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Table

1.

Analysis of variance for combining ability

Mean sum of squares

Source of 

variation

df

Plant height

Number of 

bran

ches 

per plant

Number of 

capsules on 

main stem

Number of 

capsules on 

branches

Total

number 

of capsules

Capsule 

length

Number of 

seeds per 

capsule

1000

seed 

weight

Seed yield per 

plant

Replication

2

2.37

0.09

0.99

3.28

0.20

0.05

5.91

0.01

0.22

Genotype

22

182.02**

5.08**

36.21**

137.31**

146.88**

0.69**

49.60**

0.17**

6.41**

Line

(L)

4

433.59*

15.54**

118.01**

362.62**

166.86**

0.72**

29.05

0.08

0.16

Tester

(T)

2

502.51

2.25

39.43

176.69

394.29**

3.25**

97.01

0.93**

55.86**

L x T

8

139.46**

2.79**

10.83

**

58.65**

52.64**

0.10*

29.43**

0.07**

0.22**

Error

44

1.36

0.06

0.27

0.86

0.58

0.04

1.61

0.01

0.09

gca

4.80

0.12

1.22

3.66

2.87

0.02

0.33

0.01

0.28

sca

46.03

0.90

3.52

19.26

17.35

0.01

9.25

0.02

0.04

gca

/

sca

0.10

0.13

0.34

0.19

0.16

2.00

0.03

0.50

7.00

*    

-

Significant at

5%

level

; 

* * 

-

Significant at

1%

level
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3.

Correlation coefficients of safflower traits

in

different treatments groups

(a1b0,a2b0), ( a1b1,a2b1), ( a1b2,a2b2),(a1b3,a2b3)

Traits

Treatment

No

Heads 

/

Plant

No

Seeds

/ 

Head

No. Sec. 

Branches

Plant Height

Grain 

yield

/

Plant

100.

Seed

.

Weight

Oil yi

eld

/

plant

Grain yield

/

Plot

Oil yield

/

Plot

1

-

0.716**

-

0.051

0.643**

0.318*

0.170

0.352*

0.372*

0.268

2

0.104

0.138

0.512**

0.454**

0.052

0.481**

0.433

0.389**

3

-

0.116

0.342*

0.333*

0.311

0.078

0.276

0.472**

0.098

No.

Heads

/

Plant

4

-

0.084

0.33

6*

0.288

0.272

-

0.077

0.256

0.419**

-

0.367*

1

-

-

0.160

-

0.423**

-

0.04

-

0.106

-

0.046

-

0.129

-

0.094

2

-

0.049

0.217

0.029

-

0.131

0.058

-

0.065

-

0.119

3

-

-

0.212

-

0.212

0.049

0.035

-

0.013

0.104

0.191

No.

Seeds

/

Head

4

-

-

0.212

-

0.212

0.034

-

0.151

0.0

03

-

0.031

-

0.149

1

-

0.119

0.137

0.134

0.125

-

0.053

0.095

2

-

0.341*

0.201*

-

0.056

0.209

0.084

0.059

3

-

0.355*

0.300

0.258

0.426*

0.315*

0.206

No. Sec.

Branches

4

-

0.355*

0.451**

0.086

0.361*

0.092

-

0.160

1

-

0.463**

0.444

*

0.432**

0.493**

0.272

2

-

0.473**

0.304

0.444**

0.415**

0.415**

3

-

0.431**

0.097

0.467**

0.200

-

0.097

Plant Height

4

-

0.451**

-

0.156

0.425**

0.148

0.086

1

0.269

0.971**

0.531**

0.490**

2

0.524**

0.973**

0.459**

0.470**

3

0.198

0.960**

0.513**

0.501**

Grain yield

/

Plant

4

-

0.315

0.970**

0.340*

0.401**

1

-

0.279*

0.237

0.064

2

-

0.476**

0.029

0.089

3

-

0.149

0.355*

0.370*

100.

Seed

.

Weight

4

-

0.390**

-

0.057

0.121

1

-

0.520**

0

.480**

2

-

0.449**

0.250

3

-

0.516**

0.201

Oil yield

/

plant

4

-

0.351*

0.198

1

-

0.945**

2

-

0.978**

3

-

0.958**

Grain yield

/

Plot

4

-

0.953**

1

-

2

-

3

-

Oil yield

/

Plot

4

-

1

=a1b0,a2b0

2=a1b1,a2b1

3=a1b2,a2b2

4=a1b3,a2b3

*,**

significant at the

5%

and

l%

levels of probability respectively
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ABSTRACT

A study was undertaken with a view to assessing the per se performance, heterosis and nature of gene action involved in the inheritance of powdery mildew resistance through line x tester mating design. Twelve lines and four testers were crossed to produce 48 hybrids. Among the parents the lines Si 3315/11 and OMT 30 and the tester Co 1 recorded a superior mean performance and desirable gca effect for powdery mildew. Hence, these parents could be used as donors in hybridization programmes for transferring powdery mildew disease resistance. The hybrid Si 3315/11 x  SVPR 1 exhibited a superior mean performance, favourable sca effect and standard heterosis for this trait.

Key words: Sesame, combining ability, powdery mildew, gene action.

INTRODUCTION

Sesame (Sesamum indicum L.) is an important ancient oilseed crop. It is rich in oil (53.53%) and protein (26.25%). Sesame oil is characterized for its stability and quality. However, it has not contributed much to the current oilseed scenario. The average productivity of sesame is low as compared to other oilseeds due to the lack of high yielding cultivars, resistant to major insect pests and diseases. Sesame is susceptible to several pests and diseases of which powdery mildew caused by Oidium acanthospermi (Childarwar), showed considerable economic damage throughout the sesame growing areas in post rainy/severe winter season. Shambarkar et al. (1997) reported that powdery mildew alone could cause yield loss up to 45%. Therefore, in addition to breeding for yield contributing characters, more attention should be given to resistance breeding in order to identify resistant/tolerant varieties or hybrids with higher yield. Disease resistance in high yielding varieties ensures that farmers do not depend much on chemical control and also avoid environmental pollution. Hence, an attempt was made  to study the nature of gene action involved in showing resistance to powdery mildew for 48 hybrids  along with their 16 parents.

MATERIALS AND METHODS

The experimental material consisted of twelve lines and four testers. These sixteen genotypes were sown in a crossing block during Kharif 1999. The line x tester model of mating design was adapted to produce 48 F1 hybrids. These 48 F1 hybrids along with their 16 parents were sown in a randomized block design with three replications during winter 1999. Each entry was sown in a single row of 3 m length at a spacing of 30 x 30 cm. Three rows of susceptible check TMV 4 were raised all around the experimental plot. The entries were allowed for natural infection. All the genotypes were scored for powdery mildew incidence.

The scoring was done during the maximum disease incidence (50 DAS) in the field trial during winter season of 1999 and when there was a maximum disease incidence in the susceptible check TMV 4. Five plants were used for disease scoring for each genotype in a replication. A total of 15 leaves were scored in each plant, five each from the apical, middle and basal regions. The disease intensity was scored using the following scale (TNAU, 1980).

	Disease grade
	Description

	0
	No lesion or specks

	1
	Small sized powdery specks infecting less than 1 per cent leaf area

	3
	Enlarged irregular powdery growth covering 1-5 per cent leaf area

	5
	Powdery growth to form big patches covering 5-25 per cent leaf area

	7
	Powdery growth covering 25-50 per cent leaf area followed by yellowing

	9
	100 per cent leaf area covered with powdery growth, yellowing and dropping of infected leaves.


The percent disease index (PDI) was calculated by following the formula given by McKinney (1923).

	PDI =
	Sum of grades x 100

	
	Total number of leaves assessed x maximum disease grade


On the basis of the reaction to the disease (PDI), the genotypes were grouped into four as furnished below (Raja Ravindran, 1990).

	DPI (per cent)
	Disease reaction

	0
	Immune (I)

	1-30
	Resistant (R)

	31-50
	Moderately resistant (MR)

	51 and above
	Susceptible (S)


The combining ability analysis was carried out according to the method of Kempthorne (1957). The test of significance was carried out for the estimates of heterosis by adopting the t test as per the formula given by Wynee et al. (1970).

RESULTS AND DISCUSSION

The analysis of variance showed significant genotypic variances for powdery mildew. The selection of parents based on phenotypic mean performance is an essential step for the success of any breeding programme. Among the different biometrical techniques available, the combining ability through line x tester provides general combining ability (gca) and specific combining ability (sca) effects and also gene action for various traits. The mean phenotypic performance and gca effect of parents are presented in Table 1. Among the lines, OMT 30 and Si 3315/11 recorded a significantly superior mean performance for powdery mildew resistance. Among the testers, Co 1 showed a superior mean performance for powdery mildew resistance. These three parents also recorded a significant gca effect in a favourable direction. Hence Si3315/11, OMT 30 and Co 1 could be used as donor parents for transferring powdery mildew resistance in a hybridization programme.

	Table 1. Phenotypic mean performance and general combining ability effect (gca) of parents for powdery mildew

	Parents
	Mean
	gca

	AHT 123
	81.37
	11.71*

	TNAU28
	97.52
	7.59*

	TN 8467
	89.42
	8.83*

	PSR2977
	87.51
	1.22*

	YLM4030
	75.24
	-4.02*

	OMT30
	27.58*
	-7.08*

	DPI1424
	74.28
	-1.90*

	PSR2007
	69.27
	-3.67*

	B203
	78.75
	-1.18*

	SI42
	75.36
	2.59*

	SI3216
	81.32
	1.80*

	SI3315/11
	21.75*
	-15.14*

	Co1
	39.53*
	-0.73*

	TMV3
	87.46
	2.87*

	VRI1
	63.46
	1.57*

	SVPR1
	61.80
	-3.71*


Among the 48 hybrids evaluated, only two hybrids, namely Si 3315/11 x Co 1 and Si 3315/11 x SVPR 1 recorded statistically low incidence of powdery mildew disease (Table 2). These two hybrids also showed a significantly negative sca effect and a favourable standard heterosis for this trait. Based on mean performance, sca effect and standard heterosis Si 3315/11 x Co 1 was found to be a superior hybrid for powdery mildew resistance.

	Table 2. Mean performance, specific combining ability effect (sca) and standard heterosis for best crosses for powdery mildew

	Hybrids
	Mean
	sca
	Standard heterosis

	Si 3315/11 x Co 1
	29.21*
	-10.39*
	-26.11*

	Si 3315/11 x  SVPR 1
	33.51*
	-4.77*
	-45.77*
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Combining ability and heterosis for reproductive efficiency in sesame (Sesamum indicum L.)
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ABSTRACT

A six parent diallel including reciprocals  revealed the preponderance of additive gene action for number of flowers per plant, reproductive efficiency, number of seeds per capsule, total number of seeds per plant, and number of filled seeds per plant. On the other hand, non-additive gene action was found to be important for number of ill-filled seeds per plant, and seed yield per plant. Reciprocal differences in the estimates of combining ability variances were recorded for number of capsules per plant  and 1000 seed weight. The genotypes TNDU 120 and TMV-3 were identified as good general combiners for most of the reproductive traits studied. The hybrid Paiyur 1 x TMV-3 showed a high per se performance coupled with high specific combining ability (sca) effects for the majority of the traits, and also evinced high standard heterosis what revealed the importance of both additive and non-additive gene action in the improvement of reproductive efficiency  coupled with high seed yield in sesame. 

Key words: Sesame, combining ability, heterosis, reproductive efficiency. 

Introduction 

Sesame is an ancient oilseed crop. The reproductive biology of the crop offers good scope for the exploitation of heterosis. Therefore, a proper choice of parents for hybridisation is crucial in generating heterotic hybrids. Further, relevant information about the inheritance of different reproductive characters has an important role in deciding Proper selection strategies besides the creation of variability. In this study, six genotypes of sesame were utilized in a diallel crossing programme (including reciprocals) to obtain information on the combining ability, inheritance of reproductive efficiency, seed yield and their components as well as heterotic potential.

Materials and methods 

An experiment involving six parents of sesame viz., Tmv-4, Paiyur-1, Tmv-5, TMV-3, Co-1 and TNAU-120 and their 30 F1 hybrids, obtained by crossing them in diallel fashion (including reciprocals), was laid out in randomized block design with three replications during July - October, 2001. Each entry was grown in a 4.5- m long row with a spacing of 30 x 15 cm. Observations on nine reproductive and yield characters were recorded on five randomly selected plants in each plot. The statistical analysis of combining ability based on mean values was done following model 2, method 1 of Griffing (1956). Relative heterosis, heterobeltiosis and standard heterosis were worked out according to the standard method. 

Results and Discussion

Statistical analysis for parents as well as direct reciprocal hybrids revealed highly significant differences among parents and hybrids (Table 1). This indicated the presence of a high genotypic variability in the reference population. A detailed analysis of combining ability and gene action was therefore appropriate.

	Table 1. ANOVA for nine reproductive characters in sesame

	S.No.
	Characters 
	df
	MSS
	'F' value

	1.
	Number of flowers per plant 
	35
	2187.80
	109.57**

	2.
	Number of capsules per plant 
	35
	1116.56
	26.38**

	3.
	Reproductive efficiency 
	35
	167.53
	25.68**

	4.
	Number of seeds per capsule 
	35
	43.58
	32.58**

	5.
	Number of seeds per plant 
	35
	4308702
	175.23**

	6.
	Number of filled seeds per plant 
	35
	3780746
	125.86**

	7.
	Number of ill-filled seeds per plant 
	35
	54848.70
	55.73**

	8.
	1000 seed weight (g)
	35
	0.37
	61.44**

	9.
	Seed yield per plant (g)
	35
	58.27
	117.59**


The analysis of variance for combining ability indicated that the general combining ability (gca) variances were higher than their corresponding specific (sca) and reciprocal (rca) combining ability variances for number of flowers per plant, reproductive efficiency, number of seeds per capsule, total number of seeds per plant, and number of filled seeds per plant. The ratio of gca mean squares to sca mean squares was more than unity. This suggested that these characters were largely controlled by additive gene effects. Hence, these characters could well be exploited by resorting to simple pure line selection. On the other hand, sca and rca variances were higher than their corresponding gca variances for number of ill-filled seeds per plant and seed yield per plant. The ratio of sca mean squares to gca mean squares was less than unity for these two characters. This indicated that these traits could well be improved by delaying the selection to later generations, until the dominance and epistasis disappear. It is quite interesting to observe that the combining ability variances for the traits number of capsules per plant and 1000 seed weight showed reciprocal differences (Table 2). This indicated the presence of confounding nuclear, cytoplasmic and maternal effects in the inheritance of these traits. These traits could well be improved by resorting to reciprocal recurrent selection.

	Table 2. Estimates of variance for combining ability

	Source
	Number of flowers per plant
	Number of capsules per plant
	Reproductive Efficiency
	Number of seeds per capsule
	Total number of seeds per plant
	Number of  filled seeds per plant
	Number of ill-filled seeds per plant
	1000 seed weight (g)
	Seed yield per plant (g)

	gca
	1013.41**
	390.56**
	69.25**
	34.91**
	2152922.00**
	2060070.00**
	12140.40**
	0.12**
	17.10**

	sca
	870.77**
	341.81**
	50.75**
	13.34**
	1096017.00**
	948524.80**
	16246.40**
	0.15**
	21.10**

	rca
	493.06**
	396.44**
	56.47**
	8.92**
	1537554.00**
	1305362.00**
	22366.88**
	0.10**
	18.54**

	gca/sca
	1.16
	1.14
	1.36
	2.62
	1.96
	2.17
	0.75
	0.78
	0.81

	gca/rca
	2.06
	0.99
	1.23
	3.91
	1.40
	1.58
	0.54
	1.11
	0.92


The contribution of individual lines to hybrid performance was accomplished by comparing general combining effects. The genotype TNAU-120 was a good general combiner for seven out of the nine characters of interest (Table 3). Similarly, the genotype Tmv - 3 was a good combiner for six out of the nine characters studied. These two genotypes also recorded a high per se performance. The genotype TNAU-120 showed significant positive gca effects for number of flowers per plant, number of capsules per plant, reproductive efficiency,  number of seeds per capsule, total number of seeds per plant, number of filled seeds per plant, number of ill-filled seeds per plant and seed yield per plant. The hitching point of the performance of TNAU-120 was that it evidenced positive gca effects for number of ill-filled seeds per plant. The variety tmv-3 was a good combiner for number of flowers per plant, number of capsules per plant, total number of seeds per plant, number of filled seeds per plant, number of ill-filled seeds per plant, and seed yield per plant. The high per se performance coupled with high gca effects in the parents TNAU-120 and TMV-3 indicated that these genotypes possess an enormous amount of additive genetic variability for the aforementioned traits (Table 3). As there was a good agreement between the per se performance of the parents and gca effects, gca effects could well be utilized as a biometrical marker in breeding programme.

	Table 3. Best three parents exhibiting high per se performance and gca effects

	S.No
	Characters
	per se
	gca effects

	1.
	Number of flowers per plant 
	TNAU-120
	TNAU-120

	
	
	Co-1
	TMV-3

	
	
	TMV-3
	-

	2.
	Number of capsules per plant 
	TNAU-120
	TNAU-120

	
	
	Co-1
	TMV-3

	
	
	TMV-3
	-

	3.
	Reproductive Efficiency 
	Co-1
	TMV-4

	
	
	TMV-5
	Paiyur –1

	
	
	TNAU-120
	-

	4.
	Number of seeds per capsule 
	Co-1
	TNAU-120

	
	
	TMV-4
	Co-1

	
	
	TNAU-120
	-

	5.
	Total number of seeds per plant 
	TNAU-120
	TNAU-120

	
	
	Co-1
	TMV-3

	
	
	TMV-3
	-

	6.
	Number of filled seeds per plant 
	TNAU-120
	TNAU-120

	
	
	Co-1
	TMV-3

	
	
	TMV-3
	-

	7.
	Number of ill-filled seeds per plant 
	Paiyur - 1
	TMV-4

	
	
	TMV-5
	Paiyur – 1

	
	
	TNAU-120
	TMV-5

	8.
	Thousand seed weight (g)
	TMV-5
	-

	
	
	CO-1
	-

	
	
	TMV-4
	-

	9.
	Seed yield per plant (g)
	TNAU-120
	TNAU-120

	
	
	Co-1
	TMV-3

	
	
	TMV-4
	-


The hybrid Paiyur-1 x Tmv-3, which showed a high per se performance coupled with high sca effects for number of flowers per plant, number of capsules per plant reproductive efficiency, total number of seeds per plant, number of filled seeds per plant and seed yield per plant, also evidenced high standard heterosis for seed yield per plant. Its reciprocal cross displayed high sca effects for three out of the nine characters studied. This indicated that this cross combination possesses exploitable non - additive genetic variance for the identified traits, as mentioned above. Hence, this cross combination could well be included in the hybrid breeding programme. The cross combination Co-1 x TNAU - 120, which displayed a high per se performance and standard heterosis for seed yield, showed less sca effects. The cross combination tmv-4 x TNAU-120, which also showed a high per se performance coupled with a high sca effect and standard heterosis for seed yield, exhibited a high per se performance and sca effects for number of flowers per plant, total number of seeds per plant, and number of filled seeds per plant (Table 4). Hence, this combination could also be used in the hybrid breeding programme of sesame.

	Table 4. Best three cross combinations exhibiting high per se performance, sca effects and heterosis

	Characters
	per se
	sca effects
	Heterosis
	Common cross
	gca effects

	Number of flowers per plant
	Paiyur-1 x TMV-3

TNAU-120 x Co-1

Paiyur-1 x TMV-5
	Paiyur-1 x TMV-5

Co-1 x TNAU-120

Paiyur-1 x TMV-3
	Paiyur-1 x TMV-3

TNAU-120 x Co-1

Paiyur-1 x TMV-5
	Paiyur-1 x TMV-3

Paiyur-1 x  TMV-5

TNAU-120 x Co-1
	NS x HS

NS x HS

HS x HS

	Number of capsule per plant
	Paiyur-1 x TMV-3

TNAU-120 x TMV-3

Paiyur-1 x TMV-5
	Paiyur-1 x TMV-3

TMV-5 x Paiyur-1

Paiyur-1 x TMV-4
	Paiyur-1 x TMV-3

TNAU-120 x TMV-3

Paiyur -1 x TMV-5
	Paiyur -1 x TMV-3

TNAU-120 x TMV-3

Paiyur-1 x TMV-5
	NS x HS

HS x HS

NS x HS

	Reproductive efficiency
	TNAU-120 x Paiyur-1

Co-1 x TMV-5

TMV-4 x TMV-3
	TMV-3 x TMV-4

TMV-5 x Paiyur-1

Paiyur-1 x TMV-3
	TMV-4 x Paiyur -1

-

-
	-

-

-
	-

-

-

	Number of seeds per capsule
	TMV-4 x Co-1

TMV-3 x TNAU-120

TNAU-120 x TMV-5
	TMV-5 x TNAU-120

Co-1 x TMv-4

TMV-3 x Paiyur-1
	-

-

-
	-

-

-
	-

-

-

	Total number of seeds per plant
	Paiyur-1 x TMV-3

TNAU-120 x TMV-3

TNAU - 120 x Co – 1
	Paiyur-1 x TMV-3

TMV-3 x Paiyur-1

TMV-5 x Paiyur-1
	Paiyur -1 x TMV-3

TNAU-120 x TMV-3

TNAU-120 x Co-1
	Paiyur-1 x TMV-3

TNAU-120 x TMV-3

TNAU-120 x Co-1
	NS x HS

HS x HS

HS x HS

	Number of filled seeds per plant
	Paiyur-1 x TMV-3

TNAU-120 x TMV-3

TMV-3 x TMV-5
	Paiyur-1 x TMV-3

TMV-5 x Paiyur-1

TMV-3 x Paiyur-1
	Paiyur -1 x TMV-3

TNAU-120 x TMV-3

TMV-3 x TMV-5
	Paiyur-1 x TMV - 3

TNAU-120 x TMV-3

TMV-3 x TMV-5
	NS x HS

HS x HS

HS x HS

	Number of ill-filled seeds per plant
	TMV-5 x Co-1

TMV-4 x Co-1

TNAU-120 x Paiyur-1
	Co-1 x TMV - 5

TMV-4 x Co-1

Paiyur-1 x Co-1
	TMV-4 x Co-1

TNAU-120 x Paiyur-1

TMV-5 x TMV-3
	TMV-4x Col-1

TNAU-120 x Paiyur-1

-
	HS x HS

HS x HS

-

	Thousand seed weight (g)
	Paiyur-1 x TMV-4

Co-1 x TNAU-120

TMV-4 x TNAU-120
	TMV-3 x TMV-4

TMV-4 x TNAU-120

Paiyur-1 x TMV-3
	-

-

-
	TMV-4 x TNAU-120

Paiyur-1 x TMV - 3

-
	Hs x NS

Hs x NS

-

	Seed yield plant (g)
	Paiyur-1 x TMV-3

Co-1 x TNAU-120

TMV-4 x TNAU-120
	Paiyur-1 x TMV-3

TMV-3 x Paiyur-1

Paiyur-1 x TMV-4
	Paiyur -1 x TMV-3

Co-1 x TNAU-120

TMV-4 x TNAU-120
	Paiyur -1 x TMV-3

Co-1 x TNAU-120

TMV-4x TNAU-120
	NS x HS

NS x HS

HS x HS

	Hs - Highly significant; S -  significant; NS - Non - significant  


Sixteen out of 30 crosses showed high sca effects for seed yield per plant. Most of the crosses also displayed high sca effects for reproductive efficiency, number of filled seeds per plant and 1000 seed weight.  (Krishna Devi, 2002). At least, one of the parents of the crosses showing  high sca effects included one good general combiner. In general, there was a good agreement between per se performance, sca effects and standard heterosis (Table 4). This indicated that sca effects could also be utilized as a biometrical marker in hybrid breeding programme of sesame.

