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Introduction 
In comparison to winter oilseed rape, spring oilseed rape is less widely cultivated in certain European countries, 

with Serbia being one of them. Although its dominant growing purpose is oil, spring oilseed rape may be used as a 

forage crop as well, with forage yields of more than 30 t ha
-1

 of green forage and about 3.5 t ha
-1

 of forage dry 

matter, as well as with an ability to produce two cuts, especially in rainy springs (Erić et al., 2007).  

A thorough study on the yield components has an essential importance for every breeding program and that is the 

case with breeding spring oilseed rape for increased forage yields too.  

The goal of the study was to examine the variability and the inter-relationship of green forage yield components 

and green forage yield in spring oilseed rape genotypes. 

 

Materials and Methods 
A small-plot trial has been carried out in the trial years of 2008 and 2009 at the Experimental Field of the Institute of 

Field and Vegetable Crops at Rimski Šančevi. It included ten winter oilseed rape genotypes of Serbian origin, 

namely Canada, Galant, Global, Jasna, Liaison, Lisora, SOR 01, SOR 02, SOR 03 and SOR 04.   

In both trial years, all ten lines were sown in early March, at a seeding rate of 50 viable seeds m
-2

, with a plot size 

of 5 m
2
 and three replicates, and were cut in the stages of full budding and beginning of flowering (Mihailović et al., 

2007).  

There were monitored plant height (cm), number of lateral branches (plant
-1

), number of internodes (plant
-1

), stem 

mass (g plant
-1

), leaf mass (g plant
-1

) and green forage yield (g plant
-1

). The study results were processed by 

analysis of variance (ANOVA) with the Least Significant Difference (LSD) test applied. There were calculated 

simple correlation coefficients (r) between each of the monitored characteristics. 

 

Results and Discussion 
There were significant differences at both levels in forage yield components between the examined oilseed rape 

genotypes (Table 1). The average plant height values ranged from 61 cm in the genotype Canada to 101 cm in the 

genotype Jasna. The genotype Jasna had the greatest average values for all other characteristics, namely number 

of lateral branches (10 plant
-1

), number of internodes (31 plant
-1

), stem mass (76.25 g plant
-1

), leaf mass (33.34 g 

plant
-1

) and green forage yield (109.59 g plant
-1

).  

Green forage yield was in high positive correlations with all forage yield components, especially with stem mass (r 
= 0.990), such as is the case in white mustard (Mikić et al., 2009). Among the other monitored characteristics, the 

highest positive correlation was between stem mass and leaf mass (r = 0.972). There was no correlation between 

plant height and number of lateral branches and between plant height and number of internodes. 

 

Conclusions 
Despite lower potential for forage production in comparison to some other brassica species, there are spring 

oilseed rape genotypes that could be used for both oil and forage. 
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Table 1. Average values of green forage yield components and green forage yield in spring oilseed rape 
genotypes for 2008 and 2009 at Rimski Šančevi 

Genotype 
Plant height 

(cm) 

Number of 

lateral 

branches 

(plant
-1

) 

Number of 

internodes 

(plant
-1

) 

Stem mass 

(g plant
-1

) 

Leaf mass (g 

plant
-1

) 

Green forage 

yield 

(g plant
-1

) 

Canada 61 2 13 15.02 5.85 20.87 

Galant 84 2 16 24.61 11.49 36.10 

Global 93 3 12 29.67 10.35 40.02 

Jasna 101 10 31 76.25 33.34 109.59 

Liaison 67 8 17 31.41 12.79 44.20 

Lisora 80 7 30 35.92 10.91 46.83 

SOR 01 72 6 12 17.41 5.39 22.80 

SOR 02 71 4 12 27.65 7.22 34.87 

SOR 03 72 1 11 16.19 3.75 19.94 

SOR 04 63 3 11 11.84 5.39 17.23 

Average 76 5 17 28,60 10,65 39,25 

LSD0.05 24 4 9 8.21 6.54 14.52 

LSD0.01 29 6 12 11.44 8.74 18.22 

 

 

 

Table 2. Simple correlation coefficients (r) between green forage yield components and forage yield in 
spring oilseed rape genotypes 

 

Number of 

lateral 

branches 

Number of 

internodes 
Stem mass Leaf mass 

Green 

forage yield 

Plant height 0.393 0.578 0.784** 0.756* 0.780** 

Number of lateral branches  0.753* 0.771** 0.735* 0.765** 

Number of internodes   0.823** 0.777** 0.814** 

Stem mass    0.972** 0.997** 

Leaf mass     0.987** 

* - significant at 0.05; ** - significant at 0.01 
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Introduction 
Winter oilseed rape is cultivated mostly as an oil crop throughout Europe and is considered one of the most 

important industrial plant species. At the same time, winter oilseed rape can be used as an excellent forage crop, 

with a potential for forage yields of nearly 40 t ha
-1

 of green forage and about 4 t ha
-1

 of forage dry matter 

(Mihailović et al., 2008). 

Breeding winter oilseed rape for forage requires a study on its forage yield components and its interdependence 

that should result in the development of cultivars with high and stable green forage yields.  

The goal of the study was to examine the variability and the inter-relationship of green forage yield components 

and green forage yield in winter oilseed rape genotypes. 

 

Materials and Methods 
A small-plot trial has been carried out in the trial years of 2007/08 and 2008/09 at the Experimental Field of the 

Institute of Field and Vegetable Crops at Rimski Šančevi. It included ten winter oilseed rape cultivars and lines of 

Serbian origin, namely Banaćanka, Branka, Kata, Nena, Slavica, WOR 01, WOR 02, WOR 03, WOR 04 and WOR 

05.   

In both trial years, all ten lines were sown in early September, at a seeding rate of 50 viable seeds m
-2

, with a plot 

size of 5 m
2
 and three replicates, and were cut in the stages of full budding and beginning of flowering (Mihailović 

et al., 2007).  

There were monitored plant height (cm), number of lateral branches (plant
-1

), number of internodes (plant
-1

), stem 

mass (g plant
-1

), leaf mass (g plant
-1

) and green forage yield (g plant
-1

). The study results were processed by 

analysis of variance (ANOVA) with the Least Significant Difference (LSD) test applied. There were calculated 

simple correlation coefficients (r) between each of the monitored characteristics. 

 

Results and Discussion 
There were significant differences at both levels in forage yield components between the examined winter oilseed 

rape genotypes (Table 1). The greatest average plant height was in the genotype Nena (95 cm). The smallest 

average plant height was in the genotype Kata (50 cm). The genotype Nena had the greatest number of lateral 

branches (10 plant
-1

), as well as the greatest number of internodes (21 plant
-1

), together with genotypes WOR 03 

and WOR 04. The genotype WOR 03 had the highest average values of leaf mass (84.73 g plant
-1

) and green 

forage yield (154.16 g plant
-1

), while the genotype WOR 04 had the highest average stem mass (69.43 g plant
-1

).   

As shown in Table 2, all yield components were in significantly positive correlation. Green forage yield was in high 

positive correlations with leaf mass, as in fodder kale (Mihailović et al., 2009), and stem mass (both r = 0.976), 

plant height (0.860), number of internodes (0.834) and number of lateral branches (0.724). Among the forage yield 

components it is plant height and stem mass that were in the highest positive correlation (0.925). The lowest 

positive correlation was between number of lateral branches and leaf mass (0.651). 

 

Conclusions 
High green forage yields per plant in some genotypes confirm that winter oilseed rape may be successfully used as 

a forage crop. High positive correlation among forage yield components makes the development of its forage 

cultivars easier. 
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Table 1. Average values of green forage yield components and green forage yield in winter oilseed rape 
genotypes for 2008 and 2009 at Rimski Šančevi 

Genotype 
Plant height 

(cm) 

Number of 

lateral 

branches 

(plant
-1

) 

Number of 

internodes 

(plant
-1

) 

Stem mass 

(g plant
-1

) 

Leaf mass (g 

plant
-1

) 

Green forage 

yield 

(g plant
-1

) 

Banaćanka 85 3 16 67.40 65.76 133.16 

Branka 63 4 15 27.69 18.78 46.47 

Kata 50 3 16 20.10 14.69 34.79 

Nena 95 10 21 77.94 55.75 133.69 

Slavica 79 8 18 68.62 48.08 116.70 

WOR 01 60 3 15 22.61 11.96 34.57 

WOR 02 57 0 16 26.88 15.64 42.52 

WOR 03 70 8 21 69.43 84.73 154.16 

WOR 04 87 8 21 85.92 60.73 146.65 

WOR 05 57 5 16 23.45 13.32 36.77 

Average 69 5 18 46.96 35.96 82.92 

LSD0.05 17 3 6 6.27 4.67 10.55 

LSD0.01 22 5 8 8.56 6.89 15.23 

 

 

 

Table 2. Simple correlation coefficients (r) between green forage yield components and forage yield in 
winter oilseed rape genotypes 

 

Number of 

lateral 

branches 

Number of 

internodes 
Stem mass Leaf mass 

Green 

forage yield 

Plant height 0.701* 0.685* 0.925** 0.754* 0.860** 

Number of lateral branches  0.843** 0.764* 0.651* 0.724* 

Number of internodes   0.843** 0.786** 0.834** 

Stem mass    0.906** 0.976** 

Leaf mass     0.976** 

* - significant at 0.05; ** - significant at 0.01 
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Introduction 

Fodder winter kale (Brassica oleracea L. var. viridis L.), with its late summer- or early autumn-sown genotypes, is 

the most important forage brassica in Serbia and many other European countries with temperate climate 

(Mihailović  et al., 2007). It is characterized by high and stable forage yields, high crude protein content in forage 

dry matter of more than 170 g kg (Bradshaw & Borzucki, 1981) and a prominent earliness, making it a good crop 

for diverse farming systems.  

Along with its main purpose as a forage crop, winter fodder kale may be successfully utilized for green manure, 

representing a valuable cover crop and an excellent member in forage crop rotations (Ćupina et al., 2004). 

The goal of the study was to examine the potential of winter fodder kale for the use as green manure crop. 

 

Materials and Methods 
A small-plot trial has been carried out in the trial years 2007/08 and 2008/09 at the Experimental Field of the 

Institute of Field and Vegetable Crops at Rimski Šančevi. It included ten fodder kale genotypes, that is, three 

fodder kale cultivars, namely NS-Bikovo (Serbia), Perast (Serbia) and Maksimirski Visoki (Croatia), and seven 

Serbian fodder kale lines, namely K-021, SK-01, SK-02, SK-03, SK-04, SK-05 and SK-06.   

All ten genotypes were sown in early September, at a seeding rate of 50 viable seeds m
-2

, and were cut in the 

stages of full budding and beginning of flowering (Mihailović et al., 2007).  

There were monitored fresh above ground biomass yield (t ha
-1

), dry above ground biomass yield (t ha
-1

) and 

above ground biomass nitrogen yield (kg ha
-1

). The study results were processed by analysis of variance (ANOVA) 

with the Least Significant Difference (LSD) test applied. 

 

Results and Discussion 
There were significant differences at both levels in all three monitored parametres of winter fodder kale potential 

for green manure production (Table 1).  

The winter fodder kale cultivar Perast had the highest average values of both fresh above ground biomass yield 

(73.0 t ha
-1

) and dry above ground biomass yield (6.6 t ha
-1

), being more productive in comparison to the previous 

research on its forage yield potential in the same conditions (Mihailović et al., 2008). The winter fodder kale line 

SK-03 had the lowest average values of both fresh above ground biomass yield (33.2 t ha
-1

) and dry above ground 

biomass yield (2.7 t ha
-1

). 

The average above ground biomass nitrogen yield ranged from 183 kg ha
-1

 in the winter fodder kale line SK-03 to 

74 kg ha
-1

 in the winter fodder kale cultivar Perast.  

 

Conclusions 
Winter fodder kale has a considerable potential for green manure production due to high above ground biomass 

nitrogen yields that may reach and surpass 150 kg ha
-1

. This opens a possibility of the development of winter 

fodder kale cultivars with increased dry above ground biomass proportion suitable for primary use as green 

manure crops. 
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Table 1. Average values of fresh above ground biomass yield, dry above ground biomass yield and above 
ground biomass nitrogen yield in winter fodder kale genotypes for 2005/06 and 2006/07 at Rimski Šančevi 

Genotype 

Fresh above ground 

biomass yield  

(t ha
-1

) 

Dry above ground biomass 

yield (t ha
-1

) 

Above ground biomass 

nitrogen yield  

(kg ha
-1

) 

NS-Bikovo 66.2 5.3 148 

Perast 73.0 6.6 183 

K-021 56.0 5.0 140 

Maksimirski Visoki 51.9 4.1 116 

SK-01 50.5 4.5 127 

SK-02 52.1 4.7 130 

SK-03 33.2 2.7 74 

SK-04 47.7 4.3 119 

SK-05 45.6 4.1 114 

SK-06 36.3 3.3 91 

Average 51.2 4.1 114 

LSD0.05 6.7 1.4 44 

LSD0.01 9.3 1.7 62 
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Introduction 

White mustard (Sinapis alba L. subsp. alba) is cultivated mostly as aromatic and oil crop, although it has a 

considerable potential to be a forage crop (Erić et al., 2007). The main advantages of white mustard grown for 

forage are high and quality yields, with crude protein content in forage dry matter of between 150 g kg and 175 g kg 

(Schuchert, 2006), and a very brief growing season, often leaving a possibility of having silage maize, Sudan grass 

or sorghum as succeeding crop.  

In a similar way to the other forage brassicas (Ćupina et al., 2004), white mustard could represent a green manure 

crop, with an ability of producing high above ground biomass yields with high proportion of nitrogen. 

The goal of the study was to examine the potential of white mustard for the use as green manure crop. 

 

Materials and Methods 
A small-plot trial has been carried out in the trial years 2007/08 and 2008/09 at the Experimental Field of the 

Institute of Field and Vegetable Crops at Rimski Šančevi. It included ten white mustard lines of Serbian origin, 

namely BS-01, BS-02, BS-03, BS-04, BS-05, BS-06, BS-07, BS-08, BS-09 and BS-10.   

All ten genotypes were sown in early September, at a seeding rate of 50 viable seeds m
-2

, and were cut in the 

stages of full budding and beginning of flowering (Mikić et al., 2009).  

There were monitored fresh above ground biomass yield (t ha
-1

), dry above ground biomass yield (t ha
-1

) and 

above ground biomass nitrogen yield (kg ha
-1

). The study results were processed by analysis of variance (ANOVA) 

with the Least Significant Difference (LSD) test applied. 

 

Results and Discussion 
There were significant differences at both levels in all three monitored parametres of white mustard potential for 

green manure production (Table 1).  

The white mustard line BS-08 had the highest average values of both fresh above ground biomass yield (32.3 t 

ha
-1

) and dry above ground biomass yield (5.2 t ha
-1

). The white mustard line BS-04 had the lowest average values 

of both fresh above ground biomass yield (12.3 t ha
-1

) and dry above ground biomass yield (2.0 t ha
-1

). 

The average above ground biomass nitrogen yield ranged from 53 kg ha
-1

 in BS-04, 55 kg ha
-1

 in BS-02 and 56 kg 

ha
-1

 in BS-01 to 138 kg ha
-1

 in the white mustard line BS-08. 

 

Conclusions 
Although its average above ground biomass yields are lower in comparison to other forage brassicas, there are 

lines of white mustard that have a promising potential for green manure production, especially due to its high 

proportion of dry above ground biomass. 
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Table 1. Average values of fresh above ground biomass yield, dry above ground biomass yield and above 
ground biomass nitrogen yield in white mustard lines for 2005/06 and 2006/07 at Rimski Šančevi 

Genotype 

Fresh above ground 

biomass yield  

(t ha
-1

) 

Dry above ground biomass 

yield  

(t ha
-1

) 

Above ground biomass 

nitrogen yield  

(kg ha
-1

) 

BS-01 13.9 2.1 56 

BS-02 14.7 2.1 55 

BS-03 23.1 3.7 99 

BS-04 12.3 2.0 53 

BS-05 26.4 4.2 113 

BS-06 19.2 2.9 77 

BS-07 25.9 3.6 97 

BS-08 32.3 5.2 138 

BS-09 31.5 4.4 118 

BS-10 26.4 3.7 99 

Average 22.6 3.4 90 

LSD0.05 4.5 0.9 24 

LSD0.01 5.8 1.2 32 
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In Jammu and Kashmir the productivity of oilseed (brown sarson) is very low (6-8 q/ha). The low productivity is 

mainly attributed to the fact that the farmers mainly grow the traditional varieties and land races which are not only 

low yielding but highly susceptible to biotic and a biotic stresses. To boost the oilseed e production, SKUAST-K 

has recently released a high yielding variety of oilseed (Shalimar sarson-1). The variety has been synthesized by 

crossing two varieties which were genetically distinct and contributed to the yield potential through different 

pathways. 

 

The variety has shown excellent performance in different locations of the state with an average yield superiority of 

16.7 % against the standard check (Gulchin) in the target environment (Table 1). The benefit cost ratio of this 

variety has been worked out as 1.7: 1.0 as against 1.1:1.0 of Gulchin (Table 2). The specific area of adaptation for 

this variety includes low and mild altitude (up to 1800 m amsl) under rained conditions. 

 

Timely sown crop (last week of September to mid of October) with adequate moisture at the sowing time with seed 

rate of  7.5kg/ ha with a spacing of  30 cm row to row along with 60:30:20:20 NPK&S (kg / ha) are the prerequisite 

to exploit the maximum potential from this variety (Table 3). 

 

The variety under report has shown higher seed oil content (41.77 %) with oil yield of 541 kg/ha (552 lts /ha) (Table 

4). It has also shown moderately resistance to Alternaria leaf spot and resistant to white rust (Table 5). Farmers 

demand for this new variety is high because of its high yield and timely maturity. 

 

 
 
 
         Table 1. Yield performance (q/ha) of Shalimar sarson-1 over years and locations 

S.No Variety Mean % increase over check 

1 Shalimar sarson-1 11.67 16.7 

2 Gulchin (check) 10.00  

 

 

 

          Table 2. Benefit cost ratio analysis/ha of Shalimar sarson-1   
S.no Variety Cost of  

Cultivation (Rs) 

Returns (Rs) Benefit (Rs) Ratio (Benefit 

cost) 

1 Shalimar  

sarson- 1   
14,500 38,640 24,140 1.7 : 1.0 

2 Gulchin  

(check) 
14,500 31,160 16,660 1.1:1.0 
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Table 3. Agronomic features to exploit the maximum potential of the crop 
1  Sowing time Last week of September to mid of October 

 

2 ii. Spacing (cm) 

 

10 cm plant to plant and 30 cm row to row    

3 . Seed rate (kg ha
-1

) 

 

7.5kg/ ha  

 

4 .Fertilizer responsiveness 60:30:20:20 NPK&S (kg / ha)  

 

 
 
 
Table 4. Oil content of Shalimar sarson-1 in comparison to Gulchin    

 

 
 
 
 
 
 

 
 
 
Table 5. Disease status of Shalimar sarson-1     

 

 

 

 

Figures in parenthesis indicate disease score (1-5 scale was used for scoring the disease reaction) 

Cultivar Oil content 

(%) 

Percent increase  
over check 

Oil yield 

(Kg/ha) 

Shalimar sarson- 1   41.77 4.6 541 

(552 lts/ ha) 

Gulchin (check) 39.95 -  

S.no Variety Alternaria blight(%) White rust (%) 

1 Shalimar sarson- 1     14(2) 7(1) 

2 Gulchin (check) 25 (3) 9(1) 
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Abstract 
The present study was made with the purpose of evaluating the stability and adaptability of the production from the 

central flower heads of five broccoli hybrids tested in two cultivation systems - as monoculture and in intercropping 

system growing together with tomatoes and pepper. It was established that the hybrids broccoli ‘Coronado F1’ and 

‘Kermit F1’ showed good productivity 7.430÷8.800 t/ha and stability (bi <1) expressed in both of cultivation system 

and the abilities for adaptation was good. In monoculture system for ‘Shadow F1’ was read high yield 9.730 t/ha but 

in the intercropping system the productivity was significant lower 6.500 t/ha. In both systems the genotype showed 

low stability (bi>1). The genotype was demonstrated good adaptability in self-cropping system but the abilities for 

adaptation in intercropping system was poor. The hybrids ‘Belstar F1’ and ‘Lucky F1’ independence of the kind of 

cultivation systems were lower productively 6.000÷6.430 t/ha and unstable (bi>1) with poor abilities for adaptation. 

 

Keywords: broccoli, yield, stability, adaptability, monoculture, intercropping system 

 
Introduction  
One of the basic components for characterization of the plant genotypes is the estimation of the productivity for 

stability and adaptivity that often is expressed by the realized yield (Finlay and Wilkinson, 1963; Stoffela et al, 

1984; Becker and Leon, 1988; Raj et al., 1997; Kang, 1998). This character is expressed under the influence of the 

integrated effects from the action of the genetic and ecological factors as the presence of proven interaction 

between the genotype and environmental conditions is of great importance for determining of the stability and 

adaptability (Eberhart and Russell, 1966). 

The studies on the stability and adaptability of the productivity or on its individual components in the vegetable 

crops in Bulgaria are comparatively limited. Such kind of investigations are conducted in pepper (Todorova et al., 

2004), head cabbage (Antonova, 2003) and in potatoes (Nacheva, 2004; Nacheva, 2006). Differences in the yield 

stability and adaptability are also established in non-traditional vegetable crops for Bulgaria as broccoli that is 

studied in the conditions of late field production (Mihov and Filipov, 2005). All these studies concern the evaluation 

of genotypes grown in self-cropping system of growing. There are no performed studies in Bulgaria concerning the 

yield stability and adaptability in cultivars and hybrids grown in intercropping system growing with other crops. In 

this aspect the assessment of the response of some non-traditional vegetable crops for Bulgaria to the production 

in combined sowing with conventional vegetable crops is of great interest. Such kind of investigations is necessary 

as a support for increase of diversity and integrity in the modern vegetable production. 

The aim of the study was an evaluation of the yield stability and adaptability from the central flower heads of five 

broccoli cultivars, grown as mid-early field production technology in self-cropping and in intercropping system 

growing together with tomatoes and pepper to be made. 

 

Material and Methods 
During the period 2006 – 2007 five broccoli cultivars ‘Coronado F1’, ‘Shadow F1’, ‘Belstar F1’, ‘Kermit F1’ and ‘Lucky 

F1’, grown as mid-early field production were studied in the Maritsa Vegetable Crops Research Institute, Plovdiv. 

The experiment was set by block method in two treatments: broccoli monoculture and intercropping system, where 

broccoli, tomatoes and pepper were grown combined by “strip” system. The following cultivars – tomato ‘Topaz’ 
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and pepper ‘Kurtovska kapiya’ were included in the intercropping system. Broccoli, tomato and pepper were 

cultivated by seedlings, sowing date 28-30 March and transplanting 10-12 May. Crops were grown on high flat 

bed, at two-row strip with the following planting schemes: broccoli 90+70/60 cm, tomato 90+70/60 cm and pepper 

90+70/30 cm. The experiment was in four replications with 20 plants per replication for broccoli and tomato and 40 

plants per replication in pepper. The trail area consisted of a completely randomized block design of seven blocks 

with 5 m buffers for each (according to Broad et al., 2004). Three of the blocks were single species “mono-cultures” 

(one for each crop), while the remaining four blocks had strips of each crop, planted in combinations. The 

experiment was set on sandy-clay soil at soil medium fertility N20P15K12, and the crops were grown by drip 

irrigation. 

The character total yield from the central flower heads (t/ha) was studied as the measurements were carried out for 

all plants from each replication. The produce was harvested several times as the central flower heads with over 15 

cm diameter were harvested. Data were mathematically processed by two factorial analysis of variance and the 

variation coefficients (Lakin, 1990), stability parameters: bi – coefficient of regression and S
2

di – average quadratic 

deviation of regression (Eberhard and Russel, 1966) and index for total adaptation xi-bi (Valchinkov, 1990) were 

established. 

 
Results and Discussion 
It was established that studied broccoli hybrids showed different possibilities for productivity that were expressed 

under the influence of the genetic and ecological factors of variability and the interaction between the genotypes 

and production conditions (Table 1). The presence of a proven interaction between the studied genotypes and 

growing conditions permit to be made a significant assessment for stability and adaptability of the studied 

character (Stoffella et al., 1984; Becker and Leon, 1988; Raj et al., 1997).  

The analysis of the data from central flower heads harvesting showed that in the broccoli monoculture growing the 

average yield 7.528 t/ha is higher compared to the recorded in the broccoli intercropping production where the 

average yield is 7.098 t/ha (Table 2). Significant differences in respect of the genotype potential for yield 

productivity, stability and adaptability of the five studied broccoli cultivar were established. Yield variation 

coefficients in the broccoli monoculture growing were within 7.80 % to 22.10 % as the cultivars ‘Shadow F1’, 

‘Kermit F1’ and ‘Coronado F1’, were described with the best productivity - higher than the average for the studied 

hybrids. The genotypes could be classified in two groups depending on the values of the parameters for stability: 

‘Shadow F1’, ‘Belstar F1’ and ‘Lucky F1’ – with low stability (bi>1) but they could be tolerant to more favourable 

production conditions and ‘Kermit F1’ and ‘Coronado F1’ – with higher yield stability (bi<1). The studied genotypes 

had different plasticity as ‘Shadow F1’, ‘Coronado F1’ and ‘Kermit F1’ had the highest values of the index for total 

adaptability that suppose potentially wider adaptability of the productivity in these genotype. Indexes for total 

adaptation in the other two hybrids were lower that is an indication for their smaller adaptability. 

Comparatively higher coefficients of broccoli yield variation in the limits of 11.20 % to 27.10 % were recorded in the 

intercropping system with tomato and pepper (Table 2). Cultivars ‘Coronado F1’ and ‘Kermit F1’ kept their relatively 

high productivity in the intercropping growing expressed also in broccoli monoculture cultivation. The same 

tendency of nearly equal potential for productivity, free of the kind of the sowing, was also observed in ‘Belstar F1’ 

and ‘Lucky F1’. However this growing variant has a reducing effect on the yield of ‘Shadow F1’. It decreased with 

about 30 % compared to the yield recorded in monoculture of this cultivar. Some manifestations of yield stability 

and adaptability, registered in self cropping system of the genotypes growing were kept in the intercropping system 

of broccoli growing with tomato and pepper. Cultivars ‘Kermit F1’ and ‘Coronado F1’ have higher yield stability 

(bi<1) and wider adaptability while ‘Shadow F1’, ‘Belstar F1’ and ‘Lucky F1’ showed low yield stability (bi>1) and 

smaller adaptability. 

Comparative analysis of the results showed that hybrids ‘Coronado F1’ and ‘Kermit F1’ showed good productivity 

7.430÷8.800 t/ha and stability (bi <1) expressed in both of cultivation system and the abilities for adaptation was 

good. In monoculture system for ‘Shadow F1’ was read high yield 9.730 t/ha but in the intercropping system the 

productivity was lower 6.500 t/ha. In both systems the genotype showed low stability ( bi>1). The genotype was 

demonstrated good adaptability in self-cropping system but the abilities for adaptation in intercropping system was 

poor. The next two hybrids ‘Belstar F1’ and ‘Lucky F1’ independence of the kind of cultivation systems were lower 

productively 6.000÷6.430 t/ha and unstable ( bi>1) with poor abilities for adaptation. 

Relatively high productivity of the five broccoli cultivars demonstrated in intercropping system of growing with 

tomato and pepper is of interest in agro biological aspect. Special attention should be paid to ‘Kermit F1’ because in 

intercropping system of growing the yield was higher and with wider adaptability than read in monoculture. This 

result confirms in a great degree the results obtained from the other researchers who were established that in 

intercropping broccoli production with other crops there is a possibility to obtain yields that are higher compared to 

the ones obtained in broccoli monoculture (Broad et al., 2004). 

