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ABSTRACT

This investigation was c;rried out at Sabahia
Horticultural Research Station, Alexandria, during the
winter seasons of 2007 till 2010, The genetic materials used
in this study were three ecotypes of white balady radish;
which were collected from Alexandria, Kafr Ei-Sheikh and
Sohag governorates; to study the efficiency of two cycles of
mass selection on the general behavior of some of their
important characters, Moreover, some important genetic
parameters were calculated for the studied characters; as
well as the genotypic correlation coefficients among the
studied characters; which wouid be helpful to plan an
appropriate selection program.

Wide differences were noticed among and within base
populations of the used three balady ecotypes of white
radish in most of the studied characters. The coefficients of
variation values were higher than 25% in base populations
of the three ecotypes for most characters. Mass selection
was found to be effective on enhancing the studied
character of the three ecotypes of white balady radish.
Furthermore, mass selection method appeared also efficient
in reducing coefficients of variation and the detected
ranges of most of the characters became narrower., Mean
squares of genotypes were found highly significant, only,
for the three characters number of leaves, leaf shape and
hairiness. The genotype * year component of variance did
not reach the significance level in all studied traits. The
insignificance of this component indicated that the selected
genotypes successes to posses the same general
performance in all years of the test. The partitioning of the
estimated variances into its their various components
revealed that a large portion of variances of most studied
traits of used radish ecotypes would be attributed
differences in their genotypes. The estimated broad sense
heritability wvalues of the various studied characters
reflected generally high estimates (> 80%) in most studied
traits. Concerning genotypic correlation coefficients among
the studied traits of the three radish genotypes, it was
found that roat weight was positively correlated with all
other studied characters, except voot shape index.
Meanwhile, foliage weight was positively correlated with
foliage length, number of leaves and root weight,
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INTRODUCTION

Radish (Raphanus sativus L., 2n=18} is a popular
member of the cruciferae crops, mustard family. It is a
coel season annual crop. The white type of radish is one
of the popular winter vegetable salad crops in Egypt.
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Before the building of pyramids, in the days of the
pharachs, the radish was extensively culiivated in
ancient Egypt (Schultheis, 1993),

Since, there is no formal Egyptian cv. of white
radish; there is a consistent need to get a suitable
Egyptian focal cultivar of radish, which can be achieves
effectively by adapting proper breeding techniques,
depending on recognition of the magnitude and nature of
genotypic and non-genotypic variations in various plant
characters (Wahba er all, 1998). Schultheis (1993)
revealed that; to be mild, tender and attractive; the
radish plants must grow rapidly. Slow or checked
growth results in tough, woody, pithy and pungent roots.

The objectives of the present investigation wete to
study the efficiency of two cycles of mass selection on
the general behavior of some important characters of
three local ecotypes of radish. Moreover, some
important genetic parameters were calculated for the
various studied characters. The genotypic correlation
coefficients among the studied characters, which would
be helpful to plan an appropriate selection program,
were also calculated.

MATERIALS AND METHODS

This investigation was carried out at Sabahia
Horticultural Research Station, Alexandria. during the
winter seasons of 2007 till 2010, The used genetic
materials were three ecotypes of balady white radish;
collected from Alexandria, Kafr El-Sheikh and Sohag
governorates.

On the first week of October 2007, seeds of each
genotype of radish were sown in 20 rows, 4 m long and
5 cm aparl. Every two rows were considered as a sub-
plot. After 45 days from sowing, plants were picked up
(harvested) with roots. The studied characters were
measured on an individual plant basis, and used to
calculate means, ranges, and coefficient of variations
(C.v.%). Selection was made according to the criteria;
more number of leaves, heavier leaves and roots
weights, longer leaves and roots, complete leaves and
less hairiness roots. The sefected roots were replanted