Standard heterosis for seed yield per plant was maximum for Paiyur-1 X TMv-3, followed by Co-1 x TNAU-120 and Tmv-4 x TNAU-120. Their reciprocal crosses were also rewarding. Standard heterosis up to a tune of 191.23 per cent was recorded by Paiyur-1 x tmv-3. This cross combination also displayed high standard heterosis for number of flowers per plant and number of filled seeds per plant (Table 5).

	Table 5. Best heterotic crosses for seed yield per plant and their performance for related reproductive traits

	S.No
	Best crosses / Parameters
	Paiyur - 1 x TMV - 3
	Co - 1 x TNAU -120
	TMV - 4 x TNAU - 120

	1.
	Number of flowers per plant
	122.87**
	73.40**
	62.83**

	2.
	Number of capsule per plant 
	107.19**
	58.07**
	13.28**

	3.
	Reproductive efficiency  
	-5.94
	-7.46**
	-4.61**

	4.
	Number of seeds per capsule 
	0.01**
	-5.55**
	-8.29**

	5.
	Total number of seeds per plant 
	107.22**
	49.34**
	41.88**

	6.
	Number of filled seeds per plant 
	119.77**
	57.94**
	52.82**

	7.
	Number of ill-filled seeds per plant 
	25.04**
	-6.94**
	-31.45**

	8.
	Thousand seed weight (g) 
	5.55
	2.11
	0.48

	9.
	Seed yield plant (g) 
	191.23**
	120.11**
	100.26**

	Values indicate standard heterosis in percentage 

* Significant at p = 5% 

** Significant at p = 1%  


As additive and non additive gene actions were found to be important in the evolution of genotypes with a high reproductive  efficiency coupled with high seed yield per plant, improvement can be expected by delaying the selection to later generations, when the dominance and epistatic gene interactions disappear, and resorting to intermating of segregants followed by recurrent selection. A diallel selective mating design can also be adopted. The reciprocal recurrent scheme will be the best one to develop hybrids (Thirugnana Kumar, 2001).
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ABSTRACT

Twenty seven core accessions and three genetic male sterile lines were raised at the Oil Crops Research Institute of CAAS, Wuhan, China in 2001 to study the genotypic correlations and path coefficient analysis in sesame. Nine characters were investigated: days to flowering, plant height, height to first capsule, number of capsules per plant, capsule length, capsule width, number of seeds per capsule, 1000-seed weight and seed yield per plant. The results showed that number of capsules per plant and plant height had significantly positive correlations and direct path coefficients on seed yield per plant.

Key words: Sesame, genotypic correlation, path coefficient analysis.

INTRODUCTION

Sesame germplasm resources in China are being enriched and more than 4000 accessions have been collected, identified and documented. Supported by the International Plant Genetic Resource Institute, the Oil Crops Research Institute of CAAS has developed a core collection containing 453 sesame entries (Zhang et al., 2000). A core collection has been described as a collection which contains, with a minimum of repetitiveness, maximum possible genetic diversity of a crop species and its wild relatives. Such a collection can make the variation contained within it more accessible to users (Hodgkin, 1994). The objective of this study was to analyze the genetic association and path coefficients between yield and yield components of sesame core accessions and male sterile lines in order to provide a scientific basis for sesame improvement programmes.

MATERIALS AND METHODS

The materials for the present study, including twenty seven core accessions and three genetic male sterile lines, were planted at the Oil Crops Research Institute of CAAS, Wuhan, China in 2001. The trial was arranged in a randomised block design with three replications and three rows 2.4 m long per plot. The row spacing was 40 cm and plant spacing in a row 20 cm. Days to flowering were recorded and ten randomly plants were selected from each plot at maturity for measuring plant height, height to first capsule, number of capsules per plant, capsule length, capsule width, number of seeds per capsule, 1000-seed weight and seed yield per plant. The genotypic correlations and path coefficient analysis were carried out based on the methods developed by Miller et al. (1958) and Dewey and Lu (1959), respectively.

RESULTS AND DISCUSSION

Genotypic correlations

Yield is a dependable complex inherited character as a result of interaction of several contributing factors that may be related or unrelated (Subramanian et al., 1994). The genotypic correlations of the investigated characters are shown in Table 1. Seed yield per plant was positively and significantly correlated with number of capsules per plant (r=0.7802) and plant height (r=0.4052). Similar results were also observed by Uzo (1985) and Singh et al. (1995). However, other characters showed non-significant associations with seed yield per plant. Plant height had significantly positive correlations with days to flowering, height to first capsule and number of capsules per plant and significantly negative ones with capsule width and 1000-seed weight. Capsule width and 1000-seed weight were negatively and significantly correlated with number of capsules per plant.

Table 1. Genotypic correlation coefficients between yield and yield components

	
	Days to flowering
	Plant height
	Height to first capsule
	Number of capsules per plant
	Capsule length
	Capsule width
	Number of seeds per capsule
	1000-seed weight

	Plant height
	0.6758**
	
	
	
	
	
	
	

	Height to first capsule
	0.6987**
	0.6138**
	
	
	
	
	
	

	No. of capsules/plant
	0.3377
	0.4934**
	0.1967
	
	
	
	
	

	Capsule length
	-0.0686
	-0.1295
	-0.0473
	-0.2657
	
	
	
	

	Capsule width
	-0.0114
	-0.4205*
	-0.0622
	-0.4183*
	-0.0738
	
	
	

	No. of seeds per capsule
	0.0853
	-0.2726
	-0.0308
	-0.5185**
	0.1247
	0.7835**
	
	

	1000-seed weight
	-0.4400*
	-0.3545*
	-0.2885
	-0.2257
	0.4829**
	0.1537
	-0.1220
	

	Seed yield/plant
	0.1559
	0.4052*
	0.0420
	0.7802**
	-0.1700
	-0.1862
	-0.2912
	-0.0386

	* Significant at 5% level

** Significant at 1% level


Path coefficient analysis

Path analysis can provide an effective means of partitioning the correlation coefficient into direct and indirect effects. Table 2 shows the direct and indirect coefficients of eight characters on seed yield. Among the effects of the investigated characters on seed yield per plant, number of capsules per plant showed the highest direct effect (P4y=0.7854). Plant height also had a considerable direct coefficient (P2y=0.4736).

	Table 2. Path coefficient analysis of yield and yield components using genotypic correlations

	
	Days to flowering
	Plant height
	Height to first capsule
	Number of capsules per plant
	Capsule length
	Capsule width
	Number of seeds per capsule
	1000-seed weight
	Riy

	Days to flowering
	-0.2796
	0.3201
	-0.1168
	0.2652
	-0.0042
	-0.0034
	0.0025
	-0.0279
	0.1559

	Plant height
	-0.1890
	0.4736
	-0.1026
	0.3875
	-0.0079
	-0.1261
	-0.0079
	-0.0225
	0.4052

	Height to first capsule
	-0.1954
	0.2907
	-0.1671
	0.1545
	-0.0029
	-0.0187
	-0.0009
	-0.0183
	0.0420

	No. of capsules/plant
	-0.0944
	0.2337
	-0.0329
	0.7854
	-0.0162
	-0.1255
	-0.0150
	-0.0143
	0.7208

	Capsule length
	0.0192
	-0.0613
	0.0079
	-0.2087
	0.0609
	-0.0221
	0.0036
	0.0306
	-0.1700

	Capsule width
	0.0032
	-0.1991
	0.0104
	-0.3285
	-0.0045
	0.3000
	0.0227
	0.0097
	-0.1862

	No. of seeds/capsule
	-0.0239
	-0.1291
	0.0051
	-0.4072
	0.0076
	0.2350
	0.0289
	-0.0077
	-0.2912

	1000-seed weight
	0.1230
	-0.1679
	0.0482
	-0.1773
	0.0294
	0.0461
	-0.0035
	0.0633
	-0.0386

	Values underlined denote direct effect
	


REFERENCES

Dewey, D.R., and K.H. Lu. 1959. A correlation and path coefficient analysis of components of crested wheat grass seed production. Agron. J., 51:515-518.

Hodgkin, T. 1994. Core collections and conservation of genetic resources. In: Sesame biodiversity in Asia: Conservation, evaluation and improvement. (R.K. Arora and K.W. Riley eds.), IPGRI, New Delhi. pp.41-51.

Miller, P.A., J.C. Williams, H.F. Robinson and R.E. Comstock. 1958. Estimates of genotypic and environmental variances and covariances in upland cotton and their implication in selection. Agron. J., 50:126-131.

Singh, P. K., R. K. Dixit, and R. K. Yadav. 1997. Estimates of genetic parameters, character association and path analysis in sesame. Crop Res., 13(1):115-119.

Subramanian, S. and M. Subramanian. 1994. Correlation studies and path coefficient analysis in sesame (Sesamum indicum L.). J. Agron. Crop Sci., 173:241-248.

Uzo, J. O. 1985. Yield, yield components and nutritional attributes of cultivated sesame, S. indicum and its endemic wild relatives in Nigeria. FAO Pl. Prod. and Prot. Paper: Sesame and Safflower: status and potentials, pp. 166-176.

Zhang, X. R., Y. Z. Zhao, Y. Cheng, X. Y. Feng, Q. Y. Guo, M. D. Zhou and T. Hodgkin. 2000. Establishment of sesame germplasm core collection in China. Genet. Res. Crop Evol., 47:273-279.
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ABSTRACT

Correlation between yield and six yield contributing characters, namely days to 50 per cent flowering, plant height, number of branches, number of capsules, 1000 seed weight and oil content and three physiological characters viz., leaf area index, photosynthetic rate and harvest index was studied in 64 genotypes including 48 hybrids and 16 parents. Except days to 50 per cent flowering and oil content, all the remaining characters showed a significant and positive correlation with seed yield. They also had a significant and positive correlation between each other. Therefore, intensive selection on these characters will improve seed yield in sesame. Oil content had a non significant association with seed yield and it is suggested that an independent breeding programme has to be formulated for this trait to fulfill the breeding objectives.

Key words: Sesame, yield, physiological traits, correlation.

INTRODUCTION

Seed yield is a polygenic trait, hence direct selection for this character may often be misleading. The components that determine the yield are the best indices for selection. Therefore, a knowledge of the association between important yield attributes and seed yield may help the breeder to identify suitable donors for any successful breeding programme. Mehrotra et al. (1976) suggested that, in addition to yield contributing characters, physiological traits also play a considerable role for increasing yield. Physiological traits such as leaf area index, photosynthetic rate and harvest index are important physiological components of yield, and efforts should be made to utilize these characters in breeding programmes. Genotypes performing in one environment may not perform in another. So, a consistency of association over a number of environments is also a valuable asset. In the present investigation, correlation studies were carried out to study the interrelationship between yield and its components and their consistency over three environments.

MATERIALS AND METHODS

The experimental material consisted of 16 parents, which included 12 lines and four testers, to produce 48 F1 hybrids through line x tester mating design. The resulting 48 F1 hybrids and their parents were sown in a randomized block design with three replications. Each entry was sown in a single row of 3 m length at a spacing of 30 x 30 cm. The package of practices recommended for sesame were normally and timely followed. Twenty plants were maintained for each genotype in a replication, out of which ten competitive plants were randomly selected for recording ten biometrical observations. Data on leaf area index and photosynthetic rate was determined in the field at 50 per cent flowering period from 10 AM to 12 noon using the third leaf from the top of the plant by means of leaf chamber analyzer and leaf area meter model Li 3000, respectively. The correlation coefficient at genotypic level was calculated as per the procedure given by Al - Jibouri et al. (1958).

RESULTS AND DISCUSSION

The analysis of variance showed significant differences for the characters among the genotypes studied indicating an adequate variability between them. The correlation coefficients between seed yield and its components and correlation coefficients between the latter traits are presented in Table 1. The genotypic correlation coefficient between seed yield and its components indicated that single plant yield had a positive and significant association with all the characters except days to 50 per cent flowering and oil content. This indicates that any improvement in any one of these characters will lead to an increase in the seed yield. Significantly positive correlations of seed yield with plant height, number of branches, number of capsules and 100 seed weight were reported by Reddy et al. (1992) and Alam et al. (1999). The characters days to 50 per cent flowering and oil content exhibited a non significant genotypic correlation with seed yield, since they are under different genetic control. This is in accordance with the earlier findings of Trehan et al. (1975). Hence, the simultaneous improvement of oil and yield of seeds is difficult. Therefore an independent breeding programme has to be formulated for attaining the objectives.

	Table 1. Genotypic correlation coefficients between different yield attributes over  different environments

	Characters
	Plant height
	No. of branches
	No. of capsules
	1000 seed weight
	Oil content
	Leaf area index
	Photo synthetic rate
	Harvest index
	Single plant yield

	Days to 50% flowering
	0.042
	0.082
	0.055
	-0.076
	0.062
	0.031
	-0.214*
	0.077
	0.068

	Plant height
	
	0.314*
	0.339*
	0.019
	0.134
	0.305*
	0.046
	0.295*
	0.274.

	No. of branches
	
	
	0.477*
	0.391*
	0.023
	0.316*
	0.145
	0.209*
	0.383*

	No. of capsules
	
	
	
	0.229*
	0.059
	0.359*
	0.216*
	0.433*
	0.421*

	1000 seed weight
	
	
	
	
	0.034
	0.113
	0.256*
	0.189*
	0.199*

	Oil content
	
	
	
	
	
	0.118
	0.159
	0.044
	0.046

	Leaf area index
	
	
	
	
	
	
	0.129
	0.183*
	0.182*

	Photosynthetic rate
	
	
	
	
	
	
	
	0.323*
	0.338*

	Harvest index
	
	
	
	
	
	
	
	
	0.993*


* Significant at 5 per cent level
Physiological characters such as leaf area index, photosynthetic rate and harvest index had positively significant association with seed yield. Similar results were previously reported by Reddy et al. (1993) and Ramakrishnan and Soundarapandian (1990). Breeding for a high leaf area index increased the photosynthetic rate, which in turn indirectly increased harvest index. Improvement in the leaf area index and the harvest index will lead to increased seed yield (Backiyarani et al., 1997). Hence, simultaneous improvement in physiological characters and seed yield is possible.

Days to 50 per cent flowering had a non significant positive association with plant height, number of branches, number of capsules, oil content, leaf area index and single plant yield. Plant height had a significant and positive association with number of branches, number of capsules, leaf area index and harvest index. The number of branches showed a positive and significant association with number of capsules, 1000 seed weight, leaf area index and harvest index. Similar findings were earlier reported by Backiyarani et al. (1998). The number of capsules per plant had a highly positive and significant correlation with seed yield, which confirms the findings of Krishnamurthy et al. (1964) and Krishnadoss and Kadambavanasundaram (1986). 1000 seed weight had a significantly positive association with harvest index and leaf area index. However, the oil content had a non significant association with seed yield and other characters. The leaf area index had a positive and significant correlation with the photosynthetic rate. The photosynthetic rate showed significantly positive correlation with harvest index.

It is concluded that intensive selection on plant height, number of branches, number of capsules, 1000 seed weight, photosynthetic rate and harvest index will improve seed yield, since these characters showed a significantly positive correlation with seed yield and also a positive inter correlation between each other.

ACKNOWLEDGEMENT

The first author gratefully acknowledges the award of Senior Research Fellowship granted by Indian Council of Agricultural Research (ICAR)  New Delhi  for carrying out the Ph.D. Programme.

REFERENCES

Al-Jibouri, H.R., P.A. Miller and H.F. Robinson. 1958. Genotypic and environmental variances and covariance’s in an upland cotton cross of interspecific origin. Agron. J., 50:633-636.

Alam, S., A.K. Biswas and A.B. Mandal. 1999. Character association and path coefficient analysis in sesame. Environ. Ecol., 17(2):283-287.

Backiyarani, S., A. Amirthadevarathinam and S. Shanthi. 1998. Association of yield and some physiological traits in sesame (Sesamum indicum L.). Madras Agric. J., 85(7-9):376-378.

Krishnadoss, D. and M. Kadambavanasundaram. 1986. Correlation between yield and yield components in sesame. J. Oilseeds Res., 3:205:209.

Krisnamurthy, T.N., B.W.X. Ponnaiya and U. Santhanam. 1964. Breeding methodology and selection index for yield in Sesamum indicum L. Madras Agric. J., 51:360 -364.

Mehrotra, O.N., H. Sexena and H. Moosa. 1976. Physiological analysis of varietal differences in seed yield of Indian mustard (Brassica juncea L.). Indian J. Plant Physiol., 19:1-2.

Ramakrishnan, M. and Soundrapandian. 1990. Association studies in sesame. Madras Agric. J., 77(9-12):580-581.

Reddy, K.R., K.N. Veena and C.R. Reddy. 1992. Character association and path analysis in sesamum (Sesamum indicum L.). New Botanist., 19(1-4):121-125.

Reddy, O.U.K., M.S. Dorairaj and N. Padmavathi. 1993. Character association in Sesamum indicum L.  Sesame Safflower Newsl., 8:41-44.

Trehan, K.B., H. Chand, S.K. Metha, S.K. Baijal and S. Dhawan. 1975. Correlation and path coefficient analysis in sesame. Madras Agric. J., 62:7-10.

Line x Tester analysis for Combining Ability in Sesame (Sesamum indicum L.)

Senthil Kumar, P. and J. Ganesan.

Faculty of Agriculture, Annamalai University

Annamalai Nagar – 608 002 Tamil Nadu, India.

ABSTRACT

A line x tester analysis with five lines and three testers to study the combining ability in sesame revealed that dominant gene action was predominant for plant height, number of branches per plant, number of capsules on main stem, number of capsules on branches, total number of capsules, capsule length, number of seeds per capsule, 1000 seed weight and seed yield per plant. Based on gca effect, T6 was the best general combiner for all the nine traits. Based on sca effect, TMV 3 x Madhavi was identified as the superior hybrid. 

Key words: Sesame, combining ability, gene action.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the ancient oil seed crops cultivated for its superior quality oil, hence it is regarded as “queen of the oilseeds”. Tamil Nadu is one of the major sesame growing states in India. The wider genetic diversity of sesame indicates a vast scope of enhancement of yield by adopting appropriate plant breeding techniques. The combining ability analysis has been utilized to know the gene action regarding yield and their contributing characters by Sprague and Tatum (1942). Information on combining ability effects helps the breeder in choosing the parents with a high general combining ability and hybrids with high specific combining ability (Dillon, 1975). The present study specifically aimed to estimate the combining ability for nine characters in sesame.

MATERIALS AND METHODS 

Five lines, viz. TMV 6, VRI-1 TMV5, Annamalai and TMV 3 were crossed with three testers, viz. Gowri, Madhavi and T6, adopting a line x tester mating scheme. The resulting 15 F1, hybrids and their parents were grown in a randomized block design with three replications at Faculty of Agriculture, Annamalai University, Annamalai Nagar during 1999. Each genotype was accommodated in two rows of 2 m length. A spacing of 30 x 15 cm was adopted. A uniform population of 25 plants in two rows per replication was maintained. Observations were recorded in all the plants for plant height, number of branches, number of capsules on main stem, number of capsules on branches, total number of capsules, capsule length, number of seeds per capsule, 1000 seed weight and seed yield per plant. The analysis of combining ability was done as suggested by Kempthorne (1957).
RESULTS AND DISCUSSION 

The analysis of variance showed significant differences between the genotypes for all the nine traits viz., plant height, number of branches per plant, number of capsules on main stem, number of capsules on branches, total number of capsules, capsule length, number of seeds per capsule, 1000 seed weight and seed yield per plant (Table 1). The interaction effect LxT was significant for all the nine characters. The proportion of gca variances was high for all the traits except capsule length and seed yield per plant for which sca variances were higher than gca.

Considering the gca effects of parents, T6 was judged as being the best since it had desirable gca effects for all the nine traits studied. The parents TMV3 and TMV 6 were considered as the next best genotypes since they possessed desirable gca effects for five and four traits, respectively (Table 2).

Based on the sca effects, the hybrid TMV 3 x Madhavi was judged as being the best for exploitation of heterosis since it recorded positive and significant sca for five traits viz., number of branches per plant, number of capsules on branches, total number of capsules, number of seeds per capsule and 1000 seed weight (Table 3).