It should be marked that higher productivity of the cultivars ‘Shadow F1’, ‘Coronado F1’and ‘Kermit F1’ recorded in 

mid-early field production in monoculture was also registered in growing according to the late field production 
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(Mihov and Filipov, 2005). In comparison of the results obtained in the present study and the study of Mihov and 

Filipov (2005) makes also an impression the demonstrated higher yield stability and adaptability in ‘Coronado F1’ 

that could be considered as an indication for the eventual presence of high potential about the genotype realization 

in different production conditions. 
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Table 1. Two factorial analysis of variance of the central flower heads yield from broccoli varieties grown 
both in monoculture and intercropping with tomatoes and pepper 

Variance 
Sources of variation 

Degree of 

freedom Monoculture Intercropping system 

Genotype 4 148558.1*** 199218.1*** 

Year 1 261145.6*** 313290.0*** 

Genotype х year 4    10983.1***     21386.88*** 

Remaining 30                 1308.3                 1821.67 

*** - significance in р>0.001 

 
Table 2. Yield and yield stability and adaptability in broccoli grown as monoculture and in intercropping 
with tomato and pepper 

Yield 
Variation 

coefficient 
Parameters of stability 

Index of total  

adaptability 

 

Cultivars 

t/ha % bi S
2
di xi – bi 

Monoculture  

Coronado F1 7.660 7.80 0.903**  0.0111 6.757 

Shadow F1 9.730 18.52 1.255**  0.0306 8.475 

Belstar F1 6.350 13.68 1.508** -0.0035 4.842 

Kermit F1 7.900 15.51 0.917*** -0.0024 6.983 

Lucky F1 6.000 22.10 2.194* -0.0285 3.806 

Average 7.528     

Intercropping system 

Coronado F1 7.430 16.50 0.870**  0.0046 6.560 

Shadow F1 6.500 27.10 1.523* -0.0424 4.977 

Belstar F1 6.330 24.60 1.911**  0.0367 4.419 

Kermit F1 8.800 11.20 0.609* -0.0022 8.191 

Lucky F1 6.430 18.76 1.747*  0.0087 4.683 

Average 7.098     

*, **, *** - significance in р>0.05, р>0.01, р>0.001 
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Introduction  
 For almost last fifty years Indian agriculture has mainly concentrated on increasing yield and to achieve this 

goal synthetic chemicals have been utilized as fertilizers, pesticides and growth regulators. This in turn has created 

many environmental problems which include contamination of surface as well as ground water, problem of carry 

over and soil becoming barren. This has led to dawn of a new concept of organic arming where plant and animal 

based fertilizers farming where plant and animal based fertilizers are preferred over synthetic chemicals. Some 

promising herbal products have been tested and have been found to enhance growth and yield of crops. In the 

present study, impact of Brassica alba on yield attribute of paddy has been tested. 

 

Material and Methods 
 One kg of Brassica alba whole plant was boiled with 10 liters of water for 30 minutes and the liquid was 

allowed to cool. The filtrate was used as liquid growth regulator in experiment. Rice seeds of Vandana Variety were 

used in three sets of pot culture. Rice seeds were allowed to germinate and 10 days old seedlings were 

transplanted in test pots control pot was provided normal done of urea only. The second pot was also provided 

normal dose of urea but additionally sprayed 10% Brassica alba liquid manure. Third pot was provided blue – 

green algal fertilization and 10% Brassica alba liquid manure. Yield attributes were estimated after 90 days. Data 

recorded were analyzed statistically (Jugunu 2004, Lakshmipati 1960). 

 

Results and Discussion 
 Results obtained are presented in Table 1. In control condition, average plant height was found to be 84.3 cm 

whereas urea treated and growth enhancer sprayed plants grew up to 98.5cm. Blue green algal treated and growth 

enhancer plants exhibited growth of 112.8 cm length of inflorescence is control condition was found to be 19.5 cm 

whereas in experimental condition two and three length of in florescence was recorded 21.4 cm and 24.3 cm 

respectively. Grain yield was noted to be 2800 kg/ha whereas urea – growth enhancer condition helped increase 

grain yield up to 3700 kg/ha. Test pot having blue green algae –growth enhancer condition grave 3850 kg/ha yield. 

Husk yield was recorded to be 4300 kg/ha in control condition whereas the two growth enhancer treated condition 

exhibited 5600 kg/ha and 5630 kg/ha respectively. Rice plant of control condition produced 42 grains per panicle 

whereas in two growth enhancer treated conditions 56 and 60 grains per panicle were recorded. So far number of 

panicle per plant was concerned; the value was 4 in control condition and 6 in both experimental pots treated with 

Brassica alba growth enhancer. Weight of 1000 grains was 24.8 gm in control condition, Grains of urea - growth 

enhancer plant weighed 29.3 gm whereas weight of grains in blue green algae-liquid manual condition was 30.6 

gm. 

 Results clearly indicate that Brassica alba extract acted as growth stimulator of paddy. Stimulation effect was 

more pronounced in combination with blue green algae. Both growth parameters as well as yield attributes showed 

encouraging results. Plant based growth stimulation in rice has been described by other workers as well (Mishra 

2007, Khan and Vashistha 1998). Brassica alba based growth enhancer is both cost effective as well as 

eco-friendly. Its use in paddy fields should be encouraged. 
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Table 1. Growth and Yield attribute of Paddy treated with Brassica alba growth enhancer. 
Parameter  Control Urea + Brassica 

extract 
Blue-green algae + 
Brassica extract 

Height of Plant
1
 (cm) 84.3 98.5 112.8 

Length of 

inflorescence
2
(cm) 

19.5 21.4 24.3 

Grain yield
3
(kg/ha) 2800 3700 2850 

Husk yield
4
 (kg/ha) 4300 5600 5630 

Grain/Panicle
5
 42 56 60 

Panicle/Plant
6
  4 6 6 

Weight of 1000 seeds
7 

(gms) 

24.8 29.3 30.6 

Level of significance: 1, 2, 3 – p<0.01; 4, 5, 6 – p<0.01; 7 - p<0.05 
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 Rapeseed mustard is the major oilseed crop of Uttar Pradesh. Alternaria brassicae (Berk.) Sacc., A. 
brassicicola (Schew.) Wiltshire and Albugo candida (Pers. ex. Lev.) Kuntze, are important pathogens reducing the 

yield substantially, but mustard grown after late harvest  of paddy suffers from powdery mildew disease caused by 

Erysiphe cruciferarum Opiz. Ex Junnel (Vasudeva 1958 and Bhandar et al. 1963), a minor disease earlier, which, 

has become major one and causes heavy yield losses up to 42.4% (Singh and Singh, 2003, 2004). The resistance 

breeding is one of the most economical methods for the management of the diseases. Although various fungicides 

are recommended for the control of powdery mildew (Rathore and Rathore, 1995 and Singh and Singh, 2003) but 

they have adverse effect on environment.    

 Two hundred genotypes of rapeseed-mustard were evaluated for their response to powdery mildew during 

2005-06 and 2006-07 crop seasons under late sown condition at the Research Farm of Genetics and Plant 

Breeding of this University. The trial was conducted in the third week of November in single row of 3m length 

having 30 x 10cm spacing in augmented design. Susceptible check Varuna was sown after every five test 

genotypes and flanked the trial all around with paired rows to serve as infector. Disease severity was recorded on 

three leaves one each from top, middle and bottom from ten randomly selected plants from each genotype, after 

one month appearance of disease following 0-5 scale as mentioned below; 

 

S.No. Scale Description Reaction 
1 0 apparent symptoms absent Disease Free 

2 1 1-10% leaf area mildewed Resistant  (R) 

3 2 11-25% leaf area mildewed Moderately resistant (MR) 

4 3 26-50% leaf area mildewed Moderately susceptible (MS) 

5 4 51-75% leaf area mildewed Susceptible (S) 

6 5 Over 75% leaf area mildewed Highly susceptible (HS) 

            

  Out of 200 genotypes (Table 1) screened, 20 genotypes, namely, EC-414309, PBC-9221, NPC-14, 

BAUSM-92-1-1, PBC-2004-1, EC-339000, EC-338997, GSL-1, HNS-004, ONK-1, NRCDR-515, PBC-2002-2, 

NPC-15, OCN-3, EC-399299, NUDB-26-11, CAN-133, NPN-1, RGN-55, NRCR-837 showed consistently resistant 

reaction in both the years, while nine genotypes viz., EC-399296, EC-399301, EC-399313, PHR-2 , CAN-130, 

RAURD-101, RH-9301, SKM-9328, IJWHJ-001 were moderately resistant. Besides these, thirty genotypes 

exhibited moderately susceptible, 71 susceptible and 70 highly susceptible reactions. Sangwan and Mehta (2001) 

also reported few genotypes of Brassica carinata and B. napus    resistant to powdery mildew. Singh and Singh 

(2003) reported eight genotypes resistant and 20 genotypes moderately resistant out of 230 genotypes screened.      

  

 Management of powdery mildew disease through the host resistance is an eco- friendly and cost-effective 

approach. The genotypes identified as resistant in this study have sown consistent resistant reaction over the 

years under high disease pressure. These genotypes may be used as source of resistance for developing the 

resistant variety with high yield.  
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Table 1.  Reaction of Brassica genotypes against Powdery mildew under late sown condition  
Scale Entries 
0 Nil 

1 PBC-9221, NPC-14, BAUSM-92-1-1, PBC-2004-1, EC-339000, EC-338997, GSL-1, HNS-004, ONK-1, 

EC-414309, NRCDR-515, PBC-2002, NPC-15, ONC-3, EC-399299, NUDB-26-11, CAN-133, NPN-1, 

RGN-55, NRCR-837 

2 EC-399296, EC-399301, EC-399313, PHR-2, RAURD-101, RH-9301, SKM-9328, IJWHJ-001, CAN-130 

3 ELM-079, PAB-2020, EC-414320, YET-17, LES-1-27, ID-6, JGM-01-04, JGM-01-05, RAURD-7910, 

EC-399302, PRN-598, JYM-10, PBN-2002, PBN-2001, NDR-03-5, NDR-03-6, ORT-5-2, NDT-03-2, 

NDT-03-3, PYS-2001-1, PT-2002-25, PTC-99-11, EC-414291, EC-414293, NDYS-107, NDYS-117, 

NDYS-2, NDYS-128, PYS-2002-2, PYS-2005 

4 KLM-945, TERI-LGM-06, PQR-2001-3, NRCDR-514, PAB-2001, PAB-2002, RH-0345, RN-573, 

EC-414322, EC-399312, YRN-6, LET-10, PBR-210, TK-04-01, TL-96-7, RH-9904, JMM-18, RH-0213, 

DMH-1, ELM-079, NPJ-99, SKM-301, KLM-145, LET, JMMWR-941-1-2, JYM-10, YRN-6, BIO-190-96, 

PBR-283, YSB-9, RK-2001, RGN-39, LET-14, RK-2002, DLM-81, RAUDYS-9702, EC-414299, 

BIO-322-93, HUJM-2001, PBR-253, JMWR-946-3-13, RGN-94, RTM-2002, HYPR-97, RM-101, 

RGN-101, NRCDR-2, JTC-55, PBG-1986, RGN-142, BIO-13-01, PR-2003-30, PR-2002-8, PR-2003-27, 

PR-2001-64, PQR-2004-2, NPJ-100, NPJ-102, RK-02-3, PR-2001-42, BIO-169-96, RN-573, HUJM-101, 

CS-330-2-KP-2, CS-611-1-3-6, RM-11, PRO-2101, NDR-9902, PBR-275, GSL-1, EC-414295, 

NDYS-133-1  

5 ALM-933, BIO-Q-108-2000, LET-3, LET-18, PQR-9701-46, PQR-2001, VARUNA, EC-414306, 

EC-414317, EC-414310, EC-414324, BIO-190-96, PBR-300, RK-05-1, NDR-9902, RK-02-5, JGM-901, 

PBR-91, RGN-34, RGN-55, RGN-56, JMM-04-5, JMM-04-2, KRANTI, NDM-871, EC-414295, 

RAURD-02-01, EJ-15, BIO-13-01, RM-105, RGN-124, JS-19, RK-04-2, CS-234-2, PR-2003-27, 

NDYS-2018, NDYS-132, NRCDR-05, NRC-323-1, RGN-73, LES-1-27, SKM-149, SAL-9, NRCDR-2, 

LET-14, PBC-9221, RK-9903, BIO-Q-442-99, JPJ-93, CS-611-1-3-5, CS-101-4-P2, SKM-109, SKM-139, 

SKM-125, SKM-9928, RH-2004, RH-0007, PBR-558, PR-2002-20, PQR-2004-1, ROHINI, RGN-73, 

RK-02-4, SKM-9927, NDT-03-3, TMA, NDT-03-1, EC-414301, YSB-9, VARDAN 
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Introduction 
Abiotic stresses (salinity and drought) limit the plant growth and productivity due to altered physiological and 

molecular responses (Saibo et al., 2009). Considerable efforts have been made to identify the drought and salinity 

induced genes and to establish whether they have role in stress tolerance. The transcription factor genes have 

potential for the coordinated regulation of stress-induced genes relevant to stress tolerance (Zhu, 2002). There is a 

growing interest in use of regulatory gene for developing stress tolerant genotypes. Regulation of the stress 

inducible genes can help in understanding signaling pathways leading to stress tolerance. The myb transcription 

factor gene is a member of transcription factor gene families, which is involved in phenylpropanoid metabolism 

(myb305, myb340, myb308), influencing the cell shape (AmMI177), cell differentiation (GL1), hormone responses 

(GaMYB, CpMYB) and stress signaling pathways (AtMYB2) in drought tolerance (Urao et al., 1993). The 

development of PCR to detect rare transcripts has revolutionized the sensitivity of gene expression analysis as 

well as identification of these genes. RT-PCR offers a rapid, versatile and extremely sensitive way of analyzing 

whether a target gene is being expressed. It requires gene specific primers based on known DNA sequences of 

identified similar gene in other model plant species such as Arabidopsis and rice (Chen et al., 2005). Among 

Brassica species, Brassica carinata and Brassica tournefortii, Brassica juncea (cv. R0116) are drought tolerant 

and Brassica juncea cv.CS-52 is a salt tolerant variety. Comparative myb gene expression was studied in these 

sources with respect to drought tolerance.  

 

Material and Methods 
Fourteen days old Brassica seedlings, germinated on MS medium at 25

0
C and 16 hours light and 8 hours dark 

photoperiod, were exposed to drought stress (air dry) and these stressed seedlings were used for total RNA 

isolation using Trizol reagent (Supriya, 2006). The total RNA was used in RT-PCR for studying myb gene 

expression in Brassica. Primers were designed from conserved DNA binding domain from AtMYB2 (NCBI Acc. No. 

AK229140.1/D14712) of Arabidopsis thaliana and GhMYB gene sequences were used to amplify myb cDNA in 

Brassica species (Table 1). One-step RT-PCR was carried out using total RNA as template (5µg), DMSO (1.5 µl), 

DEPC water, BjMyb1- F (1 µM), BjMyb1- R (1 µM), dNTP mix (0.4 mM), 5x RT-Buffer, RT (200 units), Taq DNA 

Polymerase (5 units). RNA sample, DMSO, DEPC water and primers were mixed and incubated at 99°C for 5 

minutes in thermocycler (Eppendorf) and it was immediately put on ice. The dNTPs, RT enzyme (M-MLV RT), RT 

buffer and Taq polymerase were added and final mixture was incubated at 42°C for 1 hour. PCR consisted of 36 

cycles of following steps: denaturation at 92°C for 1 minute, primer annealing at Tm°C (64°C for Arabidopsis 

primers and 50°C for GhMyb primers) for 1 minute, extension at 72°C for 1 minute and final extension for 10 

minutes. The amplified product was analysed on 1.5% w/v agarose gel. 

 
Results and Discussion 
Total RNA yield in Brassica tournefortii, Brassica juncea and Brassica carinata ranged from 148-245 µg/g fresh 

weight of seedlings. A 260/280 ratio varied from 1.66 to 1.76 confirming the high purity of isolated RNA(Table 2). 

RT-PCR was carried out using specified primers and myb transcripts were detected in 1 hour of drought treatment 

in Brassica juncea, Brassica carinata and Brassica tournefortii. DMSO used in RT-PCR gave better resolution for 

gene expression. Arabidopsis primers gave an amplified product of 250bp in Brassica juncea and Brassica 
tournefortii (Fig 1) and GhMyb primers gave an amplified product of 200 bp in Brassica carinata (Fig 2). We 
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performed RT-PCR using total RNA as template (5µg) and got an amplified product of 250 bp on an exposure of 

one hour drought stress. Exposure to drought stress induced Myb transcript accumulation
 
within 60 minutes in 

Brassica tournefortii and Brassica juncea (cv. RH -0116 and cv. CS-52). In case of Brassica carinata (cv. HC212), 

Myb transcription factor gene expression was observed on exposure to 1 hr drought stress (Supriya, 2006). The 

study shows that myb gene (homologous to drought inducible AtMyb2) is induced in Brassica species in response 

to drought only as no myb transcripts were observed in untreated seedlings. 
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Table 1. Sequences of the primers used in the RT-PCR for myb gene expression 
Sr. No. Forward primer sequence Reverse Primer Sequence 
 

Myb primers  

(Based on AtMyb2) 

 

5’CTGGTAAGAGTTGTAGATTAGG3’ 

 

5’CTCGGCATCCAAACATTTCTA 3’ 

 

GhMyb primers  

 

5’GGA GGA TGA AAC TAG GTG3’ 

 

5’GCY TAY GGB ACK GCY AAG3’ 

  

 
 
Table 2. Total RNA yield in fourteen days old Brassica tournefortii, Brassica juncea (cv.RH-0116 and 
cv.CS-52) and Brassica carinata (cv. HC-212) seedlings. 

 
Brassica species 
  

Concentration (µg/g 

fresh weight) 

A 260/280 

Brassica tournefortii 198.5 1.76 

Brassica juncea 
cv. RH-0116 

245.9 1.69 

Brassica juncea  cv. 

CS-52 

188.8 1.74 

Brassica carinata 
cv. HC212 

148.8 1.68 
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Fig 1. Electrophoretic pattern of myb cDNA obtained from RT-PCR of total RNA isolated from two week 
old stressed seedlings of Brassica species using Myb primers.  
Where, M (100bp marker), NC (negative control), C1 (Brassica tournifortii control), C2 (Brassica juncea cv. CS-52 

control), C3 (Brassica juncea cv. RH-0116 control), 1 (250 bp cDNA from 1hr drought stressed Brassica 
tournifortii), 2 (250 bp cDNA from 1hr drought stressed Brassica juncea cv. CS-52), 3 (250 bp cDNA from 1hr 

drought stressed Brassica juncea cv. RH-0116). 

 

 

 

 

 

  

 
Fig 2. Electrophoretic pattern of cDNA obtained from RT-PCR of mRNA isolated from two week old 
seedlings of Brassica carinata cv. HC212 using GhMyb primers.  
Where M (100bp marker), 1 (control Brassica carinata cv. HC212), 2 (200bp cDNA from 1hr drought stressed 

Brassica carinata cv. HC212). 

 

500bp 

100bp 
250bp 

M    NC   C1   C2   C3    1      2      3 
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Abstract 
 There was a gradual increase in constitutive heterochromatin and decrease in root weight, pollen fertility and 

fertilization value of turnip (Brassica rapa L.) in the places ranking from lower to higher level of air pollution. 

Likewise there was delay in the time of flowering. Mean number of chromocentres/nucleus (MNC) can be exploited 

as a cytological marker for the indication of air pollution level of a place. 

 
Key words : Heterochromatin, chromocentres, turnip, air pollution, yield. 

 

Introduction 
 Degradation of air quality and natural atmospheric conditions constitute air pollution. Concentration of 

atmospheric pollutants largely depends upon the total mass emitted into the atmosphere. Most of the air we 

breathe is elemental O2 and N2. About one per cent is composed of other constituents like CO2 and water vapour, 

and a very small part of this may be air pollutants including gases and particulate matter. But, even such a small 

concentration is harmful to life and property.The chromocentres, dark-staining heteropycnotic bodies, have been 

attributed considerable role in systematics and evolution (5, 9, 12). They have been observed in the members of all 

plant groups from algae to angiosperms. Variable shape and size of the chromocentres have been attributed to 

differential DNA replication and endoploidy (6). It is rich in highly repetitive and satellite DNA, mitotically 

condensed throughout the interphase and detectable as c-bands in mitotic chromosomes after differential Geimsa 

staining. It is late replicating. In recent years the study of heterochromatin has acquired special significance in view 

of its possible role in regulation of gene activity, chromosome pairing, genetic regulation and evolution (2, 3, 8). 

Present investigation was carried out to assess the impact of air pollution on the constitutive heterochromation, as 

inferred from chromocentres count in the interphase nuclei, and some important yield-components of turnip such 

as root weight, pollen fertility, fertilization value and days to flower.  

 

Materials and methods 
 ‘Rose Red’ cultivar of turnip constituted the material for present investigation. Turnip seeds were sown 

simultaneously on the same day to raise the plants in different pots of equal size having homogenons soil in equal 

amount at four different places of Jharkhand having different levels of air pollution : Hazaribag (least polluted 

town), Banarchua (one of the mica mines of Koderma district), Jharia (a small dirty town of Dhanbad district 

located in the heart of several coal mines), and Bokaro Steel City (having a steel plant and a Thermal power station 

nearby). The plants of turnip raised at different places were irrigated with the same tap water collected from the 

residence of first author at Hazaribag town at a fixed interval. The fertilizers and chemicals were not used. For 

chromocentres count, mature unopened flower buds were fixed in 1:3 acetoalcohol mordanted with a few drops of 

FeCl3. Pistils were dissected out and only the stigmatic portion was squashed and stained in 2.0 % acetocarmine. 

Scoring was made in 100 receptive cells in each item. The roots of 25 randomly selected plants in each case were 

pulled out from the soil on the same day at all places and were weighed to score mean root weight. Additional 

plants were grown for this purpose. The ratio of mean number of seeds/siliqua to that of mean number of 

ovules/pistil X100, gave the percentage of Fertilization value (FV). Date of appearance of the first flower and its 

difference from the date of sowing gave the number of days to flower. For pollen fertility (PF) test, the technique 

suggested by Ferreira (4), was exploited. The data were statistically analyzed using Student’s t-test. All the results 

are presented in Table 1. 
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Results and discussion 
 The varietal populations of turnip grew at different places exhibited considerable variation with regard to mean 

number of chromocentres/nucleus (MNC), root weight, pollen fertility, fertilization value and days to flower. A 

gradual increase in MNC was seen in the places ranking the lowest to highest level of air pollution (Hazaribag → 

Koderma → Jharia → Bokaro Steel City) (Fig. 1.a) . The population raised at Hazaribag town had the lowest MNC, 

whereas at Bokaro Steel City the highest. Contrary to this, there was a progressive decrease in root weight,(Fig 

1.b), fertilization value and pollen fertility of turnip. Likewise there was delay in the time of flowering. The 

populations grew at Hazaribag took least number of days for flowering, while at Bokaro Steel City the maximum. 

 Pollution is an undesirable change in physical, chemical or biological characteristics of air, land or water due 

to excessive accumulation of various types of pollutants which adversely affects the biological species. Such 

changes waste or deteriorate the raw-material resources and the environment. Pollution adversely affects 

biological species, including humans and our valuable crops. These occur due to the increase in concentration of 

carbon dioxide and other green house gases, and the depletion of stratospheric ozone layer. Natural sources of air 

pollution include pollen, dust and smoke which are emitted into the atmosphere. Hazaribag is the H.Q. of north 

Chhotanagpur division of Jharkhand. It is a small least polluted town surrounded all around by dense deciduous 

forests and is popularly known as the city of thousand gardens. Being least polluted, it was considered as the 

Control by us. Banarchua mica mines is situated in Koderma district, about 20 Km from Koderma towards Nawada 

(Bihar) on NH-33, is also surrounded by tropical forests. One can imagine the density of air pollution at Jharia 

where thousands of coal loaded trucks hurtle every day releasing not only the vehicular discharge but also tonnes 

and tonnes of coal dust. This coal field is about 45 sq. Km. There are altogether 25 coal pockets in this belt. Bokaro 

Steel City is situated to the south of the Damodar river, while across the river, to the north is located Chandrapura 

Thermal Power Plant. Thus the Thermal power plant, integrated steel plant and coal based industries are main 

polluters of the environment at Bokaro. 

 Turnip is a suitable material for the study of constitutive heterochromatin as all kinds of its cells have 

chromocentres in the interphase nuclei, but the receptive cells of stigma were purposely selected for 

chromocentres count because of two main considerations: they were easily distinguishable cytomorphologically 

and the chromocentres found in these cells were larger than the chromocentres found in other cells. If the 

chromocentres are any indication of visible heterochromatin, the population having higher MNC may be regarded 

as more heterochromatized than those having a low mean (10). There is polygenic control of chromocentres in 

cultivated turnip (11). Aqueous leaf extracts of neem (Azadirachta indica A. Juss.) and carrot weed (Parthenium 
hysterophorus L.) have retarding effect on constitutive heterochromatin of turnip, whereas the lower doses of 

periwinkle (Calharanthus roses Don.) have stimulating effect (7). Ethyl methane sulphonate (EMS) treatment 

causes a gradual decrease in MNC from lower to higher doses in the diploid as well as tetraploid forms of turnip 

(1). 

 Present study indicated that the amount of constitutive heterochromatin was greatly influenced by air 

pollution. The plants grew at Hazaribag town had the lowest MNC, closely followed by Koderma with slightly higher 

mean exhibiting negligible effect of the mica pollution on chromocentres perhaps due to the occurrence of dense 

forests all around. Most striking and rapid increase in MNC was seen at Bokaro Steel City mainly because of 

deforestation, installation of a steel plant and a thermal power station nearby. However, the impact of coal pollution 

at Jharia was of lesser degree in comparison to the steel plant and thermal power pollution at Bokaro. Contrary to 

this, there was decrease in root weight of turnip owng to increase in the level of air pollution. Since turnip is a root 

crop plant, decrease in root weight is not beneficial. Air pollution adversely affects the fertility traits of turnip like 

pollen viability and fertilization value which is deleterious in view of yield production and crop improvement. 

Besides delay in the time of flowering too, is not beneficial from agricultural and economic point of view. MNC can 

be exploited as a cytological marker for the indication of air pollution level of a locality. 
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Table 1. Effect of air pollution on heterochromatin and some yield components of turnip 

Locality 

MNC 

Mean ± SE CV(%) 

Root weight (g) 

Mean ± SE     CV(%) 

Days to flower 

Mean ±SE    CV(%) 

FV (%) 

Mean±SE 

PF (%) 

Mean±SE 

I 12.8 ± 0.09   2.3 170.4 ± 2.08     6.09 75.0±0.22      1.47 73.9±4.39 90.0±0.95 

II 13.0 ± 0.07   1.8 164.6 ± 2.30     6.97 75.4±0.20      1.30 71.3±4.52 85.6±1.11** 

III 13.2 ± 0.09   2.3 130.4 ± 20.8**  7.96 84.1±0.21**    1.22 60.8±4.88* 70.5±1.44** 

IV 13.5 ± 0.09** 2.3 128.8 ± 2.00**  8.87 86.4±0.23**    1.31 50.6±5.00* 65.2±1.51** 

I. Hazaribag twon, II. Bandarchua mica mines, Koderma, III. Jharia, IV. Bokaro Steel City 

** Significantly different from Control at 1.0% level.   * Significantly different from Control at 5.0% level 

 
 
 
 
 

 

Fig. 1. Progressive increase in MNC(a) and gradual decrease in root weight (b) as per pollution level of the 
localities. 
 

      Hazaribag           Koderma             Jharia                      Bokaro Steel City 

(a) 

(b) 
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Abstract 
In this investigation, 50 samples of mustard seeds were collected at the time of harvest from different farms 

located in Eastern zone of Bihar State during 2004 and 2005 crop years. Species of Alternaria, Aspergillus, 
Curvularia, Fusarium, Penicillium and Rhizopus were found to be associated with the seeds of those samples. The 

percentage incidence of these fungi varied from 6 to 10%. Isolates of Aspergillus flavus, Fusarium moniliforme and 
Penicillium citrinum were screened under laboratory conditions for their mycotoxin producing potentials. Some of 

them produced aflatoxins, zearalenone and citrinin, respectively, in culture media. Out of 50 harvested samples 

analysed, 12 seeds samples were found to be naturally contaminated with aflatoxins, whereas 2 samples were 

also having the incidence of zearalenone and citrinin. The levels of aflatoxins, zearalenone and citrinin were in the 

range of 820-1160 µg/kg whereas zearalenone and citrinin were having the incidence of 110 and 60 µg/kg in seeds 

samples, respectively.  

 

Introduction 
Mustard or rai is the most important oil-seeds crops in India which is consumed by human beings in the form 

of oil and condiments. The oil content of the seeds ranges from 30% to 40%.Like other food grains, oil-seeds also 

harbour a large number of fungi during pre-harvest and storage conditions. Some of these fungi produce chemical 

substances known as toxin and more appropriately mycotoxins, which poses hazards to the health of consumer. 

Approximately 25% of the world food crops are affected each year by mycotoxins. Majority of the mycotoxins, 

however are produced by the toxigenic strains of four important fungal genera viz., Aspergillus, Penicillium, 

Fusarium and Alternaria, various species of these genera are widespread in nature and those occur with high 

frequency and different types food and feed materials at any stage and any place.         

Mustard is cultivated as Rabi crop in the country. After harvesting, a wide range of fungi attack the pod/seeds 

(16, 22). The dominance of Aspergillus flavus, A. niger, A. ochraceus, Alternaria alternata, Fusarium moniliforme, 
Cladosporium sp., Curvularia lunata, Penicillium citrinum, Rhizopus stolonifer, etc. has been reported on mustard 

seeds (1). Mustard seeds have also been shown to be contaminated with aflatoxin and other mycotoxins (8, 16). 

Since mustard crop is extensively grow in Bihar state of India, an attempt has been made in this investigation 

to record the incidence of various mycoflora and mycotoxins associated with mustard seeds. 

 
Materials and Methods 

Mustard seeds were obtained at the time of harvesting from different farms located in Eastern part of Bihar 

State during 2004-2005 crop years. Fifty samples each of mustard seeds as well as atmospheric temperature and 

relative humidity were also recorded at the time of sample analysis. Isolation of the mycoflora associated with 

different samples was done by the techniques recommended by ISTA (6). 