. for obtaining seeds of the first selection cycle (C1) to

grow the following planting cycle. [n 2008 winter
season, selected seeds of C1 were sown, the same as in
the first season, and the plants were subjected 10 the
same agricultural practices. Selection was practiced as
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done in the first cycle to obtain seeds of the second
cycle of mass selection (C2) and, then the harvested
seeds were stored. On the first week of October 2009
and 2010, the seeds of base populations {of each
ecotype) and those of the selected plants of cycle 1 and
cycle 2 were sown in evaluating replicated trials, using a
randomized complete blocks design, with three
replications. The seeds of each entry were drilled 0.5 1o
1.0 cm deep, in 5 rows, 25 cm apart and 4 m long. The
plants were thinned out to only one plant each 5 cm. All
the agricultural practices were followed according to
common recommendations for commercial production
to obtain the best growing plants. The plants were
harvested after 45 days from sowing.

Recorded data:

The following characters were recorded on
individual plants in each entry,

Foliage characteristics, i.e., foliage length (cm),
foliage weight (g), number of leaves/plant, and leaf
shape (were scored from 1 to 10; whereas, | means a
segmented leaf blade and 10 means a complete leal
blade).

Root characteristics; i.e., Root length (¢m), Hairiness
(were scored from | to 10; whereas, | denotes a hairy
root; while, 10 refers to a smooth root), root diameter
{cm), root weight (g), and root shape index, which
calculated according to Thompson (1969) as follows:

Root weight

Root diameterx Root length x (s

Where,7{ is a  mathematical  constant,
approximately, equals to 3.14159. Root shape index is
conical if the value was between 1.00 — 0.33 cylindrical
if it was > 1,00
Statistical procedures:

Data of the studied characters were statistically
analyzed, using a combined analysis of variance for the
two evaluated seasons, according to Herbert ef al.
(1955) and as illustrated in Table (1). The differences
among the various means were tested, using Duncan's
multiple range test (L.S.R.). '
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Root shape index =
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Where; o°5, 6%, 6’ and o’y types of variances of
genotypes, years, genotypes X years interaction and
phenotypes, respectively.

Heritability in broad sense was calculated as

illustrated by Falconer (1989), using the following
formula

o2
Hgs = -—f—- x 100
o g
prh
Genotypic coefficient of variation (GVC) was

estimated according to the procedure outlined by Burton
(1952} as follows;

]

=

GVC = > 10Q¢

Simpie correlation coefficients (r) were calculated
for different pairs of the studied characters as shown by
Dospekhove (1984)

RESULTS AND DISCUSSION

The results in Table (2) reflected wide differences
among and within base populations of the three ecotypes
of white radish for most of the studied characters.
Concerning mean values, Balady Kafr El-Sheikh had
the longest foliage (26.7 cm), the most complete leaf
shape, the least hairiness and the heaviest root (44.7 g).
Meanwhile, Balady Sohag gave the highest number of
leaves/plant.

Although, there were insignificant differences among
the three ecotypes; with respect to means of foliage
weight, root length and root diameter; there were wide
differences in their ranges and coefficients of variation
(C.V.%), regarding the mentioned characters. The
coefficients of variation values were higher than 25%
for base populations of the three ecotypes in the most
studied characters.

2 gy
g ry

Table 1. The combined analyses of variance
8.0.V, . D.F, S.S. M.S. E.M.S.
Reps./y y(r-1)=4 S.S.rly S.8.riy/ y(r-1)
Years (Y) C(y-D=1 SS.y S.S.yAy-1) 0l + 1 0y + Er 67y
Genotypes (G) (g-1)=2 S.S.g  SS.gig-l) ol +rol, +ryal,
GxY {y-1)g-1)=4 SS.gy  SS.gyi(y-1)(g-1) o’ +ro‘y
Combined error y(r-1)(g-1)=8 S.S.ely  SSefyivr-i)g-1) o’
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The characters that showed variabilities higher than
25% were leaf shape (in Balady Alexandria and Balady
Sohag), foliage weight (in Balady Kafr Ei-Sheikh), root
length (in Balady Alexandria and Balady Kafr El-
Sheikh), hairiness (Balady Alexandria and Balady
Sohag), root weight (in the three ecotypes), and shape
index (in Balady Kafr El-Sheikh and Balady Sohag).
The highest detected variability values that were aiso
reflected by the noticed wide ranges for most of the
studied characters, suggested the high potentialities of
selection in the original populations of radish for
improving such characters. Generaily, it might be stated
that all characters could be improved through mass
selection method, but with varying degrees depending
upon the amount of variation present in the population,
the selection intensity and the heritability of the
concerned characters,

