2010].
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Sugar and carotenoid contents in carrot rootsrapeiitant quality parameters. Sugars
are the main storage compounds in carrot; theyumtdor 35-70% of dry weight of the
roots and are stored in the vacuoles of the payematGajewski et al. 2009]. Growing
season and storage conditions affect the conterstugérs in carrots [Suojala 2000].
B-carotene accounted for 44-79% of the total caestefsimon and Wolff 1987].
Skrede et al. [1997] found that high carotenoidtenhresults in a more reddish and
darker colour of the roots. Carotenoid content anra@ts increases gradually with the
maturation process [Gajewski et al. 2009]. The tegmaid content is enhanced by the
large differences in temperature between night dayl Temperature was the most
important factor determining chemical quality ofrrcd, whereas for morphological
features like root weight, root length and diameteasurements, light was more impor-
tant than temperature {iara et al. 2012].

The first carrot types cultivated by humans werepfaior violet [Gajewski et al.
2009]. Different colored carrot varieties show di#fnces in terms of quality character-
istics. Purple carrot population is an importantirse of anthocyanin. Anthocyanin,
which is a powerful colouring item, is used as bamnt in foods and medicine prepa-
ration. Anthocyanins are classified among the phermmmpounds, which are called
flavonoids [Barczak 2005]. According to Alasalvaraé [2005] purple coloured carrots
contain higher amount of phenolics, mainly anthe@yaand show higher antioxidant
capacity.

It has been reported that purple carrot anthocyenirsed as a natural colourant in
jelly, candy, jam, canned foods, and frozen desg&nsus and Yurdagel 2007]. Due to
the reasons stated above, the importance of thetalelgs with economic value has
increased, and so have the relevant studies. N&a€y00 tons of carrots are grown in
2500 hectares in Eregli, a district of Konya, whités an important place in purple
carrot farming in Turkey (TUIK 2014). Overall, 50@tons of this is exported to main-
ly France, Germany, Italy and Denmark, as welba¥ajpan and Korea in the Far East.

The use of improved seeds in agriculture will brivenefits to agricultural institu-
tions and to the economies of the countries. Thipgae of this study is to form a gene
pool by collecting different types of purple cagahainly used in industry and widely
grown in Konya and its vicinity, to perform a sdlen of the types in this pool in terms
of characters, and to determine the carrot linas ¢bntain anthocyanin, sugar, antioxi-
dant activity in high amounts, which will be usedfe industry.

MATERIALS AND METHODS

The practise has been constructed in Konya Lanégiaitd Combat Desertification
Research Station. Eregli Region in the city of Kmnyas scanned to determine the
purple carrot lines used as plant material in Fafyr2008. The research station that the
experiment was conducted in 37°48'17 8wrth latidude and 32°30’44.62ast longi-
tude. After the scanning, the carrots that metsmlection criteria were collected and
registered as 22 lines. Breeding study was caoigdaccording to the method of mass
selection. In giving numbers to the lines, thetfletter of the district Eregli (E) was
taken as the basis and then the registration nuembere added. Since the carrot is
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a two-year plant, the root production was perforrbetiveen 2009-2010 $igrowing
season data) and 2011-2012° @owing season data). According to the root-taisee
method, the seed production was carried in 20083-20@ 2010-2011 growing season.
The experiment was constructed according to thedaiaised blocs design in
a 3-replicates where in one replication there vgeoavn 500 plants of each line of car-
rot. The seeds were sown by hand on 11 May 200914niflay 2011. The soil was
loamy in texture with a pH value of 8.43%. The arnigamatter, phosphorus, potassium,
iron, copper, and manganese content of the expetihplot were 0.64%, 0.57 K,
23.70 kgha', 3.63 ppm, 1.1 ppm, 4.75 ppm soil respectivelgeSiction consisting of
two rows was formed before the first line plantiagd after the last line planting.
A distance of 50 cm was left between the replicadé®sl a 150 cm distance was left
between the rows. During the harvest time, the $asnpere collected by leaving 50 cm
side action. Intercultural operations likes thirqjimveeding, irrigation, insects and pest
management were done when necessary to faciliiem crop growth. The harvest
was made on 11 November 2009 and 6 November 2dirhai® data for the years of
production were given in Table 1.