The aflatoxin producing potentials of Aspergillus flavus isolated were tested in SMKY liquid medium (5). 

Methods of Schwenk et al. (17) were followed for the determination of citrinin production by Penicillium citrinum 

isolates whereas moist-rice medium was used for testing zearalenone producing ability of Fusarium moniliforme 

(19). Natural occurrence of mycotoxins in these samples was estimated by the methods suggested by Jones (7), 

as well as by Roberts and Patterson (15). Qualitative estimation of these mycotoxins was done on TLC (toluene: 

methanol: acetic acid 24:2;1,v/v/v).For aflatoxins, solvent system (toluene: iso-amyl alcohol: methanol, 90:32:2, 

v/v/v) as suggested by Reddy et al. (14) was also employed. Chemical confirmations were done by treatment with 

suitable chemical reagents for different mycotoxins viz. aflatoxintrifluoric acid and sulphuric acid), zearalenone and 

citrinin (acidic anisaldehyde solution) as suggested by Stack and Pohland and Scott et al. (23, 19), respectively. 
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Quantitative estimation of mycotoxins was done with the help of spectrophotometer and by “dilution to extinction 

technique” (11, 7). 

 
Results and Discussion 

The data in Table 1 showed eleven fungal species were isolated from mustard seeds after harvesting. The 

percentage incidence of these fungi varied from 6-10%. A. brassicae was having the highest incidence in seeds 

throughout of year, whereas percentage incidence of A.flavus was 8%, P. citrinum was having the range of 6-8% 

whereas F.moniliforme had incidence of 4-8%. At the time of harvesting period the temperature and relative 

humidity of the surrounding were 14° to 37°C and 28 to 85%, respectively. 

As is evident from Table 2, out of 32 isolates of A. flavus, obtained from mustard seed samples were 

screened out of which 15 (46.87%) produced aflatoxins in the range of 0.2-12 µg/ml of which 7 isolates were high 

producers whereas 8 isolate, were low toxin producers. 8 (out of 24) isolate of F. moniliforme and 4 (out of 8) 

isolate P. citrium produced zearalenone and citrinin in the range of 0.2-4.0 and 0.1-2.0 µg/ml, respectively. 

In the above cases, all the toxigenic isolates of A. flavus variably produced aflatoxin B1 in the liquid medium 

(Table 2). Another 3 toxigenic isolates obtained from harvested seed samples, elaborated B2 in addition to 

aflatoxin B1 and 4 isolates of A. flavus also produced aflatoxin B1, B2 and G1 respectively. 

As is evident from Table 3 aflatoxin was most common mycotoxin encountered as natural contaminant in 

mustard samples. Out of 50 samples each of seeds screened, 14 samples were found to be contaminated with 

different mycotoxin respectively. 

Aflatoxin B1 was analysed in 12 samples and the level of aflatoxin B1 was in the range of 820-1160 µg/kg, 

respectively, 2 samples were also having the incidence of zearalenone and citrinin were in the range of 110 and 60 

µg/kg in seeds samples respectively. The moisture contents of mustard seed samples ranged from 10-14%, 

respectively (Table 3). 

Associations of fungal organisms as well as their incidence are actually governed by the nature of seed 

substrates, methods of harvesting and prevailing environmental conditions. Earlier reports also indicated varied 

patterns of fungal incidences with different samples of maize (9), wheat (21), gram (8), mung bean (9) and mustard 

(10, 1). 

Among the isolated fungi there were several species which are known to elaborate mycotoxins. These fungi 

exhibited mycotoxin producing capacities. However, high potentials for aflatoxin elaborations were shown by the 

isolates o A. flavus group. Toxigenic isolates of A. flavus elaborated different components of aflatoxin viz., B1, B2 

and G1 in varying concentrations. 

It has earlier been indicated that aflatoxin producing potentials of A. flavus group depended on the variations 

of genome (4). Toxigenic and non-toxigenic isolates have identical morphology and same growth rate. These 

isolates differed in the pattern of their metabolism (13). Some reports were also available regarding the 

zearalenone and citrinin producing abilities of Fusarium moniliforme and Penicillium citinum, respectively (20, 18). 

A toxigenic fungal strain, a suitable food base and congenial climatic conditions are the three major factors 

which contribute to mycotoxin contamination under natural conditions. Earlier reports also indicated the incidence 

of several mycotoxins as natural contaminants in food and feed items (3). Higher percentage of aflatoxin 

contamination in mustard samples mainly appears to be due to faculty and inadequate agricultural practices used 

by cultivators.  In the field conditions, the seeds might have been damaged by the biotics agents like insects, birds, 

etc. which became more respective towards the attack by toxigenic fungi and mycotoxin elaboration in due to 

course of time. 

Occurrence of aflatoxin B1 in high levels in the present investigation is supported by the results of some 

earlier surveys made in this region by Prasad et al. (12) who had detected aflatoxin B1 up to 2230 µg/kg in a 

mustard sample obtained from kothi. Occurrence of other toxins in comparatively low level might be due to 

toxigenic potentials of the related fungi, length of storage, varietal resistance, nature of substrates, etc. It is 

important to note that all the contaminated samples contained aflatoxin above 30ppb, the tolerance level fixed by 

W.H.O. for human consumption (2). This is an alarming situation and we should be very cautious in consuming 

mustard seeds and their products. 
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Introduction 
The only breeding programme on forage brassicas in Serbia is carried out in the Institute of Field and Vegetable 

Crops in Novi Sad. This programme is based upon the examination of production potential of all species and 

agronomic types of the Forage Brassicas Collection (FBCNS), where fodder kale takes the most prominent place.  

The accessions of FBCNS undergo both characterisation and evaluation of the most important agronomic 

characteristics, mainly forage yield components, such as plant height, number of stems and lateral branches per 

plant, number of leaves per plant, as well as green forage yield and forage dry matter yield per both plant and area 

unit (Mihailović et al., 2009). 

The only result of the Novi Sad breeding programme on forage brassicas was the winter fodder kale cultivar 

NS-Bikovo, registered in 1983 (Mihailović et al., 2008), that has been in wide use throughout the country and 

where it served as the first fresh feed in the spring and an important member of many farming systems. 

In 2005, the newly developed line of winter fodder kale L-357 was applied for registration to the Ministry of 

Agriculture, Forestry and Water Management of the Republic of Serbia. 

 

Materials and Methods 
An official state small-plot trial has been carried out by the Ministry of Agriculture, Forestry and Water Management 

of the Republic of Serbia in the trial years of 2005/06 and 2006/07 on four locations, namely Kruševac, Novi Sad, 

Pančevo and Sombor. It included the winter fodder kale cultivar NS-Bikovo, serving as a control cultivar, and the 

new winter fodder kale line L-357.   

In both trial years, both NS-Bikovo and L-357 were sown in early September, at a row spacing of 50 cm, with a plot 

size of 10 m
2
 and with five replicates, and were cut in the stages of full budding and beginning of flowering 

(Mihailović et al., 2007).  

There was monitored plant height (cm), number of plants in cutting (plant
-1

), green forage yield (kg ha
-1

) and forage 

dry matter yield (kg ha
-1

). The study results were processed by analysis of variance (ANOVA) with the Least 

Significant Difference (LSD) test applied. 

 

Results and Discussion 
 

There was no significant difference between the average values of plant height of NS-Bikovo (129 cm) and L-357 

(132 cm). 

The average values of forage yields in the line L-357 was on the level of those in the control cultivar NS-Bikovo 

(Table 1). The average green forage yield in the line L-357 was 48653 kg ha
-1

, while the average green forage yield 

in NS-Bikovo was 47668 kg ha
-1

. The average forage dry matter yield in the line L-357 was 6657 kg ha
-1

, while the 

average forage dry matter yield in the cultivar NS-Bikovo was 6513 kg ha
-1

. 

The highest forage yields were in Novi Sad, with 80700 kg ha
-1

 of green forage and 8460 kg ha
-1

 of forage dry 

matter yield in the line L-357 and with 74690 kg ha
-1

 of green forage and of 7430 kg ha
-1

 forage dry matter yield in 

the cultivar NS-Bikovo. 

  

Conclusions 

On the basis of the achieved results in the official state trials, the winter fodder kale line L-357 was registered in 

Serbia under a name of Perast on October 1, 2007. It is expected that the new cultivar Perast will successfully 
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replace the old cultivar NS-Bikovo throughout Serbia, especially in its regions rich in milk industry.  
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Table 1. Green forage yield (kg ha-1) and forage dry matter yield (kg ha-1) in the winter fodder kale cultivar 
NS-Bikovo and line L-357 in 2005/06 and 2006/07 on four locations in Serbia  

Green forage yield Forage dry matter yield 
Location Trial year 

L-357 NS-Bikovo L-357 NS-Bikovo 

2005/06 10620 8280 1432 992 

2006/07 42320 42260 7402 7184 Kruševac  

Average 26470 25270 4417 4088 

2005/06 53800 46980 6140 4780 

2006/07 107600 102400 10780 10080 Novi Sad 

Average 80700 74690 8460 7430 

2005/06 30660 32120 7776 8100 

2006/07 28200 28480 4594 5462 Pančevo  

Average 29430 30300 6185 6781 

2005/06 46400 47680 5660 5734 

2006/07 69620 73140 9470 9770 Sombor 

Average 58010 60410 7565 7752 

Average 48653 47668 6657 6513 

d0.05 1932 313 

d0.01 2568 416 

CV (%) 8.98 10.64 
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Introduction 
The oilseed Brassica commonly known as rapeseed-mustard are the second largest oilseed crop next to 

groundnut in terms of area and production in India. Indian mustard (Brassica juncea) is the predominant crop 

among the oilseeds occupying near 90% of the total area amongst other six cultivated species of Brassica group 

(Kumar & Misra 2007). Other important crops in India are B. rapa var. toria and B. rapa var. yellow sarson. The low 

productivity can be considerably increase by the use of diverse genotypes which serve as potential donors for 

various quantitative and qualitative traits. It plays an important role in studying of genetic and breeding behaviour 

of plants.  

The Northeastern hill (NEH) region of India is situated between 22-30
o
 north latitude and 80-97

o
 east 

longitude almost bottled up between Bhutan and Tibet in north, Burma in east and Bangladesh in south, has a total 

geographical area of little of 25.50 million hectare. This region is one of the hotspot of biodiversity for crop genetic 

resources and neighbouring to the centre of origin for brassicas i.e. Indo- Chinese region. Therefore, an attempt 

has been made to collect and characterize the diversity of rapeseed- mustard germplasm especially in parts of 

Nagaland, Meghalaya and Assam states. Further, an attempt was made to establish the relationship with yield 

related traits and to identify the promising genotypes. 

 
Materials and methods 
In the present study, the rapeseed- mustard collected from parts of Nagaland, Meghalaya and Assam states were 

taken as experimental material. The seventy-two diverse genotypes of rapeseed- mustard were grown during rabi 
(post rainy) season 07-08 at the Directorate of Rapeseed–Mustard Research, Bharatpur (Rajasthan), India. These 

genotypes, along with three checks (BIO 902, PCR 7 and RH 30) were sown in an Augmented Complete Block 

Design. Each genotype was sown in paired rows of 3m length with 30 x 10 cm spacing. Recommended standard 

agronomic package of practices and plants protection measures were adopted. Randomly tagged five plants were 

selected at appropriate growth stages to record observations on morphological traits namely, initiation of flowering, 

50% flowering, maturity, plant height, primary branches and secondary branches per plant, main shoot length, 

siliquae on main shoot, siliqua length, siliqua beak length and seeds per siliqua. Post harvest observations include 

seed yield per plant, 1000-seed weight, harvest index and quality traits (oil and protein content). The mean value 

for each character were considered for computation, except for days to flower initiation, 50 % flowering and days to 

maturity, which was recorded on whole plot basis. One thousand seed were counted by electronic seed counter 

(Contador, Germany) and weighed by electronic balance. Oil and protein content were analyzed by Near Infrared 

Reflectance Spectroscopy (Dickey- John, Instalab 600). Mean data for each character were subjected for 

statistical analysis. Range, mean, coefficient of variation were computed using standard statistical methods by 

Gomez and Gomez (1984) and correlation coefficient were calculated according to the procedure of Singh and 

Chaudhary (1977). 
 
Results and discussion   

The collected germplasm belonging to Brassica juncea (Indian mustard), B. rapa var. toria and B. rapa var. yellow 
sarson and number are 50, 16 and 06, respectively. These germplasm showed considerable variability for majority 

of the traits as indicated by coefficients of variation (CV) as presented in table 1, The highest variability observed 

for seed yield per plant (CV 46.6%) followed by 1000- seed weight (CV 34.3%) and harvest index (CV 32.7%). The 

lowest variability observed for oil content (CV 2.8%) and protein content (CV 5.9%). On the basis of coefficient of 
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variation, the high (CV >30%) variability was recorded for seed yield per plant (46.6%), 1000- seed weight (34.3 

%), harvest index (32.7%), days to 50% flowering (30.9%) and primary branches per plant (30.0% ) while 

moderate (20-30%) were observed for plant height (25.2%), siliqua on main shoot (24.9%), secondary branches 

per plant (24.1%), main shoot length (23.5%) and siliqua beak length (22.4%). However, less (<20%) variability 

recorded for seeds per siliqua (18.0%), siliqua length, maturity period (9.0%), protein content (5.9%) and oil 

content (2.8%). Similar kinds of observation were also reported by Ghosk et al. (2001), Singh et al. (2003) and 

Misra et al. (2004, 2007). Promising donors identified for various economically useful traits, which could be used as 

donors in the cultivar development (Table 2).  

In plant breeding study of correlation between yield and its components, help in developing suitable 

selection criteria for seed yield and other traits. In the present study, the seed yield per plant was positively and 

significantly correlated with main shoot length, siliqua on main shoot and 1000- seed weight (Table 3). Siliqua on 

main shoot showed positive and significant correlation with days to 50% flowering, plant height, primary branches, 

secondary branches and main shoot length. Protein contain has positively correlated with plant height, primary 

branches, secondary branches, main shoot length and siliqua on main shoot. Main shoot length was also directly 

and positively correlated with days to 50% flowering and plant height. Similar observations for correlations with 

seed yield were reported in some of the earlier reports by Dubey et al. (1996), Misra et al (2005, 2008). The 

present study indicated the presence of wide range of variability for plant height, primary branches per plant, seeds 

per siliqua, harvest index and seed yield per plant. Therefore, selection should be based on these characters in 

order to achieve productivity in this crop.    
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Table 1. Range, Mean and Coefficients of Variation for different agro-morphological traits in rapeseed-mustard 

Mean values of checks 
Characters Range Mean  + SEm CV (%) 

BIO 902 PCR 7 RH 30 

50 % flowering (days) 30-85 55.8 + 2.0 30.9 48 51 51 

Maturity (days) 124-175 136.2 + 1.4 9.0 135 136 136 

Primary branches per plant 3.2-10.8 5.1 + 0.2 30.0 5.2 5.4 6.0 

Secondary branches per plant 2.4-8.0 4.6 +  0.1 24.1 4.2 5.4 4.6 

Siliquae on main shoot 16.0-49 26.3 + 0.8 24.9 29.2 31.4 35.6 

Seeds per siliqua 6.6-18.2 12.9 + 0.3 18.0 12.9 12.6 13.8 

Main shoot length (cm) 19.0-75.0 40.9 + 1.1 23.5 44.4 49 53 

Plant height (cm) 56.4-159.0 106.3 + 3.1 25.2 130 135 137 

Siliqua length (cm) 1.8-4.3 3.3+ 0.1 14.5 4.1 3.8 4.0 

Siliqua beak length (cm) 0.4-1.4 0.8+ 0.0 22.4 1.0 1.1 0.8 

Protein content (%) 17.0-24.1 20.1 + 0.1 5.9 19.8 19.9 20.3 

Oil content (%) 39.2-44.4 40.9 + 0.1 2.8 40.5 40.1 39.8 

Harvest index (%) 13.5-35.7 18.2 + 0.9 32.7 27.4 23.8 25.1 

1000-seed weight (g) 0.8-4.8 2.3 + 0.1 34.3 3.9 4.15 4.02 

Seed yield per plant (g) 1.4-12.6 5.4 + 0.4 46.6 12.4 13.9 9.5 

 
 
 
 
 
 
  Table 2.  Promising genotypes of rapeseed-mustard germplasm for important traits 

Characters Promising Accessions 
Plant height (cm) < 67.8: IC 522341, IC 522336, IC 522339, IC 522328 

Siliqua length (cm) ≥4.1: IC 522354, IC 522360, IC 522311, IC 522333 

Secondary branches per plant ≥ 6.3: IC 522313, IC 522317, IC 522312, IC 522323 

Main Shoot length ≥ 54.0: IC 522320, IC 522338, IC 522371, IC 522322 
Siliqua on main shoot  ≥ 34.5:IC 522320, IC 522316, IC 522330, IC 522329 

Seeds per siliqua ≥ 17.0: IC 522342, IC 522337, IC 522333, IC 522378 

Siliqua length ≥ 4.1: IC 522354, IC 522360, IC 522311, IC 522333 

1000-seed weight (g)   ≥ 3.6: IC 522371, IC 522375, IC 522370, IC 522357 

Harvest index (g) ≥ 30: IC 522376, IC 522337, IC 522356, IC 522331 

Seed yield per plant (g) ≥11.0: IC 522323, IC 522329, IC 522363, IC 522316 

Oil content (%) ≥ 43.05: IC 522331, IC 522333, IC 522332, IC 522352 

Protein content (%) ≥ 22.5: IC 522318, IC 522315, IC 522322, IC 522320 



 38 

Table 3. Correlations among different agro-morphological traits in rapeseed- mustard germplasm  

Characters SYP FF PH PB SB MSL SMS SL SBL SPS 1000SW PC 

50% flowering (FF) 0.13            

Plant Height (PH) 0.28* 0.42**           

Primary per branches 
(PB) 0.02 0.13 0.61**          

Secondary per  
branches (SB) 0.12 0.20 0.59** 0.79**         

Main shoot length 
(MSL) 0.47** 0.39** 0.64** 0.11 0.26        

Siliquae on main shoot 
(SMS) 0.40** 0.36** 0.70** 0.32** 0.40** 0.87**       

Siliqua Length  (SL) 0.06 -0.17 0.05 -0.08 -0.08 0.03 0.04      

Siliqua beak Length 
(SBL) -0.14 -0.23* -0.30* -0.29* -0.25* -0.06 -0.19 0.24*     

Seeds per siliqua (SPS) -0.10 -0.05 -0.15 -0.23 -0.23 -0.08 -0.12 0.20 -0.09    

1000 seed weight (1000 
SW) 0.32** -0.19 -0.02 -0.19 -0.06 0.09 0.06 0.21 0.07 0.17   

Protein Content (PC) 0.00 0.09 0.59** 0.40** 0.34** 0.39** 0.40** -0.12 -0.32** -0.21 -0.31**  

Oil Content (OC) 0.00 0.01 -0.26* -0.26* -0.32** -0.14 -0.18 0.13 0.03 0.36** 0.16 -0.38** 

* and ** significant at 5% and 1% level, respectively 
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Introduction 
The downy mildew caused by Hyaloperonospora parasitica (Pers.) Constant is a most 

devastating disease of Indian cauliflower (Brassica oleracea var. botrytis L.) belonging to cauliflower group 

II and III. It takes a heavy toll of the crop attaining severe destructive impact on young seedlings ultimately 

reducing yield, affecting market quality and storability of the curd (Dickson and Petzoldt, 1993). There are 

limited reports on screening of germplasm against this disease in cauliflower (Mahajan et al., 1989, 

Pandey et al., 2001 and Mehra and Batra, 2005) which also needs validation and search for new has to 

continue. Therefore, to save farmers from laborious task of chemical use and to stabilize the production, a 

study was conducted on diverse germplasm of cauliflower under natural and artificial epiphytotic 

conditions at vegetable research farm, IARI, New Delhi, India to locate a stable source of resistance to 

downy mildew which can be used for breeding resistant varieties. 

 

Materials and methods 
 One hundred ninety genotypes comprising of all maturity groups were included in screening and 

validation experiment against downy mildew pathogen at the vegetable research farm of the Division of 

Vegetable Science, IARI, New Delhi, India. 

 Although the study was carried under natural epiphytotic, but artificial epiphytotic conditions were 

created by modifying micro-climatic factors. The seed was sown in pots kept in a block near main 

cauliflower field. Susceptible genotypes as infector rows were planted around pot block and every tenth 

pot was planted withy a susceptible genotype, namely Pusa Himjyoti. Appropriate humidity and 

temperature was maintained by frequent watering and covering block with plastics. 

 Conidial suspensions of the pathogen were prepared by washing off conidia with sterile water from 

young leaves of Pusa Himjyoti (a highly susceptible cauliflower genotype) having abundant sporulation of 

Hyaloperonospora parasitica. The resultant spore suspension was filtered through muslin cloth to remove 

plant debris and spore concentration was determined with hemacytometer and adjusted to 5x10
3
 

spores/ml. 

 Two-months-old plants of all genotypes were inoculated to identify their reactions against 

Hyaloperonospora parasitica. For this, entire adaxial and abaxial surfaces of all leaves were inoculated in 

evening hours by spraying spore suspension with pneumatic knapsack sprayer. Besides, the pathogen 

load was increased by placing infected leaves in pots collected from diseased cauliflower plants grown in 

nearby field. The pot block was also covered b y polythene sheet during night hours. 

 Overall three observations were taken from all plants in morning hours on the basis of fungal growth 

on the dorsal side and percentage of affected leaf area. First observation was recorded on tenth day of the 

inoculation from randomly selected five leaves of each plant. Subsequently, second and third observations 

were recorded at the interval of ten days. Leaves were scored according to a five point scale adopted by 

Mahajan (1989), Silue et al. (1995) and Pandey et al. (2001). 

 Plant disease index (PDI) for each genotype was calculated from observed data using following 

relationship (Mahajan et al., 1989): 

 

Plant disease index (PDI) =                            sum of all grading x 100                        .      

                                            Total number of observations x maximum disease grade 
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Results 
 A critical observation of the plants for disease index gives an estimate of the amount of the variability 

found for disease reaction. The experiment was aimed to identify the resistance source of downy mildew in 

Brassica oleracea var. botrytis L. Artificial inoculation technique was carried out and individual plant 

scoring was done at ten days interval for three weeks. 

 Based on individual plant scoring, percent disease index (PDI) was calculated and the mean PDI 

ranged from 5.33 to 91.83. Lowest mean PDI was observed in BR-2 (5.33) followed by CCm (6.33), 

3-5-1-1 (6.73) and CCm-6 (7.07). Highest mean PDI was found in 522 (91.83), Pusa Himjyoti (90.83), 

DC-310 (83.93) and Pusa Sharad (83.33). As per mean PDI values, seven genotypes showed resistance 

reaction (R), 21 moderate resistance (MR), 51 moderate susceptibility (MS) and 95 susceptibility and 

remaining 16 genotypes were reported as highly susceptible. According to their mean percent disease 

index, the genotypes were grouped in five categories based on criteria suggested by Pandey et al. (2001) 

(Table 1). 

 In category of immune reaction, not a single genotype could be categorised while BR-2 was at the top 

amongst the resistant lines followed by CCm. Seven lines were found to be highly resistant (with PDI value 

less than 10) and 16 lines were found to be moderate resistant (PDI from 10.1 to 25). The remaining lines 

showed varied reaction and accordingly grouped in moderately resistant to highly susceptible groups 

(Table 1). 

 At 10 days after inoculation (DAI), PDI varied from 4.50 (BR-2) to 84.70 (DC-522). At 20 DAI, PDI 

varied from 5.50 (BR-2) to 92.0 in the same parents and at 30 DAI, it varied from 6.0 (BR-2) to 91.83 

(DC-522). These results represent wider variability for downy mildew reaction in cauliflower germplasm 

studied. It was observed that the disease progressed slowly in BR-2, CCm, 3-5-1-1, ccm-5, ccm-6, 

MGS-2-3 and ccm-12, while in highly susceptible group disease development was at increased rate.  

 
Discussion 

The downy mildew disease appears in the maturity group II and III of Indian cauliflower during 

month of November-December. The disease symptoms in susceptible materials developed like white 

floury patches on lower surface of the leaves initially and later on other shoot parts. The upper parts also 

get discolored just above spots or lower side. The susceptible plants could not maintain stand till seed 

maturity. The disease reaction of earlier studied susceptible genotypes Prem Aghani, MGS 3-6, DC-246, 

DC-330 and Improved Japanese was in agreement of Mahajan et al. (1989) and Pandey et al. (2001). 

 The genotypes CCm-5, CCm-6 of mid maturity group and cc-12 of early maturity group were 

identified as new sources of downy mildew resistance, besides validating the earlier screened sources. 

Even though no accession was identified as immune to downy mildew still seven genotypes, namely BR-2, 

CCm, 3-5-1-1, CCm-5, CCm-6, MGS-2-3 and CCm-12 were categorized as highly resistant. The disease 

reaction of some of these genotypes was in line with earlier reports (Mahajan et al., 1989; Sharma et al., 
1995; Trivedi et al., 2000). Thus, this study has provided a wide range of accessions having resistant to 

moderately resistant reaction against downy mildew and a variety of desirable horticultural characteristics. 

Many of these genotypes may be directly suitable as varieties in their own right and/or for hybridization 

programme. 
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Table1. Disease reaction of different cauliflower cultivars/lines 
Disease reaction Score Variety/germplasm lines 
Resistant (0-10) 0 BR-2, CCm, 3-5-1-1, CCm-6, CCm-5, MGS-2-3, cc-12 

Moderately resistant 

(10.1-25) 

1 Armel, cc-13, cc-14, cc-15, MGS-3-9, FC-278, Lawyana, Kt-9, Kn-81, Latman, 

DC-5, Kt-8, DC-464, PSR-1, Janavon, BR-203-7, 8441-5x41-5, Fc-268, KPG-30, 

DC-263 

Moderately susceptible 

(25.1-50) 

2 Ac328, Groden, Pusa Snowball K-1, Hermia, DC-22, HxL, Olympus, Amazing, 

Kalapatta, Aghani Sungro, Poosi Sungro, Palam Uphar, 395-2, Katki Chahal, 

DC-7, MS04, First Crop Ageti, IIVREC-2, DC-98-4, DC-332, DC-335, Sungro 

Maghi, PG-90, DC-326, DC-312, DC-313, DC-316, DC-372, DC-394, DC-402, 

DC-428, DC-452, DC-464, 191184, Pusa Meghna, Pusa Deepali, DC-360, 

DC-311, FC-378, EC162587, IIVMC11, IIVMC12, DC-317, Improved Japanese, 

Pant Shubhra, DC-432, DC-41-5, Cauliflower Ageti, Pusa Snowball-1 

Susceptible (50.1-75) 3 1-3-18-19, HR-6-1, 345EEI, Sutton Balcon, DC-44, Dotelaon, RSK-1301, 

DC-432, Pushpa, Pusa Shubhra, DC-1, DC-246, DC-466, DC-2, White Gold 

Spur, DC-339, DC-436, DC-76, 754, aa (395), xx-3-6, vv, DC-33-8, DC-22, 

23000, PK-3, 327-14-4-1, 345EE-II, 327-14-8-3IIII, 327-14-8-3II, 327-14-8-3I, 

IIVREC-1, Fc-166, Fc-165, Fc-164, Fc-141, DC-81, DC-82, DC-84, DC-85, 

DC-97-4, DC-98-10, DC-110, DC-112, DC-124, DC-9, DC-141, Fc-168, Prems 

Aghani, DC-42, DC-43, PC-99, PC-100, DC-8, DC-10, DC-18, DC-49, DC-58, 

DC-66, PVF-115, PG-5, BC-199, RCJoB, MS-10, F2-4, DC-301, DC-306, 

DC-308, DC-321, DC-325, DC-327, DC-328, DC-331, DC-333, DC-334, DC-338, 

DC-339, DC-340, DC-352, DC-353, DC-354, DC-374, DC-381, DC-385, DC-391, 

DC-395, DC-452, DC-397, DC-330, Pusa Synthetic, DC-64, DC-6, DC-122, 

DC-113 

Highly susceptible (>75) 4 Pusa Himjyoti, Pusa Sharad, No.33, DC-431, BR-161, DC-310, VLCE4, DC-71, 

DC-100, DC-267, DC-320, DC-324, DC-356, DC-371, DC-399, DC-522 
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Abstract 
Green leafy vegetables are excellent sources of many nutrients and the rocket plant (Eruca sativa L.) is 

important leafy vegetables and contains significantly sources of nutrional value. In this study was to 

evaluate nutrional value and characterize economic plant properties of E. sativa accessions. The 

present study observed different accessions had a significant effect on wide range of variation for 

several nutrional compositions and economic agronomic traits. The results of experiment can be 

adapted to improve cultivar with high nutrional value and some agronomic traits.  

 
Keywords: Accessions, Eruca sativa, genetic resources, mineral nutrition, plant properties  

 

Introduction  
E. sativa (syn. Eruca vesicaria subsp. sativa) is a member of Brassicaeae family and mainly distributed 

in the Mediterranean region but they also have been cultivated in southern Europe and central Asia 

(Pignone 1997). Rocket plants are very popular in Mediterranean countries and consumed as a new 

vegetables or used as a new ingredients for green leafy salads (Morales and Janick 2002; Ryder 2002; 

Martinez-Sanchez et al., 2007; D’Antuono et al., 2008) Besides its popular culinary uses, rocket is also 

considered a medicinal plant with some properties (Yaniv et al. 1998).  