Data in Table (3) illustrated that mass selection was
effective on enhancing most of the characters of Balady
Alexandria. However, the differences between cyclel
and cycle 2: regarding mean values of foliage length,
No. leaves, foliage weight, and root diameter appeared
insignificant. The second cycle of mass selection was
noticed to be more effective on improving the mean
values of root length, hairiness, and root weight.
Meanwhile, mean value of leaf shape was not affected
by mass selection, but its coefficient of variation
decreased from 25% in base population to 6.6% in ¢ycle
2. Furthermore, coefficients of variation for root length,
hairiness, and root weight were reduced from 29.6%,
29.1%, and 29.6% in base population to 12.0%, 5.6%,
and 13,0% in cycle 2 of mass selection, respectively,

The data concerning the performances of Balady
Kafr El-Sheikh characteristics; foliage length, No.
leaves, leaf shape and root weight; illustrated that the
mean values of these characters were noticed to be
significantly increased after practicing the mass
selection method for two cycles (Table, 4). Regarding
foliage weight, only one cycle of mass selection was
enough to enhance the mean value of this character.
Meanwhile, mass selection method did not affect the
other characters; i.e., root length, hairiness, root
diameter, and shape index. On the other hand, mass
selection method was effective in reducing coefficients
of variation and the ranges of most of the studied
characters, which became narrower than those of the
base populations.

With respect to Balady Schag, the obtained results
in Table (5) illustrated that the second c¢ycle of mass
selection was more effective than the first one in
enhancing mean values of foliage length, No. leaves,
root length, root diameter, and root weight, though

insignificant differences were detected between cyclel
and cycle 2 regarding mean values of leaf shape, foliage
weight, hairiness, and root shape index. For a breeder,
shape change itself might be an important target,
because it affects the stability of the shape required for
the constant supply of roots with an adequate shape,
during the period around harvest time. Although several
studies have been conducted on the morphological
development of the roots of rooted vegetable crops
(Rosenfeld ,1998; Soujala, 1999. Rosenfeld et al.,
2002), a little attention was given to genetic variations in
the changes in shape during growth. The estimated
coefficients of variation (C.V.%) and the ranges of all
studied characters of the derived population after two
cycles of mass selection were noticed to be lower and
narrower, relative to those of the base populations.

Mean squares of the combined analysis for the
studied traits of all studied radish genotypes were
tabulated in Table (6). Mean squares of genotypes were
found highly significant for only three characters; i.e.,
No. of leaves, leaf shape and hairiness. With regard to
genotype x year component of variance, it did not reach
the significant level in all studied traits. The
insignificance of this component showed that the
selected genotypes succeeded to posses the same good
performances in the two years of the test. Mukhdoomi et
al. (2007) evaluated twenty three genotypes of radish
(Raphanus sativus L), and reported that the analysis of
variance revealed highly significant differences among
genotypes for all the traits.

The partitioning of variance into its various
components in (Table, 7} revealed that a large portion of
total variances of most studied traits, in all radish
ecotypes, would be aftributed to genotypes. it should be
mentioned here that genetic variance would be biased
upward since it contains non-partitioned genotypic x
location source of variance (Comstock and Robinson,
1952); so, these results could be accepted under the
designed conditions of this investigation and any wider
implications warrant further research.

“The estimated broad sense heritability of the various
studied characters reflected high values (> 80%) in most
studied traits of radish ecotypes (Table. 7).

These results gave information on the magnitude of
genetic variation {(Dully and Moll, 1969).

