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Abstract - Radish (Raphanus sativus L.) is a species of the Brassicaceae family and an important root vegetable crop,
produced worldwide. A total of 82 radish accessions with various morphological and physiological characteristics analyzed
for total sugars content. These accessions includes five subspecies and classified as wild, wild-relative, traditional and
improved cultivar. The four sugars, glucose, fructose, sucrose and maltose, showed various contents in 82 accessions. Total
sugar content ranged from 5.64 to 46.68 mg/g and showed average 25.33 mg/g. Total sugar content was not statistically
significant among the five subspecies, but individual sugar ratio varied. The wild, wild-relatives and traditional cultivars
were not significantly among average total sugars content compared with improved cultivars. On the other hand, the wild
and traditional cultivars were showed high ratio of individual sugars. These results could be valuable information for the
development of new radish cultivars and regulation of sugars biosynthesis in radish.
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Table 1. Information about 82 accessions of R. sativus

Accession Name species Origin Type
CR1787 Slobolt Raphanus sativus convar. oleifer (Stokes) Alef. United Kingdom  Improved cultivar
CR2970 Tetra Poznanska Raphanus sativus convar. oleifer (Stokes) Alef. Poland Improved cultivar
CR3472 nabo Raphanus sativus convar. oleifer (Stokes) Alef. Cuba Traditional cultivar
CR499 Unknown Raphanus sativus convar. oleifer (Stokes) Alef. Pakistan Traditional cultivar
CR504 Unknown Raphanus sativus convar. oleifer (Stokes) Alef. Canada Traditional cultivar
1T 102547 Nursery No. 3007 Raphanus raphanistrum USA Wild
1T110840 Jinju-Daephyeong Raphanus sativus var. sativus South Korea Improved cultivar
IT 110843 Gaeseong Altari Mu Raphanus sativus var. sativus South Korea Improved cultivar
IT 113530 ggg}fiﬁﬁ?%?gshyeong Raphanus sativus var. sativus South Korea Improved cultivar
IT 119228 PI138636 Raphanus sativus var. sativus Iran Wild relatives
IT 119235 PI138644 Raphanus sativus var. sativus Iran Wild relatives
IT 119238 PI138647 Raphanus sativus var. sativus Iran Wild relatives
IT 119252 Muli Raphanus sativus var. sativus India Wild relatives
IT 119279  PI181802 Raphanus sativus var. sativus Syria Wild relatives
IT 119281 Hamsi Raphanus sativus var. sativus Syria Wild relatives
IT 119282 PI181805 Raphanus sativus var. sativus Lebanon Wild relatives
IT 119287  PI211744 Raphanus sativus var. sativus Afghanistan Wild relatives
IT 119294 Egigﬁ?gﬁsny Belym Raphanus sativus var. sativus Russia Wild relatives
IT 119299 Dungansky Raphanus sativus var. sativus Russia Wild relatives
IT 119304 Minowase Raphanus sativus var. sativus Russia Wild relatives
IT 119318 P1269597 Raphanus sativus var. sativus Pakistan Wild relatives
IT 119319 Crvena Bela Raphanus sativus var. sativus Yugoslavia Wild relatives
IT 136490 Pakhribas Local Raphanus sativus var. sativus Nepal Traditional cultivar
IT 138209 BOL39 Raphanus sativus var. sativus Unknown Wild relatives
IT 180726 Unknown Raphanus sativus var. sativus Egypt Wild relatives
IT 186722 %\I;(t;rgn; %i(z)ite parent Raphanus sativus var. sativus Japan Wild relatives
IT 188101 Unknown Raphanus sativus var. sativus China Wild relatives
IT203302  Local-Bukhara Raphanus sativus var. sativus Uzbekistan Traditional cultivar
IT209972  Hanoi Raphanus sativus var. sativus Vietnam Unknown
IT 215053 Danji Mu Raphanus sativus var. sativus South Korea Traditional cultivar
IT 216713 mjlgsrggv\ifgz-mm 21) Raphanus sativus var. raphanistroides Korea, South Wild relatives
IT 250744 MMR-JYH-2010-63 Raphanus sativus var. sativus Myanmar Traditional cultivar
1T 250748 KO18 Raphanus sativus var. sativus Turkey Traditional cultivar
IT 250766 Sango Raphanus sativus var. sativus Italy Traditional cultivar
1T 250769 CHN-CHOMC-2002-82  Raphanus sativus var. sativus China Improved cultivar
IT250770  THA-SSJ-2002-1 Raphanus sativus var. sativus Thailand Improved cultivar
IT250780  Redlong Raphanus sativus var. sativus India Improved cultivar
IT 250793 Ezl&l:&l:(;z?rzer Raphanus sativus var. niger Unknown Unknown
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Table 1. Continued