Table 1. Climate data for the period of productidarkish State Meterogical Service 2012]

Years May June July August September  October
Mean 2009 14.1 20.2 22.4 20.9 16.3 13.9
temperature (°C) 2011 13.3 18.6 24.3 21.8 17.9 9.7
Maximum 2009 20.7 28.2 29.3 28.6 237 22.7
temperature (°C) 2011 19.5 25.1 31.1 28.7 25.4 16.7
Minimum 2009 6.4 10.6 14.8 12.2 8.5 5.9
temperature (°C) 2011 7.3 11.6 16.5 14.0 9.8 3.0
Sum of 2009 39.8 5.6 13.6 0.0 0.3 2.4
rainfall (mm) 2011 68.2 30.8 0.0 0.4 0.0 6.8

Ten plants from each of replication were measuogddot weight (g), root length
(cm) and root diameter (mm). To determine the ytelthectare (H8 of the lines used
in the study, the yield of each population collddi®m plots were converted to yield to
hectare values given i,

To determine the dry matter in %, the roots wemdegt homogenously and a 10 g
samples were kept in vacuum oven in 70°C and weeel do the constant weight. The
total sugar analysis was performed according toLthaf-Schoorl method, and the re-
sults were recorded inXP0 g* [Cemeroglu 1992]. In determining tifiecarotene con-
tent, 50 ml petrol ether and 50 ml acetone wereddidto 20 g carrot pulp sample, and
then it was passed through a separation funnethéast process, the carotene amount
was calculated by adding petrol ether to the ektsacit became 100 ml in total, and
then the absorbance value was read as 452 nm atrgpleotometer [Yanmaz et al.
1995]. The total anthocyanin amount in the roots weasured by using the pH differ-
ence method. The extracts were prepared in pHridM&b solutions, and measured in
533 and 700 nm wavelengths. The total anthocyamouat was calculated with the
[(A520—A700) pH 1.0-(A520-A700) pH 4.5] formula [@iti et al. 1999]. The determi-
nation of total phenolic amount was performed aditwy to the Folin-Ciocalteu colori-
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metric method, and the results were registeredasg 1 GAE fresh carrot [Slinkard and
Singelton 1997]. The antioxidant activity analysigs performed according to the
DPPH method, and the results were reported asdftienyl-2-picrylhydrazyl) per-
centage of the DPPH inhibited by 1 g fresh caffathanol extract (§°) [Gyamfi et al.
1999]. The statistical analysis of the data obtwhidaring the study was performed by
using the JAMP package programme. The differenedsden the average values were
analysed with the ANOVA test. We also estimated Bearson correlations among
adjusted characteristics.

RESULTS AND DISCUSSION

In terms of the yield, the difference between thed was found as statistically sig-
nificant in 2009-2010 growing season and in 2011229rowing season. When table 2
is examined, it can be observed that the averagid wif the first growing season is
10.91 tha' and the average yield is of the second growingmess 10.21-ha’. The
yield values of the Lgrowing season change between 8:4&'tand 12.62-ha’; while
the yield values of the"2growing season change between 9.29-11td tin China,
the total yield of the hybrid Tianhong 1 cultivavhich was obtained with the cross-
breeding techniques of the HLBmMOO01 and HLBcmsOOlersterile line with inbred line
between the years 1996 and 2002, was found asthd5[Changzhi et al. 2003]. In
a study conducted in Lithuania with 2 hybrid lireegd 5 breeding lines, the total lowest
yield was found in 1859 fbreeding line as 4.97h&’, and the total highest yield was
found in 2030 F breeding line as 6.40ha* [Karkleliene et al. 2008]. It was reported
from China that the total yield of the improvedhbing No. 5 cultivar, which was im-
proved with male sterile technology was 7.3kt [Yuanmin et al. 2008]. In a trial
study conducted in Lithuania to compare the fisdirid cultivar Svalia of this country
in terms of yield and quality parameters with 1@ddling lines, the yield was reported
as varying between 4.62h&" and 6.89 -ha’, and it was also reported that the lines
were very sensitive to environmental conditions ridgliene et al. 2009]. When the
yield values are compared with the informationha literature, it is clear that the yield
of the purple carrot population tested in experimgiigher.