E. sativa is a wild plant and cultivated vegetable most of Mediterranean and Asian regions and it has the 

potential to become an oil crop in future for many countries. Chandel and Bhandari (1989) reported that 

rocket exhibited rich genetic variation in several agronomic traits. Very limited information is available on 

nutrional variation and plant properties of rocket plant accessions. Kawashima and Valente-Soares 

(2003) reported that raw rucola (E. sativa) leaves contain 363 mg K, 5 mg Na, 47 mg Ca, 18 mg Mg, 0.5 

mg Fe, 0.4 mg Mn, 0.04 mg Cu, and 0.33 mg Zn in 100 g fresh samples. Warwick et al., (2007) indicate 

seed of rocket salad contains glucoerucin which has antioxidant activity (Barillari et al., 2005).In most 

countries green vegetables are inexpensive, are easily find and quickly cooked or raw consumed and 

are rich in several nutrients. In recent years, plant breeder’s attention to increase nutrional value of 

edible part of vegetable cultivars with valuable agronomic traits.  

The aim of this study was to evaluate variability of important nutrional value and characterize some plant 

properties of E. sativa accessions. 

 
Material and Methods 
The plant material consist a total of 23 accessions of rocket which 20 had been obtained from the 

USDA-GRIN (originating from several regions of the world), one sample of E. cappadocica “Izgın” and E. 
sativa, gathered from a market in the East of Turkey, and one E. sativa Mill. cultivar from Italy. The study 

was conducted at the Ege University, Faculty of Agriculture, Department of Horticulture in Bornova 

(Izmir Province), Turkey. Seeds were sown in a 20 liter volume and 75 x 26 x 21 cm size pots, containing 

a mixture of peat and perlite (3:1 v/v) as substrate. A randomized complete block design with three 

replications was used, 30 seeds were sown in each pot and trimmed after true leaves expansion and 

allowing 10 plants per pot.  

Leaf length (cm), leaf width (cm), plant weight (g) and number of leaves was determined as leaf 

properties based on IPGRI descriptor (IPGRI 1999). The total amounts of N in the leaf samples were 

determined by modified Kjeldahl method, P in wet digested samples with colorimetry, potassium K, Ca 

and Na, with flame photometry, Mg, Fe, Zn, Cu and Mn using atomic absorption spectrometry. Data 
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collected were analyzed for statistical significance by SPSS program (SPSS 16.0) and the differences 

were compared by Duncan’s multiple range test. 

 

Results and Discussion 
The table 1 shows the nutrional value of E. sativa leaves. Leaves of rocket plant contain (2.74-1.98 mg 

g
-1

) N and (0.55-0.35 mg g
-1

) P, respectively. The highest N content received from PI 407630 and PI 

603033 accessions which were collected from Turkey and Pakistan. K is ranged from 7.23 to 4.42 mg g
-1

 

with a grand mean of 5.48 mg g
-1

, the highest K accumulation was observed in PI 217829 accessions 

collected from Pakistan. Kawashima and Valente-Soares (2003) made similar observations of K 

concentration and reported that E. sativa leaves contained
 
3.63 mg g

-1 
Cavarianni et al. (2008) reported 

4.3-5.5 mg g
-1

. A narrow range of variation observed in Ca concentration (0.97-0.72 mg g
-1

). Ca 

concentration depend on genotype and changing mean value was 0.87 mg g
-1 

which is lower than result 

as Cavarianni et al. (2008) reported (2.3-3.1 mg g
-1

) in different rocket salad cultivar growing in nutrient 

film technique. Cultivar variation in leaf Ca concentration in Brassicaae family vegetables among 

collards has been reported in response to soil or foliar applied Ca fertilization (Johnson 1991). Mg 

concentration varying among species and genotype (Jefferson et al., 2001; Mayland and Asay 1989) 

and rocket plant is considered significant sources of Mg (Bozokalfa et al., 2009). In this study Mg 

concentration varied among genotypes with an average concentration of 0.62 mg g
-1

. Kawashima and 

Valente-Soares (2003) reported E. sativa Mg concentration was 0.30 mg g
-1

, and Cavarianni et al. 

(2008) 0.43-0.46 mg g
-1

 which are agree with our results. Fe is an important mineral element and mainly 

found in large amounts in spinach and Agte et al. (2000) suggested that green leafy vegetables have 

good potential as a natural supplement for Fe and Zn. Fe, Cu, Zn and Mn concentration of the 

accessions varied between 193.7-94.01 mg g
-1

, 15.4-2.8 mg g
-1

, and 54.8-33.4 mg g
-1

, 62.95-32.2 mg 

g
-1

 respectively. The leaf length varied from 21.46-13.68 cm. The longest leaf (21.46 cm) was recorded 

in PI 633202 followed by PI 179279 (21.16 cm), PI 170362 (20.87 cm), PI 183233 (20.87 cm) and PI 

179902 (20.70 cm). Different accessions had a significant effect on leaf width of rocket accessions and 

ranged between 8.08-4.01 cm. Plant weight also varied widely from 6.57-49.83 g, the heaviest plant 

weight obtained from PI 390143 accessions. Number of leaves per plant depends on accession and 

wide range number of leaves (6.9-12.1) recorded. The highest number of leaves obtained from PI 

1730362 collected from Turkey. 

Natural variation occurs for both essential and nonessential trace elements in crop species and in 

cultivars within species (Huang and Graham 2001; Grant et al. 2008). The present study it is concluding 

that E. sativa accessions exhibited a significant and wide ranges most of the evaluated plant traits and 

nutrional value. Differences in climate, soil, agronomic practice, location and plant cultivar are the 

probable causes for differences in nutrient levels (Kawashima and Valente-Soares 2003). Warvick et al. 

(2007) evaluated agronomic and seed quality of several E. sativa accessions and most accession 

grouped in a single cluster but difference indicates in maturity, plant morphology, yield component, and 

oil content). In recent years breeding strategies have focused on the improvement of vitamin and 

mineral nutrition particularly Fe, Zn, Se and Iodine (Welch and Graham 2004)  

As a conclusion E. sativa an important leafy vegetables and consumed in many countries. In the 

newly developing vegetables breeding programs not only focus on improves quality properties of 

genotype and also enriched nutrional value of edible part of vegetables. The results of experiment has 

shown the potential both for economic agronomic traits and rich nutrional value and also indicate that 

this material can be improved by comprehensive breeding program.  
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Table 1. Nutrional value and economic important plant properties of E. sativa accessions 
 

Genotype N 
(mg g-1) 

P 
(mg g-1) 

K  
(mg g-1) 

Ca  
(mg g-1) 

Mg 
(mg g-1) 

Na 
(mg g-1) 

Fe 
(mg kg-1) 

Cu  
(mg kg-1) 

Zn  
(mg kg-1) 

Mn  
(mg kg-1) 

Leaf 
length (cm) 

Leaf 
width (cm) 

Plant 
height (g) 

Number of 
leaves 

E. cappadocica 2.59 b
ψ
 0.51 cd 4.95 i 0.97 a 0,66 c-e 0.71 c 113.56 fg 9.77 b 44.72 f 48.01 i 17.62 f 5.48 l 12.83 s 7.88 h 

E. sativa 2.33 fg 0.48 g-i 5.12 h 0.84 fg 0,62 c-j 0.64 ef 131.34 c 6.97 d 45.59 ef 58.56 d 19.37 d 6.40 i-j 19.29 o 8.08 g 

E. sativa Mill. 2.59 b 0.49 f-i 7.23 a 0.93 b 0,59 i-l 0.87 a 193.69 a 5.54 e 46.18 de 40.99 k 16.61 g 6.35 i-j 14.95 r 8.48 e 

PI 170362 2.35 f 0.51 c-e 5.83 d 0.83 fg 0,66 b 0.66 d 104.71 i 8.37 c 36.33 k 32.20 n 20.87 bc 7.83 b 28.89 d 12.12 a 

PI 173902 2.50 de 0.48 g-i 4.77 j 0.79 ij 0,63 c-i 0.63 ef 97.60 j 6.97 d 33.42 m 35.72 m 20.70 c 7.68 c 25.45 k 8.28 f 

PI 175720 1.98 i 0.48 i 4.77 j 0.80 h-i 0,55 l 0.58 h 115.36 ef 6.97 d 53.71 b 49.77 h 17.40 f 6.34 j 18.28 p 7.27 k 

PI 178901 2.34 fg 0.35 l 5.30 g 0.90 c 0,58 j-l 0.75 b 104.12 i 5.58 e 34.90 l 41.02 k 19.34 d 7.86 b 27.88 ef 8.28 f 

PI 179279 2.49 de 0.39 k 4.77 j 0.79 ij 0,60 g-l 0.57 i 94.06 k 8.38 c 47.05 d 37.48 l 21.16 b 8.02 a 35.35 b 8.08 g 

PI 183233 2.45 e 0.51 c-e 5.12 h 0.82 f-h 0,65 c-g 0.63 ef 106.46 hi 9.77 b 54.84 a 52.40 g 20.87 bc 8.08 a 28.28 e 7.88 h 

PI 217829 2.28 g 0.48 g-i 4.42 k 0.82 gh 0,61 e-k 0.61 g 105.48 hi 8.38 c 38.36 j 37.48 l 15.49 ij 8.08 a 26.56 j 7.68 i 

PI 251490 2.18 h 0.52 bc 5.12 h 0.86 de 0,61 f-k 0.62 fg 97.56 j 8.37 c 46.15 de 37.45 l 16.53 g 7.35 e 33.94 c 8.28 f 

PI 255664 2.04 i 0.46 j 4.77 j 0.87 d 0,58 j-l 0.76 b 134.85 b 6.97 d 41.54 hi 43.63 j 15.03 k 7.25 e 27.07 g-i 7.07 l 

PI 261629 2.17 h 0.50 d-f 5.65 e 0.84 ef 0,61 f-k 0.61 g 111.80 g 9.78 b 44.73 f 60.30 c 15.76 hi 6.53 gh 27.27 gh 10.30 b 

PI 311742 2.53 b-d 0.48 hi 6.53 b 0.80 h-i 0,60 h-l 0.59 h 108.23 h 6.97 d 50.80 c 62.95 a 15.47 ij 6.46 g-i 21.61 n 8.08 g 

PI 344365 2.58 bc 0.52 b 6.53 b 0.72 l 0,67 bc 0.56 i 117.17 e 6.98 d 42.13 h 54.18 f 16.03 h 6.15 k 24.44 l 7.47 j 

PI 390143 2.56 bc 0.50 e-g 5.65 e 0.75 k 0,62 c-j 0.59 h 122.43 d 6.97 d 46.45 de 48.03 i 16.33 g 6.56 g 49.83 a 8.08 g 

PI 407630 2.74 a 0.49 f-h 5.83 d 0.78 j 0,66 c-f 0.64 e 111.81 g 2.77 f 35.46 kl 56.79 e 15.50 ij 4.91 m 15.55 q 6.87 m 

PI 426198 2.35 f 0.51 c-e 5.83 d 0.83 fg 0,57 kl 0.66 d 104.71 i 8.37 c 36.33 k 32.20 n 15.35 j 6.15 k 27.47 fg 8.28 f 

PI 432339 2.56 b-d 0.46 j 5.65 e 0.76 k 0,63 c-i 0.64 e 104.71 i 6.97 d 40.67 i 41.00 k 15.24 jk 6.43 h-j 23.03 m 9.29 c 

PI 597835 1.99 i 0.47 i 5.47 f 0.79 ij 0,62 d-k 0.59 h 115.32 ef 8.33 c 50.80 c 55.03 f 13.68 l 4.01 n 6.57 t 7.68 i 

PI 603033 2.74 a 0.55 a 4.77 j 0.75 k 0,75 a 0.59 h 108.29 h 15.38 a 47.34 d 61.73 b 17.92 e 5.50 l 26.76 i-j 7.88 h 

PI 633202 2.57 bc 0.48 hi 5.62 e 0.69 m 0,59 h-l 0.51 k 111.78 g 6.97 d 43.27 g 38.35 l 21.46 a 6.85 f 26.97 h-j 9.09 d 

PI 633210 2.52 cd 0.51 c-e 6.35 c 0.72 l 0,65 c-g 0.55 j 111.81 g 5.57 e 41.54 hi 52.41 g 17.62 f 7.46 d 24.54 l 7.07 l 

Grand Mean 2.41   0.48   5.48   0.81   0,62  0.63   114.21   7.70   43.58   46.86   17.45   6.68   24.90   8.24   
 

ψ
Values followed by the same letter, within columns, are not significantly different at the 95% level of confidence using Duncan’s Multiple Range Test. 
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Brown sarson is one of the most important oilseed crops, which plays a very important role in 

oilseed economy of temperate regions of India. To enhance the present yield level and over come 

yield stagnation, it is essential to reshuffle the genes through hybridization of suitable parents. For 

this, it is necessary to identify the nature and magnitude of gene action involved in the expression of 

various yield contributing characters as well as the combining ability of the parents and resulting 

crosses. The present investigation was undertaken with a view to estimate combining ability and the 

magnitude and direction of heterosis in brown sarson. 

The experimental material comprised of 10 lines and 3 testers which were crossed in a line x 

tester mating design to produce 30 single cross hybrids. The 13 parental lines and 30 hybrids were 

evaluated in a Randomised Block Design (RBD) with 3 replications at the experimental farm of 

Division Plant Breeding and Genetics, SKUAST-K during rabi 2008-09. Each genotype was sown in 

a single row length of 5 meters with a planting geometry of 30 cm x 10 cm. The analysis for combining 

ability was carried out as per Kempthorne (1957) and heterosis was assessed as per standard 

procedures. 

Analysis of variance for combining ability (Table 1) revealed that the crosses differed 

significantly for all the nine traits. The mean sum of squares due to crosses was further partitioned 

into its components viz., due to lines (females), testers (males) and line x tester (female x males) 

interaction. Variance arising due to lines and testers were significant for all the traits whereas, the 

mean sum of squares due to lines x tester interaction were also highly significant for all the 

characters.  

The component analysis of variance arising due to general combining ability (ó
 2
 gca) and 

specific combining ability (ó
2 
sca) (Table 1) revealed that variance due to gca was more pronounced 

for primary branches per plant and days to maturity whereas, for rest of the traits, variance arising 

due to sca was grester in magnitude except for 1,000 seed weight where both the components 

played an equal role. Genetic components of variance revealed that additive genetic variance played 

an important role in the inheritance of primary branches per plant and days to maturity, whereas, 

variance due to dominance deviation was pronounced for days to 50 per cant flowering, secondary 

branches siliquae per plant, seed per siliqua, seed yield and oil content. For 1,000 seed weight both 

additive and dominance variance played an equal important role.   

Estimate of the average degree of dominance (Table 1) was in the partial dominance range 

for primary branches per plant and days to maturity whereas, days to 50 per cent flowering, 

secondary branches per plant, siliqae per plant, seed per siliquae, seed yield per plant and oil content 

exhibited over dominance. Nearly complete dominance was observed for 1000 seed weight. Similar 

results were obtained in Indian mustard by (Singh et al., 2003). 

None of the parents was found to be a good general combiner for all the characters (Table 

2). KS-101, KOS-1, Brutor, EC-339797 and EC-39915 were the best combiners for early flowering 

and maturity. Among the yield contributing traits, KS-101, BS-3 and BS-5 exhibited high combining 

ability. These parents also showed best general combining ability (GCA) for seed yield. Highest 

significant and durable heterosis (Table 3) over mid and better parent was observed for all the traits 

except seeds per siliqua in cross combination EC-390165 x KOS-1. High estimates of heterosis for 

seed yield have been also reported by Joshi and Patil (2003). Khulbe et al. (1998) were also able to 

locate similar cross combinations in rapeseed mustard.  
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The above study reveals that parents to be selected for hybridization should have good 

combining ability effects.  
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Table 1. Analysis of variance for combining ability in brown sarson  

Source of  
variation 

d.f 
Days to 50%  

flowering 

Primary  
Branches 
per plnat 

Secondary  
branches 
per plant 

Siliquae per plant 
Seed per  
siliqua 

Days to  
maturity 

1,000 seed 
weight 

Seed yield  per 
Plant (g) 

Oil content  
(%) 

Crosses 29 13.120** 13.707** 7.225** 15194.225** 20.737** 20.355** 0.270** 18.00575** 15.505** 

Line  9 25.387** 35.875** 11.967* 24252.096* 28.243* 50.529** 0.501** 35.17959** 34.951** 

Tester  2 23.011* 10.640* 15.222* 33107.330* 75.243** 23.544* 0.647** 25.47498* 19.872* 

Line x  

tester  
18 5.887** 2.964** 3.966** 8674.994** 10.863** 4.914** 0.113** 8.58891** 5.297** 

Error 58 0.403 0.014 0.061 0.151 0.052 0.472 0.019 0.00522 0.060 

  Estimates of genetic components of variance    

g2σ̂ ca  1.2203 1.1920 0.6940 1470.7468 2.6657 1.8751 0.0284 1.5550 1.4026 

s
2

σ̂ ca  1.8282 0.9835 1.3016 2891.6143 3.6036 1.4809 0.0313 2.8612 1.7456 

A
2

σ̂   4.8813 4.7679 2.7760 5882.9873 10.6629 7.5005 0.1138 6.2199 5.6106 

D
2

σ̂   7.3128 3.9340 52064 11566.4570 14.4145 5.9237 0.1251 11.4449 6.9822 

Average  

degree of  

dominance  

 1.2240 0.9083 1.3695 1.4022 1.1627 0.8887 1.0484 1.1207 1.1156 

*,** significant at 5 and 1 per cent, respectively 
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Table 2. Estimates of general combining ability effects with mean performances (in parenthesis) of testers and lines for morphological, maturity and yield 

component traits in turnip rape.  

Source of  
variation 

Days to 50% 
flowering 

Primary  
Branches 
per plant 

Secondary  
branches per 

plant 

Siliquae per  
plant 

Seed per  
siliqua 

Days to  
maturity 

1,000 seed  
weight (g) 

 
Seed yield per  

plant 

 

Oil content (%) 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

Testers (males)         

KS-101 -0.489** (188) 0.685** (5.707) 0.692** (5.090) 
36.602** 

(231.400) 

1.080** 

(12.037) 

-0.478** 

 (247.00) 
0.162** (2.110) 0.210** (5.112) 

-0.684** 

(41.393) 

KOS-1 
-0.522**  

(191.667) 
-0.391** (5.883) -0.731** (2.817) 

028.241** 

 (166.777) 

-1.826** 

 (11.007) 

-0.544** 

(245.00) 
-0.38 (1.873) -1.008** (2.927) 

-0.216** 

(42.128) 

BS-2 
1.011**  

(186.33) 
-0.295** (6.680) 

0.040     

(3.473) 

-8.361** 

 (217.547) 

0.745** 

 (12.250) 

1.022** 

(144.67) 
-0.124** (1.770) 0.798** (4.730) 

0.900** 

(42.743) 

S.E (gi) ± 0.1159 0.0219 0.0454 0.0710 0.0419 0.1254 0.0258 0.0132 0.0449 

S.E. (gi-gj) ±  0.1639 0.0309 0.0642 0.1003 0.0593 0.1774 0.0364 0.0187 0.0634 

 
Lines (females)         

BS-1 
0.378 

 (191.333) 
-0.204** (6.300) -1.912** (3.933) 

-26.462** 

 (185.583) 

2.143** 

 (15.130) 
-0.011 (241.00) -0.171** (2.117) -0.777** (5.740) 

-1.342** 

(45.103) 

BS-3 
-1.067** 

(191.333) 
0.941** (5.717) 0.342** (3.150) 

41.578** 

(208.093) 

0.269** 

(13.490) 
-0.344 (241.00) 0.009 (2.340) 1.915** (6.420) 

0.230** 

(46.403) 

BS-4 
0.600** 

(190.333) 
-0.322** (6.823) 0.998** (4.223) 

-26.978** 

(281.257) 

-1.209** 

(12.603) 
-0.322 (242.00) -0.072 (1.883) -2.441** (6.250) 

1.488** 

 (43.150) 

BS-5 
1.156** 

(191.667) 
3.764** (5.480) 1.059** (4.203) 

45.804** 

(174.917) 

1.264** 

(14.247) 

-0.567* 

(244.667) 
-0.092* (2.037) 2.746** (5.240) 

-1.198** 

(47.313) 

KS-102 
0.600** 

(190.667) 
-0.236** (7.073) -0.521** (3.150) 

6.121** 

(189.830) 

0.298** 

(13.807) 

1.767** 

(241.000) 

-0.0182** 

(2.177) 
1.385** (4.933) 

-0.869** 

(47.383) 

KS-103 
-0.289* 

(189.333) 
0.397** (7.490) -0.562** (4.083) 

-70.381** 

(240.463) 

-0.279** 

 (10.367) 

0.878** 

(244.000) 
0.026 (1.740) 

0.467*** 

(4.160) 

1.282** 

(42.410) 

Brutor 
-1.067** 

(190.667) 
0.168** (6.777) -0.790** (3.387) 

-58.983** 

(196.363) 
0.970** (9.390) 

-2.233* 

(241.333) 
-0.010 (1.780) -3.492** (2.943) 

-0.688** 

(42.550) 

EC-339797 
-2.289** 

(189.667) 
-0.020 (4.733) -0.349** (3.507) 

42.309** 

(186.290) 

0.413** 

(12.170) 

-4.122** 

(240.333) 
-0.110* (1.830) -0.049* (3.227) 

-3.036** 

(43.203) 

EC-389915 
-1622** 

(191.333) 
-4.520** (7.123) -0.404** (5.470) 

-38.283** 

(239.747) 
0.473* (11.317) 

-0.567* 

(243.000) 
-0.039 (2.013) -1.709** (5.25) -0.034 (46.020) 

EC-390165 
3.600** 

(191.667) 
0.032 (6.455) 2.140** (5.517) 

85.275** 

(241.187) 
-4.359 (11.190) 

4.878** 

(242.000) 
0.641** (1.763) -0.401** (4.147) 

4.167** 

(43.457) 

S.E. (gi) ± 0.2116 0.0399 0.0829 0.1296 0.0765 0.2290 0.0470 0.0241 0.0819 

S.E. (gi-gj) ± 0.2993 0.0565 0.1172 0.1832 0.1082 0.3239 0.0665 0.0341 0.1158 

*, ** significant at 5 and 1 per cent level, respectively 
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Table 3. Estimates of heterosis for characteristics in brown sarson  

Days to 50%  
flowering 

Primary branches  
per plant 

Secondary  
branches per  

plant 
Siliquae per plant Seeds per siliqua 

Days to  
maturity 

1,000 seed 
weight (g) 

Seed yield per 
plant 

Oil content (%) 
Cross 

MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP 

BS-1 x KS-101 2.99** 3.90** 63.46** 55.77** 40.23** 24.30** 
102.61*

*
82.55** 12-17** 0.71 0.68** 1.94** 

-12.93*
-13.07* 48.35** 40.24** -2.39** -6.40** 

BS-1 x KOS-1 1.83** 1.92** 48.84** 43.92** 101.68** 73.05** 
118.15*

*

107.09

8.74** -6.86* 1.10** 1.94** -2.42 -8.03 
142.55*

83.10** -0.66** -3.90** 

BS-1 x BS-2 2.56** 3.94** 37.65** 33.73** 143.02** 128.81** 
105.10*

*
90.03** 8.79** -1.56 0.75** 1.52** -9.61 

-17.01*
73.50** 58.24** -2.90 -5.40** 

BS-3 x KS-101 1.05** 1.95** 111.85** 111.66** 152.05** 104.39** 98.44** 88.45** 10.08** 4.15** 0.55** 1.80** -1.46* 
-15.81*

81.40** 63.70** -1.80** -7.10** 

BS-3 x KOS-1 0.09 0.17 80.75** 78.19** 185.57** 158.73** 
175.67*

*

148.31

-0.12 -9.32** -0.14 0.69** 4.43 -5.98* 
142.90*

76.80** 2.40** -2.31** 

BS-3 x BS-2 3.97** 5.37** 39.82** 29.74** 164.62** 152.30** 
121.55*

*
116.74 -3.39** -7.83** 1.72** 2.49** -6.89 

-18.23*
65.91** 44.08** -0.23 -4.71** 

BS-4 x KS-101 2.73** 3.37** 47.38** 35.32** 150.54** 129.21** 7.07** -2.41** 14.50** 11.93** 0.07 1.10** 15.69 9.48 25.55** 14.12** 8.40** 6.20** 

BS-4 x KOS-1 1.40** 1.75** 34.68** 25.40** 121.69** 84.77** 22.07** -2.78** 
-11.14*

-16.77* 0.48* 1.10** -10.74* -10.97* -1.281 
-27.76*

3.99** 2.76** 

BS-4 x BS-2 4.42** 5.55** 43.22** 41.72** 196.06** 169.77** 48.64** 31.80** 
-22.05* -23.14*

1.78** 2.34** 1.46 -1.59 15.55* 1.984* 8.32** 7.81** 

BS-5 x KS-101 3.25** 4.26** 140.41** 135.63** 173.31** 149.51** 
157.16*

*

125.77

2.02 -5.90** 
-1.29* -0.82*

1.13 -0.63 
136.36* 133.64*

-2.77** -8.85** 

BS-5 x KOS-1 1.74** 1.74** 133.09** 125.10** 145.11** 104.68** 
179.92*

*

173.40
-15.21* -24.85*

0.34 -0.27 -1.79 -5.73 
111.36*

64.69** -4.74** -9.96** 

BS-5 x BS-2 3.35** 4.83** 
114331*

*
95.06** 153.84** 131.80** 

122.33*

*

100.55

32.77** 23.47** 1.23** 1.23** -7.36 -13.42* 
154.42* 142.04*

-4.73** -9.33** 

KS-102 x  

KS-101 
2.82** 3.55** 61.45** 45.85** 158.74** 109.43** 

121.99*

*

102.05

-3.31* -9.51** 1.09** 2.35** 3.58 1.99 
135.76* 131.61*

-8.57** 

-14.35

KS-102 x KOS-1 1.66** 1.92** 29.71** 18.80** 175.98** 161.38** 
139.80*

*

125.24

-5.88** 
-15.53*

1.65** 2.49** 24.77** 30.02** 
115.52*

71.70* -4.79** 

-10.07

KS-102 x Bs-2 3.80** 5.01** 30.88** 27.24** 123.86** 113.44** 
107.57*

*
94.35** 12.32** 5.99** 1.99** 2.77** -10.47* 18.84** 89.44** 85.48** 3.01** -2.03** 

KS-103 x  

KS-101 
2.65** 3.01** 89.74** 67.16** 109.81** 89.06** 33.76** 31.24** 19.48** 11.19** -0.07 0.55* 14.98** 4.90 

101.89*
83.19** 8.56** 7.25** 

KS-103 x KOS-1 2.01** 2.64** 32.25** 18.07** 121.55** 87.18** 57.56** 33.34** 4.02* 1.00 0.48* 0.68** 0.00 -3.56 
112.05*

80.60** 2.44** 2.10** 

KS-103 x BS-2 3.28** 4.11** 16.49** 10.19** 135.99** 118.37** 52.92** 45.63** 11.19** 2.64 1.36** 1.50** 20.42** 19.40** 
121.59* 108.24* 11.05* 10.61*

Brutor x KS-101 2.11** 2.84** 69.77** 56.37** 96.70** 63.79** 0.778** -6.85** 13.47** 1.00 -0.34 0.83** 12.25* 3.48 31.53** 3.61** 1.22** -0.61 
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 MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP MP BP 

Brutor x KOS-1 1.31** 1.57*** 43.76** 34.38** 

 

182.00*

 

158.27*

 

-30.14* 8.14** 20.97** 12.08** 

 

-0.62* 0.14 14.42* 11.57 5.74** 5.20* 4.45** 3.93** 

Brutor x BS-2 2.21** 3.40** 37.23** 36.25** 

 

145.38* 148.52 83.71** 74.77** 0.988 

 

-11.67* 0.55** 1.24** -1.22 -1.50 68.14** 36.36** 1.88** 1.65** 

EC-339797 x  

KS-101 
0.97** 1.42** 92.85** 76.40** 

 

130.32* 94.50** 50.16** 

 

 

35.528 15.81** 15.17** 

 

-1.78* -0.42 11.07* 3.00 75.98** 43.52** -6.77** -8.72** 

EC-339797 x  

KOS-1 
0.35 0.88** 73.94** 56.94** 

 

164.10*

 

138.12*

 

130.84*

 

 

118.75

 

-12.51*

 

-16.35* 0.41* 0.55* 1.72 -0.18 

 

120.01*

 

109.79* -5.27** -6.45** 

EC-339797 x BS-2 3.91** 4.11** 58.88** 35.73** 

 

145.65*

 

144.49*

 

150.27*

 

 

132.29 22.90** 22.50** 0.07 0.97** -5.78 -6.65 

 

178.78*

 

134.46* 0.67 0.13 

EC-389915 x  

KS-101 
0.35 1.24** 

 

-21.09*

 

-28.53* 64.27** 58.56** -0.09 -1.15 50.50** 46.00** 0.14 0.96** 5.09 2.69 64.77** 62.60** -0.69 -5.69** 

EC-389915 x 

KOS-1 
-0.09 0.00 

 

-25.42*

 

-31.52*

 

100.00* 51.59** 

 

101.72* 71.02** 

 

-15.31*

 

-16.47* 0.00 0.41 -6.17 -9.44 29.90** 0.952 -1.75** -5.90** 

EC-389915 x BS-2 3.94** 5.37** 

 

-26.74*

 

-28.58*

 

116.85* 77.27** 58.60** 51.25** 4.41** 0.44 0.48* 0.82** 3.08 -3.15 27.65** 21.33** 2.32** -1.33** 

EC-390165 x  

KS-101 
4.30** 5.32** 32.35** 19.19** 117.35* 

 

108.94*

 

118.42*

 

 

113.99 -7.46** 

 

-10.72* 2.39** 3.44** 36.14** 24.96** 35.06** 22.06** 

 

13.66*

 

10.96*

EC-390165 x  

KOS-1 
2.96** 2.96** 39.93** 27.75** 

 

173.20*

 

106.34*

 

147.14*

 

 

109.02

 

-48.55*

 

-48.97* 3.08** 3.72** 62.24** 57.47** 

 

130.87* 96.52** 

 

14.80*

 

13.05*

EC-390165 x BS-2 4.94** 6.44** 58.42** 53.42** 

 

153.17*

 

106.31*

 

133.31*

 

 

121.88

 

-11.45*

 

-15.28* 2.47** 3.03** 35.47** 35.22** 173.81 

 

156.44* 9.91** 9.01** 

MP : Mid parent,  BP : Better parent  
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 Genetic architecture of parents and their crosses necessitates the assessment of the parents in hybrid 

combination through systematic genetic studies of the parents for exploitation of heterosis. Hence the present 

investigation was undertaken to determine the heterosis for various economic traits in brown sarson.  