Accession Name species Origin Type
1T 261002 g}ﬁg%gﬁ%gmm Raphanus sativus var. raphanistroides South Korea Wild relatives
1T 261947 f:érgé u[?(l,l nan pan zhou Raphanus sativus var. sativus China Improved cultivar
IT 261997 SAXA Raphanus sativus var. sativus Chile Improved cultivar
IT261999  AFORCER GOLO Raphanus sativus var. sativus France Improved cultivar
IT 262007  Yeonjihong Raphanus sativus var. sativus China Improved cultivar
IT262017  CHN-YAAS-2010-93  Raphanus sativus var. sativus China Improved cultivar
IT 263949 (\?\Ih;&;:;iEWK%SC-I 999-44) Raphanus sativus var. raphanistroides Korea, South Wild relatives
IT 276363 UZB-HHS-2008-38 Raphanus sativus var. sativus Kyrgyzstan Traditional cultivar
IT 276488 CHN-YAAS-2010-97  Raphanus sativus var. sativus China Improved cultivar
IT 277626 Guanun-AN 6-4 Raphanus sativus var. sativus Korea, South Improved cultivar
1T 278270 CHN-GHC-2003-2 Raphanus sativus var. sativus China Traditional cultivar
1T 291148 National rond about blan Raphanus sativus var. sativus Algeria Unknown
1P26959 HOKKAI CHOZOU 1 Raphanus sativus var. longipinnatus L. H. Bailey Japan Unknown
(Daikon Group)
JP27208 AKIDOMARI DAIKON Raphanus sativus var. longipinnatus L. H. Bailey Japan Unknown
(Daikon Group)
127211 SHIN RISOU Raphanus sativus var. longipinnatus L. H. Bailey Japan Tmproved cultivar
(Daikon Group)
NAGAGATA Raphanus sativus var. longipinnatus L. H. Bailey L .
JP27237 HARUWAK A (Daikon Group) Japan Traditional cultivar
JP73395  RAVEBLANCHE  Raphanus sativus var. longipinnatus L. H. Bailey MAURITIUS  Traditional cultivar
(Daikon Group)
JP73397 SAKSA Raphanus sativus var. longipinnatus L. H. Bailey Unknown Unknown
(Daikon Group)
JP76693  OZENA DAIKON fgg{;’;”éi gfl’g)”s var. longipinnatus L. H. Bailey Japan Traditional cultivar
JP76696  KARAMIDAIKON  Raphanus sativus var. longipinnatus L. H. Bailey Japan Traditional cultivar
(Daikon Group)
RA128 White Icicle Raphanus sativus convar. sativus (Small radish group) USA Improved cultivar
RA133 Triumph Raphanus sativus convar. sativus (Small radish group) Switzerland Improved cultivar
RA134 Koral Raphanus sativus convar. sativus (Small radish group) Czechoslovakia ~ Improved cultivar
RA148 Unknown Raphanus sativus convar. sativus (Radish group) Afghanistan Traditional cultivar
RA157 Giant Japanese Radish  Raphanus sativus convar. sativus (Radish group) Portugal Improved cultivar
RA165 Sofijskaja Prevazhodna  Raphanus sativus convar. sativus (Small radish group) Bulgaria Improved cultivar
RA166 Unknown Raphanus sativus convar. sativus (Small radish group) Armenia Traditional cultivar
RA199 Husveti Rozsa Raphanus sativus convar. sativus (Radish group) Hungary Improved cultivar
RA213 Unknown Raphanus sativus convar. sativus (Radish group) Libya Traditional cultivar
RA229 Baeg Am Mu Raphanus sativus convar. sativus (Radish group) North Korea Improved cultivar
RA280 Unknown Raphanus sativus convar. sativus (Radish group) Kazakhstan Traditional cultivar
RA298 chjatag bajcaa (mong.)  Raphanus sativus convar. sativus (Radish group) Mongolia Traditional cultivar
RA299 Unknown Raphanus sativus convar. sativus (Small radish group) Ukraine Traditional cultivar
RA353 Fijil Aswad Raphanus sativus convar. sativus (Radish group) Iraq Traditional cultivar
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Table 1. Continued
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Accession Name species Origin Type
RA365 Unknown Raphanus sativus convar. sativus (Radish group) Romania Traditional cultivar
RA41 Unknown Raphanus sativus convar. sativus (Radish group) Greece Traditional cultivar
RA420 Unknown gc;p)hanus sativus L. subp. Raphanistrum (Moretti Ex Belgium wild
RA482 Certina Raphanus sativus convar. sativus (Small radish group) Germany Improved cultivar
RA502 Janosnapi Raphanus sativus convar. sativus (Small radish group) Hungary Improved cultivar
RAS522 Saya Daikon Raphanus sativus convar. caudatus (L.f.) Pistrick India Improved cultivar
RA751 Unknown Raphanus sativus convar. sativus (Small radish group) Azerbaijan Traditional cultivar
Raphanus raphanistrum L. subsp. raphanistrum X R.
RAS801 unknown raphanistrum L. ssp. landra (Moretti ex DC.) Bonnier et Greece Wild
Layens s.1.
RA829 Unknown Raphanus sp. North Korea Unknown
RAS832 Unknown Raphanus sativus convar. sativus (Small radish group) Spain Unknown
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Table 2. Sugars content (mg/g) in 82 accessions of R. sativus