When the yield values are examined, it is obsethiatithe variation coefficient grow-
ing season 2009-2010 is high and therefore therdiite between the lines in terms of
yield is higher as well. In the 2011-2012 growiegson, however, it is observed that the
difference in terms of the yield decreased in 2@D1-2 growing season. In th& grow-
ing season of the trial study, the fact that thiera difference of 4.19Ha" between the
highest and lowest yielding lines shows that oudyton this population is very impor-
tant. The difference between the lines in termgalfl might be due to the genetic proper-
ties, and the difference between the years mighdugeto the environmental conditions.
Growing conditions such as heat, moisture of thik nfall, the intensity of the light,
and the length of the days are among the majooradhat affect the yield [Manosa
2011]. The fact that there are differences betwheryears as well as between the lines
shows that genotype and environmental factorsdlteential on the yield.
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Table 2. Yield, root weight, root length, root dieter and dry matter datas in 2009-2010 and
2010-2011 growing seasons

Lines Y (thal) RW (g) RL (cm) RD (mm) DM (%)
2009* 2011** 2009 2011 2009 2011 2009 2011 2009** 012**
E1l 12.17ab 10.91ab 1522 1279 22.0 19.6 52.3 3823.50hi 12.53ef

E2 10.66ae 11.19a 1494 137.0 245 20.3 42.6 39.(.57ac 15.37ac
E4 12.62a 10.66ad 157.8 1330 244 209 50.3 40.%.07tf 15.00ad
ES5 11.61ac 10.68ac  145.1 133.6 239 209 425 38B4.40fg 15.23ac
E6 12.00ab 10.06de 149.2 127.1 224 20.1 43.6 3813.83gh 15.90ab
E7 10.55ae 10.25ce 1319 129.6 217 213 40.3 3815.17be 14.27be
E8 9.58ce 10.19ce 119.8 131.0 235 19.8 423 39.63.17h 12.10f

E9 11.05ad 9.90ef 138.7 1237 26.2 195 43.7 38.8.03ab 16.57a
E10 11.75ac 9.92e 146.6 1259 234 20.3 455 36.34.77df 15.17ac
Ell 11.73ac 9.29f 146.7 1258 229 198 51.7 37.35.33nd 13.20df

E12 9.52ce 10.32be 135.6 129.8 24.1 19.8 443 381b.70ac 14.77ad
E13 11.79ac 10.03e 1473 129.2 229 20.0 44.6 3685.07cf 14.93ad
El4 8.43e 10.12ce 1196 1324 20.8 199 38.7 40.23.03L 15.80ab

E15 10.66ae 9.86ef 133.3 123.2 25.1 19.6 411 35M.47eg 16.13ab
E16 11.51ac 10.05de 143.9 120.7 241 205 45.0 38Bt43eg 13.80cf
E17 9.14de 9.9le 1142 1239 235 20.1 389 37.4 .50a8 13.73cf
E18 10.87ad 10.03e  129.9 121.0 20.8 19.7 441 37.16.10a 12.57ef
E19 9.90be 10.27ce 116.0 1273 193 20.7 343 41%.43ad 15.30ac
E20 11.26ad 10.39be 140.7 130.6 26.6 20.0 444 36213.37hi 16.13ab
E21 11.95ab 10.07de 1494 1300 218 20.1 459 3983.27hi 15.37ac
E22 10.26be 10.35be 1429 129.3 253 209 428 38B4.77df 14.73ad
Avg. 10.91 10.21 138.6 128.2 23.3 20.2 438 384 .614 14.70
LSD 0.05=22853 0.01=615.81ns ns ns ns ns nH1 H0.760.01 = 1.85

* ** S_ difference between the average values is impbai5 and 1% of error level; ns — not significant
Y —yield; RW — root weight; RL — root lenght; RDreot diameter; DM — dry matter

In the variance analysis performed to determinedifferences in the root weight,
root length, and root diameter, all of the lineshe growing seasons 2009-2010 and
2011-2012 are observed within the same group, arstatistical differences are deter-
mined (tab. 1). The root weights of lines are rahigetween 114.2-152.2 g; iff grow-
ing season, while in"2growing season between 120.7-137.0 g. In termsatfweight,
the lines of Eregli 2 and 4 taking place in thstfitows also took place in the first group
in term of total yield. It was reported in earligudies that the root weight values of
carrot cultivars varied between 48.0-182.0 g [Changt al. 2003, Gupta and Verma
2007, Amin et al. 2012].