Hybrids involving parents with significant gca effects and non significant sca effects are useful in recombination breeding (Nadarajan, 1986). In the present investigation for seed yield per plant, the tester T6 had high gca and the crosses involving it viz., TMV 6 x T6, VRI 1 x T6, TMV 5 x T6, Annamalai x T6, TMV 3 x T6, Gowri x T6 and Madhavi xT6 had non-significant sca effects. Hence, these combinations may be utilized for recombination breeding.
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Table

2. General

combining ability effects of parents

Plant height 

(cm)

Number of 

branches per 

plant

Number of 

capsules on 

main stem

Number of 

capsules on 

branches

Total

number 

of capsules

Capsule 

length

Number of 

seeds per 

capsule

1000

seed 

weight

Yield per plant

TMV 6

11.99**

-

0.51**

3.98**

0.27

4.16**

0.39**

-

2.94

0.08*

-

0.12

VRI 1

-

6.04**

-

0.94**

2.79**

-

6.57**

-

3.44**

0.18**

-

0.24

-

0.13**

-

0.11

TMV 5

-

2.49**

-

1.34**

0.72*

*

-

5.33**

-

4.47**

-

0.04

0.34

0.05

-

0.04

Annamalai

-

2.00**

1.58**

-

3.47**

2.52**

-

1.12**

-

0.27**

1.18

-

0.08**

-

0.08

TMV 3

-

1.45**

1.21**

-

4.03**

9.12**

4.88**

-

0.25**

1.65

-

0.08*

-

0.19

Gowri

-

5.11**

-

0.24**

-

1.23**

-

3.27**

-

5.13**

-

0.28**

-

1.66

-

0.23**

-

1.30**

Madhavi

-

1.18**

-

0.21**

-

0.61**

0.68**

0.01

-

0.25

-

1.26

-

0.04

-

0.91**

T 6

6.29

0.45

1.84**

3.04**

5.12**

0.54**

2.93

0.27**

2.22**

*    

-

Significant at

5%

level

; 

* * 

-

Significant at

1%

level
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*

-
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-
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-

0.04

0.34

0.05

-

0.04
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-

2.00**

1.58**

-

3.47**

2.52**

-

1.12**

-

0.27**

1.18

-

0.08**

-

0.08

TMV 3

-

1.45**
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-

4.03**

9.12**

4.88**

-
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-

0.08*

-

0.19

Gowri

-
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TMV 6

11.99**

-

0.51**

3.98**

0.27

4.16**

0.39**

-

2.94

0.08*

-

0.12

VRI 1

-

6.04**

-

0.94**

2.79**

-

6.57**

-

3.44**

0.18**

-

0.24

-

0.13**

-

0.11

TMV 5

-

2.49**

-

1.34**

0.72*

*

-

5.33**

-

4.47**

-

0.04

0.34

0.05

-

0.04

Annamalai

-

2.00**

1.58**

-

3.47**

2.52**

-

1.12**

-

0.27**

1.18

-

0.08**

-

0.08

TMV 3

-

1.45**

1.21**

-

4.03**

9.12**

4.88**

-

0.25**

1.65

-

0.08*

-

0.19

Gowri

-

5.11**

-

0.24**

-

1.23**

-

3.27**

-

5.13**

-

0.28**

-

1.66

-

0.23**

-

1.30**

Madhavi

-

1.18**

-

0.21**

-

0.61**

0.68**

0.01

-

0.25

-

1.26

-

0.04

-

0.91**

T 6

6.29

0.45

1.84**

3.04**

5.12**

0.54**

2.93

0.27**

2.22**

*    

-

Significant at

5%

level

; 

* * 

-

Significant at

1%

level
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-
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0.14

TMV 6 x T6

10.48

0.26

-

2.55**

3.12**

0.44

-

0.03

-

2.89**

-

0.04

-

0.17

VRI 

-

1 x

Gowri 

4.45**

-

0.52**

1.22**

2.52**

3.40**

0.01

-

0.9

4

0.08

-

0.50**

VRI 

-

1x

Madhavi 

3.06**

-

0.33**

0.13

-

0.86

-

0.60

0.10

-

1.28

-

0.08

0.29

VRI 

-

1 x

Madhavi 

-

7.52**

0.85**

-

1.35**

-

1.66**

-

2.81**

-

0.12

2.22**

0.01

0.21

TMV 5 x

Gowri 

-

1.23

0.24

-

0.35

1.80**

1.28**

0.27*

-

1.23

0.21**

0.18

TMV 5 x

Madhavi 

-

2.78**

-

0.41**

-

0.82**

-

3.36**

-

4.44**

-

0.13

1.26

0.22**

-

0.14

TMV 5 x T6

4.00

0.64

1.17**

1.56**

3.16**

-

0.14

-

0.04

0.01

-

0.04

Annamalai

x

Gowri 

1.49*

1.05**

-

0.39

2.10**

1.94**

-

0.20

-

2.51**

-

0.11*

-

0.09

Annamalai

x

Madhavi 

-

1.46*

0.27

-

0.48

2.28*

*

1.84**

-

0.03

1.29

0.00

0.03

Annamalai

x T6

-

0.03

-

1.32**

0.87**

-

4.38**

-

3.78**

-

0.23

1.22

0.11*

0.07

TMV 3 x

Gowri 

0.32

-

0.73**

-

0.06

-

6.83**

-

6.69**

-

0.17

-

1.28

-

0.07

0.11

TMV 3 x

Madhavi 

6.61

1.17**

-

1.80**

5.47**

3.69**

0.11

1.79*

0.15**

-

0.04

TMV 3 x T6

-

6.93

-

0.43**

1.87

1.35*

2.99**

0.06

-

0.52

-

0.09

-

0.06

* 

-

Significant at

5%

level

; 

* * 

-

Significant at

1%

level
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Abstract 

An investigation was made to assess combining ability and genetic potential of six genotypes viz., VNP local, VRI-1, danbakkae, jinjukkae, PTDL-1 and Kotechae through diallel analysis. The estimation of variances for combining ability indicated the predominance of additive gene action for all the characters except thousand seed weight. The combining ability analysis showed that the parents VNP local and VRI-1 were relatively good general combiners with high per se performance. Among F1 hybrids, PTDL 1 x VNP local and VNP local x VRI-1 were the best crosses on the basis of per se performance and sca effects.
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Introduction 

Sesame (Sesamum indicum L.) is an ancient oilseed crop grown in India. It yields oil and protein of high quality and has a tremendous potential for export. Combining ability analysis is an important method to know gene actions and it is frequently used by plant breeders to choose the parents with a high general combining ability (gca) and hybrids with high specific combining ability (sca) effects. In variety improvement, it is also useful for selecting the most suitable breeding procedure. Among the biometrical tools, diallel analysis is the one which helps to predict the merits of parents in the F1 generation. Although studies in this aspect have carried out in sesame, more information about combining abilities is needed. In this study, six parents and their 30 hybrids were evaluated through diallel to study gca and sca effects.  

Materials and methods 

Six sesame genotypes namely, VNP local, VRI-1, Danbakkae, JiniJukkae, PTDL-1 and Koteche, with varying agronomic and morphological characteristics, were selected and crossed in a complete diallel mating design. Thirty hybrids and six parents were grown in a randomized block design with three replications. The seeds were sown in rows with a spacing of 30 cm between rows and 20 cm between plants, with a plot size of 4 x 4 m, at Faculty of agriculture, Annamalai University, Annamalainagar, Tamil Nadu in 1998. The observations were recorded on fifteen randomly selected plants of parents and hybrids for eight characters. The analysis of combining ability was done by the procedure outlined by Griffing (1956) for method 1 and model 1.

ResultS and discussion 

The estimates of variances for combining ability and their ratios are presented in Table 1. The analysis of genotypic variances showed that significant genetic differences existed in all the eight characters studied.  The variances due to general combining ability were greater than variances due to specific combing ability for all the characters, except for thousand seed weight, indicating the role of additive gene actions in the inheritance of these characters. Similar results were reported by Backiyarani et al. (1997). In the case of thousand seed weight, the variances due to specific combining ability were greater than variances due to general combing ability, indicating the role of non-additive gene action. 

Table 1. Estimates of variance for combining ability 

	Source
	Mean sum of squares

	
	Days to first flower
	Plant height
	No. of branches / plant
	No. of capsules / plant
	Capsule length
	No. of seeds / capsule
	Thousand seed weight
	Seed yield / plant

	Gca 
	78.49**
	206.14**
	7.84**
	1342.56**
	25.00**
	0.08**
	0.04*
	21.49**

	Sca
	1.05**
	54.59**
	0.44**
	256.67
	9.26**
	0.03**
	0.05*
	3.82**

	Rca
	22.62**
	15.63NS
	0.17**
	116.26**
	3.44NS
	0.01NS
	0.05**
	2.73**

	Gca/sca
	74.69
	3.78
	17.72
	5.23
	2.70
	2.93
	0.88
	5.63


* Significant at 5 per cent level; ** Significant at 1 per cent level; NS - Not significant  

The general combining ability effects of the parents are presented in Table 2. For days to first flower, the parent Danbakkae showed a maximum significant and negative gca effect whereas PTDl-1 showed a maximum positive and significant gca effect. In the case of plant height, maximum and significant positive gca effect was shown by PTDL-1, whereas Jinjukkae showed the highest negative gca effect. The maximum and significant gca effect for number of branches per plant was recorded by VNP local whereas VRI-1 recorded the maximum gca effect for number of capsules per plant. 

Table 2. General combining ability of parents
	Parents
	Day to first flower
	Plant height (cm)
	No. of branches/plant
	No. of capsules/per
	Capsule length
	No. of seeds/

crop
	Thousand seed wt.
	Seed yield

	VNP local 
	-0.56**
	2-85**
	0.75**
	9.44**
	-0.10**
	-0.94*
	-0.06
	1.25*

	VRI 1
	-0.58**
	1.64*
	0.73**
	10.12**
	-0.09**
	-1.39**
	-0.07*
	1.28**

	Danbakkae
	-2.33**
	-3.80**
	-0.89**
	-7.13**
	0.04*
	1.77**
	0.02
	-1.06**

	Jinijukkae
	-2.19**
	-4.87**
	-1.04**
	-15.75**
	0.05**
	1.89**
	0.07*
	-1.88**

	PTDL 1
	4.53**
	5.84**
	0.55**
	7.29**
	0.11**
	-0.52**
	0.04
	0.91**

	Koteche
	1.14**
	-1.66**
	-0.10**
	-3.98**
	-0.01
	-0.82*
	0.01
	-0.50**


* significant at 5 per cent level; ** Significant at 1 per cent level

For capsule length, the parent PTDL-1 recorded the highest positive gca effect and VNP local exhibited maximum negative and significant gca effect. The maximum significant and positive gca effects for number of seeds per capsule and for thousand seed weight were recorded by the parent Jinjukkae. For seed yield per plant, VRI-1 recorded the maximum and significant gca effect.

The specific combining ability effects of hybrids are presented in Table 3. Among the thirty hybrids, the hybrid Danbakkae x Koteche recorded the highest significant sca effect and the hybrid VNP local x PTDL 1 showed a maximum positive and significant sca effect for days to first flower.  For plant height, the hybrid VNP local x PTDL-1 showed the maximum significant and positive sca effect, while the cross Danbakkae x Jinjukkae recorded significant and negative sca effect. The hybrid VRI-1 x Jinjukkae showed the highest positive sca effect for number of branches per plant, whereas Danbakkae x Koteche and VNP local x VRI-1 recorded the highest positive sca effect for the number of capsules per plant.

For capsule length, the hybrid PTLD-1 x Koteche showed the maximum significant and positive sca effect. The highest significant and positive sca effect for number of seeds per capsule was recorded by PTDL-1 x Koteche. In the case of thousand seed weight, the hybrid VNP local x Koteche recorded maximum significant positive sca effect. The outstanding hybrid for seed yield was Danbakkae x Koteche, with a significant and positive sca effect of 2.11.

Table 3. Specific combining ability of hybrids

	Hybrids
	Day of first flower
	Plant height
	No. of branches/

plant
	No. of capsules/plant
	Capsule length
	No of seeds/ cap
	Thousand seed wt.
	Seed yield/

plant

	Vnp local x vri-1 
	0.47
	3.15
	0.40**
	14.83*
	-0.03
	0.45
	0.01
	2.01**

	Vnp local x Danbakkae 
	-0.28
	3.77*
	0.40**
	-8.12**
	0.08*
	0.86
	-0.09
	-0.89**

	Vnp local x Jinjukkae 
	-0.58*
	-0.61
	0.07
	0.94
	0.06
	0.68
	0.15*
	-0.52*

	Vnp local x ptdl-1
	0.86**
	4.09*
	-0.30**
	9.89**
	-0.06
	-1.27
	-0.05
	1.66**

	VNP local x Koteche
	-0.25
	1.21
	-0.29**
	-10.32**
	-0.02
	0.73
	0.29**
	-1.54**

	vri-1 x Vnp local  
	0.33
	3.42
	0.20
	11.17**
	0.04
	0.50
	-0.12
	1.52**

	vri-1 x Danbakkae 
	-0.25
	1.55
	0.41**
	0.44
	0.09*
	-1.26
	-0.17*
	-0.75**

	vri-1 x Jinjukkae 
	0.28
	3.62*
	0.51**
	-5.16**
	0.03
	1.49
	0.03
	-0.77**

	vri-1 x ptdl-1
	0.72**
	3.58*
	-0.33**
	8.51**
	0.03
	-1.81
	0.05
	1.45**

	vri-1 x Koteche
	-0.39
	1.05
	-0.45**
	-8.30**
	0.09
	1.38
	0.05
	-0.75**

	Danbakkae x vNP local 
	1.83**
	1.73
	-0.18
	-1.57
	0.00
	0.62
	0.12
	0.20

	Danbakkae x VRI-1
	1.67
	2.40
	0.07
	-7.18**
	0.01
	-0.15
	0.02
	-0.80**

	Danbakkae x Jinjukkae 
	0.03
	-4.00*
	-0.14
	-2.01
	-0.17**
	1.19
	0.03
	0.12

	Danbakkae x ptdl-1
	-0.03
	3.17
	0.31**
	3.81**
	0.12**
	-1.08
	0.13
	0.06

	Danbakkae x Koteche
	-1.14**
	2.12
	0.34**
	18.49**
	0.04
	-3.86**
	-0.22**
	2.11**

	Jinjukkae x vNP local
	1.33**
	-1.22
	-0.20
	-0.98
	0.02
	1.02
	-0.13
	0.03

	Jinjukkae x VRI-1
	2.17**
	2.13
	-0.20
	3.47*
	0.04
	-0.95
	0.35*
	-0.07

	Jinjukkae x Danbakkae 
	0.17
	2.20
	1.20**
	3.00
	0.01
	-0.37
	0.07
	0.52*

	Jinjukkae x ptdl-1
	-0.50
	1.35
	0.39*
	-1.85
	0.09*
	2.25**
	-0.05
	-0.21

	Jinjukkae x Koteche
	0.06
	0.60
	0.20
	2.29
	-0.05
	0.39
	-0.13
	0.39

	PTDL-1 x vNP local 
	-4.83**
	4.33*
	0.08
	-21.42**
	0.01
	0.90
	0.13
	-2.73**

	PTDL-1 x VRI-1
	-5.00**
	2.73
	0.03
	2.12
	0.03
	0.85
	-0.18
	0.62*

	PTDL-1 x Danbakkae 
	-6.50**
	0.52
	0.02
	7.53**
	0.03
	-2.00
	-0.10
	1.58**

	PTDL-1 x Jinjukkae
	-6.83**
	1.77
	0.08
	4.52**
	-0.02
	0.92
	-0.17
	1.07**

	PTDL-1 x Koteche
	0.33
	2.07
	0.25*
	11.30**
	0.15**
	2.42**
	-0.04
	0.79**

	Koteche x vNP-local 
	-0.67*
	2.65
	0.32*
	0.35
	0.01
	0.43
	0.00
	-0.68**

	Koteche x VRI-1 
	-0.83**
	0.70
	0.10
	5.72**
	-0.01
	-0.13
	-0.08
	0.70**

	Koteche x Danbakkae 
	--2.33**
	-1.03
	0.07
	7.83**
	0.01
	0.25
	0.25**
	1.42**

	Koteche x Jinjukkae
	-3.00
	-4.58*
	-0.08
	2.32
	0.07
	-3.32**
	0.22
	0.88**

	Koteche x PTDL-1
	2.33**
	5.17**
	0.02
	5.60**
	-0.02
	-2.38
	0.17
	1.42**


  * significant at 5 per cent level 

** Significant at 1 per cent level 
ConclusionS
From the foregoing discussion it may be concluded that the parent VRI-1 was noted to have a high general combining ability for characters like seed yield per plant and number of capsules per plant. The next best was VNP local for seed yield per plant, number of capsules per plant and number of branches per plant. The best hybrid on sca basis was Danbakkae x Koteche for seed yield per plant, number of capsules per plant and days to first flower. The cross VNP local x VRI-1 was found to be the next best for seed yield per plant and number of capsules per plant.
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ABSTRACT

Six promising lines and two commercial cultivars, all white grain, were evaluated for variability of yield and their components during three years. A large genotype x year interaction was found for all traits measured. Interaction mean square for five traits was larger than genotype mean square, therefore genotype variance was nil. Yield per plot and yield per plant showed the largest genotypic variability, expressed in largest genetic coefficient of variation, heritability and expected selection gain. The high yield and high variability for these traits observed in this research suggests that the eight genotypes evaluated are very useful as parents to generate white-grain sesame segregant populations.

INTRODUCTION

Sesame is an important oil seed crop in Venezuela. The area of cultivation is 60000 has and the production 30000 tons per year, which is exported to the United States of America and England, principally. Exportation market demands white grains, therefore all cultivars in Venezuela must produce grains with this color. 

Segregant populations can be a source of new cultivars. Vega (1988) pointed out that parents of the segregant population can be chosen by its performance "per se". These parents must show variability among them. The estimation of genetic variability in populations is useful to evaluate the fitness of the parents in that population. 

The objective of this study was to estimate some genetic parameters such as broad sense heritability, genetic coefficient of variation and expected selection gain, in order to know the genetic variability among eight genotypes of white-grain sesame.

MATERIALS AND METHODS

Six promising lines (37-1, H65, H83, H90, UCLA295, UCLA249) and two commercial cultivars (FONUCLA and UCLA-1), all white grain, were sown in 1994, 1995 and 1997 at Research Station Turen (9°16' N, 69°12' W), of the National Institute of Agriculture Research (INIA), Portuguesa state, Venezuela. All genotypes were sown in a randomized block design with four replications, with four 5-m rows per plot. Data on plant height (PH), number of branches per plant (NB), capsule length (CL), fructification length of principal stem (FLPS), fructification length of secondary branches (FLSB), total fructification length (TFL), number of capsules on principal stem (NCPS), number of capsules on branches (NCB), number of total capsules (NTC), 1000 seed weight (SW) and yield per plant (YP) were recorded on 10 plants in each plot. Yield plot also was evaluated, and converted to kg ha-1. All variables measured were subjected to a combined variance analysis over years (Steel and Torrie, 1988). Years were considered random, therefore genotype x year interaction was used to test genotypes. Variance components were calculated following a random model (Vega, 1988). Broad sense heritability was calculated following Hanson (1963), genotypic coefficient of variation was calculated according to the method of Burton (1952) and expected selection gain was calculated following the method of Johnson et al. (1955), using a selection intensity of 2.06 (best 5 % of the population). Expected selection gain was expressed in percentage on the mean (Jarwar et al., 1998; Parameswari et al., 1998).

RESULTS AND DISCUSSION

A large genotype x year interaction (P<0.01) was found for all traits (Table 1). The interaction mean squares for NB, FLSB, TFL, NCB and NTC resulted to be larger than genotype mean square, therefore genotypic variance was nil. However, the value of the genotypic variance obtained from the single variance analysis per year (not combined), was different from zero. Burton et al. (1990) pointed out that genotypic evaluation, in single year and location, confounds genotype x location, genotype x year and genotype x location x year interaction effects, with genotype effects with the result of an overestimation of genotypic variance. For all variables in this study, there was an important decrease of genetic variability when it was estimated by combined analysis in comparison with single year analysis. For the traits NB, FLSB, TFL, NCB and NTC the reduction was 100%, what indicated that these variables have the largest environmental influence. Yield per plant and yield per plot had the largest genotypic variability (genetic coefficient of variation value of 17 and 16.5 %, respectively) (Table 2). The estimates of broad sense heritability ranged between 0 for five variables with genetic variance 0 and 87 % for yield (Table 2). These results indicate that the genetic variance for yield is higher that environmental variance and that selection for this trait will be very effective. This high value of heritability also suggests that the selection for high yield must be performed on yield "per se", and not on their components. The largest expected selection gains were for yield per plant and yield per plot. Estimated values of genetic parameters suggested a broad genetic variability in the eight genotypes evaluated (Table 2). Furthermore, their high yield was very important and valuable to be used as parents to generate white grain sesame segregant populations.

Table 1. Mean squares for genotype and genotype x environment interaction for all traits measured 

	Trait
	Genotypes
	GxE Interaction

	
	Df
	MS
	df
	MS

	Plant height (PH)
	7
	1582.98*
	14
	436.11**

	Number of branches per plant (NB)
	7
	0.4035
	14
	1.28**

	Capsule length (CL)
	7
	0.1604
	14
	0.0785**

	Fructification length of principal stem (FLPS)
	7
	432.19
	14
	286.74**

	Fructification length of secondary branches (FLSB)
	7
	677.79
	14
	2490.11**

	Total fructification length  (TFL)
	7
	1836.56
	14
	3176.72**

	Number of capsules on principal stem (NCPS)
	7
	332.56*
	14
	121.44**

	Number of capsules on branches (NCB)
	7
	270.22
	14
	435.76**

	Number of total capsules (NTC)
	7
	554.23
	14
	796.93**

	1000 seed weight (SW)
	7
	0.6834
	14
	0.3419**

	Yield per plant (YP)
	7
	18.71**
	14
	4.51**

	Yield per plot (Yield)
	7
	254915**
	14
	32205**


Table 2. Mean, phenotypic variance, genotypic variance, broad sense heritability, genetic coefficient of variation and expected selection gain for all traits measured

	Trait
	Mean(SE
	(2p
	(2G
	h2bs
	GVCG
	(G

	PH (cm)
	107.7(15.89
	131.92
	95.57
	72.45
	9.08
	15.92

	NB
	2.45(0.75
	0.11
	0
	0
	0
	0

	CL (cm)
	2.84(0.21
	0.01
	0.007
	51.58
	2.95
	4.36

	FLPS (cm)
	59.59(12.51
	36.02
	12.12
	33.65
	5.84
	6.98

	FLSB (cm)
	46.88(31.95
	56.48
	0
	0
	0
	0

	TFL (cm)
	106.16(40.19
	53.05
	0
	0
	0
	0

	NCPS
	33.15(7.69
	27.71
	17.59
	27.71
	12.65
	13.72

	NCB 
	20.01(13.76
	22.52
	0
	0
	0
	0

	NTC 
	53.11(18.06
	46.19
	0
	0
	0
	0

	SW (g)
	3.19(0.45
	0.06
	0.03
	44.56
	5.25
	7.61

	YP (g)
	6.61(1.86
	1.56
	1.18
	75.93
	16.46
	29.55

	Yield (kg ha-1)
	801.51(170.84
	21242.92
	18559.10
	87.36
	17.00
	32.73
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ABSTRACT

Current determinate sesame lines yield poorly because they have fewer capsule-bearing nodes than indeterminate varieties. Unlike soybean varieties, sesame varieties are unable to compensate for fewer capsule-bearing nodes by increasing the number of capsules per inflorescence.

Based on our observations, potential selection criteria for the development of high-yielding determinate sesame varieties include: short seed maturation period; high harvest index of the capsule zone; and high yield. Seed maturation period should be used rather than the flowering period to amplify the difference between period required for seed development at the lower-most and upper-most nodes. New sesame varieties developed using these criteria may have more uniform seed maturity and greater productivity without any reduction in yield.

INTRODUCTION

Improvement of grain crops has often involved development of dwarf or determinate varieties. These varieties generally have greater lodging resistance and greater harvest index (the seed proportion of whole-plant dry weight). Growth of most sesame (Sesamum indicum L.) varieties is indeterminate. Lodging can be a problem (Kang et al., 1993) and the harvest index is low (Ashri, 1998; Day and Langham, in press). But perhaps the major constraint to sesame production is seed loss resulting from non-uniform capsule maturity. The indeterminate growth pattern and the initiation and development of capsules without delay as the plant grows, combine to produce a succession of capsules at different developmental stage along the main stem. Harvest the crop early and immature seed is included with the grain; harvest late and seed loss occurs from dry mature capsules low on the plant. Seed losses of 50% have been recorded under mechanised production (Boyle and Oemcke, 1995). Determinate sesame varieties are likely to have more uniform capsule maturity, which should increase yield and/or seed quality. The development of determinate sesame varieties has been a focus of some breeding programs (see Wongyai, 1991; 1997; Kang et al., 1993). 