 The genetic material comprised of nine lines and three testers viz., KS-101, KOS-1 and BS-2 which were 

crossed in a line x tester design during rabi 2007 at RR & RS Khudwani, SKUAST-K The 27 F1’s and their 

parents were grown in Randomized complete block design with three replications during rabi, 2008-09 at the 

Experimental Farm of RR & RS Khudwani, SKUAST-K with a spacing of 30 x 10 cm. The observations were 

recorded on five randomly selected plants per line for various economic traits. Heterosis was calculated over 

the mid and better parent for each of the thirty cross combination as deviation from mid parent and better part 

values respectively.  

 In the present investigation, BS-5 x KS-101 exhibited highest significant positive heterosis over mid parent 

(140.41%) and better parent (175.63%) respectively for primary branches per plant
 
(Table 1). The estimate of 

mid parent heterosis ranged from -26.74% to 140.41% .Verma et al. (1989) reported similar results in yellow 

sarson. For siliquae per plant the range of significant heterosis over mid parent varied from -30.14% to 

179.92%. Highest significant heterosis over mid and better parent of 179.92 and 173.40 % respectively was 

exhibited by BS-5 x KOS-1 for this trait. Several workers have also reported varying levels of heterosis for yield 

related traits (Singh et al., 2003, Singh and Lallu, 2004). For seeds per siliqua
 
the estimate of mid-parent 

heterosis ranged from -48.55% to 50.50% whereas, better parent heterosis ranged from -48.97 to 46%. The 

cross combination EC-389915 x 5 KS-101 exhibited highest heterosis over mid and better parent respectively. 

Cross combination that revealed significant positive heterosis over mid and better parent included KS-103 x 

BS-2, EC-390165 x KS-101, EC-390165 x KOS-1 and EC-390165 x BS-2 for 1000-seed weight. Significant 

heterosis over mid and better parent ranged from -12.93 to 62.24 and -30.02 to 54.47 per cent. All the crosses 

except BS-4 x KOS-1 revealed significant positive heterosis over both the parents for seed yield per plant. 

Significant heterosis over mid parent ranged from -1.28 to 178.78 whereas over better parent it ranged from 

-27.76 to 150.44.  

 The level of heterosis observed in these crosses justifies the development of hybrids in brown sarson, 

however, it would be worthwhile to find out whether superior crosses showing high heterosis would also throw 

out superior segregates. This would enable the breeder to concentrate on a few promising crosses rather than 

handling many in later generations of selection (Chaudhary et al., 1997; Singh and Verma, 1997).  

 
References  
Verma, S.K., Singh, B. and Sachan, J.N. 1989. Combining ability and heterosis in yellow sarson. Journal of Oilseeds 

Research 6(1) : 32-40. 

Singh, K.H., Gupta, M.C., Srivastava, K.K. and Kumar, P.T. 2003. Combining ability and heterosis in Indian Mustard. 

Journal of Oilseeds Research 20(1) : 35-39. 

Singh, M. and Lallu, 2004. Heterosis in relation to combining ability for seed and its contributing traits in Indian mustard, 

Brassica juncea (L.) Czern and Coss. Journal of Oilseeds Research 21(1) : 140-142. 

Chaudhary, S.P.S., Sharma, S.N. and Singh, A.K. 1997. Line x tester analysis in Indian mustard. Indian journal of Plant 
Breeding and Genetics 51(2) : 168-173. 

Singh, D.N. and Verma, D.K. 1997. Scope of heterosis breeding in rapeseed mustard. Journal of oilseeds Research 14(2): 

157-164. 



 52 

Table 1. Heterosis estimates for Yield and yield attributing traits in Brown Sarson 
Primary branches per 

plant 
Siliquae per plant Seeds per siliqua 1,000 seed weight Seed yield per plant Crosses 

MP BP MP BP MP BP MP BP MP BP 
BS-1 x KS-101 63.46** 55.77** 102.61** 82.55** 12.17** 0.71 -12.93** -13.07* 48.35** 40.24** 

BS-1 x KOS-1 48.84** 4392** 118.15** 107.09** 8.74** -6.86* -2.42 -8.03 142.55** 83.10** 

BS-1 x BS-2 37.65** 33.73** 105.10** 90.03** 8.79** -1.56 -9.61 -17.01** 73.50** 58.24** 

BS-3 x KS-101 111.85** 111.66** 98.44** 88.45** 10.08** 4.15** -1.46* -15.81** 81.40** 63.70** 

BS-3 x KOS-1 80.75** 78.19** 175.67** 148.31** -0.12 -9.32** 4.43 -5.98* 142.90** 76.80** 

BS-3 x BS-2 39.82** 29.74** 121.55** 116.74** -3.39** -7.83** -6.89 -18.23** 65.91** 44.08** 

BS-4 x KS-101 47.38** 35.32** 7.07** -2.41** 14.50** 11.93** 15.69 9.48 25.55** 14.12** 

BS-4 x KOS-1 34.68** 25.40** 22.07** -2.78** -11.14** -16.77** -10.74* -10.97* -1.281 -27.76** 

BS-4 x BS-2 43.22** 41.72** 48.64** 31.80** -22.05** -23.14** 1.46 -1.59 15.55* 1.984* 

BS-5 x KS-101 140.41** 135.63** 157.16** 125.77** 2.02 -5.90** 1.13 -0.63 136.36** 133.64** 

BS-5 x KOS-1 133.09** 125.10** 179.92** 173.40** -15.21** -24.85** -1.79 -5.73 111.36** 64.69** 

BS-5 x BS-2 114.31** 95.06** 122.33** 100.55** 32.77** 23.47** -7.36 -13.42* 154.42** 142.04** 

KS-102 x KS-101 61.45** 45.85** 121.99** 102.05** -3.31* -9.51** 3.58 1.99 135.76** 131.61** 

 

Primary branches  per 
plant 

Siliquae per plant Seeds per siliqua 1,000 seed weight Seed yield per plant Crosses 

MP BP MP BP MP BP MP BP MP BP 
KS-102 x KOS-1 29.71** 18.80** 139.80** 125.24** -5.88** -15.43** 24.77** -30.02** 115.52** 71.70* 

KS-102 x BS-2 30.88** 27.24** 107.57** 94.35** 12.32** 5.99** -10.47* -18.84** 89.44** 85.48** 

KS-103 x KS-101 89.74** 67.16** 33.76** 31.24** 19.48** 11.19** 14.98** 4.90 101.89** 83.19** 

KS-103 x KOS-1 32.25** 18.07** 57.46** 33.34** 4.02* 1.00 0.00 -3.56 80.60** 2.44* 

KS-103 x BS-2 16.49** 10.19** 52.92** 45.63** 11.19** 2.64 20.42** 19.40** 108.24** 11.05** 

EC-339797 x KS-101 92.85** 76.40** 50.16** 35.528** 15.81** 15.17** 11.07* 3.00 43.52** -6.77** 

EC-339797 x KOS-1 73.94** 56.94** 130.84** 118.75** -12.15** -16.35** 1.72 -0.18 109.79** -5.27** 

EC-339797 x BS-2 58.88** 35.73** 150.27** 132.29** 22.90** 22.50** -5.78 -6.65 134.46** 0.67 

EC-339915 x KS-101 -21.09** -28.53** -0.09 -1.15 50.50** 46.00** 5.09 2.69 62.60.. -0.69 

EC-389915 x KOS-1 -25.42** -31.52** 101.72** 71.02** -15.31** -16.47** -6.17 -9.44 0.952 -1.75** 

EC-389915 x BS-2 -26.74** -28.58** 58.60** 51.25** 4.41** 0.44 3.08 -3.15 21.33** 2.32** 

EC-390165 x KS-101 32.35** 19.19** 118.42** 113.99** -7.46** -10.72** 36.14** 24.96* 22.06** 123.66** 

EC-390165 x KOS-1 39.93** 27.75** 147.14** 109.02** -48.55** -48.97** 62.24** 57.47** 96.52** 14.80** 

EC-390165 x BS-2 58.42** 53.49** 133.31** 121.88** -11.45 -15.28** 35.47** 35.22** 156.44** 9.91** 
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Introduction 
 Among the oilseed crops, Indian mustard [Brassica juncea (L.) Czern & Coss] is an important source of oil 

from nutritional point of view (Ahuja, et al.1984). The nutritional value of oil is governed mainly by the 

composition of its fatty acids viz. Palmitic acid, Stearic acid, Oleic acid, Linoleic acid, Linolenic acid, Eicosenoic 

acid, Erucic acid along with anti nutritional factors (Bhomic, 2003).  

 Indian mustard has higher amount of erucic acid and glucosinolate in its oil and meal (Bunting, 1986), 

respectively. The high amount of glucosinolates in meal and erucic acid in oil may create health problems viz. 
lapidopsis in young animals, fibrosis in older animals, reduce food intake, goiter, stroma and cancer (Kumar, 

2005). 

 In Brassica breeding, considerable emphasis is being laid to develop the varieties with low glucosinolate 

and low erucic acid. The development of rapid and accurate methods for determination of glucosinolate levels 

in seed in early 1960’s led to the identification of B. napus cultivar “Bronowski” from Poland (Finlayson et al. 
1973).The first double low spring B. napus cultivar “Tower” was released in 1974 and afterwards number of 

double zero cultivars were identified in different countries of the world. In India till date, the main emphasis has 

been to improve the rapeseed-mustard seed yield and oil content. It is necessary that seed oil quality 

especially the fatty acid composition also be improved wherever possible. Keeping this in view there is a need 

to screen/develop Indian mustard varieties having low erucic acid. 

 

Material and methods 
 Thirty one genotypes/varieties were evaluated at GPB, Farm, N.D. University of Agriculture and 

Technology, Kumarganj, Faizabad, during rabi season, 2006-07. The genotypes were sown in augmented 

design. After harvesting, seeds were sun dried followed by oven drying for biochemical analysis. The fatty acid 

contents were estimated with the help of Directorate of Rapeseed-mustard Research, Sewar, Bharatpur 

(Rajasthan).  

 

Results and discussion 
 Seven fatty acids were analyzed (Table 1). They were palmitic acid (ranged between 1.264 to 4.450%), 

stearic acid (1.140 to 3.58 %), oleic acid (2.91 to 45.02 %), linoleic acid (6.30 to 41.80 %), linolenic acid (7.35 to 

29.85 %), eicosenoic acid (0.00 to 17.61 %) and erucic acid (0.00 to 52.45 %) during 2006-07, respectively. 

The content of erucic acid in each variety/strain (except strain LES-1-27, LET-3, LET-17, LET-18, 

PQR-9701-46, PQR-2001 and KLM-287) during both the years was highest as compared to the content of 

other fatty acids. These results are similar to the findings of Nagraj (1990). These findings are also strongly 

supported by Anonymous (2006) who assessed the all seven fatty acids in 13 strains of Brassica juncea and 

found that it ranged from 2.3 to 5.3% palmitic acid, 1.1 to 2.7% stearic acid, 9.1 to 48.2% oleic acid, 16 to 

38.9% linoleic, 9.8 to15.2% linolenic, 0.9 to 14.1% eicosenoic acid and 0.00 to 51.1 erucic acid.  
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Table 1. Fatty acid composition in different varieties/strains of Indian mustard during 2006-2007   
S.No varieties/strains  16:0 18:0 18:1 18:2 18:3 20:1 22:1 
1. BIO-Q-108-2000 3.05 2.48 13.48 18.14 16.23 9.43 36.75 

2. LES-1-27 2.88 1.45 40.09 41.80 13.26 0.00 00.00 

3. LET-3 4.03 3.28 25.00 37.04 29.85 0.00 00.00 

4. LET-17 4.45 2.61 35.30 33.32 15.45 4.54 3.50 

5. LET-18 3.24 1.80 23.53 33.28 18.39 5.42 13.54 

6. PQR-9701-46 4.11 2.54 41.74 33.42 18.12 0.00 00.00 

7. PQR-2001 4.15 2.53 45.02 34.60 12.85 0.00 00.00 

8. VARUNA 3.75 2.23 7.54 12.00 14.32 7.51 52.45 

9. ROHINI 2.54 2.02 7.57 12.83 15.50 9.48 49.74 

10. TERI-LGM-06 3.40 1.66 3.57 26.08 18.48 14.55 31.70 

11. TERI-LGM-08 2.85 1.62 8.41 19.25 16.78 17.61 32.82 

12. CS-234-2 2.79 3.41 7.20 10.15 16.50 8.41 51.44 

13. SKM-450 2.77 3.35 9.32 8.58 16.20 9.71 50.01 

14. SKM-425 2.03 3.03 8.52 14.35 14.57 8.27 49.21 

15. RB-50 2.03 2.19 7.19 12.31 16.24 7.38 52.56 

16. RK-05-1 3.26 3.20 6.55 11.62 16.02 7.61 51.22 

17. RK-05-2 1.29 2.10 12.2 13.51 15.34 9.48 45.78 

18. JGM-3-02 2.69 2.33 7.99 12.34 14.51 7.83 51.50 

19. RGN-152 2.60 2.25 7.76 14.74 16.78 9.75 45.95 

20. PAC-432 1.26 3.58 2.91 17.37 15.65 12.09 46.54 

21. BASANTI 2.97 2.78 4.70 13.47 12.34 10.59 52.32 

22. NARENDRA RAI 2.05 2.60 9.59 8.11 15.55 12.35 49.59 

23. NDYR-8 2.08 2.02 14.36 15.42 7.35 7.19 50.93 

24. NDRE-4 2.01 2.04 11.75 12.25 10.62 8.80 51.82 

25. KRANTI 2.16 1.14 12.34 7.46 17.10 9.10 50.12 

26. VARDAN 2.30 2.55 12.80 6.30 18.27 10.56 47.06 

27. LET-20 3.52 2.50 35.60 26.25 14.37 7.27 10.26 

28. PBG-1188 2.25 1.93 6.38 16.13 15.94 10.30 47.01 

29. RL-2047 2.20 2.57 8.38 14.36 14.61 8.77 49.06 

30. KRISHNA 2.47 3.22 6.53 10.29 18.53 9.18 49.75 

31. KLM-287 4.11 2.18 42.44 34.01 14.50 2.41 00.00 

16:0=Palmitic acid, 18:0=Stearic acid, 18:1=Oleic acid, 18:2=Linoleic acid, 18:3=Linolenic acid, 

20:1=Eicosenoic acid, 22:1= Erucic acid 
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           Oilseed Brassicas, rapeseed-mustard accounting for over 13.2% of the worlds edible oil supply 

(Downey and Robbelen, 1989) are the third most important edible oil source after soyabean and palm. The 

brassica yield oil free meal with 38 to 41% on dry weight basis. Oilseed brassica are well adopted to cool and 

moist growing conditions, because they have the ability to grow at low temperatures, therefore, the crop can be 

grown as a winter crop in temperate zone and spring crop at higher elevation. The Indian subcontinent China 

and northern Europe are the major oilseed brassica producer regions in the world. In India, Rajasthan followed 

by UP, Madhya Pradesh and Haryana together contribute 81% in acreage and 82.9% in total 

rapeseed-mustard production. Rajasthan alone contributes 39.3% and 38.2% to acreage and production in the 

country, respectively. 

             The Primary centre of origin for B. campestris is near the Himalayan region. The secondary centers of 

origin are located in the European- Mediterranean area and Asia (Downey and Roebbelen, 1989). According to 

Prakash and Hinata( 1980), the species originated in the middle east, where the putative species B. campestris 

and B. nigra might have first come into contact. Hemingway (1976) argued that B. juncea has probably arisen 

by hybridization between different B. campestris and B. nigra genotypes at several different times and 

localities, resulting in secondary centres of origin in China, north east India and the Caucasus. 

              The genus Brassica, belonging to the family cruciferae (Brassicaceae), tribe Brassicceae and 

subtribe Brassicinae includes the largest number of economic plants. They are cultivated in a wide range of 

environments. The Brassica oilseed in India is collectively referred to as rapeseed- mustard. The word ‘rape’ 

has arisen from the latin word rapum, meaning turnip, while the word mustard has been derived from European 

practice of mixing the sweet ‘must’ of old wine with crushed seeds of Brassica nigra (L) to form a hot paste 

(Hemingway, 1976). In the genus Brassica of family Brassicaceae, there is a vast diversity of crop forms, 

unparalleled by any other genus in the family (Table 1), Brassica juncea is the predominant accounting for 

more than 80% followed by Brassica campestris ssp. Toria covering nearly 14%. 

     The amphidiploid species (B. carinata, B. juncea and B. napus) are self compatible and self pollinated 

in nature, but about 30% of cross pollination may occur by wind and insect under field conditions. The diploid 

species viz B. nigra, B. oleraceae and B. campestris (toria and brown sarson) are self incompatible and 

consequently cross pollinated. 

 
 
Table 1 
Common name Botanical name Genome Chromosome no (n)  Mating system 

Mustard 

Black Mustard B. nigra BB 8 Self 

incompatible 

Abyssinian/ Ethiopian 

mustard 

B. carinata  BBCC 17 Self compatible 

Indian/Brown mustard B. juncea AABB 18 Self compatible 

Rapeseed 

    - B. oleracea CC 9 Self 

incompatible 

Rapeseed /Rutabaga B.napus AACC 19 Self  compatible 
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Toria  B. campestris ssp. toria AA 10 Self 

incompatible 

Yellow Sarson B. campestris ssp. yellow 
sarson 

AA 10 Self compatible 

Brown Sarson B. Campestris ssp. brown 
Sarson 

AA 10 Self 

incompatible 

                                                                                                                             (from Chopra, 2001)   

 
BREEDING OBJECTIVES: 
1) Seed yield: This is the most important objective in Brassica breeding programme. Number of pods on the 

main raceme, number of pods/plant, number of seeds/pod and seed weight are positively correlated. Further 

yield increases could result from increase in biomass and harvest index. Increased biomass can result from 

reduced photorespiration and increased light saturated rate of photosynthesis. 

2) Early maturity:  For multiple cropping sequence, early maturing toria, brown sarson, yellow sarson and 

mustard varieties are required depending upon the agro- ecology and the crop to follow. For example, in J & K, 

HP, Punjab and Haryana, an early maturing brown sarson is required where for eastern India, early maturing 

yellow sarson or toria is required so that the farmers may take up a succeeding crop wheat or jute or 

sugarcane. 

3) Resistance Breeding: Inspite of serious research efforts over the last three decades, the high yielding 

varieties of rapeseed mustard developed are  not stable. This is because of their vulnerability to biotic stresses 

like alternaria leaf spot (Alternaria brassicae); white rust (Albugo candida); downey mildews (Peronospora 
parasitica); black leg (Phoma lingam) and mustard aphid (Lipaphis erysimi); saw fly (Athalia proxima); Bihar 

hairy caterpillar (Diacrisia oblique); pests. Development of high yielding cultivar possessing resistance to such 

stresses assumes significance for bringing stability in production.  

4)  Shattering Resistance:  Pod shattering in B. napus is a major problem and no known source of 

shattering resistance is available in world germplasm of B. napus. It is, therefore, necessary to breed varieties 

in which siliquae hold the seed for sufficient time after maturity to permit harvesting with minimal loss. 

5)  Oil Content and Meal Quality:  Increased oil content and to develop varieties free from erucic acid and 

glucosinolate content are the important breeding objectives. The presence of these compounds in feed 

adversely affects the iodine uptake of the thyroid glands, resulting into various metabolic disorders. For further 

improving oil quality, elevated level of oleic and linoleic acid are desirable.   

 

 
BREEDING PROCEDURES: 
1) Selection: Different methods of selection viz mass selection, pure line selection, bulk selection and 

pedigree selection are being followed for crop improvement in rapeseed mustard. Mass selection with some 

modifications is followed both in self pollinating types like B. juncea, B. napus, B. carinata, as well as in cross 

pollinating types of B. campestris. Brassica napus variety GSL1 (Punjab) is a product of mass selection. The 

most commonly used breeding procedure for cultivar development in self pollinating B. juncea and B. napus is 

pedigree selection. 

2)  Recurrent Selection: This method is useful for improving quantitatively inherited characters like oil 

content, glucosinolates, seed colour, seed size, protein etc (in cross pollinating species e.g B. campestris). In 

population improvement, plant breeders aim at increasing the frequency of desirable alleles through selection 

of superior recombination. 
3)  Development of synthetics and composites:  A synthesis variety is produced by crossing inter se a 

number of genotypes selected for good gca in all possible hybrid combinations and maintained by open 

pollination. This is the appropriate method for increasing the average yield level. The composite breeding 

usually involves the advanced generation seed mixture of intervarietal crosses in and also the combining ability 

test of lines is not taken into consideration. The most popular composite variety developed by PAU Ludhiana is 

TCL-1 (Toria Ludhiana Composite 1). 

4) Backcross breeding: The backcrossing approach has been successfully used to transfer simply 

inherited traits such as disease resistance, low erucic acid and glucosinolate content into agronomically 

superior genotypes. The superior cultivar, which needs improvement known as recurrent parent is crossed to 

the genotype, which carry desirable trait. The F1 is backcrossed to current parent and this process may be 

continued till it recovers the genotype of the superior recurrent parent. This method has been used to transfer 

the low erucic acid, from a low erucic acid phenotype to an adapted high erucic acid B. napus cultivar ‘Oro’. 

5)  Mutation Breeding: Only a few reports are available where mutation breeding has led to some 

improvement in Indian Brassicae. A variety RLM 198 has been developed at PAU by the gamma treatment of 

mustard cultivar RL 18. The improved variety RLM 198 is profusely branched and has an oil content of 39% 

against 37.5% of RL 18, but is late of 7-8 days in comparison to RL 18 (Anon, 1977). 

6)  Heterosis breeding: Hybrids offer an opportunity for mobilizing greater genetic variation and heterotic 

response. A wide range of heterosis has been reported in rapeseed- mustard by researchers. There are five 

ways which can be employed for hybrid yield in Brassica: a) CMS; b) Genetic male sterility; c) Self 

incompatibility; d) Chemical hybridizing agents; e) Genetically engineered male sterility. The most practical 

functioning system is the CMS  System, where three line breeding comes in use as given below: a) Male sterile 

line-(A) used as females; b) Maintainer line (B)-used as multiplication of A Lines; c) Restorer line ( R )- used as 

restoration of fertility in A- Lines. 

               In oilseed brassicas, a number of CMS sources viz polima, ogura, tournefortii, oxyrrhine, siifolia, 

trachystoma, moricandia etc are well known and  very few of them are being used in the hybrid breeding 

programme. Cytoplasmic male sterility- nuclear male fertility restorer system has been perfected for 

developing hybrids in B.napus and B.juncea. The most successful B.napus hybrid to date is the Chinese 
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variety Qinyou No 2. giving more than 43% higher yield than check variety. However the success in developing 

the hybrid could not be achieved due to non availability of fertility restorer genes and developmental 

constraints such as chlorosis. Two recently developed CMS- fertility restoration systems viz mori and trachy 

appear to be very promising for hybrid development (Prakesh et al, 1998). The fertility restoration appeared to 

be controlled by a single dominant gene. CMS system based on the cytoplasm from moricandia arv. was 

investigated for fertility restoration & agronomic potential. Partial fertility restoration in F1 hybrids & absence of 

segregation for male sterility in F2 progenies suggested gametophytic control of fertility restoration (Kaurl et.al. 

2004).   

 

Different types of CMS sources in rapeseed-mustard   
  System Origin Crop 

1. Raphanus sativus (Ogura) Japanies radish Raya, toria, gobhi sarson 

2. Bronowski-shiga-Thompson B. napus 

(Shiga x Bronowski) 

S (Rf Rf) x N (rf rf) 

Gobhi sarson 

3. Diplotaxis muralis Diplotaxis muralis x B. campestris yukina Gobhi sarson 

4. Polima B> napus cv. Polima Gobhi sarson 

5. Brassica tournefortii B. juncea Raya, Gobhi sarson 

6. Nigra B. nigra x B.oleraceae Gobhi sarson, Raya 

7. B. oxyrrhina Synthetic Alloploid (B. oxyrrhina x B. campestris) Raya, gobhi sarson 

8. Trachystoma Somatic hybrid (Trach. ballii + B. juncea (2n = 52) Raya, gobhi sarson 

9. Moricandia arvensis Somatic hybrid  

Mori.Arv  + B. juncea 

(2n = 64, MMAABB)   

Raya 

10. Diplotaxis catholica Somatic hybrid D. catholica + B. juncea (2n = 54, AABB CC) Raya 

 

BREEDING FOR SPECIAL FEATURES:  
Physical properties, nutritional quality and industrial applications of oils are determined chiefly by the type and 

proportion of fatty acids present in their tryglycerides. Oil quality, therefore, may be defined as the types and 

proportion of fatty acids present in the given oil (Table 2). 

 
 
Table 2. Fatty acid composition of seed oils of cultivated Brassical species (Roebbelen and Thies, 
1980) 
Fatty Acids % 

Palmitic Stearic Oleic Linoleic Linolenic Eicosenoic Erucic  

Species 

16:0 18:0 18:1 18:2 18:3 20:1 22:1 

B. Campestries  2.9 1.3 17.1 14.0 8.5 10.0 44.0 

B. nigra 4.2 1.2 8.6 16.1 19.0 8.6 37.7 

B. olaracea  5.0 0.8 13.8 13.5 11.4 8.7 43.3 

B. juncea 3.2 0.8 9.6 19.8 15.4 6.3 42.7 

B. napus 4.9 0.8 10.5 13.4 10.8 6.2 52.9 

B. carinata 4.1 0.5 10.6 19.8 12.3 6.7 38.7 

     

             Rapeseed-mustard oil (RMO) is generally considered inferior due to the pressure of substantial 

amounts(> 50%) of long chain undesirable fatty acids like erucic (C22:1) and ecosenoic (C20:1) acids. RMO 

rich in erucic acid when fed to animals results in interference in myocardial conductance and peripheral 

vascular system, decreases survival time and increases blood cholesterol. In case of human beings, it is poorly 

digested and is deemed undesirable. The biosynthetic pathway of fatty acid (Knowles, 1989) is given below: 
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Carprylic    Capric      Lauric        Myristic      Palmitic     Stearic       

8:0    →      10:1  →   12:0   →    14:0   →    16:0  →      18:0                                           

             ↓                 ↓                                                                  
                                   12:1                                              18:1 → 20:1   →  22:1                                       

                                                                                        Oleic    Eicosenoic Erucic                                          

                                     ↓                                                    ↓            
                                 12:2                                        Linoleic   18:2  

                                     ↓                                                      ↓ 
                                12:3   →    14:3  →   16:3   →          18:3  Linolenic                                                                             

                      Biosynthetic pathway of fatty acids 
 

               Downey and Harvey (1963) proposed half seed technique to breed rapeseed cultivars without erucic 

acid. For this purpose, seeds are allowed to germinate on wet filter paper, until the radical has a length of 10 

mm. At this stage, the outer cotyledons are removes and analyzed for fatty acids composition by gas liquid 

chromatography or paper chromatography. Only those ‘test embryos’ lacking erucic are planted and grown to 

maturity. Synthesis of eicosenoic and erucic acid is controlled by two multiple allelic loci. Different strategies 

have been used to breed zero erucic characteristics into high performance rapeseed strains. In all cases, the 

basic breeding method has been recurrent, backcross and selection. 