However, Herbert et al. {1953) pointed out that
heritability alone gives no - indication of the amount of
progress expected from selection. However, it seems to
be most meaningful when accompanied by the estimates
of genetic coefficient of variability (Burton, 1952). Cn
the other hand, Herbert et al (1955) stated that
heritability estimates, when related to the expected



Table 2. Mean performances (), ranges and coefficients of variations (C.V.%) for foliage and root characteristics of the base populations

of the three ecotypes of Balady white radish, in 2007 winter season
Foliage characteristics

Genotypes Foliage length (¢cm) No. leaves Leaf shape (1-10)° Foliage weight (g)
" Range CV.% y Range CV.% vy Range CV.% x Range C.v.
Balady Alexandria 243 ab 162 - 266 1889 62 b 58 - 66 576 43 b 20 - 48 2895 200 a 119 - 226 19.6]
Batady Kafr El-Sheikh 267 a 239 - 308 1909 67 ab 62 - 76 807 72 a 48 - 88 1944 230 a 116 - 293 3199
Balady Sohag 20 b 19.8 -- 246 934 70 a 60 - 76 922 31 ¢ 20 - 38 2506 233 a 199 . 272 1272
Root characteristics

Genotypes Root length (cm) Hairiness (1-10)" Root diameter (cm) Root weight (g) Root shape index

X Range C.V.% ¥ Range CV.% ¥ Range CV.% % Range CV.% 7y Range C.V.
Balady Alexandria 113 al05-12.1 2740 3.1 b 1.8-41 2906 20a 14 -25 1731 307 b 245 - 475 2965 09b 08 - 10 1537
Balady kafr EI-Sheikh  [0.3 a 8.1 - 145 2584 62 a 5.0 - 7.0 1289 23 a 1.7-28 1675 447 a 306 - 639 3207 1.2 a 1.0 - 1.5 27.08
Balady Sohag 91 a 69 -104 1989 34 b 1.8 -48 3531 22 a L7-25 1618 294 b 157 - 404 3026 09 b 08 - 1.4 2696

¥Values with the same alphabetical letters, within a comparable group of means, do not significantly differ from one another, using Duncan's muitiple range test at 0.05 level of probability.

* | means a segmenied leaf blade : 10 means a complete leaf blade

¥ | denotes hairy root; 10 refers to smooth root

Table 3. Mean performances (%), ranges and coefficients of variations (C.V.%) for foliage and root characteristics of Balady Alexandria

ecotype generations (Sg, C; and C,), calculated from the combined data over two winter seasons, 2009 and 2010
Foliage characteristics

Generations Foliage [ength (cm) No. leaves Leaf shape (1-10) Foliage weight (g)

¥ Range C.V.% ¥ Range C.V.% Y Range C.V.% Y Range CV%
Base population {(Sg) 225 b 152 - 258 181 62 b 58 - 66 58 45 a 3.0 - 58 255 202 b 149 - 256 194
Cycle 1 (C)) 259 a 200 - 314 146 7.0 a 66 - 12 35 48 a 40 - 58 167 282 a 2235 - 349 164
Cycle 2(C;) 286 a 240 - 322 103 7.2 a 6% - 15 33 510 a 50 - 58 6.6 297 a 253 - 350 150

Root characteristics

Generatiosns Root length Lcm)c . Hairiness (l-lQ()E" . Root diameter (c(l:n:/ Root weight (g} Root shape index

X Range .'/D' X Range .,}n X Range % : X Range CV.% X Range CV.%
Base population (Sp) 11.3c 103-124 296 31b18-42 291 20b 1.7 - 22 {75 307 ¢ 247 - 477 296 087 a 079 - 1.13 1562
Cycle [ (C) 1650 149-173 121 31b24-36 150 24a22 -27 71 448 b 392 - 534 140 071 b 064 - 088 1334
Cycle 2(C;) 18352168-192 120 51 a48-56 56 25423 -28 63 590 a 48 - 694 130 08l ab 0.73 - 090 884