Determinate plants, in strict botanical terms, are those where the stem terminates with the production of a flower (Esau, 1977). 'Morphologically determinate' crop plants are those where stem growth ceases at, or soon after, the commencement of flowering (Bernard, 1972; Goldsworthy, 1984). For example, determinate soybean varieties are not visibly different from indeterminate varieties at the beginning of flowering but produce fewer nodes after flowering has begun (Bernard, 1972; Foley et al., 1986).

A determinate sesame variety (dt45, dtdt genotype) was identified following irradiation of seed (Ashri, 1985). This variety is determinate in the true botanical sense but capsules do not mature uniformly (Ashri, 1985). Termination of shoot growth appears to trigger sylleptic outgrowth of branches upon which new flowers develop. The determinate habit of dt45 has been harnessed through hybridisation of this line with indeterminate sesame varieties (Ashri, 1985; Wongyai, 1991; 1997; Kang et al., 1993).

Wongyai (1991; 1997) hybridised determinate (dtdt genotype) and local high-yielding indeterminate sesame varieties, and selected progeny using criteria previously used to classify determinate soybean varieties (growth during flowering (GF) = plant height at physiological maturity - plant height at the beginning of flowering; degree of stem termination (DST) = number of main stem nodes at physiological maturity-number of main-stem nodes at the beginning of flowering; flowering period (FP) = end of flowering-beginning of flowering; Foley et al., 1986). This author selected botanically determinate lines in the F2 and F3 generations, lines with a short flowering period from the F3 generation onwards, and lines with small GF and DST from the F5 generation onwards. This approach recognised that determinate sesame should have two main traits: uniform capsule maturity (short flowering period) and reduced vegetative growth during the flowering period (small GF).

Determinate lines were developed by Wongyai (1991). These lines appeared similar to indeterminate parents at the beginning of flowering (Wongyai, 1997). After flowering had begun, determinate lines had a shorter flowering period and stem-growth period (2-3 weeks compared with 5 weeks for indeterminate parents), and were shorter in plant height at maturity (both node number and internode length were reduced) (Wongyai, 1997). Kang et al. (1993) also developed determinate sesame lines that were significantly shorter than indeterminate varieties. However, these lines yielded poorly because they had fewer capsules per plant than indeterminate varieties (Kang et al., 1993).

Determinate sesame lines have been successfully developed. However, yield of these lines may be poor (Kang et al., 1993). Here, we present preliminary data that indicates the relationships between seed and capsule maturity, plant architecture, and plant yield. We explain why the criteria used to select determinate lines are likely to result in lower yield. We use our observations to suggest other criteria that, when used in conjunction with selection for high yield, may help develop new high-yielding determinate sesame varieties.

MATERIALS AND METHODS

Sesame growth was measured from field trials in Thailand, Australia and the U.S.A. 

Thailand: The Thailand breeding programme, which commenced in 1988, has been described (Wongyai, 1991) and was briefly outlined in the introduction. The genetic diversity of the parents was low. Data were collected following an August 1990 sowing (determinate and indeterminate parents, and the 10 best F4 lines; Wongyai, 1991) and an April 1992 sowing (the 9 best F7 lines; Wongyai, 1997). Three 4 m plots of each line were grown with 50 cm row spacing at Kasetsart University, Bangkok.

Ten plants of each line were randomly selected. The number of days from sowing to the beginning of flowering (BOF), the end of flowering (EOF), the first dry capsule (DC), and the last dry capsule (LDC) were recorded (capsule maturity was not measured in 1992). Plant height was measured at the beginning of flowering and at physiological maturity. The flowering period, growth during flowering and the capsule maturation period (CMP = LDC -DC) were calculated.

Australia: Fifteen sesame varieties (independent varieties, high genetic diversity) were sown in 6 m rows with an interplant distance of 10 cm and row separation of 1 m. Planting occurred during January (summer) in well-draining light-clay at Gatton, southeast Queensland (for full details see Day, in press). Five plants per variety were selected randomly for measurement of the flowering period, growth during flowering and the capsule maturation period.

U.S.A.: Fifty-three sesame lines from the Sesaco Corporation breeding program (parents contained genetically-diverse independent varieties) were sown during May (late spring) in three 6 m rows to give plant populations averaging 25 plants/m2 at Uvalde, Texas (see Day and Langham, in press).

Phenological measurements were recorded on a plot basis: days from sowing to 50% of plants flowering (BOF); to 50% of plants finished flowering (EOF); to 50% of plants physiological mature (PM); to 10% of plants with dry capsules (DC). Physiological maturity was reached when 75% of nodes had seeds with mature appearance. The flowering period and harvest window (HW =DC -PM) were calculated.

From four plants of seven of the sesame lines, individual phenological measurements were recorded: BOF, EOF, and the days from sowing to when seeds appeared mature in the lower-most capsules (LSM) and the upper-most capsules (USM). The lower-most seed development period (LSM -BOF), the upper-most seed development period (USM -EOF), and the seed maturity period (USM -LSM) were calculated.

Plant architecture and biomass measurements were collected in four plants per line selected from the central row of each plot from each of the 53 lines. At physiological maturity, plant height, capsule-zone length and the number of whole-plant capsule-bearing nodes were measured. Lines were classified according to the maximum number of capsules per leaf axil (1 or 3). The plants were harvested approximately three weeks after physiological maturity, then combined and air-dried. Total seed weight (sdwt), capsule weight (cpwt), and stem weight (stwt) were recorded, and non-leaf harvest index (sdwt/[stwt + cpwt + sdwt]) was calculated. 

Varieties and lines were used as replicates in data analysis. Data were analysed using Statsview 4.0 (Abacus Concepts, Berkeley, California)

RESULTS

Wongyai (1991; 1997) presented raw data from the Thailand trials; some of this data is summarised in Table 1. The Thailand breeding programme selected sesame lines with shorter flowering periods, capsule maturation periods and, in later generations, less growth during the flowering than indeterminate parents (Table 1). In these and the Australian trial, the capsule maturation period was consistently shorter than the flowering period by 5-8 days (Table 1). But there was no significant correlation between these measurements; sesame lines with longer flowering periods did not necessarily have longer capsule maturation periods (Table 1).

The seed maturation period was also shorter than the flowering period (about half as long; Table 2), but again there was no correlation between these measurements (r=-0.05). The difference between the flowering period and the seed maturation period suggests there is variation in the seed development period at positions along the main-stem. Seeds at the lower-most nodes took more than 20 days longer to appear mature than seeds at the upper-most nodes (Table 2).

Yield was greater in sesame lines where large plants with more capsule-bearing nodes flowered for long periods, than in other lines (seed weight, plant height, capsule-zone length, stem + capsule weight, capsule-bearing nodes, and flowering period all positively correlated; Table 3). Productivity (in terms of non-leaf harvest index) was greater in sesame lines where small plants flowered for short periods, than in other lines (Table 3). The most productive sesame lines tended to have a maximum of three capsules per leaf axil (Table 4). Productivity and plant yield were not correlated (Tables 3 and 4).

DISCUSSION

Determinate sesame lines were developed in the Thailand breeding programme by selecting for lines with small GF and DST, and a shorter flowering period (Table 1). These criteria are likely to select lines with fewer capsule-bearing nodes. The number of capsule-bearing nodes and plant yield are correlated (Table 3). Thus, it is not surprising that Kang et al. (1993) found that determinate sesame  lines yield poorly.

	Table 1. Comparison between developmental periods, and between varieties and subsequently selected lines grown in Australia (first row) and Thailand (all other rows, data from Wongyai, 1991; 1997). Data are mean of n varieties or lines. Statistical tests include paired t-test comparison between FP and CMP, Pearson’s correlation between FP and CMP, and ANOVA comparison between the varieties and lines for each variable. NS = not significantly different at P = 0.01.

	
	Growth during flowering

(cm)
	Flowering period (FP) (days)
	Capsule maturation period (CMP)

(days)
	FP – CMP

(days)
	Comparison FP and CMP
	Correlation FP and CMP

	Indeterminate varieties (n=15)
	64.9
	30.3
	23.0
	7.3
	t(14)=3.7, P<0.001
	r=0.19, NS

	Indeterminate parents (n=5)
	67.2
	28.4
	23.0
	5.4
	t(4)=5.01, P<0.007
	r=0.82, NS

	Determinate parents (n=6)
	53.5
	31.3
	24.8
	6.5
	t(5)=3.9, NS
	r=0.38, NS

	F4 selections (n=10)
	59.8
	24.1
	16.9
	7.2
	t(9)=11.1, P<0.001
	r=0.73, NS

	F7 selections (n=9)
	41.2
	16.7
	
	
	
	

	F =, P <
	4.41, 0.005
	12.5, 0.001
	27.4, 0.001
	0.18, NS
	
	

	Lsd0.05 =
	16.61
	5.75
	2.45
	
	
	


Determinate soybean varieties can be characterised by small GF and DST values. These  varieties have fewer pod-bearing nodes than indeterminate varieties (Foley et al., 1986), but determinate and indeterminate soybean varieties yield much the same (Bernard, 1972; Foley et al., 1986; Cober and Tanner, 1995). Determinate varieties maintain yield, despite fewer pod-bearing nodes, by producing more pods at each node (approximately 10 pods per inflorescence at upper nodes compared with 2-3 pods for indeterminate varieties; Bernard, 1972). Pod number per inflorescence in grain legumes appears to be regulated by physiological factors (an increase in carbohydrate supply can reduce the number of flower or pod abortions; Munier-Jolain et al., 1998).

It is unlikely that yield of determinate sesame could be maintained in a similar way. Sesame flowers are borne on a simple umbel with a maximum of either one or three flowers per inflorescence. This number is genetically regulated (Ashri, 1998), and could not be exceeded by increasing the carbohydrate supply (Smilde, 1960).

We need new criteria for selection of high-yielding determinate sesame lines. These lines should have (1) uniform seed maturation, (2) little vegetative growth during flowering (to provide lodging resistance and a greater proportion of dry weight partitioned to the seed), and (3) high yield. We should select directly for these criteria. 

(1) Selection for a short seed maturation period: Sesame seed maturation is not uniform because flowers are produced in sequence along the main stem and capsules develop without delay as the plant grows. However, seed maturation has greater uniformity than the flowering period because there is a difference in the seed development period between lower-most and upper-most seed (Table 2). This difference ensures that the seed maturation period is shorter than the flowering period (Table 2). The capsule maturation period is also shorter than the flowering period (Table 1).

	Table 2. Sesame development or maturity periods. Data are means ± standard error of seven measurements (sesame lines), each the mean of values from four plants

	
	Days

	Flowering period
	45.1 ± 2.80

	Seed maturation period
	23.6 ± 0.87

	Lower-most seed development period
	51.0 ± 2.52

	Upper-most seed development period
	29.4 ± 0.99


Selection for a shorter flowering period reduces the number of capsule-bearing nodes on the main stem (Wongyai, 1997). Selection for a shorter seed maturation period may reduce the number of capsule-bearing nodes, and increase the difference in seed development period at the lower-most and upper-most nodes. This latter criterion is preferable.

(2) Selection for a high harvest index: Non-leaf harvest index was negatively correlated with vegetative growth (plant height and stwt + cpwt weight) but not correlated with yield (Tables 3 and 4). Therefore, selection for a high non-leaf harvest index may reduce vegetative growth of new lines without affecting yield. We previously suggested (Day and Langham, in press) that the most likely way to increase productivity while maintaining yield was to select for a high harvest index of the capsule zone. This might not affect the root mass or the leaf area below the capsule zone of new lines (these features are important for gathering resources). 

(3) Selection for high yield: Selection for criteria (1) and (2) may result in the development of sesame lines with some of the following features: shorter plant height; fewer capsule-bearing nodes; three capsules per leaf axil; thinner capsule walls; smaller leaves and internodes within the capsule zone; and a shorter flowering period. Selection for only these two criteria would most likely reduce yield of new lines because they have fewer capsule-bearing nodes. It is important to select for yield in conjunction with these criteria. The selection pressure may then force an increase in the number of capsules per node and/or seed weight per capsule to compensate, in terms of yield, for the fewer capsule-bearing nodes.

	Table 3. Pearson’s correlation (r) between plant properties of 53 sesame lines. Significant correlations in bold (P = 0.01)

	
	Plant height
	Capsule – zone length
	Capsule – bearing nodes
	Stem+capsule weight
	Seed weight
	Non-leaf harvest index
	Flowering period

	Plant height
	1
	
	
	
	
	
	

	Capsule – zone length
	0.87
	1
	
	
	
	
	

	Capsule – bearing nodes
	0.43
	0.30
	1
	
	
	
	

	Stem+capsule weight
	0.70
	0.57
	0.83
	1
	
	
	

	Seed weight
	0.53
	0.47
	0.80
	0.94
	1
	
	

	Non-leaf harvest index
	-0.61
	-0.45
	-0.29
	-0.37
	-0.05
	1
	

	Flowering period
	0.70
	0.68
	0.20
	0.40
	0.28
	-0.41
	1


	Table 4. Comparison of plant features between sesame lines with a maximum of one or three capsules per leaf axil. Data are mean ± standard error of n measurements (lines), each the mean of values from four plants. *, **, significant difference between plant types at P = 0.05 and P = 0.01, respectively.

	
	Maximum capsules per leaf axil

	
	One
	Three

	
	(n = 36)
	(n = 17)

	Plant height
	157.1 ± 2.70
	142.0** ± 3.98

	Capsule – zone length (cm)
	101.2 ± 2.30
	92.1* ± 4.03

	Capsule – bearing nodes
	40.6 ± 1.86
	31.0** ± 2.20

	Stem+capsule weight (g)
	29.5 ± 1.71
	24.6 ± 2.04

	Seed weight (g)
	15.0 ± 0.79
	14.4 ± 1.23

	Non - leaf harvest index
	34.0 ± 0.39
	36.9** ± 0.50

	Flowering period (days)
	46.3 ± 1.18
	42.1* ± 1.29

	Harvest window (days)
	14.0 ± 0.96
	17.2* ± 1.32
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ABSTRACT

An evaluation was undertaken to study the breeding value of the F2 populations of three inter varietal crosses in sesame, consisting of three male sterile lines viz., ms 8A, ms 14A, ms 15A and a common male parent (Paiyur 1). The crosses ms 8A x Paiyur 1, ms 14A x Paiyur 1 and ms 15A x Paiyur 1 were studied. Mean performance, variability, heritability and genetic advance were estimated for seven economic characters namely plant height, number of branches per plant, number of capsules per plant, capsule length, number of seeds per capsule, 1000 seed weight and seed yield per plant. The results revealed that the cross ms 15A x Paiyur 1 recorded a superior mean seed yield. High phenotypic and genotypic coefficients of variation (PCV and GCV) were observed for the traits number of branches per plant, capsule length and number of seeds per capsule in the cross ms 15 A x Paiyur 1. The cross ms 14A x Paiyur 1 recorded a high variability for seed yield per plant. Heritability and genetic advance were high in the cross ms 8A x Paiyur 1 for number of capsules per plant, capsule length and seed yield per plant.

INTRODUCTION
Sesame is an important oilseed crop grown all over India. It has attracted special attention as the source of the most important salad and edible oil used in India. In this study, an attempt was made to create variability by adapting varietal hybridization involving three genic male sterile and one common male parent. An attempt was also made to determine the scope of selection through heritability and genetic advance.

Materials and methods

The F2 generation of the three crosses ms 8A x Paiyur 1, ms 14A x Paiyur 1 and ms 15A x Paiyur 1 was used for the study. The experiment was laid out at the Plant Breeding Farm, Faculty of Agriculture, Annamalai University during July to October 2000. The experiment was laid out using randomised block design with three replications. Seeds of the parents and F2 generation were raised in rows with a spacing of 30 cm between rows and 20 cm between plants. The population was maintained at the rate of one row per parent and 25 rows for each F2 population. On the 10th day after sowing, thinning was done leaving a healthy seedling per hill. Need-based cultural and plant protection measures were followed.

Statistics such as mean and phenotypic and genotypic coefficient of variation (PCV and GCV) were computed based on the method suggested by Panse and Sukhatme (1961). Heritability in the broad sense was computed with the formula suggested by Lush (1940). The genetic advance was estimated adopting the method suggested by Johnson et al. (1955).

Results and discussion

The recordings of mean, coefficient of variation, heritability and genetic advance as percent of means are given in Table 1. The F2 segregants of the cross ms 8A x Paiyur 1 recorded the maximum mean plant height (77.99 cm). All  the crosses recorded low PCV and GCV. PCV was comparatively higher in the cross ms 8A x Paiyur 1. GCV was maximum in ms 15A x Paiyur 1. High heritability was observed in all the three crosses for plant height and it was maximum in ms 14A x Paiyur 1. Genetic advance as percentage of mean was relatively uniform in the three crosses. Govindarasu et al. (1990) observed low GCV and PCV for plant height.

Table 1. Mean, variability, heritability and genetic advance of various characters in second generation of sesame.

	Character
	Crosses
	Mean
	PCV (%)
	GCV (%)
	Heritability (%)
	Genetic advance as percentage of mean

	Plant height
	ms 8 A x Paiyur 1
	77.99
	12.62
	7.33
	46.76
	12.18

	
	ms 14 A x Paiyur 1
	91.02
	10.22
	7.51
	54.10
	11.39

	
	ms 15 A x Paiyur 1
	81.28
	10.09
	7.23
	51.37
	10.67

	
	
	
	
	
	
	

	Number of branches 
	ms 8 A x Paiyur 1
	6.65
	16.00
	12.28
	45.50
	15.39

	
	ms 14 A x Paiyur 1
	7.78
	10.52
	7.27
	47.77
	10.35

	
	ms 15 A x Paiyur 1
	7.55
	17.22
	11.16
	42.01
	14.90

	
	
	
	
	
	
	

	Number of capsules per plant
	ms 8 A x Paiyur 1
	70.86
	14.61
	8.28
	46.22
	13.91

	
	ms 14 A x Paiyur 1
	56.00
	15.84
	10.41
	43.17
	14.09

	
	ms 15 A x Paiyur 1
	79.57
	8.69
	5.88
	33.76
	6.04

	
	
	
	
	
	
	

	Capsule length
	ms 8 A x Paiyur 1
	1.80
	4.78
	3.91
	59.60
	5.86

	
	ms 14 A x Paiyur 1
	1.64
	5.05
	3.84
	56.63
	5.91

	
	ms 15 A x Paiyur 1
	1.95
	18.94
	11.61
	37.55
	14.65

	
	
	
	
	
	
	

	Number of seeds per capsule 
	ms 8 A x Paiyur 1
	47.78
	10.46
	5.62
	45.56
	9.82

	
	ms 14 A x Paiyur 1
	56.94
	9.83
	6.73
	46.84
	9.48

	
	ms 15 A x Paiyur 1
	54.45
	10.38
	7.43
	51.26
	10.96

	
	
	
	
	
	
	

	1000 seed weight
	ms 8 A x Paiyur 1
	2.75
	6.19
	3.23
	34.60
	4.41

	
	ms 14 A x Paiyur 1
	2.99
	12.52
	7.64
	63.02
	12.53

	
	ms 15 A x Paiyur 1
	2.88
	8.64
	6.12
	50.00
	8.90

	
	
	
	
	
	
	

	Seed yield per plant
	ms 8 A x Paiyur 1
	8.78
	16.85
	15.65
	57.22
	19.86

	
	ms 14 A x Paiyur 1
	7.96
	33.33
	22.66
	46.20
	31.76

	
	ms 15 A x Paiyur 1
	9.21
	26.61
	19.93
	56.10
	30.75


The cross ms 14A x Paiyur 1 recorded the maximum number of branches per plant. GCV and PCV was moderate for this character in all the crosses. Among the three crosses, ms 15A x Paiyur 1 recorded the maximum PCV. The cross ms 14A x Paiyur 1 recorded the maximum heritability and the genetic advance as percentage of mean was maximum in ms 8A x Paiyur 1. All the crosses recorded a high heritability and a moderate genetic advance. Chandrasekhara and Ramana Reddy (1993) noted a high heritability and moderate genetic advance for this character.

The number of capsules per plant was maximum in the cross ms 15 A x Paiyur 1. The PCV and GCV estimates showed a wide range of variation between the crosses. The maximum PCV and GCV was registered by the cross ms 14 A x Paiyur 1. High heritability with a moderate genetic advance as a percentage of mean was observed in ms 8 A x Paiyur 1 and ms 14 A x Paiyur 1. Moderate heritability with a low genetic advance was observed in ms 15 A x Paiyur 1. Jayaprakash (1992) reported high heritability coupled with a moderate genetic advance.

The cross ms 15A x Paiyur 1 recorded the maximum capsule length. A wide range of variation in GCV and PCV was recorded for capsule length and it was maximum in ms 15A x Paiyur 1. Heritability was high and genetic advance as percentage of mean was low for the crosses ms 8A x Paiyur 1 and ms 14A x Paiyur 1. Moderate heritability and genetic advance as percentage of mean was observed in ms 15A x Paiyur 1. Fendel and Monteverde (1994) found moderate values of heritability and genetic advance for capsule length.

Maximum number of seeds per capsule was recorded in ms 14A x Paiyur 1. PCV was maximum in the cross ms 8 A x Paiyur 1. All the crosses recorded low GCV for number of seeds per capsule. Among them, the cross ms 15A x Paiyur 1 recorded the maximum. All the crosses showed high heritability and moderate genetic advance for this character. High heritability with moderate genetic advance for number of seeds per capsule was already reported by Chandrasekhara and Ramana Reddy (1993).

The F2 seqregants of the cross ms 14 A x Paiyur 1 recorded a maximum mean for 1000 seed weight. The cross ms 14 A x Paiyur 1 recorded the maximum value of PCV. The GCV for 1000 seed weight was low in all the crosses with ms 14 A x Paiyur 1 recording the maximum estinmate. All the crosses recorded a high heritability. Genetic advance as percentage of mean was moderate in ms 14 A x Paiyur 1 and it was low in ms 8 A x Paiyur 1 and ms 15 A x Paiyur 1. Biswas and Akbar (1995) noted a high degree of heritability coupled with a moderate genetic advance for 1000 seed weight.

The cross ms 15A x Paiyur 1 recorded maximum mean seed yield per plant. The PCV ranged widely from moderate to high. The cross ms 14 A x Paiyur 1 recorded the maximum PCV. The GCV was maximum in ms 14 A x Paiyur 1. All the crosses recorded high heritability and genetic advance as percentage of mean for seed yield per plant. High heritability and genetic advance as percentage of mean was previously recorded by Malarvizhi (1991), Thirunavukkarasu (1992)  and Shadakshari et al. (1995).