 Defatted brassica oilseed meal contains about 40 % protein with a well balanced aminoacid composition. 

It’s use in animal and human nutrition is, however limited by it’s glocosinolate content. Of over 90% 

glucosinolates identified, the major seed glucosinolates are glucunapin, glucobrassicanapin progoitrin, 

napoleiferin and sinigrin. Basically glucosinolates are sulphur containing compounds that are retained in oil 

seed cake after oil extraction. In animal body, these compounds are hydrolyzed by enzyme myrosinase into 

toxic compounds like isothiocyanates, nitrile and thiocyanates. These hydolysis products interfere with iodine 

availability to thyroid, resulting in reduced body weight gain by animals and in severe cases may lead to goitre 

formation. Therefore, glucosinolates elimination is an important objective in Brassica improvement. 
 
Table 3 
 Brassica campestris Brassica napus Brassica junceae 

Glucosinolate content 

µMol g-1 

~ 70 ~ 70 ~ 130 

Type of  Glucosinolate 3-Butenyl and 4- pentyl, rarely 2 

propenyl  

3- butenyl (All Indian)  

2- Propenyl  

( Eoropean)  

3-Butenyl (Indian)  

2-Propenyl (European) 

Erucic acid content 23.5% to 55.5% 53.6% 50% (Indian) 

25% (European)  

First “ Zero”  erucic  

variety 

‘ Span’ released in Canada by Downey 

in 1971 

‘Oro’ in Canada by Downey in 1968 Zem-1 and  

Zem-2 by  

Kirk and Oram in 1981 

Indian Zero erucic acid 

material 

Tobin GSL 884 NQM2 

Low Glucosmolate 

variety 

B. campestris var. ‘ candle’ was released 

in Canada (1977) 

B. napus variety ‘Tower’ was released 

in 1974 (00 variety) 

Complex inheritance 

No variety 

 

            The low erucic acid oils are also referred to as ‘single low’ or single zero varieties. These crops were 

then gradually converted to the low erucic acid and low glucosinolates ‘double low’ or ‘double zero’ varieties in 

Canada. The name ‘canola’ was adapted in 1979 to apply in Canada to ‘double low’ cultivars. Therefore by 

most recent definition, canola is referred to as a rapeseed cultivar that contains less than 2% erucic acid and 

less than 30 % µ mol / g of one or any combination of the four known aliphatic glucosinolates in a defatted meal 

(Table 3).  The commercial and high yielding varieties viz PBR 91, RL 1359, RLM 619 and Varuna were 

crossed as female parent to QM 14 & Zem 1. Gas liquid Chromatographic analysis of F4  and  F5  seed, using 

half seed technique led to the isolation of 17 and 9 lines having erucic acid level 0.4 (mean) and 0.5 resp. Zero 

erucic acid seed samples had sharply increased levels of oleic (46.7) & linoleic (33.1)  acids in F4   ( Bhat et al. 

2006). An oleic acid level 50.3 % has been reported by Chauhan et al. (2004), while charactering the low erucic 

/glucosinolate lines in B. juncea. Analysis of segregation in F2 & BC1 generations from two zero X high erucic 

acid crosses indicated that higher erucic acid in B. juncea was controlled by 2 dominant genes with additive 

effects, where as segregation in a cross involving CCWF 16, a genotype having intermediate erucic acid and 

zero erucic acid strain indicated monogenic dominant control for intermediate erucic acid content as reported 

by Bhat et al. (2002)       

Seven genefically enhanced rapeseed mustard strains, developed by TERI have been registered by ICAR is 

committee on germ plasin registration. TERI- Uttam, the first double low variety has been released for 

cultivation in M. P, has high  oil content (43%), tolerant to pod shaltering and white rust and has high oleic acid 

(greater than 60%) desired for better shelf life. Others are TERI – Uphaar, TERI – Gaurav, TERI- Garima, 

TERI- Shyamail, TERI- Phaguni and TERI – Swarna. 

  

BREEDING FOR DISEASES AND APHIDS: 
             Alternaria blight, downy mildew, white rust and sclerotinia rot are the important diseases of B. juncea in 

India. Of these, alternaria blight is most serious and causes heavy reduction in seed and oil yield. As a result of 

extensive screening at different centres of all India Coordinated Research Project on Oilseed, B. juncea strains 

R C 781 and PHR 1 have been found resistant to alternaria blight. These are being used extensively in the 

hybridization program. 

 Mustard aphid (Lipaphis erysimi) is most important insect associated cruciferous oilseed in flowering and 
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podding stage. It causes more than 50% damage in late down crops. It appears in mid of December and 

population starts increasing till Jan-Feb and after then it declines (March-April). T6342, a strain of B.juncea has 

been identified as a strain of B. juncea has been identified as resistant/ tolerant to aphids and is being utilized 

extensively in hybridization program (A non, 1985). 

 
BIOTECHNOLOGY: 
1) Haploid breeding: Haploid pollen plants have been identified in B. campestris (Keller et al., 1975). 

Homozygous diploids could be obtained from haploid by means of chromosome doubling. In this case, 

generations of inbreeding, which are necessary in conventional breeding procedure, can be omitted and the 

breeding cycle of new cultivars can be greatly shortened. Another advantage of haploid breeding lies in higher 

selection efficiency, compared with that of diploid breeding. 

2) Protoplast fusion: Thomzik and Hain (1991) described the transfer of resistance to herbicides of the 

triazine, triazinone and triazolinone group localized on the chloroplast DNA, by  means of protoplant fusion, 

from a resistant spring oilseed rape plant into sensitive, German double low (00-variety) winter oilseed rape 

line. 

Barnase/ Barstar in B. juncea: A  gene introduced into the genome of an organism by recombinant DNA 

technology or genetic engineering is called transgene. Many transgenes have been shown to produce genetic 

male stentily, which is dominant to fertility. Consequently it is essential to develop effective fertility restoration 

system, if these are to be utilized for hybrid seed production. An effective restoration system is available 

Barnase/ Barstar system (Jagarnath et al, 2002).              

   Barnase – Bar:                             X                     
 [Male sterile Phosphinothricin resistant ]       ↓       [Normal fertile Phosphinothricin sensitive] 

                                                                 50% Barnase- Bar 

                                                                                           [Male sterile herbicide resistant] 

                                                         50% -1-            Male sterile herbicide sensitive  

                                                                         ↓      (phosphinothricin spray eliminates male      

                                                                                  fertile plants)  

 

                                              Barnase-Bar/-   X  Barstar/Barstar   [Male fertile restorer ]  

                                                                        ↓ 
                                                              50% Barnase- Bar/ Barstar  

                                                                                               Male fertile [Barstar                          

                                                                                               product inhibits Barnase (RNAase) 

                                                                                                
 
CONSTRAINTS AND FUTURE STRATEGIES 
1. Instability of yield, because of the absence of appropriate donor sources for major biotic stresses like 

alternaria blight , white rust and aphid pest and abiotic stresses like drought, frost etc. Therefore collection of 

germplasm from never areas, breeding for increased level of resistance either through biotechnological tools 

or conventional breedings may be followed. 

2. In B. juncea, a perfect three- line breeding system is lacking, though one of the CMS restorer system mori 

has been perfected. Therefore, with the availability of mori CMS, it is now necessary to diversify the nuclear 

background of mori CMS and restorer for use in commercial mustard hybrids production. 

3. Indigenous sources with rich quality of oil and seed meal are available, but are poor yielders. To develop 

cultivars possessing nutritionally superior oil and meal quality, conventional breeding methods would 

overcome the problem of poor yield. For the development of very high oleic and low saturated fatty acids 

(below 3%), available germplasm is to be looked into. In the absence of such trait in the gene bank, 

biotechnological tools are to be used to transfer alien gene. 
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Abstract 
Ocimum sanctum L. and O. canum Sims. plant extracts have stimulating effect on number of ovules/pistil and 

number of seeds/siliqua of turnip (Brassica rapa L.). 80% concentration of the plant extract is the most effective 

in this regard. Contrary to this, there is normally inhibitory effect of the basil extracts on the Fertilization value of 

turnip. 

Key words: Basil, extracts, turnip, fertilization value, allelopathy. 

 
Introduction 
Allelopathy is a kind of plant – plant interaction mediated through the release of chemical substances by one 

plant, which is detrimental to the other growing nearby. All types of crops of our use have more or less 

allelopathic function, especially the weeds and the medicinal plants. Biochemical interactions occur when 

allelochemicals (secondary plant metabolites) produced by one plant escape into environment and influence 

the growth and development of organisms growing in the vicinity (1, 10, 11, 13, 18, 21). The genus Ocimum, 

collectively called basil of family Lamiaceae, has long been recognized as a diverse and rich source of 

essential oils. Frequent interspecific hybridizations and polyploidy have created great taxonomic confusion and 

challenges, further complicated by the existence of chemotypes that do not differ much in morphology. The 

essential oils of basil contain biologically active constituents that are insecticidal (2, 4, 5), nematicidal (3), 

fungistatic (17) and antimicrobial properties (12). Extensive researches have been done on agricultural crops 

for getting superior varieties in order to obtain high yield, disease resistance and better quality, but virtually no 

works have been done to know the allelopathic influence of drug-yielding or medicinally important plants on the 

yield and yield-components of our valuable crops. Number of ovules present in the ovary may be regarded as 

an important component of fertility since they develop into seeds after successful fertilization. Keeping this in 

view, present study was undertaken to know the allelopathic impact of O. sanctum and O. canum on 

fertilization value of turnip (Brassica rapa L.). With the help of this, it is possible to evaluate the number of 

ovules capable of forming seeds. 

 

Materials and methods 
‘Rose Red’ cultivar of turnip constituted the material for present investigation. The method of preparing 

solutions of different concentrations of Ocimum sanctum and O. canum, mode of treatment and raising the 

plants were the same as described earlier (7). 100 pistils, 10 from each plant, in each case were pressed 

between two microscope slides after putting a drop of 2% KI solution to count the number of ovules present in 

the pistil to compute mean number of ovules/pistil (MNO). 100 siliques, 10 from each plant, were dissected with 

the help of a pair of needles to computer mean number of seeds/siliqua (MNS). The ratio of MNS to MNO x 100 

gave the percentage of fertilization value (FV). The treatments were replicated four times in Complete 

Randomized Design. The data were analyzed statistically using Critical Difference (CD) at 5% level of 

significance. All the results are presented in Table 1. 

 
Results and discussion 
Both kinds of treatment, O. sanctum as well as O. canum, exhibited stimulating effect on NNO and MNS of 

turnip. There was a gradual increase in both the parameters from 20% to 80% concentrations, followed by a 

sharp decrease at 100% in M1 generation. Maximum stimulation was demonstrated at 80% concentration 

under both kinds of treatment. Noticeably a further increase took place in M2 at all the doses. Remarkably, O. 
canum treatment demonstrated more stimulating effect than O. sanctum at all concentrations. Contrary to this, 

normally there was inhibitory effect of the basil extracts on FV of turnip. A gradual decrease was noted from 

lower to higher concentrations in case of O. sanctum treatment. Considerable recovery took place in M2 at all 

the doses, but not to the extent of control. However, O. canum treatment demonstrated a different pattern of 

influence. There was stimulatory effect of the plant extract in M1 generation at all the doses, except at 60% and 

100% doses. Maximum stimulation was noted at 80% concentration. Noticeably there was inhibitory effect of 

the extract in M2 generation at all concentrations, except at 80%. 

Moderate higher doses of the leaf extract of periwinkle (Catharanthus roseus Don.) exhibited deleterious effect 

on FV of turnip (15). Carrot weed (Parthenium hysterophorus L.) leaf and flower extracts had retarding effect 

on FV of turnip (16). O. canum is very effective against obnoxious carrot weed (Parthenium hysterophorus L.) 

harmful to human beings, crops and a real curse for the bio-diversity (8). The lower doses of the leaf extract of 

neem (Azadirachta indica A. Juss.) and azadirachtin - based biopesticide had inducing effect on FV of Brassica 
rapa L., but their higher doses were harmful (14). The crude neem oil treatment exhibited inducing effect on FV 
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of turnip (9).  

Seed set is a character of paramount importance in view of yield production and crop improvement. It is the 

ultimate product of interactions among a number of quantitative traits which are known to be controlled by 

different sets of polygenes. Basil contains a strong-scented volatile oil composed primarily of terpenoids 

particularly eugenol, thymol, and estragole. The exact components of basil oil vary widely. It also depends on 

the time of day of harvest (6). The biochemical interactions occurred when the allelochemicals present in the 

plant extracts of the basil species came in contact with the embryo of the seeds during treatment which 

ultimately influenced the growth and development of turnip plants raised from these. At present it is difficult to 

ascertain out of various constituents present in the basil plant extracts which one, or a group of these, is causal 

factor for stimulation or inhibition of the concerned traits of turnip. Obviously, it requires further biochemical 

investigations. It is invariably believed that the medicines of botanical origin are safe and can be consumed 

without any special care, but it is not so. Sometimes they have serious side effects (19). Ocimum-based 

medicines and extracts too, may be toxic. Hence their use in large amount, particularly at higher 

concentrations, may prove hazardous.  

It is expected that in near future the knowledge of allelopathy will play a vital role in crop production and 

protection, agro forestry and horticultural practices in the developed as well as developing countries. Besides it 

has potentiality to emerge as one of the strategic sciences to reduce the environmental pollution. The rich plant 

diversity in India offers a great potential for future research in this field. Present studies on allelopathy are 

focusing mainly on ecophysiology. In future molecular or gene-level studies will help in explaining the 

mechanisms of allelopathy more accurately which will facilitate the production of desired transgenic 

allelopathic plants (20).  
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Table 1. Effect of basil extracts on fertilization value of turnip. 
Number of ovules/pistil (MNO) Number of seeds/siliqua (MNS) Fertilization Value (FV%) 

O. sanctum O. canum O. sanctum O. canum O. sanctum O. canum 
Dose (%) 

M1 

(Mean) 

M2 

(Mean) 

M1 

(Mean) 

M2 

(Mean) 

M1 

(Mean) 

M2 

(Mean) 

M1 

(Mean) 

M2 

(Mean) 

M1 

(Mean) 

M2 

(Mean) 

M1 

(Mean) 

M2 

(Mean) 

Control 23.2 23.2 23.3 22.9 15.3 15.9 15.4 15.8 66.1 68.6 66.0 63.1 

20 
23.6 

(+1.7) 

24.2 

(+4.3) 

24.5 

(+5.1) 

28.4 

(+24.0) 

15.9 

(+3.6) 

16.3 

(+2.5) 

16.3 

(+5.8) 

17.1 

(+8.2) 

67.2 

(+1.7) 

67.3 

(-1.9) 

66.5 

(+0.7) 

60.2 

(-12.9) 

40 
24.7 

(+6.5) 

25.6 

(+10.3) 

25.9 

(11.1) 

29.4 

(+28.4) 

16.3 

(+6.5) 

16.9 

(+6.3) 

17.3 

(+12.3) 

18.3 

(+15.8) 

66.0 

(-0.1) 

66.2 

(-3.5) 

66.8 

(+1.2) 

62.4 

(-9.7) 

60 
26.3 

(+13.4) 

27.3 

(+17.7) 

28.2 

(+21.0) 

30.2 

(+31.9) 

17.2 

(+12.4) 

18.0 

(+13.2) 

18.2 

(+18.2) 

19.8 

(+25.3) 

65.5 

(-0.9) 

65.9 

(-3.9) 

63.5 

(-3.8) 

65.7 

(-4.9) 

80 
29.4 

(+26.7) 

29.7 

(+28.0) 

30.1 

(+29.2) 

31.2 

(+36.2) 

18.3 

(+19.6) 

19.3 

(+21.4) 

20.8 

(+35.1) 

21.7 

(37.3) 

62.2 

(-5.9) 

64.9 

(-5.4) 

69.2 

(+4.8) 

69.4 

(+0.4) 

100 
25.7 

(+10.8) 

26.0 

(12.1) 

27.2 

(+16.7) 

28.0 

(+22.3) 

14.4 

(+5.9) 

15.3 

(-3.8) 

15.1 

(-1.9) 

16.9 

(+6.9) 

55.9 

(-15.4) 

58.8 

(-14.3) 

55.7 

(-15.6) 

60.5 

(-12.4) 

CD at 5% 0.43 0.79 0.72 0.39 0.45 0.26 0.32 0.39 2.16 2.25 1.91 1.86 

Data in parenthesis indicate percent stimulation (+)/ inhibition (-) over Control. 
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Abstract 
Aqueous leaf and flower extracts of Adhatoda vasica Nees had inhibitory effect on seed germination and 

seedling survival of Brassica rapa L. in M1 generation. Some recovery took place in M2 in all the doses, but not 

to the extent of Control. Contrary to this, there was stimulating effect of both the extracts on seed weight, 

particularly at the lower and moderately higher doses. Greater inhibitory effect of leaf extract was noted on 

seed germination and seedling survival of turnip at all concentrations in comparison to the flower extract. 

Key words:  allelopathy, Adhatoda, extract, turnip, seed, dose. 

 
Introduction  
Allelopathy refers to the beneficial and harmful effects of one plant on another plant(s) growing in vicinity, both 

crop and weed species, by the release of chemicals from plant parts through leaching, root exudation, 

volatilization, residue decomposition and other processes in both natural and agricultural systems (1, 6, 12 & 

14). Biochemical interactions occur when the allelochemicals (secondary plant metabolites) produced by one 

plant escapes into the environment and influence the survival, growth and development of another plant 

growing nearby (4, 7, 8, 9 & 15). Malabar nut (Adhatoda vasica Nees.), of family Acanthaceae, is a small 

evergreen, perennial shrub growing throughout the Indian peninsula up to an altitude of 1300 m on wastelands 

in a variety of habitats and types of soil. The plant parts have been used extensively in Ayurvedic medicine for 

over 2000 years primarily for respiratory disorders. Leaf juice is given in chronic bronchitis, asthama, dysentery 

and diarrhea. A paste of the leaves is applied to the abdomen to treat urinary disorders. It has been used by 

European herbal practitioners as an antispasmodic, expectorant and febrifuge. Besides it is used in treating 

diseases like abscesses, anthrax, tuberculosis, jaundice, scabies, pneumonia and urticaria. Extensive 

researches have been done on agricultural crops for getting superior varieties for obtaining more yield, disease 

resistance and quality improvement, but virtually no works have been done to investigate the allelopathic 

potential of the drug yielding or medicinally important plants on survival, growth and development of our 

valuable crops. Keeping this in view, present work has been carried out to know the allelopathic impact of the 

medicinally important plant, Adhatoda vasica, on the seed and seedling traits of a root crop plant turnip 

(Brassica rapa L.). 

 

Material and methods  
‘Purple Top White’ cultivar of turnip constituted the material for present investigation. To make the leaf and 

flower extracts, a field grown malabar nut plant was selected and 250 g mature leaves and flowers were 

detached from this separately. The leaves and flower samples were dried separately at 60° C. Then they were 

grinned to pass through 1 mm screen and stored at room temperature. Sterilized distilled water was used to 

make the leaf and flower extracts separately in 40:1 v/w) water/sample ratio. After this, it was kept in 

refrigerator for 18 hours. Now the suspension was centrifuged at 900g for 15 minutes and then vacuum filtered 

through 0.4 µm polycarbonate filter to obtain the mother solution, and from this the solutions of different 

concentrations (20, 40, 60, 80 and 100 %) were made by adding required amount of distilled water. 300 turnip 

seeds were treated in each concentration for a period of 24 hours. For control, the seeds were soaked in 

distilled water only. Then the treated seeds were thoroughly washed in double distilled water and sown 

immediately in different pots of equal size having homogenous soil, along with Control to raise M1 plants. M2 

populations were grown from the seeds collected from M1 through selfing. The germination experiment was 

conducted at room temperature. 300 seeds were placed equidistantly in the petridishes of appropriate size, 

having two layers of filter paper at the base. Total number of seed germinated was counted on 10
th
 day from 

the date of sowing. The number of seedlings survived in the field on the 25
th
 day from the date of germination 

gave the percentage of seedling survival. 10 samples of 100 seeds in each treatment and Control were 

weighed to score mean 100- seed weight. The treatments were replicated four times in Complete Randomized 

Design. The data were analyzed statistically using Critical Difference (C D) at 5% level of significance. All the 

results are presented in Table 1. 

 

Results and discussion  

The aqueous leaf and flower extracts of Adhatoda vasica demonstrated inhibitory effects on seed germination 

and seedling survival of turnip. There was a gradual decrease in both the traits from lower to higher 

concentrations in M1 generation. Though some recovery took place in M2 at all the doses under both kinds of 
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treatment, but not to the extent of Control. Remarkably lesser inhibitory effect of the flower extract was noted 

on both the traits at all the doses. Contrary to this, there was stimulating effect of both the extracts, particularly 

at the lower and moderate doses, on seed weight of turnip. A progressive increase occurred from 20% to 60% 

concentration, followed by a gradual decrease from 80% to 100% in M1 generation. A further increase took 

place in M2 at all the doses. Maximum stimulation was seen at 60% concentration and the minimum at 20%. 

However, there was inhibitory effect at 100% concentration under both kinds of treatment in M1 generation. 

Some recovery took place at all concentrations in M2 under both kinds of treatment, but not to the extent of 

control.  However, there was more stimulating effect of the leaf extract on 100- seed weight of turnip at all the 

doses than the flower extract. 

 

Seed is a miniature plant having all the physiological, biochemical and genetic events present in a mature 

plant. It remains in a quiescent state, but is a power house of all the genetic attributes capable of exhibiting all 

the blue prints in the next generation of plant. Seed is the source of life and a horse of hunger. It sustains and 

protects life. The exploration of agricultural biotechnology to produce high tech seeds is the demand of present 

time. Seed germination, seed weight and seedling survival are  important parameters to assess the beneficial 

or harmful effects of a mutagen or allelochemical on a crop species since it influences the embryo of the seed 

from which a seedling emerges to develop into an adult plant. The development of a promising seedling largely 

depends upon the stimulating effect of the used mutagen or allelochemical. Moderately higher doses of the leaf 

extracts of periwinkle (Catharanthus roseus Don.) exhibited inhibitory effect on seed germination and seedling 

survival of turnip, but its effect on seed weight was stimulating (10). Carrot weed (Parthenium hysterophorus 

L.) leaf and flower extracts had deleterious effect on seed germination, seedling survival and seed weight of 

turnip (11). The lower doses of leaf extract of neem (Azadirachta indica A. Juss) and azadirachtin – based 

biopesticide had stimulating effect on seed germination, seedling survival and seed weight of turnip, but their 

higher doses were found to be harmful (9). The crude neem oil treatment exhibited inhibitory effect on all the 

above traits of turnip (5).  Oscimum sanctum L. and Oscimum canum Sims exhibited stimulating effect on seed 

germination, seedling survival and seed weight of turnip (2). 

 

Molisch (6) coined the term ‘allelopathy’ which refers to all stimulatory and inhibitory biochemical interactions 

between the plants including microbes. The allelopathic plants control the environment in which they live. 

Allelopathy is one of the triggers for succession of vegetation in a natural ecosystem.The medicinal plants have 

strong allelopathic potential (2, 3, 8 & 9).Vasicine is the major alkaloid present in all parts of the plant body of 

Adhatoda vasica. The leaves also contain vasicinone, 7- methoxyvasicinone, vasicinol, adhatodine, 

adhatonine, adhavasinone, anisotine, 3- hydroxyanisotine, desmethoxyaniflorine, vasicoline, and vasicolinone 

6-9 and essential oil. The flowers contain b- sitosterol – D –glucoside, kaempferol, glycoside, kaempferoland 

and quercetin. Under present investigation biochemical interactions occurred when the allelochemicals 

present in the leaf and flower extracts of malabar nut came in contact with the embryo of seed during treatment 

which ultimately influenced the growth and development of the turnip plants raised from the treated seeds. At 

present it is difficult to ascertain out of the various constituents present in the leaf and flower extracts which 

one, or a group of these, is causal factor for inhibition or stimulation of the concerned traits of turnip. Obviously, 

it requires further biochemical investigations. Adhatoda vasica is a medicinal plant and it is invariably believed 

that the medicines of plant origin are safe and can be consumed without any special care, but it is not so. 

Sometimes they have serious side effects (13). Adhatoda – based medicines and extracts too, may be toxic. 

Hence their use in large amount, particularly at higher concentrations, may prove hazardous. The term 

‘allelopathy’ is relatively new, but the concept is quite old. It is expected that in near future the knowledge of 

allelopathy will play a vital role in crop production, agro forestry and horticulture in developed as well as 

developing countries. Besides it has potentiality to emerge as one of the strategic sciences to reduce the 

environmental pollution. The rich plant diversity in India offers a significant opportunity for future research in 

this field. 
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Introduction 
Oilseed Brassica (rapeseed- mustard) is a group of highly diverse crop plants and has great economic 

importance. Oilseed Brassica are the world’s third most important source of edible oil covering an area of 24 

million hectares with a total production of 36 million tones in 53 countries (Kumar & Misra 2007, Misra & Kumar 

2008). India is second in terms of acreage and third in terms of production in the world. However, Brassica has 

more number of species both diploid and allotetraploid under cultivation for edible oil. Among the oleiferous 

brassica grown in India as oil seed crop, B. juncea (Indian mustard) accounts for 85 per cent of the area under 

the cultivation and three ecotypes of B. rapa (viz.  yellow sarson, brown sarson and toria) make up the rest of 

area. Showing so great economic importance of these two Brassica species in India have incessantly been 

pursuing their improvement through conventional and non-conventional approaches. Concerted research 

efforts in past five decades resulted in an increase of around 35- 40 per cent in mean production globally. In 

India, rapeseed-mustard crops accounted for 29.1% of the total oilseeds production and 26.1% of the total 

oilseed area during 2005-06. Globally, India accounts for 26.5% and 16.6% of the total hectare and production 

of rapeseed-mustard, respectively (Anonymous 2007). 

During earlier times, the identification of different species and oil yielding crop of Brassica was 

comparatively easier due to their specific seed-coat colour for example B. juncea B. rapa (syn. B. campestris) 

and B. nigra by brown, yellow and black colour, respectively. Now with improved seed yield and oil quality, 

yellow seeded B. juncea and Brown seeded B. rapa are available. The improved varieties of oleiferous 

brassicas have resulted into inter - mixing of seed-coat pigments and other morphological parameters. Thus 

the identification of seeds by visual method is no longer possible. Wunderlich (1967), Rathore & Singh (1968) 

and Stringam et al.  (1974) have stressed the role of seed- coat anatomy in identification of crop species and 

varieties. Vaughan and Whitehouse (1971) studied seed structure in different genera of Cruciferae and 

concluded that seed coat anatomy is of great importance in determining identification of different varieties. 

Corner (1976) has also emphasized the importance of comparative seed structure as an aid to taxonomic 

consideration in various angiosperm families. Seed-coat maceration is another method, which is utilized for 

identification of different species of brassicas. Proper identification/ characterization of germplasm are also 

necessary for effective utilization in improvement of the brassicas by plant breeders. Therefore, in the present 

study an attempt has been made to compare structural details of developing seeds in three ecotypes of 

Brassica rapa viz., toria, yellow sarson and brown sarson with reference to their seed coats.  

Material and Methods 
For anatomical studies all possible stages of developing fruit or siliqua were fixed in formaline - acetic acid- 

alcohol (FAA) and stored in 70 percent ethanol. Dehydration and clearing was done through alcohol xylene 

series. The dehydrated material was cleared in xylene and it was further subjected giving several changes in 

the hot air oven at 70
0
c till the traces of xylene were removed. Thereafter, infiltrated material of developing 

stages of siliqua placed immediately in paper boat containing molten wax. The boat was transferred in cold 

water tray for faster solidification of paraffin. After solidification the wax cake was taken out from paper boat 

and cut into small blocks, each having a single object. The pieces of paraffin along with material were mounted 

on the block holder of microtome with the help of warm scalpel and dipped in cold water. Serial sections of 

10-20 µ in thickness were obtained in various planes. The ribbons of sections were placed on clean slides 

having Meyer’s adhesive. Spreading of sections was done on the spreading table. The slides thus prepared 

were dried and kept for staining. For developmental studies of siliqua, the slides were stained in Delafield’s 

Haematoxylin and mounted in Canada balsam. For the maceration mature dry seeds were soaked in water for 

overnight and after that kept in Juffery’s solution (5% Nitric acid and 5% potassium hydroxide) again for 

overnight. These seeds were poured into watch glass and layers of seed- coat were obtained by moving the 

seeds with the help of needles. The layers thus obtained were washed in water carefully. The outer layer of 

seed coat having suberized cells was stained with 1 percent aqueous solutions of safranin and the inner layer 

with 1 percent aqueous solution of fast green. The mounting of these macerated cells was done in lacto 

phenol. Observations were recorded under low and high magnification of compound microscope. The required 

measurements of cells were taken by oculometer and these layers were also photographed. 
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Results and Discussion 
B. rapa var. yellow sarson: During the early stage the outer integument is thin and is usually four layered but 

the number increases near the micropyle and occasionally at other places too. The inner integument is two to 

four layered at micropylar end but is broader on the sides and at the base of ovule the number of layers 

reaches seven or more. During further development the cells of the outer three layers of outer integument get 

filled with starch (Fig. 1A), while the cells of innermost layer, elongate radially and do not possess starch 

grains. The cells of inner integument increase in number and size and are filled with smaller starch grains. At a 

later stage the fleshy inner integument shows the presence of tannin like substance in its innermost layer. The 

remaining layers start degenerating from the periphery and proceed towards the interior. All the four layers of 

outer integument persist till maturity (Fig. 1B). The cells of outer integument are polygonal with highly lignified 

walls showing obliterated lumen of these cells (Fig. 1C). The cells of the innermost layer of inner integument 

are also polygonal in shape and somewhat thick walled with dense cytoplasm and oil globules of various sizes 

are also discernible in these cells (Fig. 1D). Micrometry of cells of outer integument reveals their average 

length up to 21.6 µ while the thickness of their walls is up to 15 µ. Whereas, the length of the cells of pigmented 

layer of inner integument is 33.55 µ and their cell walls are 10.8 µ thick. The pattern of lignifications of outer 

integument and cytoplasmic inclusions of inner integument cells has characteristic peculiarity (Table 1). The 

cells (palisade) in surface view are arranged in isobilateral or T- shaped manner. Their oblique lumen is mostly 

spitted and bordered. 