Accession Glucose Fructose Sucrose Maltose Total
CR1787 17.18+1.79* 12.82+1.76% 1.65+0.33* 0.62+0.06" 32.27+3.38*
CR2970 21.19£1.06 2.66+0.24 3.63£1.03 0.00+0.00 27.47+0.97
CR3472 12.27+1.12 9.77+1.04 1.45+0.35 0.00+0.00 23.50+1.92
CR499 10.65+1.16 7.42+0.82 2.19+0.22 0.00+0.00 20.26+1.77
CR504 18.10+3.30 5.52+0.35 5.75+1.44 0.00+0.00 29.37+4.85

IT 102547 15.19+1.45 4.87+1.09 3.01+0.67 0.00+0.00 23.07+2.57
1T110840 14.92+1.13 12.58+1.06 0.00+0.00 0.00+0.00 27.50+1.29

IT 110843 18.41+1.09 12.09+0.32 5.76+0.54 2.09+0.61 38.34+2.10

IT 113530 18.14+3.99 11.15+£2.86 0.91+0.29 0.00+0.00 30.20£7.10

IT 119228 20.90+1.28 16.49+1.18 4.05+0.56 0.21+0.02 41.65+2.94

IT 119235 16.93+1.78 8.95+1.20 1.49+0.30 0.00+0.00 27.36+3.20

IT 119238 20.00+2.35 18.43+2.01 2.39+0.08 0.2440.03 41.06+4.45

IT 119252 15.82+2.96 0.91£0.29 0.00+0.00 0.00+0.00 16.73+3.25

IT 119279 21.79+4.44 3.2241.03 3.45+0.94 0.16+0.06 28.61+6.17

IT 119281 13.90+0.20 10.39+0.78 0.00+0.00 0.00+0.00 24.29+0.61

IT 119282 14.70+£3.23 5.724+0.98 0.00+0.00 0.00+0.00 20.42+3.81

IT 119287 22.344+0.29 17.21+0.49 3.37+0.14 0.43+0.02 43.34+0.74

IT 119294 11.42+1.40 6.78+0.72 0.00+0.00 0.00+0.00 18.19+2.11

IT 119299 19.49+0.87 9.78+0.74 5.48+0.24 0.00+0.00 34.74+1.34

IT 119304 22.37+0.89 3.58+0.46 0.52+0.46 0.00+0.00 26.47+0.10

IT 119318 11.11+2.44 9.70+1.98 1.45+0.78 0.00+0.00 22.27+5.19

IT 119319 11.74+0.72 9.67+0.46 1.58+0.14 0.49+0.05 23.48+1.30

IT 136490 12.68+1.41 11.09+1.54 2.62+2.80 0.00+0.00 26.39+0.13

IT 138209 4.71+0.44 2.70+0.33 6.80+1.11 0.00+0.00 14.21£1.66

IT 180726 9.44+0.22 6.59+0.15 0.00+0.00 0.00+0.00 16.02+0.35

IT 186722 11.49+0.71 5.33+0.71 0.00+0.00 0.00+0.00 16.82+0.37

IT 188101 16.74+1.10 10.40+1.33 5.81+1.07 1.06+0.07 34.024+2.81

IT 203302 9.70+2.74 5.95+1.34 0.43+0.13 0.00+0.00 16.07+4.14

IT 209972 20.87+5.85 14.17+4.00 1.38+0.23 0.00+0.00 36.42+10.05

IT 215053 22.76+0.45 5.06+0.90 0.29+0.05 0.58+0.03 28.68+1.28

IT 216713 3.26+0.32 1.32+0.16 10.81+0.96 1.04+0.18 16.42+1.61

IT 250744 14.82+1.46 7.05+1.33 2.37+0.41 0.00+0.00 24.24+2 .80

IT 250748 17.35+4.05 10.94+2.65 1.49+0.64 0.3440.18 30.12+7.50

IT 250766 8.29+0.29 4.95+1.04 19.41+0.96 0.00+0.00 32.65+1.06

IT 250769 12.64+0.44 3.19+0.58 0.44+0.05 0.00+0.00 16.27+1.06

IT 250770 15.24+1.17 12.28+0.97 1.61£0.97 0.99+0.93 30.13£3.07

IT 250780 5.09+0.24 3.65+0.37 0.81+0.10 0.00+0.00 9.55+0.61

IT 250793 23.41+0.85 8.44+0.41 6.65+1.58 0.924+0.08 39.424+2.27

IT 261002 5.13£0.63 2.22+0.35 14.54+0.87 2.91+2.11 21.89+1.80

IT 261947 16.12+0.38 13.03+0.66 0.00+0.00 0.00+0.00 29.15+0.92

IT 261997 15.37+1.16 10.37+1.03 1.22+1.02 0.41+0.05 27.38+1.29