When the root length values of the lines are carsid, it is observed that the
average root length of thé' frowing season is 23.3 cm and the average rogtHesf
the 2% growing season is 20.2 cm. The root length ofsliree ranged between
19.3-26.2 cm inLgrowing season, while if'@growing season between 19.5-21.3 cm.
Karkleliene et al. [2009] in their trial study, demnined the shortest root length value as
18.0 cm and the highest root length value as 28.8lic Tokat conditions in the study,
in terms of root length, the Purple carrot and Gogmurple statistically took place in
the first group and it was reported that the raoigths ranged between 3.1-21.0 cm
[Sekerci 2010].
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In terms of root diameter, it was identified thaé line of Eregli 4 is between the
larger root diameter lines. The average root diamet lines is observed that the aver-
age root diameter of thé'rowing season is 43.8 mm and the average rootalix of
the 2 growing season is 38.4 mm. Researchers reportdatrerage root diameter
varied between 21.3-45.0 mm [Singh et al. 2002ir¥iet al. 2012]. The highest posi-
tive and significant correlation was calculatedassgn yield and root weight (r = 0.68);
root diameter (r = 0.58) and in addition betweeot dlength and yield (r = 0.30). The
results indicated that the larger root weight aowt diameter is increased in yield. Simi-
lar findings were reported in different studiesn@i et al. 2005, Yadav et al. 2009].
Also root weight and root diameter can be recomradraks the most important selec-
tion criteria to increase the yield of carrot.

Root weight was positively and significantly coateld with root diameter (r = 0.76),
and moderate correlated root length (r = 0.44).tRexagth showed moderate positive
correlation with root diameter (r = 0.42).This wiasconfirmation with the findings of
other scientists [Tewatia et al. 2000, Santos.e2Q05, Vikas et al. 2010].

The differences between total dry matter, totabsubeta carotene, anthocyanin, to-
tal phenolics, and antioxidant activity values lines are statistically significant 2009—
2010 and 2011-2012 growing seasons (tabs 2, 3).ngrparple carrot lines, total dry
matters are ranged between 13.03-16.10%'igrawing season, while in"2growing
season between 12.10 and 16.57%. The highest ¢arfteiny matter is determined in
line Eregli 9 (16.03-16.57%). Fikselova et al. [@D1Gajewski et al. [2010], Kark-
leliene et al. [2009], Kreutzmann et al. [2008]ogpd that the dry matter contents of
the carrots varied between 7.96% and 14.58%.dbgerved that the dry matter values
obtained in our study are in accordance with tHaegreported in the literature.

It is also observed that while the total sugar eotst vary between 6.83160 g
and 10.63 d.00 g* in the f' growing season, they vary between 7.2706 ¢g* and
9.67 g100 g' in the 2° growing season. The sugar content of the carmarigrolled by
one single gene. It has been reported that thetigeaetor in terms of sugar content is
40-45%. The dry matter and sugar contents in vblgtavary due not only to the soil
properties and growing season but also to the atrmfutihe minerals and cultivars of
the vegetables [Alasalvar et al. 2001, Baka et al. 2012]. In the®igrowing season of
the trial study, three lines have been observeld thié highest sugar contents, while in the
2" growing season, only one of these three linesg{E8) have been among the lines
with the highest sugar content. This fact showsetfiect of the growing season on the
sugar content. Also, it was identified that thei@sva low correlation between total sugar
contents and dry matter (r = 0.16). There was asmgmificant negative correlation be-
tween total sugar and yield (r = -0.21), and likesvéinthocyanin content (r = -0.18).

Among purple carrot linesp-carotene contents are ranged between 97.77-
358.07 peg’in 1% growing season, while in"2growing season between 116.83—
239.80 peg’. Alasalvar et al. [2001] reported that the careteantent depended on the
type of the carrot, its growing conditions, the \girtg season and the part of the plant
where the sample was taken. Although the climagedmimportant effect on the caro-
tene content, the soil type and genetic factorsehalgo great effects. Fikselova et
al. [2010] reported that excessive irrigation ardessive rain decreased the dry matter
content and affected tifiecarotene content negatively.
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Rubatzky et al. [1999] reported that the optimumotene synthesis was between
15°C and 21°C. In the first and second growingaesasf the trial study, the lines with
the highest difference iprcarotene content and the fact that July, Augusl, Septem-
ber were hotter than usual in the second growiagae of the study show how impor-
tant the growing season is for tfecarotene content. These findings support the find-
ings of the studies that report that fhearotene amount in carrot types in the Konya
region vary between years [Bozalan and KaradeniZlPQA positive and significant
correlation was determined betwepstarotene content and total sugar content with
r = 0.61.p-carotene was a low correlation with the total drgtter content (r = 0.24)
and was a non-significant negative correlation leetwyield (r = -0.14). Similar asso-
ciation in carrot was also reported by Kidmosel e2904].