CONCLUSIONS

From the foregoing discussion, it was concluded that the cross ms 14 A x Paiyur 1 recorded high mean values for plant height, number of branches per plant, number of seeds per capsule and for 1000 seed weight. It also recorded a maximum variability for seed yield. The heritability estimate for seed yield was also high in this cross. Therefore, the cross ms 14 A x Paiyur 1 can be recommended for the development of high yielding lines through pedigree programmes.
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INFLUENCE OF INTERCROPPING AND MIXED CROPPING WITH PEARL MILLET, GREEN GRAM AND MOTHBEAN ON THE INCIDENCE OF STEM AND ROOT ROT (Macrophomina phaseolina) OF SESAME.

Rajpurohit, T.S. 

Agricultural Research Station, Rajasthan Agricultural University

Mandor, Jodhpur- 342304, India

ABSTRACT

A field experiment was carried out by growing sesame alone or in intercropping or mixed cropping with pearl millet, green gram and mothbean to study the incidence of Macrophomina stem and root rot (Macrophomina phaseolina) of sesame under rainfed conditions during Kharif season of 1992, 1994, 1995 and 1996 in randomised block design with three replications at the Agricultural Research Station, Mandor, Jodhpur. Observations on percent incidence of Macrophomina stem and root rot and sesame seed yield equivalent were recorded. Among the different cropping systems, sesame mothbean (1:1) recorded minimum percent disease incidence (8.90) of Macrophomina stem and root rot followed by sesame mothbean 2:1 (9.87) and sesame green gram 1:1 (10.72), as compared to 17.7 per cent disease incidence found in sole sesame. The maximum sesame seed equivalent yield (474 kg/ha) was observed in sesame mix 1:1 which was at par with sesame green gram 1:1 (461 kg/ha) and sesame green gram 2:1 (399 kg/ha). Thus sesame grown as mixed or inter cropped with green gram in 1:1 gave less incidence of Macrophomina stem and root rot and also provided a higher sesame seed yield equivalent as compared to sole sesame and this may be recommended for cultivation in an arid region of Rajasthan.

Key words: Sesame, intercropping, mix cropping, stem and root rot, Macrophomina phaseolina.

INTRODUCTION

Stem and root rot of sesame causes a high percentage of mortality of the plants and consequently great yield losses in rainfed crops especially in western Rajasthan. The experiment was conducted to study the influence of intercropping and mixed cropping sesame with pearl millet, green gram and mothbean on the incidence of stem and root rot of sesame. Such information was not available.

MATERIALS AND METHODS

Field experiments were conducted at Agricultural Research Station, Mandor during Kharif season of 1992 to 1996. RT-46 variety of sesame was cultivated as rainfed sole crop, mixed and intercropped with green gram (K-851), pearl millet (HHB-67) and mothbean (RMO 40) in different ratios. The experiment was laid out in randomized block design with three replications. The plot size was 4 x 3.6 m. In intercropped plots, single row (1:1) and paired row of sesame (2:1) was alternated with one row of intercrop. In mix cropped plots, seed of sesame and other crop were mixed together in 1:1 ratio on the basis of half of their recommended seed rate per hectare. Per cent disease intensity was recorded on the basis of number of plants infected. Seed yield per plot was recorded and sesame seed equivalent was calculated. 

RESULTS AND DISCUSSION

Intercropping and mixed cropping systems brought about different responses on the incidence of stem and root rot of sesame. Among different cropping systems, sesame mothbean (1:1) recorded minimum per cent disease incidence (8.90) of Macrophomina stem and root rot followed by sesame mothbean 2:1 (9.87), sesame green gram 1:1 (10.72) as compared to 17.7 per cent disease incidence found in sole sesame. Maximum sesame seed equivalent yield (474 kg/ha) was observed in sesame mix 1:1 which was at par with sesame green gram 1:1 (461 kg/ha), sesame green gram 2:1 (399 kg/ha). Sesame pearl milled cropping system was not found compatible with regard to disease incidence and sesame seed equivalent. Cotton + Mothbean intercropping has been recommended for checking the Rhizoctonia root rot of cotton (Rajpurohit, 1983). Thus sesame grown as mixed or intercropped with green gram in 1:1 gave less incidence of macrophomina stem and root rot and also provided a higher sesame seed yield equivalent as compared to sole sesame and this may be recommended for cultivation in an arid region of Rajasthan. 
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GROWTH AND YIELD OF RICE FALLOW SESAME AS INFLUENCED BY WEED MANAGEMENT PRACTICES
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ABSTRACT

A study was conducted during the summer seasons of 1999 and 2000 at the Agricultural College and Research Institute, Killikulam (TN) to investigate the effects of weed management practices on growth and yield of rice fallow sesame. Hand weeding on 15 and 30 DAS registered maximum plant height, leaf area index (LAI) and dry matter production (DMP). However, higher seed and stalk yields of sesame under rice fallow conditions were obtained with alachlor at 1.5 kg/ha as sand mix + hoeing on 30 DAS, which was comparable with hand weeding twice. Pre-emergence application of either pendimethalin at 0.75 kg/ha or fluchloralin at 1.0 kg/ha as spray followed by hoeing on 30 DAS were on par with hand weeding twice. The lowest growth parameters and yields of sesame were obtained under unweedded check.

Key words: Growth, yield, rice fallow, sesame.

INTRODUCTION

Sesame is cultivated under a wide range of cropping systems. It is also an important oil seed crop in Tamil Nadu next to groundnut. Simultaneous emergence and rapid growth of weeds leads to weed competition for light, moisture, space and nutrients. Weed competition is one of the major constraints for yield maximization in rice fallow sesame. Hence, productivity of sesame largely depends on weed-free conditions, particularly in its early growth period. Nowadays, herbicide use is gaining popularity by virtue of its early and efficient weed control. Therefore, this study was conducted to study the impact of different weed management practices on growth parameters and yields of sesame under rice fallow conditions.

MATERIALS AND METHODS

An experiment was carried out during 1999 and 2000 on a sandy clay loam soil at Killikulam (8° 46'N, 77° 42'E, 40 m). The soil was medium in organic carbon (0.74%), low in available P2O5 (11.0 kg/ha) and medium in K2O (140 kg /ha) with a pH of 7.2. Treatments were butachlor at 1.0 kg/ha as sand mix, butachlor at 1.0 kg/ha as spray, butachlor at 1.0 kg/ha as sand mix + hand hoeing on 30 DAS, butachlor at 1.0 kg/ha as spray + hand hoeing on 30 DAS, pendimethalin at 0.75 kg/ha as sand mix, pendimethalin at 0.75 kg/ha as spray, pendimethalin at 0.75 kg/ha as sand mix + hand hoeing on 30 DAS, pendimathalin at 0.75 kg/ha as spray + hand hoeing on 30 DAS, fluchloralin at 1.0 kg/ha as sand mix, fluchloralin at 1.0 kg/ha as spray, fluchloralin at 1.0 kg/ha as sand mix + hand hoeing on 30 DAS, fluchloralin at 1.0 kg/ha as spray + hand hoeing on 30 DAS, alachlor granules at 1.5 kg /ha as sand mix, alachlor granules at 1.5 kg/ha as sand mix + hand hoeing on 30 DAS, hand hoeing on 15 DAS, hand hoeing on 15 and 30 DAS and unweeded check. The experiment was laid out in randomised block design with three replications. Sesame variety SVPR 1 was sown on 15 January 1999 and 8 January 2000, at 30 x 30 cm spacing. The field was prepared by preparatory tillage and secondary tillage and was brought to a good tilth and levelled. The recommended inorganic fertilizer dose of 35:23:23 kg NPK/ha was applied to all plots in the form of urea, single superphosphate and muriate of potash, respectively. Half of the N, entire P and K were applied as basal at the time of sowing and the remaining N was applied as topdressing on 30 DAS. All the herbicides were applied on 3 DAS as pre-emergence. In the case of herbicide spray, herbicides mixed with water at 500 lit/ha sprayed with knapsack sprayer fitted with deflector type nozzle. In the case of sand mixing, the calculated quantity of herbicide was mixed with sand at 50 kg/ha and spread uniformly over the soil as per the treatments. Observations on plant height, leaf area index (LAI) (Rao et al., 1990) and dry matter production at 15, 30 DAS and harvest, as well as yield at harvest were recorded.

Table 1. Effect of weed management practices on growth parameters and yield of rice fallow sesame during summer

	Treatments
	Plant height

(cm)
	Leaf area

index
	Dry matter

production (kg/ha)
	Yield

(kg/ha)

	
	30DAS
	60DAS
	Harvest
	30DAS
	60DAS
	Harvest
	30DAS
	60DAS
	Harvest
	Seed
	Stalk

	Butachlor sand
	26.9
	84.7
	99.7
	0.61
	1.48
	2.38
	230.2
	1842
	2141
	654
	1337

	Butachlor spray
	27.4
	86.2
	101.3
	0.66
	1.54
	2.44
	248.3
	1882
	2172
	673
	1348

	Butachlor sand + HH
	28.1
	89.7
	106.2
	0.78
	1.76
	2.48
	306.3
	1972
	2250
	709
	1391

	Butachlor spray + HH
	28.9
	91.3
	109.3
	0.86
	1,81
	2.52
	323.2
	1984
	2284
	724
	1411

	Pendimethalin sand
	25.3
	90.8
	103.4
	0.88
	1.79
	2.62
	297.6
	1947
	2596
	786
	1680

	Pendimethalin spray
	26.4
	92.7
	106.3
	0.91
	1.88
	2.64
	304.2
	1968
	2646
	795
	1715

	Pendimethalin sand + HH
	30.3
	100.2
	110.7
	1.16
	2.11
	2.92
	371.2
	2103
	3047
	908
	1992

	Pendimethalin spray + HH
	31.1
	102.9
	112.3
	1.22
	2.26
	2.98
	387.3
	2154
	3173
	930
	2093

	Fluchloralin sand
	25.9
	91.2
	106.5
	0.84
	1.82
	2.58
	280.3
	1961
	2619
	789
	1660

	Fluchloralin spray
	27.2
	93.6
	108.7
	0.86
	1.90
	2.60
	285.6
	1979
	2622
	792
	1702

	Fluchloralin sand + HH
	29.2
	101.8
	113.4
	1.14
	2.13
	2.87
	353.8
	2099
	3085
	904
	2027

	Fluchloralin spray + HH
	30.7
	102.5
	118.6
	1.18
	2.24
	2.91
	376.2
	2144
	3132
	925
	2058

	Alachlor sand
	27.6
	96.5
	105.4
	0.94
	1.92
	2.69
	318.7
	1997
	2732
	810
	1742

	Alachlor sand + HH
	32.5
	106.8
	123.7
	1.34
	2.46
	3.15
	421.6
	2262
	3572
	979
	2359

	HH on 15DAS
	28.1
	94.7
	107.2
	0.98
	1.93
	2.67
	311.7
	1989
	2669
	788
	1731

	HH on 15 and 30DAS
	33.9
	109.4
	127.8
	1.42
	2.55
	3.26
	434.4
	2365
	3465
	956
	2318

	Unweeded control
	25.1
	81.4
	94.3
	0.43
	1.29
	2.21
	210.2
	1811
	1855
	618
	1087

	S. Ed
	0.63
	2.09
	2.17
	0.02
	0.04
	0.06
	7.28
	47
	60
	16
	38

	CD (P=0 05)
	1.28
	4.25
	4.44
	0.05
	0.09
	0.12
	14.82
	96
	122
	33
	77


*HH = Hand hoeing

Table 2. Effect of weed management practices on growth parameters and yield of rice fallow sesame during summer 2000

	Treatments
	Plant height (cm)
	Leaf area index
	Dry matter production (kg/ha)
	Yield

(kg/ha)

	
	30 DAS 
	60 DAS 
	Harvest
	30 DAS 
	60 DAS 
	Harvest
	30 DAS 
	60 DAS 
	Harvest
	Seed
	Stalk

	Butachlor sand
	27.9
	87.8
	103.3
	0.63
	1.52
	2.44
	239.6
	1905
	2231
	681
	1390

	Butachlor spray
	28.5
	86.6
	104.5
	0.68
	1.56
	2.49
	252.8
	1940
	2266
	691
	1399

	Butachlor sand + HH
	28.7
	90.2
	109.9
	0.79
	1.80
	2.53
	312.1
	2035
	2243
	724
	1435

	Butachlor spray + HH
	29.8
	92.0
	114.2
	0.89
	1.86
	2.58
	329.5
	2042
	2272
	749
	1473

	Pendimethalin sand
	25.9
	92.2
	107.7
	0.91
	1.83
	2.69
	308.1
	2001
	2695
	824
	1740

	Pendimethalin spray
	27.0
	94.4
	108.5
	0.94
	1.92
	2.70
	310.0
	2020
	2750
	866
	1788

	Pendimethalin sand + HH
	31.2
	102.6
	114.1
	1.18
	2.17
	2.96
	379.3
	2117
	3172
	941
	2056

	Pendimethalin spray + HH
	31.8
	104.0
	116.6
	1.23
	2.31
	3.04
	392.9
	2226
	3302
	965
	2143

	Fluchloralin sand
	26.5
	93.7
	109.9
	0.87
	1.88
	2.66
	290.5
	2031
	2708
	827
	1725

	Fluchloralin spray
	28.1
	95.0
	112.4
	0.89
	1.95
	2.71
	289.2
	2037
	2715
	834
	1769

	Fluchloralin sand + HH
	29.7
	103.5
	116.7
	1.18
	2.17
	2.95
	361.4
	2180
	3205
	939
	2099

	Fluchloralin spray + HH
	31.3
	104.8
	120.9
	1.22
	2.29
	2.99
	382.0
	2220
	3263
	953
	2121

	Alachlor sand
	28.5
	98.2
	107.8
	0.96
	1.96
	2.75
	326.1
	2049
	2839
	849
	1804

	Alachlor sand + HH
	32.9
	108.6
	126.4
	1.38
	2.49
	3.20
	430.5
	2350
	3705
	998
	2364

	HH on 15 DAS
	28.6
	95.3
	110.0
	0.99
	1.95
	2.69
	320.2
	2045
	2766
	827
	1796

	HH on 15 and 30 DAS
	34.8
	111.1
	130.3
	1.45
	2.59
	3.31
	439.8
	2430
	3590
	983
	2136

	Unweeded control
	26.0
	84.0
	97.1
	0.50
	1.34
	2.27
	219.9
	1860
	1942
	639
	1103

	S.Ed
	0.68
	2.14
	2.22
	0.03
	0.05
	0.07
	7.64
	51
	65
	18
	40

	CD (P=0.05)
	1.33
	4.38
	4.49
	0.06
	0.10
	0.15
	14.98
	104
	132
	36
	81


*HH = Hand hoeing

RESULTS AND DISCUSSION

Growth of sesame

Various weed management practices significantly improved the growth parameters of rice fallow sesame at all the growth stages during both the seasons (Table 1 and 2). Among the weed management practices, hand hoeing twice registered maximum growth parameters such as plant height, LAI and DMP except at harvesting during both the years, which was comparable with pre emergence application of alachlor granules 1.5 kg/ha as sand mix + hand hoeing on 30 DAS. The increase in growth parameters due to alachlor granules at 1.5 kg/ha as sand mix + hoeing on 30 DAS might be attributed to the effective reduction in dry matter and nutrient removal by weeds resulting in more availability and uptake of nutrients by sesame. Similar findings were also reported by Kannan and Wahab (1995). Application of fluchloralin at 1.0 kg/ha as spray + hoeing on 30 DAS, pendimethalin at 0.75 kg/ha as spray + hoeing on 30 DAS and pendimethalin at 0.75 kg/ha as sand mix + hoeing on 30 DAS had an intermediate effect in increasing growth parameters of sesame. The lowest growth parameters were observed under unweeded check during both the years.

Yields of sesame

Different weed control methods had significant effects on seed and stalk yields of rice fallow sesame. The seed and stalk yields ranged from 618 to 979 kg/ha and 639 to 998 kg/ha, respectively, during both years. Amongst weed control methods, pre-emergence application of alachlor granules at 1.5 kg/ha as sand mix + hoeing on 30 DAS produced significantly higher seed yield (979 and 998 kg/ha) and stalk yields (2359 and 2364 kg/ha) and was on par with hand hoeing on 15 and 30 DAS. The yield increase under alachlor at 1.5 kg/ha + hoeing 30 DAS was 2.41 and 1.52 % and 36.87 and 35.97 % over hoeing twice and unweeded check, respectively. This might be due to the effective control of weeds and increased growth parameters of sesame under alachlor at 1.5 kg/ha + hoeing. These results coincide with the observation of Billore and Joshi (1997). Unweeded control gave the lowest yields of sesame. Application of either pendimethalin at 0.75 kg/ha or fluchloralin at 1.0 kg/ha as spray on 3 DAS with one hoeing on 30 DAS resulted in yields of sesame as that those hand hoeing twice. Application of herbicides as spray recorded higher seed yields than application of herbicides as sand mix. This might be due to the uneven distribution of herbicides under sand mix. All the herbicides in combination with one hoeing registered maximum yields than the application of herbicides alone. It may be concluded that pre emergence application of alachlor granule as sand mix or pendimethalin at 0.75 kg/ha as spray or fluchloralin at 1.0 kg/ha in combination with a manual hoeing on 30 DAS would be a suitable alternative to hand hoeing twice, because these weed management practices gave comparable yields of rice fallow sesame.
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ABSTRACT

A pot culture experiment was conducted to study the effect of manganese and zinc on the yield and nutrient uptake of sesame in a vertisol soil. The experimental soil was clay textured with pH 7.55, EC 0.34 dS m-1 and deficient in available Zn and Mn. Seven treatments comprising control (recommended NPK) , NPK + ZnSO4  at 25 kg ha-1 (soil) , NPK + MnSO4 at 5 kg ha-1 (soil) , NPK + 0.5 %  ZnSO4  (foliar) , NPK + 0.5 %  MnSO4 (foliar) , NPK  + ZnSO4 at 25 kg ha-1 + MnSO4 at 5  kg ha-1 (soil)  and NPK + 0.5 % ZnSO4  + 0.5 % MnSO4 (foliar) were replicated three times in a completely randomised block design using sesame variety TMV 3 as test crop. The results of the experiment revealed that combined application of ZnSO4 at 25 kg ha-1+ MnSO4 at 5 kg ha-1 was significantly superior in enhancing the growth, yield and nutrient uptake of sesame.

Key words: Micronutrients, sesame, yield, nutrient uptake, vertisols.

INTRODUCTION 

In India, sesame is being grown in larger areas of vertisols which often shows a deficiency of micronutrients. To improve the productivity of sesame under such soils, it has become necessary to apply various micronutrients. Hence the present study was undertaken to study the effect of the application of zinc and manganese on yield and nutrient uptake by sesame in vertisol soil.

MATERIALS AND METHODS

A pot culture experiment was conducted in black vertisol soil during summer  to study the effect of Zn and Mn application in sesame. The soil used for the experiment was clay with pH 7.55 and EC 0.34 dS m-1. It was low in available N  ( 220 kg ha-1) , medium in available P (19 kg ha-1) and potassium (214 kg ha-1). The DTPA extractable Zn ( 0.9 ppm ) and Mn (0.7 ppm ) were below the critical limits. The experiment was laid out in a completely randomized design with three replications using sesame variety TMV 3 as test crop. The treatment consisted of T1 – Control (recommended NPK), T2 – NPK + ZnSO4 at 25 kg ha-1 (soil), T3 - NPK + MnSO4 at 5 kg ha-1 (soil) , T4 – NPK + 0.5 %  ZnSO4  (foliar), T5 NPK + 0.5 % MnSO4 (foliar) , T6 - NPK + ZnSO4  at 25 kg ha-1 + MnSO4 at 5 kg ha-1 (soil)  and T7 – NPK + 0.5 % ZnSO4 + 0.5 % MnSO4 (foliar).

A fertilizer dose of 35 : 22.5 : 22.5 N, P2O5 and K2O kg ha-1 was applied basely. The micronutrients were applied in soil to the concerned pots before sowing. Foliar application of Zn and Mn was done on 25th and 45th days after sowing (DAS) to the concerned pots as per the treatments. The data on the growth and yield of sesame was recorded. In the di-acid extract of the plant samples, the various nutrient contents were estimated using standard procedures (Jackson, 1973) and their uptake was computed.

RESULTS AND DISCUSSION

The results of the study indicated that micronutrients application either as soil or foliar resulted in an increased plant growth of sesame. Soil application of Zn and Mn recorded the highest growth characters,  plant height (105 cm) and dry matter production (2805 kg ha-1).

Micronutrient applications have significantly increased the yield components viz., number of capsules per plant and number of seeds per capsule. The combined application of Zn and Mn in soil produced the highest number of capsules per plant (59) and number of seeds per capsules (57). The beneficial influence of micronutrients might be due to the activation of various enzymes and the efficient utilisation of applied nutrients resulting in increased yield components as reported by Tiwari et al. (1995) and Shanker et al. (1999). The highest seed and shoot yield of 794 and 2299 kg ha-1 was recorded with the treatment T6 (soil application of Zn + Mn) in comparison to 540 and 1223 kg ha-1 in control. This represented an increased percentage of 47 and 53 per cent over the control. The application of Zn alone as foliar and soil increased the yield in the range of 592 to 611 Kg ha-1 and Mn  alone in the range of 602 to 684 Kg ha-1. The combined application recorded a yield range of 749 to 794 Kg ha-1.The positive response of sesame to Zn and Mn application was due to increased growth and yield components as well as an increased availability and better uptake of these nutrients. The present results are in conformity with the earlier findings of Vadivel ( 1980 ).

	Table 1. Influence of treatments on growth, yield components and yield of sesame

	Treatments
	Plant height

(cm)
	DMP

(Kg ha-1)
	No. of capsules/plant
	No. of seeds/cap
	1000 seed

weight (g)
	Seed yield

(Kg ha-1 )
	Shoot yield

(Kg ha-1 )

	T1
	70
	1860
	30
	32.3
	2.56
	540
	1223

	T2
	78
	2100
	38
	38.3
	2.86
	592
	1375

	T3
	92
	2420
	50
	48.0
	2.68
	684
	1828

	T4
	90
	2320
	47
	44.1
	2.78
	611
	1705

	T5
	81
	2180
	41
	40.0
	2.92.
	602
	1505

	T6
	105
	2805
	59
	57.0
	3.04
	794
	2299

	T7
	99
	2780
	56
	52.0
	3.00
	749
	2111

	SEd
	1.15
	61.73
	1.27
	1.82
	0.026
	11.38
	23.68

	CD(p=0.05)
	2.50
	134.51
	2.77
	3.66
	0.056
	24.80
	51.65


The uptake of major and micro nutrients by sesame was significantly enhanced in vertisol with a micronutrient application. The combined application of Zn and Mn in soil registered the highest NPK uptake in seed and shoot. The increased uptake might have been the result of the increased DMP produced. There was also a significant increase in micronutrient  uptake due to the application Zn and Mn. Soil application of Zn + Mn resulted in an increased uptake of Fe, Mn and Zn in seed to the tune of 0.06, 0.064 and 0.036 kg ha-1 and 0.72 , 0.92 and 0.121 kg ha-1  in shoot as compared to 0.033, 0.032 and 0.017 kg ha-1 in seed and 0.26, 0.31 and 0.044 in shoot in control. A marked improvement in the availability with higher absorption resulted in a higher uptake of these nutrients. An increased uptake of micronutrients in sesame with Zn and Mn has been earlier reported by Vadivel (1980) and Balamurugan ( 1982). 