Fvalues with the same alphabetical letters, within a comparable group of means, do not significantly differ from one another, using Duncan’s multiple range test at 0.05 level of probability.
* | means a segmented leaf blade ; 10 means a complete leaf blade
¥ 1 denotes hairy root; 10 refers to smooth root
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Table 4. Mean performances (), ranges and coefficients of variations (C.V.%) for foliage and root characteristics of Balady Kafr El-
shickh ecotype generations (Sy, C; and C,), calculated from the combined data over two winter seasons, 2609 and 2010

Foliage characteristics

Generations Foliage length {cm) No. leaves Leaf shape (1-10)° Feliage weight {g)
X Range C.V.% e Range C.V.% Y. Range C.V.% b Range 0%
Base popuiation {(S) ~ 26.7b 229 - 31.8 19.4 67b 62 -176 8.1 72b 51-89 19.4 225b 11.6 - 353 358
Cyele 1 (C)) 271 b 23.8 - 30.0 10.4 68b 60-74 6.9 74b 6.4 - 8.4 9.6 30.2a 233 - 369 % 193
Cycle2(C;) ~ 3lda 29.0 - 358 9.3 18a 76-82 3.1 8.7a 80-956 76 - 310a 256 -377 189
§ ] Root characteristics -

G . Root length (cm} Hairiness (1-10)" Root diameter {(cm) Root weight (g} Root shape index
enerations TV CV. C.V. Vv cv
X Range o, 4 Range o x4 Range ,'/n % Range .'/. : y Range o *
Base population (Sg) 9.6a 6.1-125 263 6.2a 51-71 129 23a 1.7-28 167 447b 36.9-551 282 1.3a 1.0-19 260
Cyele 1 (C)) 10.1a  76-125 204 65a 56-74 109 24a 20-28 123 444b 389 -503 86 12a 1.1 -15 259
Cyele 2 (C;) 10.0a 8.6 -13.7 193 7.0a 64-78 83 25a 21-28 116 527a 479-562 72 1.3a 1.2-15 88

Fvalues with the same alphabetical letters, within a comparable group of means, do not significantly differ from one another, using Duncan's multiple range test at 0.05
level of probability.

* 1 means a segmented leaf blade ; 10 means a complete leaf blade

¥ 1 denotes hairy root; 10 refers to smooth root

Table 5, Mean performances (), ranges and coefficients of variations (C.V.%) for foliage and root characters of Balady Sohag ecotype
generations (Sy, C, and C;) , calculated from the combined data over two winter seasons, 2009 and 2010

Foliage characteristics

Generations . Foliage length (cm) No. leaves Leaf shape (1-10) Foliage weight (g)
y Range C.V.% bl Range C.V.% Y Range C.V.% b Ranpe CV.%
Base population (Sg) 20 ¢ 198 -246 9.3 70c 60-76 9.2 ilb 20-38 25.1 233b 19.9 - 27.2 12.7
Cycle 1 (Cy) 290 b 276 - 3120 58 79b 74 - 86 5.5 56a 42 -64 17.9 348a 28.2 - 37.6 10.2
Cycle 2 (G} 33.0 a 31.1 - 354 51 123 a 120 - 128 28 6.5a 50-78 15.2 36.8 a 33.2 - 403 83
o Root characteristics
G . ____Root length {(cm) Hairiness (i-10) Root diameter (cm) Root weight {g) Root shape index
enerations Y roRY; cV. CV TAY Vv
Range ‘,'/u * v Range A 4 Range ,,‘/o ‘ v Range .h' - ' Range .,'/n :
Base population (S¢) _ 88b 59 - I11.1 206 35b 22-50 328 21b 15-26 176 294 ¢ 157 -404 303 1.02 b 08-1.5 27.3
Cycle1{(Cy __ 88b78-115 161 53a 30-68 263 22b 20-28 139 423b 33.7-650 283 1.39a 1.0 - 1.7 19.8
Cycle 2(C;) 121a 96 - 128 106 52a 44-72 204 27a 24-30 89 61.8a 42.7-747 187 1.22a I.1-1.3 7.4

# Values with the same alphabetical letters, within a comparable group of means. do not significantly differ from one another, using Duncan's multiple range test at 0.05 level of probability.
* | means a segmented leal blade ; 10 means a complete leaf biade
¥ | denotes hairy root; 10 refers to smooth root
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Table 6. Mean squares calculated from the combined analysis for the studied traits of all studied radish genotypes