It is also observed that while the anthocyanin eotst of the  growing season vary
between 223.40-816.57 gd, the anthocyanin contents of tH¥ growing season vary
between 284.93-461.10 ygg. The properties of the colouring items in the klaarrot
were examined in a study and the total anthocyaanitent was found as 306 ‘gg
[Uysal 2000]. Alasalvar et al. [2005] reported is ktudy, at the harvest of the antho-
cyanin content was found as 510-gitand then it decreased gradually. Singh et al.
[2012] conducted a study with purple, orange, yelland white carrots and determined
that the highest anthocyanin content was in Pubpégon with 390-940 ug’. They also
reported that the genotype*application interactioeffective on the enhanced anthocyanin
content in carrot. These findings match up withfithéings of our study.

In both growing seasons of study, the content eftighest the total phenolics and
antioxidant activity are obtained from Eregli 1/Ags. Among purple carrot lines, total
phenolic matter and antioxidant activity are rangetiveen 146.37-208.67 m@°g” GAE;
26.27-47.50% in *1 growing season, while in"2growing season between 142.67—
204.67 mgl0? g GAE; 30.90-40.90%. A strong relation between thgple color den-
sity and phenolic matter content was determineddMdiet al. 2004]. Purple colored car-
rot contains high phenolic matter and for this omag shows high antioxidant activity
[Alasalvar et al2005, Gajewski et aR007]. It is observed that the lines that have high
phenolic matter content also have high antioxidamitity. A high correlation was deter-
mined between the antioxidant activity and totaémilic matter content with r = 0.62.
A similar relation was determined in other studi®eng et al. 2010, Bozalan and Ka-
radeniz 2011]. In the present study, antioxidaniviig was negative and significantly
associated witl§-carotene (r = -0.45), and sugar contents (r =7)0doreover, the rela-
tionship between antioxidant activity and anthodyaontent was found positive but non-
significant (r = 0.18). However, there was a nam#iicant negative correlation between
total phenolic matter argtcarotene (r = -0.25); sugar content (r = -0.23).

CONCLUSIONS

1. The significant differences are determined betwiabred lines of purple carrot in
yield and quality characteristics.

2. A strong positive and significant correlatiorsltzeen determined between yield
and root weight/root diameter. The root weight aodt diameter, which are among
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morphological features, can be used as a selectitaria in order to increase the yield
in the breeding program.

3. Among B-carotene content with total sugar and antioxidaetivity with total
phenolic matter are positive correlated. Ereglislihe line with the highest antioxidant
activity and phenolic matter, and Eregli 13 isreelhaving the highest total sugar.

4. In our study, 4 lines with superior charact@ssthave been determined as being
hopeful. These lines are Eregli 4, Eregli 9, Eré@li and Eregli 16. The lines in Eregli 4
and Eregli 16 have especially been observed asrkaivia lines in terms of our selec-
tion criteria.

5. If the characteristics that are desired by thesamers and processing industry are
achieved by the plant breeders, purple carrothdlpreferred more. Because the inter-
est in carrots of containing different bioactivergmunds is increased every day.
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LINIE PURPUROWEJ MARCHWI MAJ ACE LEPSZE CECHY
TECHNOLOGICZNE W TURCJI

Streszczenie.Uzyto populacji marchwi purpurowej, ktéra jest powdzgie uprawiana
w rejonie Konya w Turcji dla celéw przemystowychel#ano rane typy marchwi czer-
wonej dla puli genéw. Poddano je selekcji ze wdglna badane cechy. Bwiadczenie
przeprowadzono w latach 2009—-2012 w uktadzie po§bwanych blokéw w 3 powtdrze-
niach przy ayciu spokrewnionych linii marchwi purpurowej. Eredl miat najwyszy
(11,54 tha®), a Eregli 14 najriszy plon (9,27-ha?). Okrelono korelac} miedzy niekto-
rymi cechami fizycznymi i chemicznymi. W prébkactamhwi ilos¢ suchej masy wyno-
sita 12,3-16,30%, catkowita zwaséto cukréw 7,13-9,67 @00 g', ilos¢ B-karotenu
117,17-249,55 pg?, ilos¢ antocyjaniny 272,0-596,2 gy, catkowita ilg¢ fenoli
155,83-206,67 my0°g™* GAE, natomiast dziatanie antyoksydacyjne wynosit31,85
do 44,20%. Przy kiru badania linie Eregli 9 i Eregli 10 oKleno jako linie dajce na-
dzieje, natomiast Eregli 4 i Eregli 16 jako linie kandyghe na odmiany.

Stowa kluczowe:Daucus carota, cechy jakéci, cechy fizyczne, selekcja, plon
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