The present study clearly indicated that the application of the recommended dose of NPK along with soil application of ZnSO4 at 25 g ha-1 + MnSO4 at 5 Kg ha-1 would be beneficial for increasing the productivity of sesame in vertisols. 

	Table 2. Influence of treatments on the nutrient uptake by sesame

	Treatments
	N ( kg ha-1 )
	P ( kg ha-1 )
	K ( kg ha-1 )
	Zn ( kg ha-1 )
	Mn ( kg ha-1 )
	Fe ( kg ha-1 )

	
	Seed
	Shoot
	Seed
	Shoot
	Seed
	Shoot
	Seed
	Shoot
	Seed
	Shoot
	Seed
	Shoot

	T1
	13.96
	8.84
	21.62
	1.85
	31.39
	22.10
	0.017
	0.044
	0.032
	0.31
	0.033
	0.31

	T2
	17.27
	13.16
	30.10
	2.65
	35.25
	25.64
	0.025
	0.070
	0.038
	0.45
	0.038
	0.45

	T3
	21.48
	31.33
	40.19
	4.10
	44.73
	36.64
	0.024
	0.073
	0.051
	0.68
	0.048
	0.68

	T4
	18.93
	24.96
	34.46
	3.78
	38.71
	33.38
	0.025
	0.076
	0.039
	0.58
	0.043
	0.58

	T5
	17.87
	18.27
	32.96
	3.22
	36.72
	29.03
	0.023
	0.063
	0.043
	0.53
	0.040
	0.53

	T6
	25.77
	46.11
	51.18
	5.88
	53.01
	47.46
	0.036
	0.121
	0.064
	0.92
	0.060
	0.92

	T7
	23.62
	38.95
	45.84
	5.31
	50.28
	43.09
	0.031
	0.100
	0.057
	0.81
	0.050
	0.81

	SEd
	0.59
	3.02
	4.93
	0.87
	0.95
	0.95
	0.001
	0.003
	0.012
	0.029
	0.001
	0.029

	CD (p=0.05)
	1.29
	6.57
	10.74
	1.91
	2.08
	2.08
	0.002
	0.007
	0.004
	0.060
	0.002
	0.060
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GEOGRAPHICAL VARIATIONS IN SESAME LEAF / SHOOT WEBBER AND CAPSULE BORER, Antigastra catalaunalis Duponchel (LEPIDOPTERA : PYRAUSTIDAE) POPULATIONS IN INDIA
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ABSTRACT

Biological studies on populations of leaf/shoot webber and capsule borer, Antigastra catalaunalis Duponchel, collected from three states viz., Andhra Pradesh (Hyderabad), Maharashtra (Jalgaon) and Tamil Nadu (Vriddhachalam) were made on sesame plants in the laboratory at 27±1ºC and relative humidity of 40 percent during 1994 and 1995 to find out the geographical variations of this pest. It was observed that adults coming from the Vriddhachalam population were bigger in size and healthier than those from the rest of the states. Most parameters of the Vriddhachalam population were higher than the those of Hyderabad and Jalgaon populations. Vriddhachalam insect population showed the highest sex ratio (male:female) i.e. 1:1.86 followed by Hyderabad (1:0.83) and lowest in Jalgaon (1:0.96). A similar trend was observed in growth index in A. catalaunalis populations collected from all three above mentioned places i.e. 6.51, 6.20 and 5.07, respectively.

Key words: Sesame, Antigastra catalaunalis, geographical variations, population, sex ratio, growth index.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the major oilseed crops grown in India since very ancient times. At present it occupies an area of 2 million hectares with a total production of 0.7 million tonnes, contributing 32 % of the total production in the country. Leaf/shoot webber and capsule borer, Antigastra catalaunalis Duponchel (Lepidoptera: Pyraustidae), is the most serious pest of sesame. This pest has been reported to cause the death of seedlings, damaging leaves, buds, flowers, capsules and reducing yields of the crop. The biology of this pest has been studied by many workers during different years at different places, e.g. Teotia and Hussain (1965) at Kanpur (U.P.), Desai and Patel (1965) at Junagadh (Gujarat), Cheema (1981) at Ludhiana (Punjab) and Kumar and Goel (1996) at Muzaffarnagar (U.P.). No attempt has been made so far to study the geographical variations in the population of this pest on cultivated sesame in various states in India. Therefore, the present study was undertaken for the first time at the Directorate of Oilseeds Research, Rajendranagar (Hyderabad) during 1994 and 1995.

MATERIALS AND METHODS

The larvae of A. catalaunalis were collected from three states viz., Andhra Pradesh (Hyderabad), Maharashtra (Jalgaon) and Tamil Nadu (Vriddhachalam). The detailed biological studies on different populations of this pest were made on sesame variety Rajeshwari in laboratory at 27±1ºC temperature and relative humidity of 40 percent. Observations were recorded on many parameters, presented in Table 1.

RESULTS AND DISCUSSION

The studies revealed that there were no morphological variations in the adults emerging from the insect populations collected from Jalgaon and Hyderabad. However, the adults emerging out from the Vriddhachalam population were bigger in size and healthier than those from the rest of the states. Most of the parameters of the Vriddhachalam population were higher than those of the Hyderabad and Jalgaon populations. The interesting observation recorded was that Vriddhachalam insect population showed the highest sex ratio (male:female) i.e. 1:1.86 followed by Hyderabad (1:0.83) and lowest in Jalgaon (1:0.96). A similar trend was found in growth index in A. catalaunalis populations collected from all three above mentioned places i.e. 6.51, 6.20 and 5.01, respectively (Table 1). Ahuja et al. (2000) summarized the biology of this pest, i.e. fecundity up to 140 eggs/female, egg period (2-7 days), larval period (10 days) in summer and up to 33 days in winter, pupal period (4-20 days), longevity of adult (21 days), egg to egg life cycle completed in 23 days (summer) and 67 days (winter) and 6-14 overlapping generations were observed in a year.

	Table 1. Geographical variations in leaf/shoot webber and capsule borer, Antigastra catalaunalis Dup., population on sesame.

	Parameter
	Hyderabad (A.P.)
	Jalgaon (Maharashtra)
	Vriddhachalam (T.N.)

	
	1994
	1995
	Mean
	1994
	1995
	Mean
	1994
	1995
	Mean

	Egg period (days)
	2.3
	4.5
	3.4
	2.4
	2.4
	2.4
	2.0
	2.4
	2.2

	Larval period (days)
	9.05
	9.45
	9.25
	7.5
	8.95
	8.22
	9.85
	8.95
	9.40

	Mature larval weight (g)
	0.038
	0.039
	0.038
	0.022
	0.022
	0.022
	0.028
	0.030
	0.029

	Larval survival (%)
	80
	80
	80
	70
	70
	70
	85
	81
	85

	Larval mortality (%)
	20
	.20
	20
	30
	30
	30
	15
	17
	16

	Pupal period (days)
	4.2
	4.8
	4.5
	3.4
	3.5
	3.45
	4.0
	5.2
	4.6

	Pupal weight (g)
	0.013
	0.016
	0.014
	0.017
	0.012
	0.014
	0.018
	0.022
	0.020

	Pupal survival (%)
	80
	90
	85
	60
	75
	67.5
	90
	80
	85

	Adult emergence (%) (A)
	81.25
	89.50
	85.37
	57
	61.43
	59.21
	88.24
	94.16
	91.20

	Adult longevity (days)
	6.0
	10.3
	8.15
	4.5
	5.3
	4.9
	4.1
	4.9
	4.5

	Adult weight (g)   Male

                            Female
	0.0068

0.0099
	0.0065

0.0069
	0.0066

0.0084
	0.0048

0.0049
	0.0052

0.0054
	0.0050

0.0051
	0.0076

0.0090
	0.0084

0.0086
	0.0080

0.0088

	Sex ratio (male:female)
	1:0.66
	1:1
	1:0.83
	1:0.43
	1:1.5
	1:0.96
	1:1.86
	1:1.88
	1:1.86

	Adult fecundity (number of eggs laid/female)
	26
	22
	24
	12
	18
	15
	45
	51
	48

	Developmental period, i.e. larval and pupal period (days)        (B)
	13.25
	14.25
	13.75
	10.90
	12.45
	11.67
	13.85
	14.15
	14.00

	Life cycle, i.e. egg period to adult (days)
	21.55
	29.05
	25.3
	17.8
	20.2
	19.0
	19.95
	21.45
	20.7

	Growth index       (A/B)
	6.13
	6.28
	6.20
	5.23
	4.93
	5.07
	6.37
	6.65
	6.51
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REACTION OF SESAME GENOTYPES TO LEAF/SHOOT WEBBER AND CAPSULE BORER, Antigastra catalaunalis Duponchel (LEPIDOPTERA : PYRAUSTIDAE)
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ABSTRACT

Thirteen genotypes of sesame (Sesamum indicum L.) were evaluated under greenhouse conditions to find out their reaction to Antigastra catalaunalis Duponchel. The preference for oviposition was nil on the genotype ES‑22 and very low on SI‑250, IS‑23‑1, KIS‑305 and ES‑12. The overall development of A. catalaunalis was also very low on these genotypes whereas a good growth was noticed on remaining cultivated varieties of sesame. The above genotypes were less preferred for egg laying as well as development and thus considered as being resistant to this pest.

Key words: Sesame, genotypes, cultivated varieties, resistance, Antigastra catalaunalis.
INTRODUCTION

Sesame (Sesamum indicum L.) is the oldest and important oilseed crop among the major oilseed crops grown in India. Leaf/shoot webber and capsule borer, Antigastra catalaunalis Duponchel (Lepidoptera : Pyraustidae) is the major and key pest of sesame. Many workers reported the sesame genotypes and germplasm lines resistant to this pest (Yadava, 1985; Anon., 1989; Thangavelu et al., 1989; Murali Baskaran et al., 1990). The present study was undertaken to find out the reaction of cultivated sesame genotypes against A. catalaunalis.

MATERIAL AND METHODS

Thirteen sesame genotypes, viz. ES-12, ES-22, SI-250, IS-23-1, KIS-306, Krishna, Madhavi, Gauri, Rajeshwari, Rama, CO‑1, Phule Til and TC-25 were tested for reaction to A. catalaunalis under greenhouse conditions at the Directorate of Oilseeds Research, Rajendranagar, Hyderabad during 1994 and 1995. Plants of these genotypes were grown in earthen pots kept in the greenhouse and later on cages with muslin cloth. Thirteen treatments with eight replications were made. A pair of adults (male and female) was released in each cage. Observations on eggs laid per female per plant, developmental (larval and pupal) period and plant damage were recorded, and statistically analysed.

RESULTS AND DISCUSSION

The results on eggs laid per female per plant, developmental period and plant damage are presented in Table 1. It was observed that the preference of A. catalaunalis for oviposition was nil on ES-22 and very low on SI-250, IS-23-1, KIS-306 and ES-12 (1, 2.5, 2.5 and 1.5 eggs per female per plant, respectively). The overall development of the pest was also nil on ES-22 and very low on SI-250, IS-23‑1, KIS-306 and ES-12, whereas a good growth was noticed on the remaining cultivated varieties of sesame, viz. TC-25 (26 days), Rama (21), Krishna (19), Gauri (15), Rajeshwari (14), Co-1 (13), Phule Til (12) and Madhavi (12). The studies concluded that sesame genotypes, viz. ES-12, ES-22, SI-250, IS-23-1 and KIS-306 were less preferred for egg laying and development resulting in almost nil plant damage, which may be considered as resistant to this pest. It is suggested that these cultivars can be used by the breeders as donor parents for breeding programmes aimed at incorporating resistance to A. catalaunalis. The remaining cultivated varieties were susceptible to the damage of this pest. Amongst them, TC-25, Rama and Krishna were found the most susceptible. Earlier, Thangavelu et al. (1989) also reported sesame cultivars, viz. ES‑12, ES‑22, SI‑250 as highly resistant to this pest at vegetative as well as pod stages which is in conformity with the present findings.

	Table 1. Reaction of sesame genotypes to Leaf/shoot webber and capsule borer, Antigastra catalaunalis Duponchel

	Sesame genotypes
	Eggs laid/female/plant

(no.)
	Developmental period

(days)
	Plant damage

(%)

	
	1994*
	1995*
	Mean
	1994*
	1995*
	Mean
	1994*
	1995*
	Mean

	ES-12
	3 (1.99)
	0 (1.00)
	1.5
	1 (1.39)
	0 (1.00)
	0.5
	0 (1.00)
	0 (1.00)
	0

	ES-22
	0 (1.00)
	0 (1.00)
	0
	0 (1.00)
	0 (1.00)
	0
	0 (1.00)
	0 (1.00)
	0

	SI-250
	2 (1.72)
	0 (1.00)
	1
	3 (1.99)
	0 (1.00)
	1.5
	0 (1.00)
	0 (1.00)
	0

	IS-23-1
	2 (1.72)
	3 (1.99)
	2.5
	3 (1.99)
	0 (1.00)
	1.5
	0 (1.00)
	0 (1.00)
	0

	KIS-306
	2 (1.72)
	3 (1.99)
	2.5
	4 (2.22)
	1 (1.39)
	2.5
	2 (1.72)
	0 (1.00)
	1

	Krishna
	11 (3.46)
	12 (3.64)
	11.5
	20 (4.53)
	18 (4.29)
	19
	20 (4.53)
	20 (4.43)
	20

	Madhavi
	9 (3.16)
	8 (2.99)
	8.5
	12 (3.59)
	12 (3.64)
	12
	10 (3.25)
	10 (3.25)
	10

	Gauri
	7 (2.82)
	8 (3.00)
	7.5
	15 (3.59)
	15 (3.96)
	15
	15 (3.93)
	15 (4.04)
	15

	Rajeswari
	10 (3.31)
	10 (3.30)
	10
	14 (3.84)
	14 (3.85)
	14
	15 (3.93)
	15 (3.99)
	15

	Rama
	10 (3.31)
	9 (3.16)
	9.5
	21 (4.62)
	21 (4.52)
	21
	30 (5.50)
	25 (4.89)
	28

	CO-1
	7 (2.82)
	9 (3.16)
	8
	13 (3.72)
	13 (3.86)
	13
	15 (3.93)
	15 (3.89)
	15

	Phule Til
	6 (2.64)
	7 (2.83)
	7.5
	12 (3.55)
	12 (3.73)
	12
	10 (3.29)
	10 (3.29)
	10

	TC-25
	19 (4.36)
	13 (3.73)
	16
	26 (5.15)
	26 (5.23)
	26
	40 (6.35)
	50 (7.08)
	45

	SEM+
	0.07
	0.06
	
	3.20
	0.07
	
	3.32
	0.20
	

	CD value
	0.26
	0.23
	
	0.23
	0.25
	
	0.48
	0.76
	

	Sig. Level
	**
	**
	
	**
	**
	
	**
	**
	

	* Figures in parenthesis are (X+1)½
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POTENTIAL ANTIBIOSIS OF SESAME (Sesamum indicum L.) GENOTYPES TO THE SWEETPOTATO WHITEFLY (Bemisia tabaci Gennadius)

Laurentin, H.E. and C.J. Pereira

Departmento de Ciencias Biológicas, Decanato de Agronomía

Universidad Centroccidental “Lisandro Alvarado”. Apartado 400, Barquisimeto, Venezuela

ABSTRACT

To evaluate the presence of resistance in 6 sesame genotypes (19 x 10, 43 x 32, 37–1, 37–3, UCV–3, and FONUCLA) to the sweetpotato whitefly, field studies were established in Turen, Portuguesa state, Venezuela using randomized complete block designs replicated 4 times. The response of these genotypes was compared under natural infestations of this insect during the growing seasons 97–98 and 98–99. The genotypes behaved significantly different under natural infestations of the whitefly, and this behaviour varied inconsistently throw sampling time during 98-99. The genotypes 19 x 10 and 43 x 32 showed the greatest percent reductions of eggs to nymphs after analyzing pairs of consecutive sampling weeks. The potential use of these analyses to estimate possible mechanisms governing resistance is discussed.

Key words: Sesame, sweetpotato whitefly, resistance.

INTRODUCTION

The cultivated area of the sesame crop in Venezuela has increased 4 fold in the last 3 years (Houllier 1998). This is in part due to changes in its commercial route from raw material, used in national sesame oil industries, to becoming an important export commodity with a very attractive price for the grower. This increase in the cultivated area of this crop has stimulated research to identify and solve limiting producing factors. Laurentin (1996) mentioned Bemisia tabaci Gennadius (Homoptera: Aleyrodidae) as the main biotic limiting factor of this crop in Turen, Portuguesa state, Venezuela. Direct and indirect damage by this insect to sesame plants weakens growth and reduces yields by close to 100 % (Delgado, 1993). Control alternatives for this pest must not rely solely on chemical control, the insecticides recommended because for this pest do not control eggs and nymphs, the latter being the most damaging stage for this crop (Puentes, 1999). Therefore, the identification of other control strategies such as defense mechanisms in sesame against this pest is mandatory. Niks et al. (1993) classify these mechanisms as those producing adverse effects on insect growth and development (antibiosis), those that avoid or limit contact of pests with a plant (antixenosis) and those allowing plant compensation after inflicted injury (tolerance). Antixenosis and antibiosis are the two major categories of resistance, which frequently occur simultaneously (de Ponti et al., 1990). These authors consider that any estimation of antibiosis must be based on the observation of reproductive factors of the pest such as female longevity, time to sexual maturity, and mortality. In previous studies, Laurentin (1996) and Montilla and Teran (1996) suggested the presence of defense mechanisms against the sweetpotato whitefly in sesame genotypes from 2 distinct populations, although they gave no indication of what mechanism was in play. 

The objective of this study was to identify, as part of a major project, the presence of the diverse mechanisms of resistance against the whitefly operating in the different genotypes under evaluation. In this report, we stress the potential of certain sesame genotypes to show antibiosis against the whitefly.

MATERIALS AND METHODS

Field studies

Field studies were established in Turen, Portuguesa state, Venezuela, during the commercial growing seasons of 1997–1998 and 1998–1999 using complete randomized block designs replicated 4 times. Treatments consisted of 6 genotypes: 37–1 and 37–3, from a sesame breeding program conducted by the Universidad Centroccidental “Lisandro Alvarado” (Montilla and Teran, 1996b), 19 x 10 and 43 x 32, from the second cycle of a recurrent selection program for high yield genotypes undertaken by the Universidad Central de Venezuela (Laurentin, 1996), UCV – 2, a line resulting from an individual selection under high whitefly infestations (unpublished data), and Fonucla (Montilla and Cedeño, 1991) as the commercial cultivar. The experimental plots consisted of 5-m rows.

Sampling

During the two commercial seasons of evaluation and for 6 consecutive weeks, the numbers of eggs (E) and nymphs (N) in each plot were estimated by taking a leaf from each plant stratum (apical, medium, and basal) in 1998 and 5 leaves from each stratum in 1999. The number of eggs (E) and the number of nymphs (N) were counted on the longitudinal half of each leaf using stereoscopic scopes. This value, after being multiplied by 2, was recorded as the total number of eggs and the total number of nymphs per leaf, respectively in 1998. In 1999, the average number of eggs and average number of nymphs per leaf was used out of the 5 leaves sampled.

Statistical analysis

An analysis of variance was conducted for each commercial growing season using the proportion of nymphs to eggs estimated as follows: nymphs present in a week, minus eggs in the previous week, divided by eggs in the previous week multiplied by 100 {[(Nweek n - Eweek (n-1) )/Eweek (n-1)] x 100}. This analysis was conducted as a split plot model in time. In this model, genotypes were considered as main plots and sampling weeks as subplots. A mean separation test of minimal significant difference (MSD) was run after significant differences were found. Consistent reductions in the proportion of nymphs to eggs, as described above, were considered a clear sign of antibiosis for a particular genotype.

RESULTS AND DISCUSSION
Analyses of variance for the data in the commercial season 1997-1998 did not detect significant differences in any of the main effects or in the interaction genotypes x sampling week. Although differences greater than 100 % were detected between different combinations genotypes x sampling week, a high coefficient of variation could explain the above outcome. Data analyses for the commercial growing season 1998–1999 indicated a significantly (P < 0.05) different response of the genotypes to natural infestations of the sweetpotato whitefly that changed throughout the sampling week. Despite this significant interaction, well defined trends could be distinguished in relation to the proportional reduction in the number of nymphs to eggs from the previous week.

Two groups of means were identified after running the mean separation tests, MSD, one with negative values and another one with positive values with respect to the proportion of nymphs to eggs from the previous week. The positive values (16 combinations of genotypes x sampling week) indicated the weakness of the methodology, in that these imply a greater number of nymphs in relation to eggs from the previous week. This outcome could have been in part due to sampling from different leaves and even more from different plants along weeks. However, this situation was exactly the same for all the genotypes evaluated and valid to estimate the nymphs to eggs relationship. Another group showed negative values (14 combinations of genotypes x sampling week), indicating precisely what we were aiming at with the methodology: to identify genotypes with the ability to considerably reduce the number of nymphs in relation to the number of eggs, regardless of the initial number of eggs. In this latter group, genotype 19 x 10 appeared 4 times and genotype 43 x 32 appeared 3 times, which were the ones with the highest reduction of the nymphs to eggs proportion of the previous week, 75 % and 69 %, respectively (Figure 1). In addition to this, genotype 19 x 10 was the one with the lowest value, followed by 43 x 32, which appeared with positive values, of 3% and 12%, respectively. Maximum values in this group, 72, 98, 99, and 100 % were found with genotypes FONUCLA, 37–3, UCV–2, and 37–1, respectively. In 4 out of 5 evaluations, genotype 19 x 10 had the lowest proportion of nymphs with respect to the number of eggs of the previous week, followed by 43 x 32 that appeared 4 times out of 5 among the 2 genotypes with a low proportion of this variable. Genotypes with high proportions of nymphs with respect to the number of eggs of the previous week were 37-3 and 37-1. The former appeared as the genotype with the highest value of the variable evaluated in the 5 weeks of evaluation, and the latter was among the 3 genotypes with a high value of the variable in 4 out of the 5 weeks of evaluation. Despite the lack of evidence for statistical differences of the 1997-1998 data, genotypes 19 x 10 and 43 x 32 confirmed the trend towards reducing proportions of the variable evaluated. In 14 combinations of genotypes x sampling weeks that resulted negative, 7 belonged to these genotypes with the highest values of reduction in nymphs to eggs, reaching 79 and 83 % reduction in 19 x 10 and 43 x 32, respectively.