 

Table 1. Persistent cells of outer and inner integuments in surface view 
Outer integument (in µ) Inner integument (in µ) Genotypes 

Cell Length (µ) Thickness of cell wall  Cell Length(µ) Thickness of cell wall  
Yellow sarson 21.6 (± .376) 15.0 (± .334) 33.55 (± .196) 10.8 (± .210) 

Toria 26.40 (± .320) 19.6 (± .380) 27.5 (± .263) 6.25 (± .254) 

Brown sarson 20.4 (± .40) 13.60 (± .360) 28.80(± .330) 6.2 (± .330) 

 

B. rapa var. toria: At the earlier stage the cells of outer integument are arranged in 3 or 4 layers as seen in 

longitudinal section (Fig. 2A). The innermost layer of outer integument divides anticlinally and its cells are filled 

with prominent nucleus and cytoplasm, while the middle layer divides both periclinally and anticlinally used its 

cells are filled with promined starch grains. At this stage the inner integument is 5 - 6 layered at micropylar 

region and 8 or more layered at the base of the ovule. The cells of outer most layer of inner integument 

elongate tangentially while others are polygonal and vacuolated. These cells are filled with minute starch 

grains. At maturity the outer integument remains two layered. The cells of innermost layer become lignified at 

their radial and inner tangential walls but the lignifications do not reach up to upper tangential walls. The inner 

integument, at this stage, starts degenerating from its peripheral side and proceeds towards interior of the 

developed seed (Fig. 2B). The maceration of seed coat (in mature dry seed) reveals only two layers viz. 

polygonal and lignified cells of the inner most layer of outer integument and innermost layer of inner integument 

which have pigmented cells, of variable shape and size (Fig. 2C and D). The cells of outer integument in 

surface view are mostly 24.8 µ long with 13.0 µ thickness of their walls. Like wise, the cells of inner integument 

are up to 27.5 µ in length and their cell walls are 6.25 µ thick. These cells are filled with densely cytoplasm 

showing several inclusions (Table 1). The palisade cells in surface view are mostly arranged linearly, their 

lumen is circular, completely obliterated showing border all around. 

B. rapa var. brown sarson: During the course of seed coat development both integuments modified in 

several ways. At early stage the cells of outer integument are more rectangular in shape in longitudinal 

sections and are arranged in 3 to 5 layers. The innermost layer of outer integument divides radially while the 

cells of other layers get tangentially elongated and filled with starch grains. Inner integument at this stage is 3 - 

4 layered thick at micropylar region and nearly 8 celled in middle (Fig. 3A).  At maturity, cells of the innermost 

layer of outer integument are lignified at their radial and inner tangential walls while the outer tangential walls 

are thin layered and these cells function as main mechanical layer. Three layers of this integument persist till 

maturity. At this stage cells of the innermost layer are densely filled with cytoplasm and have prominent nuclei. 

Other cells of this integument are polygonal and vacuolated. Cells of the inner integument start degenerating 

from the peripheral side and at that time when cotyledons are well differentiated, the inner integument consists 

of 3 or 4 layers. Cells of the innermost layer acquire tannin like pigmented substance while others are filled with 

starch grains. At the mature seed stage, the pigmented cells represent the inner integument only. A layer of 

endosperm cells also persists adjacent to the pigmented layer. The surface view (after maceration of seed coat 

of mature dry seeds) reveals only two layers viz. lignified cells of inner most layer of outer integument and 

pigmented cells of the innermost layer of inner integument (Fig. 3B). Micrometry of the cells of outer 

integuments reveals that, their average cell length is 20.4 µ and thickness of lignified walls is around 13.6 µ, 

whereas the length of cells of inner integument reaches up to 28.8 µ attaining the thickness of walls up to 8 µ 

(Fig. 3C and D). The palisade cells in surface view are arranged in linear or T- shaped manner. The lumen is 

broader and almost circular. These cells appear as if having bordered pits. 

Studies on seed development revealed that both the integument (outer and inner) take part in the  

formation of seed- coat in B. rapa ecotypes and in the mature dry seeds only innermost layers of both the 

integument are persistent. The same situation has been observed by Rathore and Singh (1968) in yellow 
sarson. Vaughan et al. (1976) and Wang & Liu (1991) have however observed that seed- coat in Brassicas 

develops from outer integument only and inner integument along with nucellar tissue are used up by the 

developing embryo. Present results are in confirmation of earlier reports by Yazava et al. (1988) and Setia & 

Richa (1989).Microscopic measurements of palisade cells, their thickening and cells of inner most layer of 

testa revealed that cell size and thickness is not responsible for yellow, black or brown coloration of seeds as 

observed by Wang & Liu (1991). The genetic makeup, of course, play and important role in the determination 

of seed- coat colour and pattern. 
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Explanation of figure on next page 
Seed coat anatomy of  B. rapa var. yellow sarson (Fig 1A- 1D), toria (Fig 2A- 2D) and brown sarson (Fig 3A- 3D) 

A. Longitudinal section (LS) of a portion of immature seed with four layered outer and seven layered inner 

integuments (Fig. 1A and Fig. 2A) , LS of a portion of immature seed with four layered outer and four layered inner 

integuments at micropylar region (Fig. 3A) 

B. L S of a portion of mature seed showing  three layered outer and three to several layered inner integuments 

represented by innermost pigmented layers (Fig. 1B and Fig. 3B), L S of a portion of mature seed showing  three 

layered outer integuments, degenerating cells of inner integuments along with innermost pigmented layer(Fig. 2B) 

C. Cells of innermost layer of outer integument in surface view showing variable pattern of lumen obliteration (Fig. 

1C, Fig. 2C and Fig. 3C) 

D. Cells of pigmented layer in surface view (Fig. 1D, Fig. 2D and Fig. 3D) 
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Introduction 
Oilseed Brassicas (rapeseed- mustard) is a group of highly diverse crop plants and has great economic importance. 

The family Brassicaceae, includes about 3500 species and 350 genera, is one of the 10 most economically 

important plant families (Warwick et al 2000). Those of particular importance are: Brassica napus, B. rapa, and B. 
juncea -sources of canola and industrial oil. Rapeseed-mustard comprises a group of seven cultivated oilseed 

Brassicas of tribe Brassicae within the family Brassicaceae. They are the main source of edible oil in Indian diet after 

groundnut. The different species are, Indian mustard (Brassica juncea (L.) Czern. & Coss.), toria (B. rapa L. ssp. 

toria), yellow sarson (B. rapa L. ssp. yellow sarson), brown sarson (B. rapa L. ssp. brown sarson), swedes/ gobhi 

sarson ( B. napus L.), Abyssinian mustard/ karan rai ( B. carinata Braun.) and rocket/ taramira (Eruca sativa Mill.). 
Other related genera, which are found in India, are black mustard/ banarsi rai (B. nigra Koch), white mustard 

(Sinapis alba L.) and wild mustard (B. tournefortii Gouan). Thus, Oilseed Brassicas represent a rich diversity, which 

are being cultivated in 23 states and union territories of India. However, much of diversity is concentrated is the 

Indo-gangetic plains and sub-mountain Himalayas (Misra and Kumar 2008). A lot of morphological variability 

(including floral) found in the members of Brassicaceae. Therefore, an attempt has been in the present study to 

compare morphometric yield contributing and floral characters record in eleven genotypes of Brassicas.  

 

Material and Methods 
The viable seeds of the species were sown two consecutive years at Agricultural Research Farm, R.B.S. College, 

Agra (India). The experimental data were recorded on five randomly tagged plants in each genotype and the mean 

values used. The data recorded for plant height (cm), number of primary branches per plant, number of secondary 

branches per plant, angle between main shoot and primary branches ( 
0 
), siliqua angle ( 

0 
), main length of shoot 

(cm), number of siliqua on main shoot, siliqua length (cm), seeds per siliqua  and 1000- seed weight (g). One 

thousand seed counted by electronic seed counter (Contador, Germany) and weighed by electronic balance. The 

floral characters include length of petals (mm), width of petals (mm), length of stamens of lateral whorls (mm), length 

of stamens of median whorls (mm), length of carpel (mm) and length of style (mm).  

 

Results and discussion 
The morphological data and floral observation presented in table 1 and table 2, respectively. Among the eleven 

genotypes the average plant height ranged between 72.75 to 153.25 cm. Maximum height attained by B. nigra 

while, the shortest plant height was attained by B. rapa var. toria due to its spreading habit. Maximum number of 

primary branches (11.3) was observed in B. carinata and minimum number of primary branches observed in S. alba. 
The average maximum number of secondary branches (54) observed in S. alba whereas, B. rapa  var. toria had 

minimum number (7) of secondary branches. The angle between main shoot and primary branches recorded 

41.25° in B. juncea (brown seeded), whereas, least  angle (12.4°)  attained by E. sativa. The angle of siliqua with 

respect to main shoot was found maximum in B. napus (82.5°) and minimum in B. nigra (23.5°). The maximum 

(44.0 cm) main shoot length recorded in B. juncea (yellow seeded) and minimum (25.0 cm) in S. alba. The 

maximum (44.0) number of siliqua on main shoot was found in B. juncea (yellow seeded) and minimum (12) was 

recorded in E sativa. The average length of siliqua varied from 1.9 (S. alba) - 6 (B. napus) cm. Maximum average 
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number of seeds per siliqua (28) was recorded in B. rapa  var. yellow sarson and minimum number (5) of seeds 

observed in S. alba. The bold seed(4.73 g)  observed in B. juncea (brown seeded). However, minimum (0.8 g) 1000- 

seed weight recorded in B. nigra. 

 

Observations on some floral characters (Table 2) in these genotypes revealed that the length and width of 

petals is associated with attracting the honeybees as pollinators in the field. Thus, E. sativa with largest petals and 

B. rapa  var. yellow sarson with broadest petals attract more honey bees for pollination as compared to other 

genotypes. Larger stamens were recorded in E. sativa, S. alba and smaller in B. nigra, B. tournefortii and B. rapa 
var. toria. Incidentally all these five genotypes are strictly self-incompatible and diploid.  

 

Branching pattern of the shoot in eleven genotypes suggests that B. carinata has maximum number of 

primary branches, whereas, S. alba produced maximum number of secondary branches. B. rapa var. toria produces 

moderate number of primary branches with optimum angle with main shoot and minimum number of secondary 

branches, suggesting its plant geometry best suited to mixed cropping with wheat, barley and gram etc. The angle 

of pod (siliqua) with respect to main axis found maximum in B. napus and minimum in B. nigra. It is observed that 

greater the angle of pod with respect to it main axis, chances of its shattering is more on maturity. Thus, B. nigra with 

adpressed pods considered a non-shattering type. Length of main shoot was highest in yellow seeded B. juncea 
and least in S. alba. This shows that plant height not necessarily correlated with the main shoot length. However, the 

short main shoot length in S. alba appears to have been compensated by high number of secondary branches per 

plant .A negative correlation between main shoot length and number of secondary branches per plant was also 

seen in rest of the genotypes under present observation. As far as the number of siliquae on main shoot is 

concerned, B. juncea (yellow seeded) had highest and E. sativa had minimum. Thus, a positive relationship exists 

between main shoot length and number of siliquae in B. juncea (yellow seeded) but the same degree of relationship 

for this character not found in other genotypes. Similarly, length of siliqua is positively correlated with number of 

seeds per siliqua in S. alba because it has minimum number of seeds per siliqua and has shortest pod length. 

Nevertheless, the same is not true for other genotypes. 
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Table1. Morhological traits of different oleiferous brassicas and their related genera 
 

Character (± SE) Species 

Plant 

height 

(cm) 

Primary 

branches 

/plant 

Secondary  

branches 

/plant 

Angle between 

main shoot 

and primary 

branches ( 
0 

) 

Siliqua 

angle 

( 
0 
) 

Main 

shoot 

length 

(cm) 

Siliqua on 

main shoot 

 

Siliqua 

length 

(cm) 

Seeds 

per 

siliqua 

1000- 

seed 

weight 

(g) 

 

 B. carinata 146.25 

(+4.72) 

11.30 

(+0.60) 

13.30 

(± 1.40) 

36.25
0 

(± 2.07) 

35.0
0
 

(± 0.18) 

33.80 

(± 0.63) 

13.0 

(± 0.6) 

4.10 

(± 0.07) 

16.75 

(± 0.41) 

3.97 

(± 0.06) 

 B. napus 138.75 

(+5.40) 

 

10.20 

(+0.89) 

21.60 

(± 1.53) 

40.0
0 

(± 0.71) 

82.5
0 

(±1.25) 

26.0 

(± 0.45) 

43.0 

(± 0.57) 

6.0 

(± 0.07) 

15.0 

(± 1.18) 

2.70 

(± 1.06) 

 

B. rapa 

var. brown 
sarson 

150.25 

(± 5.3) 

5.0 

(±11.31) 

13.0 

(±16.13) 

30.0
0
 

(± 1.08) 

53.75
0
 

(± 2.07) 

37.0 

(± 0.96) 

43.0 

(±1.25) 

5.2 

(± 0.05) 

16.0 

(± 0.07) 

3.30 

(± 0.07) 

B. rapa 

var. toria 

72.75 

(± 3.05) 

6.0 

(± 0.44) 

7.0 

(± 0.83) 

35.0
o 

(± 0.76) 

55.0
0 

(± 2.5) 

36.0 

(± 0.71) 

32.0 

(± 0.55) 

5.17 

(± 0.10) 

18.0 

(± 0.35) 

3.32 

(± 0.11) 

B.  rapa 

var. yellow 
sarson 

115.5 

(± 5.8) 

8.8 

(± 0.73) 

8.0 

(± 0.90) 

38.75
0 

(± 3.06) 

53.75 

(± 2.07) 

38.6 

(± 1.3) 

43.0 

(± 1.25) 

 

5.4 

(± 0.1) 

28.0 

(± 0.61) 

4.20 

(± 4.42) 

B. juncea 
(yellow seeded) 

95.5 

(± 5.35) 

9.0 

(± 0.42) 

14.0 

(± 0.57) 

33.75
0
 

(± 1.65) 

51.25
0
 

(± 4.71) 

52.6 

(± 4.84) 

44.0 

(± 7.06) 

5.2 

(± 0.18) 

13.0 

(± 0.43) 

3.30 

(± .09) 

B. juncea 
(brown seeded) 

150.25 

(± 8.63) 

8.0 

(± 0.35) 

11.0 

(± 0.55) 

41.25
0
 

(± 1.29) 

30
0
 

(± 0.18) 

39.0 

(±  0.69) 

39.0 

(± 0.69) 

5.2 

(± 0.05) 

11.50 

(± 0.44) 

4.72 

(± 0.41) 

B. nigra 153.25 

(± 7.22) 

8.0 

(± 0.55) 

25 

(± 1.82) 

36.5
0
 

(±1.03) 

23.5
0
 

(± 1.88) 

36.0 

(± 1.36) 

38.0 

(± 0.68) 

3.75 

(±.21) 

15.0 

(± 1.12) 

0.8 

(± 0.06) 

B. tournefortii 112.8 

(± 3.13) 

7.0 

(± 0.34) 

20.4 

(± 1.01) 

26.5
0
 

(± 0.77) 

32.0
0
 

(± 1.00) 

35.75 

(± 0.33) 

12.92 

(± 0.24) 

4.8 

(± 0.07) 

13.0 

(± 0.51) 

1.20 

(± 0.06) 

Sinapis alba 140.0 

(± 0.99) 

5.0 

(± 0.24) 

54.0 

(±2.70) 

28.25
0
 

(± 0.77) 

32.25
0
 

(± 0.95) 

25.0 

(± 0.96) 

39.0 

(± 0.65) 

1.9 

(± 0.07) 

5.0 

(± 0.4) 

2.40 

(± 0.16) 

Eruca sativa 88.8 

(±1.63) 

6.4 

(± 0.25) 

12.4 

(± 0.65) 

21.0
0 

(± 3.16) 

28.0
0 

(± 0.12) 

36.6 

(± 0.28) 

12.0 

(± 0.68) 

3.3 

(± 0.07) 

13.6 

(± 0.67) 

2.85 

(±0 .09) 



 73 

 

 

 

 

Table2. Floral traits of different oleiferous brassicas and their related genera 
 

Length  (in mm ) of various floral charecteristics (± SE) Species 

Length of petals 

 

Width of petals 

 

Length of stamens of 

lateral whorls 

 

length of 

stamens of 

median whorls  

Length of 

carpel  

Length of 

style 

 B. carinata 12.00 

(± 3.53) 

7.00 

(± 0.61) 

 

6.50 

(± 0.35) 

9.50 

(±  3.53) 

9.05 

(± 0.09) 

1.75 

(±  0.13) 

 B. napus 11.75 

(± 0.41) 

6.25 

(± 0.22) 

7.50 

(± 0.25) 

9.25 

(± 0.41) 

9.00 

(± 0.09) 

2.00 

(± 0.18) 

B. rapa 

var. brown sarson 

15.00 

(± 0.54) 

8.25 

(± 0.69) 

 

8.00 

(± 0.35) 

9.75 

(± 0.22) 

8.75 

(± 0.13) 

2.13 

(± 0.11) 

B. rapa 

var. toria 

11.50 

(± 0.54) 

6.00 

(± 0.35) 

5.25 

(± 0.22) 

7.75 

(± 0.22) 

6.12 

(± 0.12) 

2.00 

(± 0.18) 

B.  rapa 

var. yellow sarson 

13.00 

(± 0.50) 

8.75 

(± 0.22) 

6.75 

(± 0.21) 

9.00 

(± 0.35) 

9.25 

(± 0.07) 

2.13 

(± 0.11) 

B. juncea 
(yellow seeded) 

11.00 

(± 6.42) 

5.75 

(± 0.22) 

6.50 

(± 0.25) 

8.75 

(± 0.22) 

7.75 

(± 0.07) 

2.12 

(± 0.11) 

B. juncea 
(brown seeded) 

11.50 

(± 0.35) 

6.50 

(± 0.35) 

6.00 

(± 0.35) 

9.25 

(± 0.22) 

8.50 

(± 0.11) 

2.88 

(± 0.13) 

B. nigra 8.25 

(± 7.22) 

3.5 

(± 0.25) 

5.25 

(± 0.22) 

6.50 

(± 0.25) 

6.50 

(± 0.13) 

2.11 

(± 0.108) 

B. tournefortii 8.80 

(± 0.20) 

4.10 

(± 0.14) 

4.75 

(± 0.28) 

6.50 

(± 0.30) 

7.10 

(± 0.21) 

0.84 

(± 0.13) 

Sinapis alba 12.75 

(± 0.21) 

8.20 

(± 0.16) 

7.50 

(± 0.41) 

10.40 

(± 0.10) 

10.20 

(± 0.11) 

2.75 

(± 0.14) 

Eruca sativa 20.00 

(± 0.56) 

7.40 

(± 0.13) 

6.40 

(± 0.17) 

12.40 

(± 0.10) 

11.20 

(± 0.06) 

4.50 

(± 0.20) 



 74  

DEVELOPMENTAL AND REPRODUCTIVE BIOLOGY 
 

 

Introgression of cytoplasmic male sterility from Erucastrum 
canariense and Brassica tournefortii to Indian cauliflower 
(Brassica oleracea var. botrytis L.) using embryo culture 
 

Veerendra K.Verma1, P. Kalia1*, Seema Dargan2 and S.R. Bhat2 

 
Division of Vegetable Science, Indian Agricultural Research Institute, New Delhi 110012, India 
2
National Research Center for Plant Biotechnology, New Delhi

 
110012, India 

*Corresponding author: pritam.kalia@gmail.com 

 

 

 
Introduction 

Of late, cytoplasmic male sterility is gaining importance in hybrid breeding in cauliflower, as it will facilitate 

hybrid seed production and reduce the risk of sibs. Although, radish based CMS system is already being 

experimented in cauliflower but due to vulnerability of the system to various pathogens, it is desirable to have 

diverse sterile cytoplasm for hybrid breeding. 

Male sterility system both genetic and cytoplasmic has been extensively studied in cabbage cauliflower 

and broccoli (Chiang et al, 1993). The distant hybridization between Brassica and allied genera is often difficult 

due to crossability barriers, which limits the introgression of alien cytoplasm across species and genera. The 

post–fertilization barriers can be overcome by ovary/ovule culture, sequential ovary ovule culture and embryo 

culture etc. (Sarmah and Sarla, 1998). 

Moreover, cytoplasmic male sterility is being looked upon as potential alternative in the F1 hybrid seed 

production of cauliflower, as weak alleles pose a threat of self seed in SI based hybrid seed production. 

Exploiting cytoplasmic male sterility, therefore, has an advantage over SI system and establishing of diverse 

CMS system shall have merit in overcoming the problems of vulnerability of sterile cytoplasm to specific 

diseases which is a major risk due to monopolistic cultivation of hybrids derived from single source of sterile 

cytoplasm. The present study was, therefore, undertaken to transfer sterile cytoplasm from Erucastrum 
canariense and Brassica tournefortii into Indian cauliflower (Brassica oleracea var. botrytis L.) using embryo 

culture. 

 

Materials and Methods 
Interspecific crosses 

Plants of Brassica napus (2n=38, AACC) with Erucastrum canariense sterile cytoplasm (CMS) as well as 

Brassica tournefortii sterile plants, and Brassica oleracea var. botrytis (2n=18, CC) plants were raised in 

vegetable research farm of Indian Agricultural Research Institute, New Delhi.  The crosses were attempted in 

both the CMS using cauliflower as a male parent during 2006-07 and the first backcross was made in the 

following year in both the cases and the populations assessed during 2008-09.  

 

In Vitro methods 
 Pollinated ovaries were excised 5-7 days after pollination (DAP) and surface sterilized in freshly prepared 

mercuric chloride (0.1%) and sodium dodecyl sulphate (0.1%) for 10 minute and rinsed thrice with sterilized 

distilled water. Two to three ovaries were cultured aseptically in a separate culture tube containing MS 

(Murashige and Skoog, 1962) basal medium supplemented with casein hydrolysate (CH.250mg/l), CaCl2 (20 ml 
L
) and agar 8 g/l with pH

 
5.8. 

 For ovule culture, the pollinated ovaries (10-15 DAP) were surface sterilized and then the ovules were 

excised aseptically, three to five ovules were cultured in each culture tube (containing basal MS medium), and the 

ovules which showed enlargement were cultured on a fresh medium. 

Multiple shoot induction  
The shoot tips of plants obtained from cultured ovules were further cultured on MS medium containing BAP 

(0.2mg/l) for induction of multiple shoots. Rooting was induced by supplementing growing medium with NAA (0.1 

mg/l) (Plate1). 
Maintenance of plants 
 The plants were maintained on nutrient culture containing MS medium with sucrose (30 g/l), CaCl2 (20ml/l) and 

agar 8g/l).The medium was replaced at 12-15 days intervals. 
Hardening and field transfer of plants 
After cleaning the agar from plant roots under tap, these were transferred on to test tubes containing normal tap 

water with the roots immersed in it for one week or so replacing water at one day interval. The plants were 

covered with 200 micron thickness polyethylene sheet having pores. One week old hardened plants were planted 

in the sterilized soilless medium containing cocopit, perlite and vermiculite in 3:1:1 ratio, respectively for better 

growth and development. The seedlings were kept in polyhouse for 20 days and then transferred to the main field 

for further studies. The BC1 plants were raised the same ways as hybrids by ovule culture. 
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Observations 
 For the evaluation of interspecific F1 and backcross progenies, the observations were recorded on plant height 

(cm), leaf length (cm), leaf width (cm), leaf apex, leaf margin, leaf shape, leaf texture, flower characteristics and 

pedicel length (cm). Besides, pollen viability was tested using 2% potassium iodide.   

 

Results and Discussion 
  For the introgression of diverse sterile cytoplasm into Indian cauliflower from Brassica tournefortii and 

Erucastrum canariense via Brassica napus, embryo rescue was employed for obtaining F1 and backcross (BC1) 

plants. The percentage of developed embryo obtained and their germination percentage in canariense and 

tournefortii derived F1 and BC1are given below
 
in the Tables A and B, respectively. The percentage of germinated 

embryo was in the range of 3-5% and it was higher in canariense derived F1 and BC1 compared to that of 
tournefortii. 
Table-A. Developed embryos (%) obtained and the germination (%) in canariense derived F1 and BC1   
S.No. Number of ovule cultured Developed embryo obtained (%) Germinated embryo (%) 

1 100 7 4 

2 110 8 5 

3 100 5 3 

 
Table-B. Developed embryos (%) obtained and the germination (%) tournefortii derived F1 and BC1   
S.No. Number of ovule cultured Developed embryo obtained (%) Germinated embryo (%) 

1 110 6 3 

2 120 5 4 

3 120 6 4 

 

Sterile cytoplasms from both the sources were attempted into two genotypes of cauliflower namely, 

Palam Uphar and Sarju Maghi through hybridization assisted with embryo culture. The morphological features of 

F1 and BC1 generations are given in Table-1 and 2 and different stages of embryo rescue culture are presented in 

Plate-1. The F1 plants each in both the combinations are morphologically similar amongst themselves, but the 

expression of both the cytoplasm was quite distinct from each other.  
 As the wild relatives of crop plants are an important source of genetic variability for various economic 

traits including male sterility, the scope of using these germplasm for crop improvement is limited by hybridization 

barriers. These barriers operate during pollen germination, fertilization or hybrid development and prevent gene 

transfer.  In the present study for the introgression of sterile cytoplasm from diverse sources into Indian 

cauliflower was carried out with the help of embryo rescue to overcome the problem of post-fertilization barrier in 

F1 and BC1. The two diverse sterile cytoplasm sources namely, Erucastrum canariense (via Brassica napus, 
2n=38, AACC) and Brassica tournefortii were employed for transferring sterile cytoplasms into cauliflower (B. 
oleracea var. botrytis L.) background. Sterile plants from both the wild cytoplasm sources with rudimentary 

stamens and shriveled anthers were pollinated with cauliflower pollen. 

 Morphologically, F1s were of intermediate type in leaf characteristics, whereas for flower characteristics 

and bolting behaviour these were like that of sterile source. However, F1 that originated from the B.tournefortii 
cytoplasm and B. oleracea var. botrytis had fertile and sterile plants wherefrom sterile plants were selected for 

backcross. The backcross progeny still segregated for fertility and sterility as confirmed by pollen viability test. 

From the experimental study and segregation behaviour of sterile and fertile plant, it was revealed that there was 

fertility restorer gene for the tournefortii cytoplasm. The fertility restorer gene may be either from cauliflower or 

from parental source or due to improper function of sterile cytoplasm with nuclear genes of cauliflower. To 

achieve complete male sterility, therefore, in this background further backcrossing of the selected male sterile 

plants to eliminate the restorer gene is essential. The F1 and BC1 generations developed using canariense sterile 
cytoplasm and cauliflower as pollen parent were completely sterile with flowers having rudimentary stamen and 

shriveled anthers and pollen viability test also confirmed sterility. 

 The BC1 plants developed using both the cytoplasm sources in cauliflower background were closer to 

recurrent parent with respect to leaf length, breadth and waxiness of leaves. The BC1 plants had the bolting 

inflorescence like that of broccoli emerging head the delay however was unlike that of sterile cytoplasm sources. 

