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ABSTRACT 
This investigation was carried 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 El-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 would 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 values 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 root weight was 
positively correlated with all other studied characters, 
except root shape index. Meanwhile, foliage weight was 
positively correlated with foliage length, number of leaves 
and root weight. 

Key words: Radish, Raphanus sativus L., Mass 
selection, broad-sense heritability, correlation coefficient.   

INTRODUCTION 

Radish (Raphanus sativus L.; 2n=18) is a popular 
member of the cruciferae crops, mustard family. It is a 
cool season annual crop. The white type of radish is one 

of the popular winter vegetable salad crops in Egypt. 
Before the building of pyramids, in the days of the 
pharaohs, the radish was extensively cultivated 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 local 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 et al., 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 were 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 apart. 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 selected roots were replanted 
for obtaining seeds of the first selection cycle (C1) to 
grow the following planting cycle. In 2008 winter 
season, selected seeds of C1 were sown, the same as in 
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the first season, and the plants were subjected to the 
same agricultural practices. Selection was practiced as 
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 to 
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, 1 means a 
segmented leaf blade and 10 means a complete leaf 
blade).  

Root characteristics; i.e., Root length (cm), 
Hairiness (were scored from 1 to 10; whereas, 1 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 shape index = 

 Root diameter× Root length ×  
Where,  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 et 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.).  

 

 

 

 
Where; σ2

g, σ2
y, σ2

gy and σ2
ph types of variances of 

genotypes, years, genotypes × years interaction and 
phenotypes, respectively. 

Heritability in broad sense was calculated as 
illustrated by Falconer (1989), using the following 
formula 

 
Genotypic coefficient of variation (GVC) was 

estimated according to the procedure outlined by Burton 
(1952) as follows: 

 
Simple 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.

Table 1. The combined analyses of variance 
S.O.V. D.F. S.S. M.S. E.M.S. 
Reps./y y(r-1) = 4 S.S.r/y S.S.r/y/ y(r-1)  
Years (Y) (y-1) = 1 S.S.y S.S.y/(y-1) σ2

e + r σ2
gy + gr σ2

y 
Genotypes (G) (g-1) = 2 S.S.g S.S.g/(g-1) σ2

e + r σ2
gy + ry σ2

g 
G × Y (y-1)(g-1)=4 S.S.gy S.S.gy/(y-1) (g-1) σ2

e + r σ2
gy 

Combined error y(r-1)(g-1)=8 S.S.e/y S.S.e/y/y(r-1)(g-1) σ2
e 
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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 El-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 also 
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. Generally, 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 cycle1 
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 cycle 
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  Sohag, the obtained results 
in Table (5) illustrated that the second cycle 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 cycle1 
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 × 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 attributed to genotypes. It should be 
mentioned here that genetic variance would be biased 
upward since it contains non-partitioned genotypic × 
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. (1955) 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). On 
the other hand, Herbert et al (1955) stated that 
heritability estimates, when related to the expected 
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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 moderate estimates of genetic 
coefficient of variability, it would resulted 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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  الملخص العربي

 فعالية الانتخاب الاجمالى فى تحسين خصائص الفجل البلدى
  موسى سامح عبد المنعم محمد،سامح عبد المنعم محمد عبد االله

                                                         أجرى هذا البحث بمحطة بحوث البساتين بالـصبحية؛ خـلال          
                  لدراسة تـأثير      ١٠  ٢٠        وحتى    ٧   ٢٠٠                  فى الفترة من            الشتوية        المواسم  

               خصائص الفجـل                                               الانتخاب الاجمالى لدورتين متتاليتين على تحسين       
                                                ، وكذلك حساب بعض القياسات الوراثيـة الهامـة           الأبيض        البلدى

         الفجـل                     طرز محلية مـن          ثلاثة              وقد استخدمت     .       لمدروسة         للصفات ا 
   .                                      محافظات  الإسكندرية وكفر الشيخ  وسوهاج      جمعت من

   :                               ويمكن تلخيص أهم النتائج فيما يلي
                                                         كان هناك اختلافات واسعة مابين وداخل عـشائر الأسـاس           - ١

  .                                                    للثلاثة طرز البلدية للفجل الأبيض فى معظم الصفات المدروسة

 داخل كل من %٢٥ف أعلى من كانت قيم معامل الاختلا -٢
العشائر الأساسية للثلاثة طرز البلدية للفجل الأبيض فى معظم 

 .الصفات المدروسة

 فى تحسين معظم وجد أن طريقة الانتخاب الاجمالى كانت فعالة -٣
كما أن هذه . الصفات المدروسة للثلاثة طرز البلدية من الفجل

الطريقة قد قللت معامل الاختلاف وأصبح المدى فى معظم 
 .الصفات المدروسة أضيق

: كان التباين المقدر عالى المعنوية  لثلاث صفات فقط؛ وهى -٤
وكثافة الشعيرات  النبات وشكل الورقة/ عدد الأوراق

  .الجذرية
 

                                                              أوضحت النتائج أن التباين الوراثى شكل الجزء الأكـبر مـن            - ٥
                                                               التباين الكلى فى معظم الصفات المدروسة؛ مما يوضح امكانيـة          

            وذلك للدور                                              الانتخاب لتحسين لتلك الصفات بدرجة كبيرة،     
   .                                                 الواضح لتأثير العوامل الوراثية على سلوك تلك الصفات

        الموسـم    ×           لـوراثى             التركيب ا                      الراجع للتفاعل بين           تباين    ال     كان   - ٦
                      كـذلك كانـت قـيم        .               لصفات المدروسة  ل           معنويا     غير )     السنة (

                                                               التوريث عالية لكل الصفات المدروسة فى كل الطـرز المحليـة          
  .                        المستخدمة من الفجل البلدى

                               مرغوب لمعظم الصفات المدروسـة           وتحسين                   زيادة فعلية        حدثت - ٧
                  الانتخـاب الاجمـالى                         للفجل نتيجة لتطبيق                       فى كل الطرز المحلية     

  .                        مقارنة بالعشيرة الأساسية        متتاليتين      دورتين  ل

                                                             وجد ان وزن الجذر ارتبط ايجابيا مع كل الصفات المدروسـة            - ٨
                                                                  فيما عدا شكل الجذر، أما وزن العرش فقد ارتبط ايجابيا مع كل           

  .                النبات ووزن الجذر  /                          من طول العرش  وعدد الأوراق

     لاجمالى                                                                   تقترح هذه الدراسة أنه يمكن باتباع طريقة الانتخاب ا        
                                                           إجراء تحسينات مرغوبة لعدد مـن الـصفات المورفولوجيـة          
                                                         وخصائص جذور الفجل؛ ومن ثم تقليل الاختلافات التى تظهر         
                                                            بداخل عشائر الفجل كنتيجة لاكثار المزارعين تقاوى الفجـل         

   .                                بأنفسهم بدون اتباع الطرق العلمية

  