After evaluating the field incidence of eggs and nymphs of the sweetpotato whitefly on these 6 genotypes, Laurentin and Pereira (2000) noticed the low incidence of this pest on sesame genotypes 43 x 32 and 37 - 1. The results of the present study seem to indicate that the reason for that low whitefly incidence on those genotypes was determined by different mechanisms, considering that their behaviour, at least in the case of 37-1, was completely different with regard to the variable evaluated. This genotype, although having a low egg and nymph incidence, did not register any significant reduction in the number of nymphs in relation to the number of eggs of the previous week. Conversely, 43 x 32 showed a significant reduction in the number of nymphs with respect to the number of eggs of the previous week in the present study, although it also had a low egg and nymph incidence (Laurentin and Pereira, 2000). This outcome infers the capacity of this genotype to prevent all the nymphs emerging from eggs to survive on it. A similar outcome occurred with the genotype 19 x 10, which was not reported by Laurentin and Pereira (2000) as a genotype with a low whitefly egg incidence, but the one with the lowest amount of nymphs. All these results allow us to conclude the validity of the analyzed  variable as a tool to approximately identify different plant defense mechanisms against this insect, with enough evidence to support the presence of antibiosis in genotypes 43 x 32 and 19 x 10. Additionally, there is also evidence to anticipate the presence of antixenosis in genotypes 37-1 and 43 x 32, considering the small amount of eggs found on these genotypes.
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ABSTRACT

An investigation was carried out on the vesicular arbuscular mycorrhizal (VAM) fungal association with sesame in different districts of Tamil Nadu State, India. The seedlings were inoculated with five genera of VAM fungi. Twenty two species of VAM fungi were noticed in root colonization and spore population in root-zone soils of sesame. The results revealed that mycorrhizal inoculation increased plant growth as well as root  and shoot biomass. Among the five genera (Acaulospora, Gigaspora, Glomus, Sclerocystis and Scutellospora), Glomus spp. produced the highest increase in growth.

Key words: VAM fungi, association, Glomus, sesame.

INTRODUCTION

Sesame seed is a rich source of edible oil, also used for anointing the body, for manufacturing perfume oils and for medicinal purposes. It is an important and very ancient oil-yielding plant cultivated extensively in India, Burma, Indo-China, China and Japan.

VAM Fungi are known to be beneficial in the mineral nutrition and development of oil seed plants (Manoharachary and Prakash, 1991). However, the VAM community and VAM colonization of plant roots may vary greatly in different soils (Abbott and Robson, 1977; Schenck and Smith, 1981; Robson and Nielsen 1982; Porter et al., 1987; Sampath Kumar, 2002) and under agricultural cropping practices (Abbott and Robson, 1991).

The selection of an efficient VAM endophyte is an important pre requisite for a successful programme. Efficient VAM fungal species for inoculating in sesame were selected by Sulochana et al. 1989 and for inoculation of peanut and sorghum by Caris et al. (1998). 

MATERIALS AND METHODS

Sesame seeds were surface sterilized in 5% chIoramine for 5 minutes and after several changes in sterile distilled water, they were sown in earthen-ware pots (18 cm) containing sterilized soil: sand mixture (1:1 V/V). Each pot was inoculated with the VAM fungal species i.e. Acaulospora, Gigaspora, Glomus, Sclerocystis and Scutellospora. For each treatment, triplicates were maintained and the experiment was terminated on the 45th day.

Wet sieving and decanting techniques were used to assess VAM spores (Gerdemann and Nicolson, 1963). Percent colonization at mycorrhizal infected roots was assessed by the method of Philips and Hayman (1970).

RESULTS AND DISCUSSION

The growth response of sesame with five different VAM fungi namely Acaulospora, Gigaspora, Glomus, Sclerocystis and Scutellospora is shown in Table 1. The Glomus spp. inoculation was more effective than the other genus of VAM fungi, as it promoted growth, biomass and accumulation of N, P, K in the host tissues (Table 1). Earlier studies recorded a comparatively lesser number of VAM fungi species per study, again with the predominance of species of Glomus (Singh and Varma, 1981; Ammani et al., 1986; Janardhanan et al., 1994). The study shows that sesame plants differ in their response to inoculation with different VAM fungi and confirms that VAM fungi do have a host preference (Sylvia and Burks, 1988; Sivaprasad et al., 1990; Vimayak and Bagyaraj, 1990; Mallesha et al., 1994; Selvaraj et al., 1996). Further it brings out that Glomus is the best fungus for inoculating sesame in sandy loam soil.

Table 1. Effect of VAM fungi inoculation on growth of sesame

	Treatment
	Plant height

(cm)
	Plant dry weight

(g)
	Physico- chemical

characters
	Mycorrhizal

effect (%)

	
	Root 
	Shoot
	Root
	Shoot
	N
	P
	K
	

	Control
	5.5
	22.0
	0.285
	1.250
	75.4
	18.0
	125.0
	55%

	Acaulospora
	6.2
	23.5
	0.295
	1.310
	80.5
	20.1
	130.5
	68%

	Gigaspora
	6.7
	24.0
	0.295
	1.325
	86.0
	21.6
	140.5
	86%

	Glomus
	8.0
	27.0
	0.375
	1.525
	92.0
	21.8
	147.5
	97%

	Sclerocystis
	7.2
	26.2
	0.300
	1.410
	88.0
	20.8
	138.0
	92%

	Scutellospora
	7.0
	26.8
	0.350
	1.472
	90.0
	20.0
	140.2
	90%
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ABSTRACT

Field experiments were conducted at Regional Research Station, Vridhachalam during Kharif 1994 and 1995 to study the effect of times and methods of N and K application on the growth and yield of sesame. The fifteen treatments tested were combinations of a basal application and top dressing through soil as well as through foliage of 150 percent recommended level of N and K (53 kg N/ha and 35 kg K2O/ha). These splits were given exclusively for nitrogen and potassium. The application of 50 per cent of N and K as basal + 50 per cent through one percent foliar spray on 40 DAS and the remaining as a top dressing on 20 and 30 DAS through soil on equal splits recorded the maximum growth attributes viz., plant height, DMP, LAI and number of branches/plant. Similarly to the growth characters, yield attributes such as number of capsules/plant, 1000 seed weight and seed yield were higher with the same treatment. This treatment also gave higher gross and net returns as well as return per rupee invested.

Key words: Sesame, nitrogen, potassium, foliar spray.

INTRODUCTION

Sesame (Sesamum indicum L.) is an ancient oilseed crop of India which is grown on 1.67 m.ha contributing 0.6 m.t to the country’s total oilseed production. Though India is the largest producer of sesame in the world, productivity is only 250 kg/ha (Anon.,1.999). Sesame seed production could be raised by 50 per cent by way of proper fertilization (Pariacha et al., 1988). Seed yield increased with an increased rate of N and K application (Mandal et al., 1992). Split application of N and K as 50 percent as basal and 50 percent as top dressing on 20 DAS significantly increased the growth, yield characters and yield of sesame (Kannan,1992). Hence the present investigation was planned to study the effect of times and methods of N and K application on the growth, yield components and yield of sesame.

MATERIALS AND METHODS

A field experiment was conducted at Regional Research Station, Vridhachalam during Kharif 1994 and 1995 to study the effect of times and methods of N and K application on the growth, yield components and yield of sesame. The fifteen treatments tested were combinations of basal application and top dressing through soil as well as through foliage of 150 percent recommended level of N and K (53 kg N ha-1 and 35 kg K2O ha-1). These splits were given exclusively for nitrogen and potassium. Foliar spray of N and K was done at 1% concentration and the remaining quantity was equally split up and top dressed. A randomized block design with three replications was adopted. The treatment details are given in Table 1. The plot size was 20 m2. Soil type was red sandy loam, low in available N (205 kg/ha), medium in available P2O5 (13 kg/ha) and available K2O (285 kg/ha) with a pH of 7.3. The recommended fertilizer dose was 35:23:23 N, P2O5 and K2O/ha. P in the form of single super phosphate was applied to all the treatments. Seedlings were thinned on 15 DAS to achieve the required populations. Growth and yield parameters were recorded from five sample plants in each treatment plot at different stages.

RESULTS AND DISCUSSION

Growth and yield attributes

Significant differences in growth parameters viz., plant height, number of branches/plant, LAI and DMP, due to split applications of N and K were observed (Table 1). Among the different treatments, split application of N and K as 50 per cent basal and 50 per cent N and K through 1 per cent foliar spray on 40 DAS and the remaining as top dressing on 20 and 30 DAS on equal splits (T12) recorded the maximum plant height (121.40 cm and 115.40 during kharif 94 and 95, respectively), number of branches/plant (7.54 and 7.50), LAI (3.42 and 3.39) and DMP (5861 and 5528 kg/ha).

Similar to the growth attributes, split application of N and K as 50 per cent basal and 50 per cent N and K through 1 per cent foliar spray on 40 DAS and the remaining as top dressing on 20 and 30 DAS on equal splits recorded the maximum number of capsules per plant, 1000 seed weight (Table 2). The application of 100 percent N and K through soil alone would not have met the nutritional needs of sesame plants throughout its duration. A split application of N and K might have supplied nutrients slowly and steadily to meet the metabolic requirements of the crop with minimum losses. Earlier, Ravichandran (1988) reported that a foliar spray of potassium salts enhanced the growth and yield attributes significantly in sesame crop.

Yield

A split application of N and K as 50 percent basal and 50 percent N and K through 1 percent foliar spray on 40 DAS and the remaining as top dressing on 20 and 30 DAS on equal splits significantly registered the maximum seed yield of 1939 kg/ha and 1899 kg/ha, respectively, in Kharif 1994 and 1995. The cumulative effect of higher growth and yield attributes might have ultimately led to higher seed yield in the treatment. Further, twenty to sixty days after sowing are crucial for sesame, since the flower initiation, pod initiation and pod development occur in these days. For such developmental activity, there would be a sufficient supply of nutrients, especially N and K, under this treatment. Similarly a favourable influence of split application of N was previously established by other researches (Reddy, 1981).
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STUDIES ON THE CONTRIBUTION OF DIFFERENT PRODUCTION TECHNOLOGIES TO SESAME (Sesamum indicum L.) UNDER FRONT LINE DEMONSTRATION

Tomar, R.K.S., K.N. Pathak, H.S. Rai and P. Sharma
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Tikamgarh -472 001 (M.P.), India

ABSTRACT

A total number 50 front line demonstrations of sesame (Sesamum indicum L.) were conducted during rainy seasons of 2000-01 and 2001-2002 at farmer's field of Tikamgarh district, to demonstrate the production potential of latest developed technologies. The results revealed that in whole package demonstrations about a 116% increase in yield was obtained with improved technology (765 kg/ha) over the farmer's practices (353 kg/ha). A maximum contribution towards seed yield of 84% was obtained with fertilizer application followed by weed control (71%) and plant protection (62%) over farmer's practices. There was an additional net income 354 Rs/ha in fertilizer application, 2970 Rs/ha in weed control, 2440 Rs/ha in plant protection and 4500 Rs/ha in full package of practices.

INTRODUCTION

India is the world leader in the area and production of sesame. It contributes 0.56 m tonnes to the country's total oilseed production from an area of 1.7 m has. In Madhya Pradesh sesame occupies an area of 0.17 m ha with a total production of 0.06 m tonnes, having a very poor average productivity of 246 kg/ha. Sesame is traditionally grown under a lower input management in marginal or sub marginal lands in the state. Weed control and fertilizer application were identified as being the major constraints, followed by plant protection in sesame cultivation in the state (Anonymous, 2001). The yield of sesame can be increased to a greater extent by adopting a full package of practices (Tomar et al., 1992). Keeping this in view, front line demonstrations of sesame were conducted, to demonstrate the productivity potential and economic benefit of the latest sesame production technologies in the farmers’ fields.

MATERIALS AND METHODS

A total number 50 front line demonstration of 0.4 ha each with adjacent plot of local practices were conducted during rainy season of 2000-2001 and 2001-2002 in farmers’ fields of Daryabnagar, a village in the Tikamgarh district. Five highly skilled cultivators were selected for each single component and ten farmers for full package of practices through PRA approach. Three components i.e. recommended fertilizer application (60:40: and 20 kg N, P and K respectively), chemical weed control (Alachlor 10% at 2 kg a.i./ha as PE), plant protection (seed treatment with thirum at 3 g/kg, seed and two sprays of monocrotophos 36 SL at 0.04% to control the leaf webber and capsule borer) and complete package of practices were demonstrated. Varieties TKG-55 in 2000-01 and TKG-21 in 2001-02 were sown in lines at a spacing of 30 x 10 cm with a seed rate of 5 kg/ha. An entire dose of P (SSP) and K (MOP) and a half dose of N (urea) were applied as basal. A top dressing of remaining N was done in 2 equal splits at 30 and 45 days after sowing. In farmers practices, the sowing of local seed varieties was done by the broadcast method and the soil was fertilized with a very small dose of nitrogen (only 15-20 kg/ha) with no weed control no plant protection measures. The crop was sown between 19-20 July 2000 and 6-11 July 2001.

RESULTS AND DISCUSSION

The data indicated that the adoption of the full package of practices gave a maximum grain yield (765 kg/ha), which was almost 116% higher over traditional local practices (353 kg/ha) (Table 1). The higher yield was attributed to the use of the latest varieties, recommended fertilizer, weed control, plant protection measures and proper agronomic practices. These results are in conformity with the results of Anonymous (2001), Tomar et al. (1992) and Prasad and Kendra (2001). The application of the recommended fertilizer increased the seed yield by 84% whereas chemical weed control increased the seed yield by 71 % over farmers practices. Similarly, plant protection measures increased the seed yield by 62% over farmers practices. The results are in agreement with those reported by Balasubramaniyan and Dharmalingam (1997), Palaniappan et al. (1999) and Rai et al. (1997).

	Table 1. Grain yield (kg/ha) of sesame under different production components and local check.

	Production technologies
	Year
	Yield (Kg/ha)
	Yield of local check (kg/ha)
	% increase in yield over local check

	
	
	Maximum
	Minimum
	Average
	
	

	Recommended fertilizer
	2000-01
	800
	650
	710
	387
	83

	
	2001-02
	650
	450
	445
	239
	86

	
	Mean
	725
	550
	578
	313
	84

	Chemical weed control
	2000-01
	750
	600
	635
	380
	67

	
	2001-02
	475
	350
	399
	224
	78

	
	Mean
	613
	475
	517
	302
	71

	Plant protection
	2000-01
	650
	550
	590
	375
	57

	
	2001-02
	395
	300
	349
	205
	70

	
	Mean
	523
	425
	470
	290
	62

	Full package of practices
	2000-01
	1050
	750
	915
	445
	105

	
	2001-02
	700
	450
	614
	260
	136

	
	Mean
	875
	600
	765
	353
	116

	
	
	
	
	
	
	


The economic study was done on the basis of prevailing market rates (Table 2). The average additional cost of cash critical inputs were 1216, 900, 800 and 2916 Rs/ha under fertilizer, weed control, plant protection and full package of practices, respectively. There was an additional net income from additional yield 3554 Rs/ha in fertilizer, 2970 Rs/ha in weed control 2440 Rs/ha in plant protection and 4500 Rs/ha in full package of practices.

The results of front line demonstrations of sesame have clearly concluded that fertilizer application and weed control were the major constraints, followed by plant protection. The full package of practices proved to be more productive and remunerative than growing under traditional practices.

	Table 2. Economics of different components (average of two years)

	Technological interventions
	Additional yield due to treatment 

(kg/ha)
	Additional cost of cash inputs

(Rs/ha)
	Cost of additional yield 

(Rs/ha)
	Net return from additional yield

(Rs/ha)

	Recommended fertilizer
	265
	1216
	4770
	3554

	Chemical weed control
	215
	900
	3870
	2970

	Plant protection
	180
	800
	3240
	2440

	Full package of practices
	412
	2916
	7416
	4500
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ABSTRACT

Seven hundred and eighty two germplasm lines of sesame (Sesamum indicum L.) representing varied geographic and genetic diversity in India were tested against leaf roller and capsule borer (Antigastra catalaunalis Duponchel). The flower and capsule damage by capsule borer ranged from 2.0 to 75.0 per cent and from 1.4 to 31.2 per cent, respectively. Germplasm line SI-73 was found to be free from capsule damage by capsule borer at harvest stage. Seven germplasm lines viz., SI-1729, SI-3239, IC-132246, IC-204137, IC-205071, IC-2050S2 and IC-205304 were found to be promising, presenting the lowest susceptibility to Antigastra at flowering and harvest stage. Thus these lines can be used in breeding programmes as donors for resistance to leaf roller and capsule borer.

Key words: Sesame, Antigastra catalaunalis, resistance.

INTRODUCTION

Sesame (Sesamum indicum L.), the oldest oil crop known to man, is commercially cultivated in regions with a warm climate and an abundant well-distributed rainfall. The sesame crop is attacked by a large number of insect pests of which the leaf roller and capsule borer (Antigastra catalaunalis Dup.) is the most serious pest in India. It occurs regularly and infests the crop during seedling, flowering and maturity stages of crop growth and causes up to 90 per cent yield losses (Cheema and Singh, 1987). Growing a resistant variety is an ideal component of an integrated pest management strategy. Therefore the present study was conducted to evaluate 782 sesame germplasm lines for their reaction to Antigastra catalaunalis.

MATERIALS AND METHODS

Seven hundred and eighty two germplasm lines of sesame were sown in the first fortnight of JuIy during kharif 1999-2000 at JNAU, Jabalpur for screening against leaf roller and capsule borer under unsprayed conditions. TC-25 and RT-46 were used as susceptible checks. The experiment was laid out in rod-row design with single row of 3 m in length with row to row spacing of 40 cm. Recommended doses of fertilizers (40 N + 30 P + 20 K kg/ha) were applied. Observations on flower infestation and capsules damaged by capsule borer were recorded on 5 plants per row at 45 days after sowing (DAS) and at harvest. The healthy and damaged flowers per twig and healthy and damaged capsules per plant were counted and, finally, per cent flower and capsule damage was worked out. The germplasms were grouped and classified in respect of flowers and capsules damaged by leaf roller and capsule borer following the screening procedure of AICRP.

RESULTS AND DISCUSSION

Flower damage

None of the entries was found to be free from flower damage. Flower damage ranged from 2.0 (IC-204622) to 75 per cent (SI-1625). In the checks TC-25 and RT-46, the damage was 37.5 and 25.7 per cent, respectiveIy (Table 1).

Capsule damage

Entry Sl-73 was found to be free from capsule damage by capsule borer at harvest. Minimum (1.4 per cent) capsules damaged by capsule borer were recorded with SI-1406 and the maximum (31.2 per cent) with SI-1056 (Table 1). Entries viz., SI-1729, SI-3239, IC-132246, lC-204137, IC-205071, IC-205082 and IC-205304 were found to be tolerant to Antigastra at both flowering and harvest stages. In the checks (TC-25 and RT-46), the capsules damaged by capsule borer were 8.2 and 8.5 per cent, respectively. The above seven lines were found to be promising for both flower and capsule damage. Earlier, Murli Bhaskaran et al., (1990) also reported resistance in terms of capsule damage with different germplasms and reported similar results to ours. These lines can be used as donors for an Antigastra resistance breeding programme.

	Table 1. Classification of germplasm on the basis of flower damage in respect of Antigastra at Jabalpur

	S. No.
	Infestation Level (%)
	No. of lines

	1
	Below 10
	59

	2
	11 – 20
	230

	3
	21 – 30
	266

	4
	31 – 50
	216

	5
	Above 50
	11


	Table 2. Classification of germplasm on the basis of capsules damaged by capsule borer at harvest at Jabalpur

	S. No.
	Infestation Level (%)
	No. of lines

	1
	Below 5
	89

	2
	6 – 10
	556

	3
	11 – 15
	91

	4
	16 – 25
	12

	5
	Above 25
	1
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FLORET REMOVAL EFFECTS ON GRAIN AND OIL YIELD AND THEIR COMPONENTS IN SPRING SAFFLOWER

Omidi Tabrizi, A.H.
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Karaj, Iran

ABSTRACT

The effects of floret removal on grain and oil yield and their components in safflower varieties were investigated at the research farm of SPII in 1999. The experiment was arranged as split plots in a randomized complete block design with 3 replicates. The treatments consisted of the removal of florets every 3, 6 and 9 days after initiation of flowering and control (intact plants) as sub factors and 2 varieties, Isphahan local and Fo2 as main factors (a1,a2). The analysis of variance showed that the difference between varieties (main factors) were not significant either for grain or oil yield, but the differences between sub factors were highly significant (P<0.01) for grain and oil yield. Varieties x floret removal interaction were non-significant. Correlation between traits, in different floret removal stages (b0, b1, b2, b3), were compared by classification of recorded data in four groups (a1b0, a2b0), (a1b1, a2b1), (a1b2, a2b2), (a1b3, a2b3). The results showed that there were highly positive significant correlations of grain yield per plant with: plant height, oil yield per plant, and oil yield per plot and also of grain yield per plot with number of heads per plant, grain yield per plant, oil yield per plant and oil yield per plot.

Key words: Safflower, floret removal, yield, yield components.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is a member of the family compositae or Asteraceae, cultivated mainly for its seed, which is used as edible oil and bird seed and its flowers used for colouring and flavouring foods and making dyes (Li et al., 1996). Over 60 countries grow safflower but over half is produced in India. China has a significant area planted with safflower but florets are harvested for use in traditional medicinal uses (Corleto et al.,1997).

In Iran, safflower cropped area has increased over the last few years reaching about 7500 hectares in 2000, whereas in 1997 it was 200‑300 hectares, and is mostly used for grain, oil and flower production. Usually the farmers remove the florets at the end of flowering, when their colour and quality are not so good. Therefore finding out the appropriate stage of floret removal is important (Omidi, 2000).

The results reported by Nie Zheng et al. (1987) indicate that the height of branching is positively correlated with flower yield per plant and they also showed (Nie Zeng et al., 1993) that the most important direct effects on flower yield are plant height, branching height, and number of seeds per head. These authors also reported that the high yielding safflower varieties always have taller individual lower branches, more effective heads, fewer ineffective heads and a longer flowering period.

The objective of the present study was to assess the effects of floret removal on grain and oil yield and other relationships in spring safflower.

MATERIALS AND METHODS

Two spring safflower varieties and three floret removal stages were evaluated in the Karaj-Iran in early spring of 1999. Experimental design was a split plot based on randomized complete block arrangement with 3 replications. Two varieties, Isphahan local and Fo2, represented the main plots (a1, a2) and 3 floret removal stages every 3, 6 and 9 days after the initiation of flowering (treatments b1, b2 and b3, respectively) as well as control (b0-intact plants) represented the sub plots.

The plots consisted of 12 rows 0.5 m apart and 12 m long. Data on yield per plant, yield components and other agronomic traits were obtained by calculating the mean of representative plants. Some important collected data were: plant height, number of secondary branches, number of heads per plant, number of seeds per head, 100 seed weight, seed yield per plant and plot and oil yield per plant and plot.