For sterility pattern in F1s, our findings  are in corroboration with those of  Celis et al. (1991), Momtaz et al. (1998), 

Hinata and Kano (1979), Vyas et al. (1995) and Bang et al. (2007). This study needs to be furthered with 

continued backcrossing using cauliflower as recurrent parent for complete introgression of sterile cytoplasms into 

cauliflower background for facilitating heterosis breeding and affordable hybrid seed production.   
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Table 1. Morphological features of F1 and BC1 derived from tournefortii cytoplasm 

Characters Female parent Male parent F1 hybrid BC1 

Plant height 

(cm) 

140-150 120-130 140-150 140-150 

Leaf length(cm) 30-35 50-60 35-38 65-70 

Leaf 

breadth(cm) 

15-18 22-28 18-20 22-25 

Leaf apex Pointed Obtuse Obtuse Obtuse 

Leaf margin Serrated Entire Slight serrated Slight serrated 

Leaf Shape Middle leaves lyrate 

and pinnatified 

lyrate lyrate lyrate 

Texture Moderate smooth Smooth and waxy Smooth and waxy Smooth and waxy 

Flower Dark yellow and 

stamenless with 

nectaries 

Cream colour  with 

stamen and 

nectaries present 

Dark yellow, stamenless 

and few rudimentary 

and nectaries present 

Dark yellow, 

stamenless and few 

rudimentary and 

nectaries present 

 

Table 2. Morphological features of F1 and BC1 derived from canariense cytoplasm 

 
Characters 

 
Female parent 

 
Male parent 

 
F1 hybrid 

 
BC1 

Plant height (cm) 145-160 120-130 150-160 150-160 

Leaf length(cm) 45-50 50-60 55-60 68-75 

Leaf width(cm) 16-18 20-28 18-21 24-26 

Leaf apex Pointed Obtuse Obtuse Obtuse 

Leaf margin Serrated Entire Entire Entire  

Leaf Shape Middle leaves lyrate 

and pinnatified 

lyrate lyrate lyrate 

Texture Moderate smooth Smooth and waxy Smooth and waxy Smooth and waxy 

Flower Bright yellow and 

stamenless with 

nectaries 

Cream colour  with 

stamen and 

nectaries present 

Bright yellow, 

rudimentary stamen 

with brown tip and 

nectaries present 

Bright yellow, 

rudimentary stamen with 

brown tip and nectaries 

present 
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1. Ovule and embryo culture 4. Hardening stage 

2. Multiplication 5. Seedling stage 

  3. Developmental stage 6. Flower initiation stage 

Plate1. Different stages of plant regeneration through embryo rescue 
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Abstract 
Interspecific hybridization was used to successfully introgress genetic variability into Brassica carinata (BBCC 2n 

=34) cv. PC 5 for morphological traits from the quality lines of Brassica juncea (AABB 2n= 36) 

Key words: Ethiopian mustard, B. carinata, interspecific hybridization 

 

Introduction 
The natural Ethiopian mustard (Brassica carinata)   has restricted level of variability for various agronomic traits 

like crop maturity, plant stature and other yield attributing traits (Song et at 1988, Prakash and Chopra 1991).This 

requires utilization of new sources of variability for broadening the genetic base of the crop. Interspecific 

hybridization is an attempt in this direction. 

 
Material and methods 
Brassica carinata cv. PC5 (BBCC 2n=34) was crossed as a male with different elite lines Brassica juncea (AABB 

2n= 36)viz. NUDH-YJ-4 and NJHO-3-10A with the objective of substituting B genome of B. carinata with  B 

genome of Brassica  napus, in addition to cytoplasmic substitution. The F1 plants were backcrossed to Brassica 
carinata with the objective to eliminate unwanted A genome chromosomes and improve fertility and seed set. 

Brassica carinata type   BC1 Selected on the basis of morphology and cytology were selfed to raise to BC1 F2 

progenies. Ten random plants from each of these stable BC1 F2 progenie of Brassica carinata were tagged 

individually for recording .the morphological data for various agronomic traits (Table 1). The analysis of variance 

was carried out as per the standard procedure. 

 

Results and discussion 
The morphological assessment of BC1 F2 progenies (Table 1) depicted high pollen fertility in all the progenies with 

SJC 29 and SJC 30 (100%) was at par with the check (PC 5). There was a significant decrease in  plant height in 

the progenies SJC25(155.6 ± 8.9cm), SJC 29(188.4±  4.6cm) and SJC 24(200.8  ± 8.7cm) .Brassica carinata is a 

tall growing crop and there is a need for development of variety with a stature at par with that of B. napus or B. 
juncea . Rao et al (1993) was successful in developing short stature plants in the backcrosses of B. napus x B. 
carinata. In spite of decreased plant height in majority of the progenies, mean primary branches, recorded an 

increase over the check (PC 5) in lines SJC 25, SJC 29 and SJC 30. However, the secondary branches per plant 

recorded a decrease in all the lines except SJC 24 (70.2 ± 7.3) over the check (PC5). Siliquae on the main shoot, 

main shoot length, siliqua length, seeds per siliqua and seed yield recorded a decrease in most of the line over 

the check (PC 5).The variability generated will be further used  for improvement of the crop in future. 
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Table 1.  Mean and range of variability for morphological traits in BC1F2 progenies of (B. juncea x B. carinata) X B. carinata  
Progenies Pollen fertility 

(%) 

Days to 

flowering 

Days to 

maturity 

Plant 

height(cm) 

Primary 

branches 

Secondary         

branches 

Siliquae on 

main shoot 

Main shoot 

length (cm) 

Siliqua  

length(cm) 

Seeds per 

siliqua 

Seed yield 

per plant (g) 

SJC 24 77.5±12.5 106.5±4.2 169 200.4±8.7 20.4±2.9 70.2±7.3 22.1±3.4 40.2±2.8 3.5±0.1 9.5±0.5 12.0±2.5 

 

 

(70-80) (89-119)  (170-235) (13-27) (40-99) (14-35) (28-52) (3.0-4.0) (8-12) (5.5-18.5) 

SJC 25 65.3±6.7 115.2±0.2 173 155.6±8.9 15.6±4.9 38.6±8.0 30±6.6 35±7.2 3.2±0.2 12.4±1.2 10.5±1.2 

 

 

(50-100) (106-116)  (141-172) (12-25) (28-61) (21-43) (24-48) (2.8-3.5) (9-15) (8.9-11.40 

SJC 29 100.0 112.3±1.5 168 188.4±4.6 25.8±6.5 48.4±10.6 23.3±3.2 33.2±4.4 4.2±0.3 11.9±0.6 10.5±1.8 

 

 

 (110-116)  (182-246) (14-37) (23-85) (17-31) (26-43) (3.5-5.2) (10-15) (7.5-15.0) 

SJC 30 100.0 117.5±3.8 170 217.5±14.3 23.3±2.6 61.5±12.3 29.2±1.6 34.3±2.2 4.2±0.1 12.4±0.4 12.4±3.6 

 

 

 (109-124)  (180-240) (18-28) (26-93) (17-35) (20-42) (3.7-5.0) (10-14) (6.0-21.6) 

PC 5 

(check) 

100.0 105.0 168 230.6 19.0 62.4 28.8 45.2 4.1 14.0 12.5 

Figures in parenthesis indicate range 
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Abstract 
Interspecific hybridization  was used  to successfully introgress genetic variability  into Brassica carinata (BBCC 
2n =34) cv. PC 5 for morphological traits  from  quality lines of  Brassica napus ( AACC 2n= 38) 

 
Introduction 
The natural Ethiopian mustard (Brassica carinata)   has restricted level of variability for various agronomic traits 

like  crop maturity, plant stature and other yield attributing traits (Song et at 1988, Prakash  and Chopra 1991). 

This requires utilization of new sources of variability for broadening the genetic base of the crop.  Interspecific 

hybridization is an attempt in this direction. 

 
Material and methods 
Brassica carinata cv. PC5 (BBCC 2n=34) was crossed as a male with different elite  lines Brassica  napus (AACC 

2n= 38) viz. NHO7-10 ,NHO 7-14 and NHO 7-15 with the objective of substituting C genome of B. carinata with C 

genome of Brassica  napus, in addition to cytoplasmic substitution. The F1 plants were backcrossed to Brassica 
carinata with the objective to eliminate unwanted A genome chromosomes and improve fertility and seed set. 

Brassica carinata type BC1 selected on the basis of morphology and cytology were raised to BC1 F2 generation 

through selfing. Ten random plants from each BC1 F2 progeny were tagged individually for recording the 

morphological data for various agronomic traits (Table 1). The analysis of variance was carried out as per the 

standard procedure 

 
Results and discussion 
The assessment of morphological traits of BC1 F2 progeny revealed excellent variability (Table 1). High mean 

pollen grain stainability in the progeny SNC 2 emphasized their meiotic stability .Mean plant height was lower in 

SNC 2 as compared to PC 5 indicating a positive trait shift, possibily following introgression of genes governing 

short plant stature from the B. napus parent. Brassica carinata is a tall growing crop and there is a need for 

development of variety with a stature at par with that of B. napus or B. juncea. Rao et al (1993) was successful in 

developing short stature plants in the backcrosses of B. napus x B. carinata. Individual plants with excellent 

increase in primary and secondary branches were recorded in introgression lines. The mean number of siliquae 

on the main shoot and the length of main shoot showed significant increase in the introgression plants with 

individual plants exhibiting a significant variability for theses traits. However, siliquae length and seeds per 

siliquae did not show any increase over the PC 5, these values in general were lower than PC5.The mean days to 

maturity revealed a trend towards B. napus parent (NHO 7-10) and all the introgression plants  took less days to 

mature than PC5). Brassica carinata is a long duration crop and development of varieties having maturity at par 

with B. napus and B. juncea is an agronomic necessity. The seed yield per plant in different lines was either at par 

or lower than the recurrent B. carinata parent.This clearly indicates a clear genetic enrichment especially in 

productivity traits in Brassica carinata from elite lines of Brassica napus. These advanced introgression lines will 

serve a new Germplasm for further selection and breeding to make improvement in yield and component traits in 

this crop.  
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Table 1. Mean and range of variability for morphological traits of (B. napus x B. carinata)  BC1F2 progeny 

 
 Entry 

 

Pollen 

fertility (%) 

Days to 

flowering 

Days to 

maturity 

Plant height 

(cm) 

Primary 

branches 

Secondary         

branches 

Siliquae on 

main shoot 

Main shoot 

length 

(cm) 

Siliqua length 

(cm) 

Seeds per 

siliqua 

Seed yield per 

plant 

(g) 

SNC 2 82.3±5.4 107.5±7.2 164 185.2±15.9 21.2±3.1 60.8±9.5 21.5±5.8 45.8±4.1 4.1±0.4 10.8±1.5 10.8±1.2 

 

 

(70-100) (84-118)  (129-240) (14-29) (38-122) (12-32) (27-72) (3.0-5.0) (7-15) (7.4-14.7) 

PC 5 

 

100.0 104.0 173 203.2 20.2 59.4 18.8 38.4 4.5 14.4 13.5 

Figures in parenthesis indicate range 
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Abstract 
Interspecific hybridization was used to successfully introgress genetic variability into Brassica carinata (BBCC 2n 

=34) cv. PC 5 for morphological traits from the quality lines of Brassica juncea (AABB 2n= 36) 

Key words: Ethiopian mustard, B. carinata, interspecific hybridization 

 

Introduction 
The natural Ethiopian mustard (Brassica carinata)   has restricted level of variability for various agronomic traits 

like crop maturity, plant stature and other yield attributing traits (Song et at 1988, Prakash and Chopra 1991).This 

requires utilization of new sources of variability for broadening the genetic base of  the crop. Interspecific 

hybridization is an attempt in this direction. 

 
Material and methods 
Brassica carinata cv. PC5 (BBCC 2n=34) was crossed as a male with different elite lines Brassica juncea (AABB 

2n= 36) viz. NUDH-YJ-4 and NJHO-3-10A with the objective of substituting B genome of B. carinata with B 

genome of Brassica  napus, in addition to cytoplasmic substitution. The F1 plants were backcrossed to Brassica 
carinata with the objective to eliminate unwanted A genome chromosomes and improve fertility and seed set. 

Brassica carinata type BC1 selected on the basis of morphology and cytology were raised to BC2 progenies 

through backcrossing to Brassica carinata. Ten random plants from each of these stable BC2 progenies of 

Brassica carinata were tagged individually for recording .the morphological data for various agronomic traits 

(Table 1). The analysis of variance was carried out as per the standard procedure 

 
Results and discussion 
The assessment of morphological traits in BC2 progenies of B. carinata (Table 1) revealed that the two lines viz 

BJC 30 and BJC 31 showed 100 per cent pollen grain stainability, indicating  the genomic stability. The plant 

height recorded a significant decrease in all the lines over both the parents which is highly desirable in this crop, 

indicating successful introgression of genes for   short stature from B. juncea to B. carinata. Rao   et al (1993) was 

successful in developing short stature plants in the backcrosses of B. napus x B. carinata In spite of short plant 

stature, primary branches per plant were higher in many progenies as compared to PC 5. Only few lines showed 

an  increase in secondary branches per plant over the check. Other traits viz., siliquae on main shoot, main shoot 

length, siliqua length and seeds per siliqua showed no increase over the check (PC 5). There was a decrease in 

days to maturity in the lines BJC 23, BJC 30 and BJC 29 over the check (PC 5). An increase in seed yield per 

plant was noted in BJC 23, BJC 28, BJC 30 and BJC 31.Incidentally these lines were also having near normal 

pollen grain   .This clearly indicates a clear genetic enrichment especially in productivity traits in Brassica carinata 
from elite lines of Brassica juncea. These advanced lines will serve a new germplasm for further selection and 

breeding to make improvement in yield and component traits in this crop.    
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Table 1.  Mean and range of variability for morphological traits of (B. juncea  x B. carinata) BC2 progenies  

 

progenies Pollen 
stainability (%) 

Days to 
flowering 

Days to 
maturity 

Plant height 
(cm) 

Primary 
branches 

Secondary         
branches 

Siliquae on 
main shoot 

Main shoot 
length 
(cm) 

Siliqua length 
(cm) 

Seeds per 
siliqua 

Seed yield 
per plant (g) 

BJC 23 84.0±6.7 87.8±3.7 161 139.5±6.5 20.5±4.6 29.7±5.4 18.5±2.1 32.7±5.4 4.0±0.5 10.2±0.3 15.0±2.0 

 

 

(70-100) (77-100)  (126-158) (10-35) (18.-58) (12-31) (23-48) (3.0-6.0) (8-13) (10.0-18.5) 

BJC 28 91.4±5.5 110.0±2.7 171 208.0±12.4 24.8±3.2 96.8±21.7 20.8±1.9 35.6±2.1 4.7±0.3 9.3±1.0 15.8±2.0 

 

 

(70-100) (105-117)  (194-262) (15-34) (40-184) (16-30) (30-40) (4.0-5.6) (7-11) (10.0-25.0) 

BJC 29 70.5±4.3 106.4±3.1 165 206.0±10.6 26.9±5.2 51.6±7.5 20.4±4.1 29.5±3.6 4.7±0.4 11.7±0.2 12.3±1.4 

 

 

(50-100) (101-109)  (125-250) (16-60) (20-103) (12-26) (22-42) (3.1-5.8) (10-14) (9.5-15.5) 

BJC 30 100.0 117.5±4.2 162 217.5±6.5 23.3±2.1 61.5±8.3 29.2±6.4 34.3±8.2 4.2±0.3 12.9±0.5 14.0±2.0 

 

 

 (109-124)  (180-240) (18-28) (26-93) (18-32) (19-42) (3.7- 5.0) (11-15) (8.5-21.0) 

BJC 31 100.0 108.6±1.5 169 215.3±3.4 23.2±3.1 76.4±6.1 32.3±2.6 61.3±6.5 4.9±0.2 11.8±1.0 15.2±2.1 

 

 

 (104-110)  (200-226) (17-30) (50-119) (24-39) (50-79) (4.0-5.6) (9-14) (9.0-21.4) 

PC 5 (check) 

 

100.0 105.0 168 230.6 19.0 62.4 28.8 45.2 4.1 14.4 12.0 

NUDH-YJ-4(ch

eck) 

100.0 84.0 152 219.0 12.8 22.8 60.8 73.0 3.6 13.4 10.2 

Figures in parenthesis indicate range 
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Abstract 
Among the cole vegetables, cabbage is extensively grown in India. A study was undertaken at experimental farm of 

Himachal Pradesh Krishi Vishvavidyalaya High Land Agricultural Research and Extension Centre, Kukumseri (Lahul 

Valley) to identify the best cabbage hybrid for summer cultivation under high land condition of North-Western 

Himalayas. For this purpose ten hybrids viz., Green Challenger, Varun, Green Boy, Mitra (S-92), T-621, Sonar 

NL-95, Gideon, Bajrang, Sumati and Rare Ball were evaluated in a randomized block design with four replications 

during summer season for two years. Analysis of variance revealed significant differences among the hybrids for all 

the traits except stalk length and compactness of head. The pooled analysis of two year data indicated that T-621 

gave the maximum yield of 61.65 t/ha (average) which, was at par with Varun (58.43 t/ha), Green Challenger (55.33 

t/ha) in first and Mitra S-92 (56.60 t/ha) in second year. The highest yielding hybrid (T-621) had round shape, 

compact heads and less number of non-wrapper leaves. The results revealed that net head weight, compactness of 

head, stalk length, equatorial diameter and polar diameter were the most important characters for their direct 

contribution towards head yield. Thus, it can be inferred that the selection based on these characters either in 

combination or alone will result in the identification of hybrids having high yield. 

 

Introduction 
Among cole crops, cabbage (Brassica oleracea L. var. capitata) is the most important one in which hybrids have the 

tremendous advantage due to its high yield, quality and resistance to several biotic and abiotic stresses. Since hybrid 

varieties from different companies have flooded the market and the farmers are not in a position to select an 

appropriate variety/hybrid, it was therefore decided to assess the performance of different hybrid varieties during 

summer months under high-hills dry temperate conditions of North-Western Himalayas. High yield in cabbage 

depends upon many yield components, since yield is a polygenic character, correlation are often misleading as they 

measure the association between two characters and may not give complete picture of yield. The correlations 

between any two characters which, are being measured do not exist by themselves alone, but are parts of 

complicated pathway of yield, in which indirect effect of other traits will also exist. The path coefficient analysis 

devised by Dewey and Lu (1959) provides an effective means of finding out  direct and indirect causes of association 

and permits a critical examination of given correlation and measures the relative importance of each factor. The 

inadequate information available in the literature prompted us to determine genotypic-environment interaction in 

cabbage. It was therefore decided to look into the relationships of various yield components both among themselves 

and with yield and to study the nature and degree of direct and indirect effects of yield contributing character on 

cabbage. 

 

Materials and methods 
The experimental material for the present investigation comprised of ten cabbage hybrids viz., Green Challenger, 

Varun, Green Boy, Mitra (S-92), T-621, Sonar NL-95, Gideon, Bajrang, Sumati and Rare Ball. These hybrids were 

grown for two years during summer seasons at experimental farm of High Land Agricultural Research and Extension 
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Centre, Kukumseri in Lahaul and Spiti district of Himachal Pradesh. The centre is at 32
0
44’15” N latitude and 

76
0
41’23” E longitude at an elevation of 2772m above mean sea level in a dry temperate high-hill zone in the 

North-Western Himalayas of India. Lahaul valley is characterized by the sloppy mountains with short snow less 

growing season of 6 months during April to September. The experiment was laid out in randomized block design with 

four replications. The seedlings were transplanted at a spacing of 45 cm x 45 cm in the first week of June in each 

year. The recommended package of practices was followed to raise the crop. Ten plants from each plot were 

randomly selected to record data on quantitative characters viz., number of non-wrapper leaves, stalk length (cm), 

gross head weight (Kg), net head weight (Kg), polar diameter (cm) and equatorial diameter (cm), head shape index 

and compactness of head. The total yield per plot was taken to convert yield/ha. Analyses of variance for all the 

characters were calculated according to the method of Panse and Sukhatme (1984). The correlation coefficients 

(genotypic and phenotypic) were calculated as per Al-Jibouri et al. (1958). Path coeffecients of various characters 

were calculated according to Dewey and Lu (1959). 

 

Results and Discussion 
All the hybrids exhibited a significant difference for the characters except compactness of head (Table 1). Also, there 

was a wide range of variation for all the characters. Number of non-wrapper leaves varied from 15.99 (Sonar NL-495) 

to 20.66 (Green Boy), stalk length (cm) from 1.78 (Sonar NL-495) to 2.64 (Varun), gross head weight (Kg) from 1.24 

(Sumati) to 1.86 (Green Boy), net head weight (Kg) varied from 0.8 (Sumati) to 1.23 (T-621), head shape index from 

0.91(Gideon) to 1.16 (Mitra S-92), polar diameter (cm) from 11.70(Sumati) to 14.59 (Mitra S-92),  equatorial diameter 

(cm) from 12.18 (Sumati) to 14.24 (Green Boy) and head yield (t/ha) from 35.56 (Gideon) to 61.65 (T-621). Bhardwaj 

(1996) and Jamwal et al. (1995) also reported wide range of variation for most of the characters studied in this crop. 

It is evident from the Table 1 that yields of hybrids varied significantly. T-621 gave maximum yield of 64.33 and 58.98 

t/ha in respective years which was equivocal to that recorded from Varun (58.43 Kg), Green Challenger (55.33 Kg) 

and Mitra S-92 (54.85 Kg) in first year and Mitra S-92 (56.60 Kg) in second year. The highest yielding hybrid,T-621 

(61.65 t/ha) had round shape (1.00), compact head (45.60) and less number of non-wrapper leaves (16.54). Singh 

(2002) also observed variation in yielding potentiality of different genotypes of cabbage.  

Correlations studies revealed that in general, genotypic correlation were higher in magnitude than the 

phenotypic correlations (Table 2). Head yield was positively correlated with polar diameter and head shape index. 

These results are in consonance with those of Parsad et al. (1989) and Gill et al., (1977). Phenotypic and genotypic 

correlations are presented in Table 2. In general, genotypic correlations were higher in magnitude than the 

phenotypic correlations. Negative correlation of head yield was observed with compactness of head. Among other 

traits, positive associations of head shape index with polar diameter; equatorial diameter with head net weight, 

number of non-wrapper leaves and gross head weight; polar diameter with net head weight; and gross head weight 

with net head weight and number of non-wrapper leaves was observed. 

Path coefficient analysis (Table 3) showed that net head weight, compactness of head, stalk length, 

equatorial diameter and polar diameter were the most important characters for their indirect contribution towards 

head yield. Head net weight contributed maximum indirectly by polar diameter followed by gross head weight, 

equatorial diameter, head shape index and number of non-wrapper leaves; number of non-wrapper leaves via 

compactness of head; gross head weight via compactness of head; and compactness of head via head shape index. 

These results are in agreement with the findings of Prasad et al. (1989) and Bhardwaj (1996). Thus it can be inferred 

that the selection based on these characters either in combination or alone will result in the identification of hybrids 

having high yield potential. 
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Table 1. Estimates of mean values for various characters in cabbage. 
Hybrid/Character Number of non-wrapper 

leaves 

Stalk length 

(cm) 

Gross head weight 

(Kg) 

Head net weight 

(Kg) 

Polar diameter (cm) 

 1
st
 

year 

2
nd

 year Pooled 1
st
 

year 

2
nd

 

year 

Pooled 1
st
 year 2

nd
 

year 

Pooled 1
st
 year 2

nd
 

year 

Pooled 1
st
 year 2

nd
 

year 

Pooled 

Green Challenger 17.08 17.00 17.04 2.40 2.85 2.33 1.51 1.51 1.51 0.99 0.96 0.97 12.85 12.90 12.88 

Varun 16.60 16.50 16.55 2.65 2.63 2.64 1.58 1.63 1.60 1.05 1.07 1.06 13.55 13.63 13.59 

Green Boy 20.65 20.68 20.66 1.78 1.78 1.78 1.82 1.86 1.84 1.24 1.21 1.22 14.35 14.55 14.45 

Mitra S-92 16.98 16.93 16.95 2.53 2.55 2.54 1.53 1.58 1.56 1.18 1.19 1.18 14.80 14.38 14.59 

T-621 16.65 16.43 16.54 2.50 2.53 2.51 1.54 1.58 1.56 1.29 1.12 1.23 13.88 13.93 13.90 

Sonar NL- 495 16.05 15.93 15.99 1.83 1.73 1.78 1.25 1.25 1.25 1.12 0.86 0.99 12.73 12.73 12.73 

Gideon 18.03 18.73 18.38 2.08 2.20 2.14 1.62 1.67 1.64 1.23 0.96 1.09 12.43 12.48 12.45 

Bajrang 16.88 17.25 17.06 2.48 2.53 2.50 1.23 1.29 1.26 1.01 0.81 0.91 12.18 12.08 12.13 

Sumati 17.28 17.08 17.18 1.80 1.83 1.81 1.19 1.24 1.21 0.83 0.80 0.81 11.70 11.70 11.70 

Rare Ball 17.03 16.90 16.96 2.63 2.53 2.58 1.57 1.61 1.59 1.09 1.11 1.10 13.48 14.03 13.75 

CD 5% 1.16 1.67 0.99 0.42 0.57 0.35 0.31 0.33 0.22 NS 0.27 0.19 1.49 1.28 0.96 

                                                                                                                                                                 

 

Hybrid/Character Equatorial Diameter (cm) Head shape index Compactness of head Yield (t/ha) 

 1
st
 

year 

2
nd

 year Pooled 1
st
 

year 

2
nd

 

year 

Pooled 1
st
 year 2

nd
 

year 

Pooled 1
st
 year 2

nd
 

year 

Pooled 

Green Challenger 13.48 13.45 13.46 0.95 0.96 0.96 43.34 41.93 42.46 55.33 44.83 50.08 

Varun 13.08 13.05 13.06 1.04 1.05 1.04 44.43 45.07 44.75 58.43 53.23 55.83 

Green Boy 14.18 14.30 14.24 1.01 1.03 1.02 42.67 40.27 41.29 47.30 47.60 47.45 

Mitra S-92 12.25 12.40 12.33 1.15 1.16 1.16 47.64 49.57 48.39 54.85 56.60 55.73 

T-621 13.93 13.93 13.83 1.00 1.00 1.00 47.93 41.43 45.60 64.33 58.98 61.65 

Sonar NL- 495  12.23 12.33 12.28 1.04 1.03 1.04 57.62 44.24 50.57 45.38 45.13 45.25 

Gideon 13.53 13.83 13.68 0.92 0.90 0.91 56.25 42.12 48.88 43.53 27.60 35.56 

Bajrang 12.65 12.63 12.64 0.96 0.96 0.96 52.72 42.90 47.84 40.15 40.35 40.25 

Sumati 12.08 12.28 12.18 0.97 0.95 0.96 49.38 46.41 47.79 44.23 43.95 44.09 

Rare Ball 13.10 13.15 13.13 1.07 1.07 1.07 46.44 44.25 45.31 54.03 51.25 52.64 

CD 5% 0.72 1.24 0.82 0.06 0.06 0.04 NS NS NS 9.52 4.59 5.17 
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Table 2. Estimates of phenotypic (P) and genotypic (G) correlation coefficients among various traits in cabbage 
Traits  Number of 

non 

wrapper 

leaves 

Stalk 

length 

Gross head 

weight 

Polar 

diameter 

Equatorial 

diameter 

Head shape 

index 

Compactness of 

head 

Yield 

Head net weight P 0.263 0.104 0.856* 0.567 0.469 0.274 0.325 0.295 

 G 0.425 0.295 0.902* 0.978* 0.713* 0.482 -0.908* 0.567 

Number of non- wrapper leaves P  -0.243 0.391 0.198 0.298 -0.101 0.010 -0.239 

 G  -0.446 0.650* 0.266 0.615* -0.197 -0.491 -0.329 

Stalk length P   0.041 0.187 0.038 0.151 -0.032 0.344 

 G   0.163 0.325 0.035 0.312 -0.487 0.568 

Gross head weight P    0.573 0.561 0.186 0.013 0.210 

 G    0.756* 0.805* 0.196 -0.934* 0.312 

Polar diameter P     0.566 0.619* -0.295 0.536 

 G     0.416 0.746* -0.457 0.766* 

Equatorial diameter P      -0.259 -0.502 0.169 

 G      -0.302 -1.140 0.163 

Head shape index P       0.151 0.496 

 G       0.345 0.665* 

Compactness of head P        -0.189 

 G        -0.726* 

*indicates P≤0.05 

 

Table 3. Estimates of direct (diagonal) and indirect (off diagonal) effects of various traits towards yield at genotypic level in cabbage 
Traits Number of non 

wrapper leaves 

Stalk 

length 

Gross 

head 

weight 

Head net 

weight 

Polar 

diameter 

Equatorial 

diameter 

Head 

shape 

index 

Compactness of 

head 

Correlation with 

head yield 

Number of non 

wrapper leaves 

-0.543 -0.139 -0.227 0.557 0.046 0.191 0.066 -0.279 -0.329 

Stalk length 0.242 0.310 -0.057 0.386 0.056 0.011 -0.104 -0.277 0.568 

Gross head weight -0.353 0.050 -0.350 1.182 0.129 0.250 -0.065 -0.531 0.312 

Head net weight -0.231 0.091 -0.315 1.311 0.167 0.221 -0.160 -0.516 0.567 

Polar diameter -0.145 0.101 -0.264 1.282 0.171 0.129 -0.248 -0.260 0.766* 

Equatorial diameter -0.334 0.011 -0.281 0.934 0.071 0.310 0.100 -0.649 0.163 

Head shape index 0.107 0.097 -0.069 0.632 0.127 -0.094 -0.333 0.197 0.665* 

Compactness of 

head 

0.267 -0.151 0.327 -1.190 -0.078 -0.354 -0.115 0.569 -0.726* 

Significant at 5% level, Residual effect: G = -0.4633 
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