Foliage characteristics

Root characteristics

$.0.V. d.r Foliage length  No. feaves Leafshape Foliage weight Root length  Hairiness Root diameter Root weight Root shape index
Genotype Gy 2 0.856 23734 ** 45192 ** 85.539 0.0001 20.907 ** 0.0498 46337 0.0537 .
Year (Y) ] 17.002 0.907 0.047 0.809 5.7624 0.000 0.0024 0.147 0.0413

GxY 2 3.227 0.036 0.907 15.262 1.3443 0.107 0.0011 2.316 0.0397

Error 8 17.193 2.426 1.649 53.333 4.2578 1.025 01117 134.605 0.0701

** Sjgnificaru differences at 1% levels of probability.

Table 7. Genotypic (62g), phenotypic (62,,,.), year (82,), genotypic % year (ﬁzgy) variances, heritability (H%), and genetic coefficients of
variability (GCV), calculated from the combined data over the two seasons for the studied traits of all radish genotypes

Foliage characteristics

Root characteristics

Foliage length No. leaves Leaf shape Foliage weight Root length Hairiness Root dizmeter Root weight Root shape index |
8, 0.395 3.950 7381 11.713 0224 3467 0.0081 7.337 0.0023
6’!2., 0.933 3.956 7.532 14.256 0.448 3.484 0.0083 7.723 0.0090
&, 1.663 0.098 0.10¢ 2.8331 0.380 0.187 -0.0196 2.313 0.0014
ﬁjﬂ_ 4.653 0.797 0.247 12.690 0.971 0.306 -0.0369 44.096 0.0101
H% 42.350 99.847 97.992 82.158 49.998 99.490 97.858 95.003 26.0717
GCV 2224 25711 39.522 11.743 4.785 31.498 3.772 5.846 3.793

Table 8. Simple correlation coefficients values calculated among the studied traits of the three radish genotypes

Foliage length No. leaves  Leafshape Foliage weight Root length Hairiness Root diameter Root weight
Root shape index ¢.131 -0.085 0.280 * 0231 -0.469 **  0.454 ** -0.436 ** 0.176
Root weight 0.547 ** 0.569 ** 0.503 ** 0.408 ** 0.650 **  0.362 ** 0.518 **
Root diameter 0.454 ** 0.382 ** 0344 * 0.141 0,399 ** 0.140
Hairiness 0.367 ** -0.149 0.745 ** 0.233 -0.009
Root length 0.207 0424 ** 0.176 0.114 L
Foliage weight 0.352 ** 0457 ** 0.166 o
Leaf shape _0.535 ** 0.000 _
No. leaves 0.604 ** L

¢ ** Significant at 5% and 1% levels of probability, respectively

U ysIpRY AN JO SINSLANIRIEYD) Fuiacidiu) UD UOIDASS SSBIY JO ADUNIYT I Y 'S BSSNOW PHE I Y 'S "WEHV-PAY

1s¢



152 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL32. No.3 sUL Y- SEPTEMBER 201!

genetic advance, a considerable progress in modifying
some characters by selection could be expected.
Depending on these points of view, when the relatively
high or moderate estimates of heritability related to
relatively high or modefate estimates of genetic
coefficient of variability, it would resuited in noticeable
gain from selection. Therefore, No. of leaves, leaf shape,
and hairiness might be improved by selecting the top 5%
of the studied genotypes of radish.

Table {8) shows the estimated values of correlation
coefficients among the studied traits of the three radish
genotypes. Foliage length was positively correlated with
all studied characters, except root shape index and root
length. Furthermore, root weight was positively
correlated with all studied characters, except root shape
index. Meanwhile, foliage weight was positively
correlated with foliage length, No. leaves, and root
weight. Mapari et al. (2010) reported that root yield per
plant was closely associated with number of leaves per
plant at harvest, fresh weight of leaves, root length and
total plant weight,
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