IT 261999 6.45+1.81 2.70+0.53 0.00+0.00 0.00+0.00 9.15+£2.29
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Table 2. Continued

Accession Glucose Fructose Sucrose Maltose Total
IT 262007 13.24+1.21 11.70+0.92 0.46+0.04 0.00+0.00 25.40+2.12
IT 262017 13.16£1.00 9.58+0.69 0.00+0.00 0.00+0.00 22.74+1.68
IT 263949 17.85+1.60 4.55+2.01 1.98+0.49 0.2240.05 24.59+1.02
IT 276363 10.04+1.61 6.72+0.76 21.35+1.82 0.73+£0.22 38.83+4.31
IT 276488 15.47£1.40 11.4442.92 0.23+0.01 0.41+0.09 27.55+3.86
IT 277626 8.64+0.48 8.08+0.45 1.67+0.60 0.19+0.10 18.57+1.31
IT 278270 4.82+2.12 2.00+0.98 0.00+0.00 0.00+0.00 6.82+3.10
IT 291148 9.77+1.21 7.71£0.70 1.50+0.62 0.00+0.00 18.97+2.22
JP26959 16.20+0.51 12.82+0.33 0.62+0.43 0.28+0.05 29.91+1.15
JP27208 11.18+1.41 8.38+0.82 0.00+0.00 0.00+0.00 19.56+1.93
JpP27211 18.20+0.68 13.65+0.43 0.85+0.26 0.00+0.00 32.70+1.07
JP27237 10.34+0.24 8.16+0.14 7.08+1.16 0.51+0.08 26.09+1.09
JP73395 10.08+1.42 6.54+1.11 0.00+0.00 0.00+0.00 16.62+2.51
JP73397 14.89+0.99 6.18+0.18 0.00+0.00 0.00+0.00 21.07+1.16
JP76693 4.22+1.03 2.82+0.67 7.35+2.11 6.61+3.91 14.39+3.80
JP76696 10.93+0.63 7.21+0.22 5.73£2.09 0.96+0.74 24.84+3.63
RA128 11.07+0.33 2.21+0.19 0.00+0.00 0.00+0.00 13.28+0.25
RA133 6.64+0.57 4.41£0.66 0.91+£0.22 2.01£1.46 11.97+0.96
RA134 3.28+1.72 2.36+1.25 0.00+0.00 0.00+0.00 5.64+2.97
RA148 6.59+1.29 5.13+0.88 0.00+0.00 0.00+0.00 11.72+2.17
RA157 11.16+0.69 5.16+0.55 15.72+0.32 0.67+0.07 32.70+0.88
RA165 20.05+5.05 3.86+0.60 0.46+0.27 0.33+0.20 24.71+5.61
RA166 16.81x1.11 14.32+0.41 4.42+1.45 0.274+0.11 35.82+2.36
RA199 10.19+0.51 6.72+0.37 0.21+0.06 0.00+0.00 17.12+0.93
RA213 10.31+2.08 7.46+1.76 0.00+0.00 0.00+0.00 17.77+3.82
RA229 14.02+1.06 3.07+0.24 3.80+1.83 0.00+0.00 20.88+1.70
RA280 30.39+1.63 6.55+0.37 0.00+0.00 0.00+0.00 36.94+1.53
RA298 6.44+1.72 5.60+1.24 0.00+0.00 5.67+7.82 17.71£10.63
RA299 13.02+0.88 3.76+0.53 4.45+2.40 0.00+0.00 21.2442.82
RA353 13.34+1.04 8.48+0.55 1.57+0.54 0.00+0.00 23.39+1.51
RA365 23.09+3.25 6.52+0.49 9.31+0.88 0.54+0.07 39.46+4.19
RA41 12.60+0.62 1.56+0.13 3.63+0.37 1.46+0.09 19.26+1.11
RA420 13.83+0.21 10.53+0.45 1.11+0.50 0.00+0.00 25.47+0.56
RA482 13.73+0.75 10.92+0.66 0.37+0.11 0.00+0.00 25.01+1.45
RA502 26.62+1.10 7.57+0.44 10.07+0.23 2.42+0.12 46.68+1.71
RAS522 16.05+1.76 14.54+1.87 7.47+0.73 0.26+0.03 38.32+4.17
RA751 16.91£1.02 11.46+0.65 1.83+0.38 5.68+1.96 35.88+3.86
RA801 14.72+1.28 12.40+1.88 0.00+0.00 0.00+0.00 27.12+3.12
RAS829 18.43+0.63 13.61+1.82 2.77+1.21 0.49+0.05 35.29+1.35
RA832 15.41+0.55 11.59+0.12 2.10+0.27 0.00+0.00 29.11+0.41
14.07+5.48 7.91+4.08 2.97+4.26 0.52+1.21 25.33+8.86

“The means indicate the average of triplicate measurements in three independent biological replicates.
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Fig. 2. Ratio of the four sugars in total sugars content by subspecies in 82 accessions of radish.
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Table 3. Total and individual sugars level (mg/g) in roots of 75 accessions belonging to five genotypes of R. sativus

A 82 AR freld e 4

Genotype A;Sfj;:;n Glucose Fructose Sucrose Maltose Total

CR (convar. oleifer (Stokes) Alef.)

Mean” 5 15.878 7.638 2.934 0.124 26.574

Range 10.65-21.19 2.66-12.82  1.45-3.63 0-0.62  20.26-32.27
IT (var. sativus) 41

Mean” 14.446 8.58 1.5 0.266 25.859

Range 4.71-22.76 091-17.21  0-21.35 0-2.09  6.82-43.34
JP (var. longipinnatus) 8

Mean* 12.005 8.22 2.704 1.045 23.148

Range 422-182 6.18-13.65 0-7.35 0-6.61 14.39-32.7
RA (convar. sativus, radish group) 10

Mean® 14.354 7.246 2.461 1.071 24.934

Range 3.28-26.62 2.21-1432  0-10.07 0-5.68 5.64-46.68
RA (convar. sativus, small radish group) 10

Mean” 13.813 5.625 3.424 0.834 23.695

Range 6.44-30.39 3.07-8.48 0-15.72 0-5.67 11.72-39.46
“The means indicate the average of subspecies with the average of triplicate measurements in three independent biological
replicates.
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Table 4. Total and individual sugars level (mg/g) in roots of 74 accessions belonging to various biological status of R. sativus

Accession

Cultivar types number Glucose Fructose Sucrose Maltose Total

Wild

Mean” 3 14.58 9.27 1.37 0.00 25.22

Range 13.83-15.19 4.87-12.4 0.00-3.01 0.00 23.07-27.12
Wild relatives

Mean” 20 14.56 7.70 3.19 0.34 25.63

Range 3.26-22.37 0.91-18.43 0.00-14.54 0.00-2.91 14.21-43.34
Traditional cultivar

Mean* 25 13.06 6.88 4.11 0.93 24.72

Range 4.22-30.39 2.00-14.32 0.00-21.35 0.00-6.61 6.82-39.46
Improved cultivar

Mean® 26 13.93 8.15 224 0.40 24.64

Range 3.28-26.62 2.26-14.54 0.00-15.72 0.00-2.42 5.64-46.68

“The means indicate the average of triplicate measurements in three independent biological replicates.
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Fig. 3. Ratio of the four sugars in total sugars content by biological status in the 74 accessions of radish.
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