Simple correlations were used to evaluate trait interrelationships as well as their relationship with seed and oil yield in 4 groups (a1b0,a2b0) ,(a1b1,a2b1) ,(a1b2,a2b2) and (a1b3,a2b3).

RESULTS AND DISCUSSION

The results of the analysis of variance (Table 1) showed that the differences for grain and oil yield were not significant in the main factors. However, the highest grain and oil yield (1407 and 653 kg ha-1) were achieved from the Isphahan local variety. Highly significant (P<0.01) differences were observed in sub factors, the highest grain and oil yield (1600 and 539 kg/ha, respectively) being obtained when the floret were removed every 3 days after the initiation of flowering (b1).

Table 1. Grain and oil yield (Kg\ha-1) of treatments in different levels of sub and main factors

	Traits 
	Grain yield (Kg\ha-1)
	Oil yield (Kg\ha-1)

	Treatments
	
	

	a1
	1407
	653ns

	a2
	1330
	610ns

	b0
	1323b
	458b

	b1
	1600a
	539a

	b2
	1343ab
	479ab

	b3
	1210b
	416b

	a1b0
	1003ns
	345ns

	a1b1
	1172ns
	402ns

	a1b2
	350ns
	338ns

	a1b3
	928ns
	323ns

	a2b0
	902ns
	314ns

	a2b1
	1133ns
	372ns

	a2b2
	982ns
	344ns

	a2b3
	815ns
	280ns


a1= Isphahan local variety; a2= Fo2 variety;

b0= intact plants; 

b1= removal of florets, every 3 days after initiation of flowering

b2=removal of florets, every 6 days after initiation of flowering

b3= removal of florets, every 9 days after initiation of flowering

Different letters in each column show significant differences at 0.01 probability (DMRT).

Varieties x florets removal interaction indicated no differential effects of floret removal on grain and oil yield. However, the highest grain and oil yields (1172 and 402 Kg\ha-1, respectively) were produced from the local variety Isphahan when its florets were removed every 3 days after the initiation of flowering (a1b1). 
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Table 2 shows some important agronomic characteristics of treatments (a1b0 to a2b3). The highest number of heads per plant (18) number of seeds per head (52), 100 seed weight (41 gr), grain yield per plant (18 gr), grain yield per plot (417 gr), oil yield per plant (6 gr), oil yield per plot (147 gr) and plant height (90 cm) belonged to a2b1, a1b0, a1b1, a2b1, a1b1, a2b1, a1b1, a2b3, respectively. In this study, the correlation between traits in different floret removal stages (b0, b1, b2, b3) was compared by the classification of recorded data in four groups (a1b0, a2b0), (a1b1, a2b1), (a1b2, a2b2), (a1b3, a2b3). The results showed that there were highly positive significant correlations (P<0.01) between grain yield per plot and oil yield per plot (r=0.945), (r=0.978), (r=0.958) and (r=0.953), respectively, and between plant height and oil yield per plant (r=0.432), (r=0.444), (0.467) and (r=0.425), respectively, in the four mentioned groups. These values confirm that the grain yield per plant is significantly correlated with plant height (r=0.463), (r=0.473), (r=0.431), (r=0.45), respectively oil yield per plant (r=0.971), (r=0.973), (r=0.960), (r=0.970), respectively and also with oil yield per plot (r=0.490), (r=0.470), (r=0.501), (r=0.401), respectively, in the groups. The results indicated that the removal of florets at an early stage (every 3 days after the initiation of flowering) has a positive effect on grain and oil yield, which can be due to higher seed weight, when the means of number of seeds per head and 100 seed weight were compared using t-test (Table 4).

Table 4. Comparison of No. seeds per head and 100 seed weight means using t-test.

	Treatment
	b0
	b1
	b2
	b3

	Traits
	
	
	
	

	No seeds/head (b0)
	-
	1.763ns
	5.93**
	6.98**

	100 S.W (b1)
	-
	7.811**
	2.37ns
	2.04ns
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NOTE ON THE STATUS OF RESEARCH ON SAFFLOWER CULTIVATION IN SINDH PROVINCE OF PAKISTAN
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ABSTRACT

Safflower is an important oilseed crop being grown in the Sindh Province of Pakistan. Research work on the promotion of safflower started in the year 1968. Three outstanding lines (Gila, Thori-78 and PI-253-387) were developed and released for commercial planting. A package of developed improved production technology concluded that November is the best sowing time for planting safflower, line sowing at 60 cm with a plant to plant distance of 15 cm at seed rate of 25 kg/ha. A fertilizer dose of 134-67-0 kg NPK/ha for irrigated land and 84-56-56 kg NPK for dobari (rice harvested land) and moderate irrigation (2-3) were found sufficient for better yields. Rice-safflower and Safflower-field peas are the best rotation. Intercropping with wheat was also found to be profitable. Shootly fly, black bug, aphids and Heliothis are the pests with economic significance. Similarly, leaf spot, leaf rust and root rot are the serious diseases of safflower in Sindh Province. Culture control proved to be the best method of insect pest and diseases management.

Key words: Safflower, research, Sindh Province, Pakistan.

Safflower, Carthamus tinctorius L., is said to be grown in some parts of the Indo-Pakistan sub-continent for the production of yellow dye, as a cattle feed and for medicinal purposes since long time ago. It is now an important oilseed crop in a number of countries. Safflower seed contains 32.36 percent excellent quality edible oil, which is high in linoleic acid, an unsaturated fatty acid that aids in lowering the cholesterol level in the blood. The oil is used in soft margarines and as salad oil besides being used raw for edible purposes. The other uses of safflower oil are in pharmaceutical products, cosmetics, paints and varnishes.

In Pakistan, safflower is grown only in the province of Sindh. Testing of safflower cultivars started in 1968. Some commercial acreage has been developed in the districts of Shikarpur, Larkana, Jocobabad and Dadu entirely as an unirrigated crop in rotation with rice. 

Results of research conducted in the province on various aspects of safflower are given below:

Salinity tolerance: Under dry land conditions, salinity tolerance of safflower was greater than wheat and similar to barley, but under irrigated conditions it was more susceptible than cotton and sugar beets.

Water table: Safflower cultivation helps in lowering water table by pumping sub-oil water with the help of its long roots penetrating more than nine feet deep in the soil, extensive foliage and long maturity period.

Soil porosity: Extensive and deep root system improves the porosity of the soil.

Scope of cultivation: Although high yields were obtained as irrigated crop, it was developed as dobari crop after rice. The spiny variety Gila, which is high yielding and with a high oil content, was not accepted by the growers due to difficulties during manual harvesting and threshing. The spineless variety Thri-78 is being cultivated and it is popular among the growers of the province.

Varieties evolved

Gila: Spiny, medium height (120 cm), maturity period is about 155 days, seed index 4.2 g, average yield is 1.2 m.t/ha as dobari crop (after rice) and 3.0 m.t/ha as irrigated crop. Oil content 36 percent.

Thori-78: Spineless, tall (137 cm), maturity period 160 days, seed index 5.6 g, average yield 1.0 m.t/ha as dobari (after rice), and 2.8 m.t/ha as irrigated crop. Oil content 32 percent.

PI-253-387: Spineless, semi dwarf (110 cm), matures in 170 days, seed index 4.3 g, average yield (1.2 m.t/ha) and oil content 30 percent.

Agronomic findings

Sowing time: The best sowing time is the month of November. However, sowing can be extended up to the end of December and even by first week of January.

Seed rate: 25 Kg/ha.

Sowing method: Line sowing at 60 cm with a plant to plant distance of 15 cm.

Fertilizer: Fertilizer requirement for irrigated crop has been found to be 134-67-0 kg NPK/ha, while for dobari (after rice) 84-56-56 kg NPK/ha. Residual effect of fertilizer application to dobari crop of safflower also benefited following paddy crop giving additional income to the farmer.

Irrigation: Safflower is sensitive to heavy irrigation especially in the later stage of the crop. Therefore, light irrigation is required.

Rotation: Rice-safflower rotation (rice based cropping system) and safflower-field peas (irrigated land) gives better return.

Intercropping: One row of Safflower when alternated with 12 rows of wheat at 22.5 cm row distance results in higher income.

Insect pests and diseases

The following insect pests and diseases were found to be associated with safflower in Sindh province:

Capsule fly: Acanthiophilus helianthi, Black aphid (unidentified) and Heliothis sp. are the serious pests recorded on safflower.

Leaf spot (Ramularia carthemi), leaf rust (Puccinia carthami) and root rot (Rhizoctonia sp.) are the important diseases of safflower.

Management practices

Chemical control

Capsule fly: Maggots feed on young leaves later on flowers then bore into the capsules and feed on forming seeds. If the damage reaches 10-15% at initial bud formation stages. spray Pay Off 100 EC at 500-750 ml/ha. Other insecticides are Summicidine 20 EC at 750 ml/ha or Methyl parathio 50 EC at 1250-1500 ml/ha.

Black aphids: These suck the cell sap; when the damage reaches up to 4-5 aphids/leaf control strategies may be adapted by applying Metasystox 25 EC at 750 to 1250 ml/ha or Dimecron 100 EC at 440-620 ml/ha.

Heliothis sp.: Feed on chlorophyll material on leaves. When the damage reaches up to 10-15 percent at early productive phase of crop control strategies may be adapted by applying Thiodan 35 EC at 1500-2500 ml/ha or Gusathion 20 EC at 1500-2500 ml/ha.

Cultural control

The cultural control is an important part of pest management in Pakistan. Any changes in agronomic practices may change the characteristics of plant and crop environments. Such changes may give interim attractiveness and suitability of plant or environment of the pests. The following cultural practices are found to be effective in management of pests and diseases.

Rotation: Crop rotation is effective in reducing pest population and maintaining productivity. In planning crop rotation system, consideration should be given to target pests and diseases, other pests and diseases in the ecosystem, preserving physiological conditions of soil and economics. Under local conditions, the main rotation has been rice – safflower (rice based cropping system) and safflower – field peas (irrigated land).

Date of planting: The date of planting had a significant effect on the incidence of insect pests and diseases. The date of planting is also timed to coincide with optimum temperature for rapid germination of seed, plant growth and fructification. Late planting has a high infestation of pests.

Line sowing: Line sowing has been recognized as being better than broadcasting because it ensures an optimum number of plants per unit area and facilitates cultural and plant protection operations.

Use of fertilizer: The fertilizer is one of the most important inputs required for replenishing soil fertility. A excessive dose of nitrogen fertilizer may produce lush green plants which will attract pest infestation. Moreover, higher doses of fertilizer also affect the drop maturity and heavy attack of sucking pests. The late application of fertilizer also induced the pest attack. Therefore, an optimum dose of fertilizer should be applied with proper time.

Irrigation: Irrigation also affects crop growth and crop maturity. The safflower crop requires moderate irrigation; continuous irrigation results in pest and disease attacks and delay in crop maturity.

Weed control: Weeds compete with safflower plants for moisture, light, nutrients and space. The weedy plants normally create conditions which are quite suitable for insect attacks. Therefore, weeds should be eradicated manually or by applying suitable herbicide.

INHERITANCE OF FOUR QUALITATIVE CHARACTERS IN SAFFLOWER (Carthamus tinctorius L.)
Gadekar, D.A. and N.D. Jambhale

Department of Agricultural Botany

M.P.K.V., Rahuri – 413722

Maharashtra, India

ABSTRACT

Two plants, one with white spines and the other one having capitula with a silky growth, were identified. The inheritance of these traits as well as flower color and stripped hull was studied. The four traits were controlled by a single gene. Silky growth and white spines were dominant over normal capitula and yellow spines. Yellow flower color was dominant over white color and normal white achenes were dominant over stripped achenes.

Key words: Safflower, inheritance, white spines, ash capsule, flower color.

INTRODUCTION

A plant with white spines (referred to as WSS-1 hereafter) and a plant having capitula with a silky growth (ash capsule, referred to as ACS-1 hereafter) were identified within a large number of safflower genotypes grown during Rabi 1997-98. These plants were strictly selfed owing to their distinct phenotypic characters. During Rabi 1998-99, progeny of these selfed plants did not show any segregation for the respective characters, indicating that the characters were fixed. The objective of this research was to study the inheritance of these characters as well as the inheritance flower color and stripped hull. 

MATERIALS AND METHODS

Plants breeding true for “white spines” (WSS-1) and “ash capsule” (ACS-1) were crossed with two genetically male sterile lines viz., GMS-104 and GMS-105, to produce two crosses for each character. A sufficient quantity of seed of parents, F2  and BC1F1 to both parents was obtained during Rabi 1998-99. In addition, two crosses between yellow flower genotypes (GMS-104 and GMU-178) and white flower genotypes and striped hull were studied. F1's were produced during Rabi 1997-98 and seed of F1, F2 and BC1F1 generations to both parents, as well as the parents, were obtained during Rabi 1998-99. An experiment with six generations of these eight crosses were studied for inheritance during Rabi 1999-2000. A single row of 5 m in length was maintained for each parent, P1 and P2, and F1, two rows each for BC1F1 generations and four rows for F2 of each cross. Spacing of 45 x 20 cm was adopted along with other recommended package of cultivation practices.

RESULTS AND DISCUSSION

The parents used in the crosses exhibited contrasting morphological characters which suited for inheritance studies (Table 1). A yellow flower colour turning to dirty yellow of GMS-104 and GMU-178 was found to be dominant over a white flower colour turning to dirty white of GMU-1553 and GMS-105. The observed F2 segregation showed a good fit for 3 (yellow): 1 (white) ratio. The BC1F1 generations F1 x GMU-1553 and F1 x GMS-105 showed segregations in 1 : 1 ratio (Table 1), confirming that the flower colour in the present studies was under the control of a single factor. Main (1911‑12) and Ashri and Efron (1964) also reported similar results. Normal white hull type was found to be dominant over stripped hull as F1's of the crosses GMS-104 x VI-92-2-4 and GMS-105 x VI-92-2-4 exhibited normal white hull. F2 segregation patterns of respective crosses for hull type indicated a good fit for 3 (normal white): 1 (stripped) ratio. The generation BC1F1 to the stripped parent segregated into 1 (normal white): 1 (stripped) ratio and confirmed the segregation pattern of F2 of both crosses. This implied that the hull character was governed by a single factor. Van-Elswyk (1967) also reported the recessive nature of stripped hull and that it was under control of a single factor.

	Table 1. Inheritance of quality characters in safflower

	Cross
	Character
	F1
	Generation
	Segregation
	Ratio
	X2
	P value

	GMS-104 x GMU-1553

(Yellow x white)
	Flower colour
	Yellow
	F2
BC1F1
	69 (Y)

13 (Y)
	19 (W)

17 (W)
	3:1

1:1
	0.545

0.553
	0.50-0.30

0.50-0.30

	GMS-105 X GMU-178

(White x yellow)
	Flower colour
	Yellow
	F2
BC1F1
	80 (Y)

17 (Y)
	29 (W)

13 (W)
	3:1

1:1
	0.141

0.553
	0.80-0.70

0.50-0.30

	GMS-104 x VI-92-2-4

(Normal x stripped)
	Stripped hull
	Normal
	F2
BC1F1
	74 (N)

10 (N)
	22 (S)

14 (S)
	3:1

1:1
	0.223

0.666
	0.70-0.50

0.50-0.30

	GMS-105 x VI-92-2-4

(Normal x stripped)
	Stripped hull
	Normal
	F2
BC1F1
	72 (N)

20 (N)
	17 (S)

16 (S)
	3:1

1:1
	1.681

0.444
	0.20-0.10

0.50-0.30

	GMS-104 x ACS-1

(Normal x Ash)
	Ash Capsule
	Ash Capsule
	F2
BC1F1
	83 (A)

15 (A)
	24 (N)

20 (N)
	3:1

1:1
	0.391

0.715
	0.70-0.50

0.50-0.30

	GMS-105 x ACS-1

(Normal x Ash)
	Ash capsule
	Ash capsule
	F2
BC1F1
	79 (A)

24 (A)
	21 (N)

18 (N)
	3:1

1:1
	0.853

0.858
	0.50-0.30

0.50-0.30

	GMS-104 x WSS-1

(Yellow x White)
	Spine colour
	White
	F2
BC1F1
	70 (W)

11 (W)
	20 (Y)

16 (Y)
	3:1

1:1
	0.369

0.926
	0.70-0.50

0.50-0.30

	GMS-105 x WSS-1

(Yellow x White)
	Spine colour
	White
	F2
BC1F1
	84 (W)

18 (W)
	30 (Y)

14 (Y)
	3:1

1:1
	0.105

0.500
	0.80-0.70

0.50-0.30

	W: White, Y: Yellow, A: Ash, S: Stripped, N: Normal


An “ash capsule” was a very distinct character observed in safflower where capitula bear silky hairs on ventral side. This character was found to be dominant over normal capitula in both the crosses viz., GMS-104 x ACS-1 and GMS-105 x ACI-1. The segregation pattern observed in F2's and BC1F1 of both the crosses suggested that this character was monogenic, as a good fit for 3:1 and 1:1 ratio was observed in respective generation.

White spines were dominant over yellow spines in the crosses GMS-104 x WSS-1 and GMS-105 x WSS-1. The segregation pattern observed in F2's of both the crosses fitted a 3 (white spine) : 1 (yellow spine) ratio. The BC1F1's of the respective cross confirmed the segregation pattern of F2 and suggested that spine colour was monogenic. However, earlier reports of Ashri and Efron (1964) indicated yellow spines to be dominant over white spines with monogenic control.
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GENETICS OF SEEDLINGS AND ADULT PLANTS RESISTANT TO WILT CAUSED BY Fusarium oxysporum f.sp. carthami IN SAFFLOWER
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ABSTRACT

The wilting caused by Fusarium oxysporum f.sp. carthami in safflower starts from the early seedling stage and continues up to the maturity of the crop. Very little literature on the genetics of resistance to wilt in safflower is available. Therefore, the present investigation was undertaken to work out seedling and adult plant resistance in cultivated safflower. Two genetically male sterile lines susceptible to wilt viz., GMS‑104 and GMS‑105 were crossed with a resistant accession GMU1553. The six generations of both the crosses were screened under polyhouse conditions, revealing that seedling resistance to wilt was monogenic and dominant. Under wilt sick field conditions, the resistance to wilt was found to be under the control of epistatic non-allelic interactions. In the cross GMS‑104 x GMU‑1553, the resistance was governed by dominance (h), additive x additive (i) and additive x dominance (j) gene effects. However, a dominance x dominance (l) component contributed to resistance in the cross GMS‑105 x GMU‑1553, though the estimates were non‑significant.

Key words: Genetics, Fusarium, wilt, safflower.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is grown over an area of 771,500 has in India with a production of 418,800 t. (Damodaran and Hegde, 1999). Fusarium wilt caused by Fusarium oxysporum f.sp. carthami has become an endemic disease in all safflower growing areas of India. The disease causes yield loss up to 93 % in susceptible varieties (Sastry and Ramchandram, 1994). Since the disease is soil borne, developing a resistant variety or a resistant hybrid is an important component in the integrated management of this disease. Therefore, the present investigation was undertaken to generate information on the genetics of resistance to wilt in safflower.

MATERIALS AND METHODS

One accession, GMU‑1553, resistant to wilt was crossed with two genetically male sterile lines GMS-104 and GMS-105 susceptible to wilt during Rabi 1997-98. Six generations viz., P1, P2, F1, F2 and BC1F1 to both parents of both the crosses were developed during Rabi 1998-99 and screened for seedling and adult plant resistance to wilt during Rabi 1999-2000.

Seedling resistance

For screening a large seedling population of each generation of both the crosses under polyhouse conditions, a laboratory experiment was conducted at the plant tissue culture laboratory, Rahuri. The fungus Fusarium oxysporum f.sp. carthami was isolated from diseased plant samples, grown on potato broth and multiplied in a sufficient quantity. To increase inoculum load, a 15 day old culture was added to the soil which was used to fill up trays. In addition, the debris of diseased plant samples was also added to the soil. In each cavity of tray, 3-4 seeds were dibbled to screen maximum seedling population. The seeds were also dipped in culture of Fusarium overnight before the day of dibbling. The trays were kept in a polyhouse to provide favourable conditions for disease development. The trays were irrigated twice daily to have maximum infection in the seedling population under study. The observations on wilting commenced immediately after germination and continued up to the eight leaf stage of the seedling. The seedlings showing a healthy growth were again examined for presence/ absence of mycelium growth under microscope. The seedlings harbouring fungal growth were treated as susceptible (Mayee and Datar, 1986).

Adult plant resistance

Two separate experiments were conducted to screen six generations of the two crosses viz., GMS-104 x GMU-1553 and GMS-105 x GMU-1553 in wilt sick plot at Parbhani. Each experiment was laid out in randomized block design with three replications. A row length of 5 m was maintained. Single row was adopted for planting P1, P2 and F1, while two rows were used for the backcross generations to both parents and four rows for the F2 generation. Intra and inter row distance of 20 x 45 cm was adopted. Per cent wilting in each generation was calculated and subjected to a generation means analysis (Hayman, 1958) after arcsin transformations.

RESULTS AND DISCUSSION

Seedling resistance

The male parent of both crosses (GMU‑1553) exhibited a resistant reaction while the female parents exhibited a susceptible reaction to wilt under polyhouse conditions. The F1 of both crosses showed a resistant reaction under polyhouse conditions. The segregation observed in F2 of both crosses was fit for the ratio of 3 resistant: 1 susceptible as indicated by the (2 values obtained (Table 1). The generation BC1F1 to the susceptible parent GMU-1553 showed segregation in the ratio of 1 susceptible : 1 resistant. The segregation pattern observed in F2 was then confirmed by the BC1F1 segregation, thus it is concluded that seedling resistance to wilt was under the control of single dominant gene.

Adult plant resistance

The parents and F1, F2, BC1F1 to both parents generations of both crosses showed a considerable susceptibility to wilting under wilt-sick field conditions (Table 2). Therefore, the data were analysed by following generation means analysis. The significant estimates of A and C scaling tests for the cross GMS-104 x GMU-1553 and A, B, C for the cross GMS-105 x GMU-1553, indicated the inadequacy of the three parameter model to explain genetic variability existing in the experimental material, hence the six parameters were estimated (Table 3). For both crosses, additive (d) and dominance (h) components were significant. Among the non-allelic interactions, all the interactions were significant for the cross GMS-104 x GMU-1553 while additive x additive (i) was significant for the cross GMS-105 x GMU-1553. The results of the present studies indicated that the adult plant resistance to wilt under field conditions is complicated in nature. In the present investigation, dominant component (h) and non allelic interactions additive x additive (i) and additive x dominance (j) played an important role in the inheritance of resistance to wilt for the cross GMS-104 x GMU-1553 while additive x dominance (j) and dominance x dominance (1) interactions played an important role in the inheritance of adult plant resistance to wilt for the cross GMS‑105 x GMU‑1553, although the estimates were non significant. These findings clearly indicated that non-allelic interactions contributed to adult plant resistance.

	Table 1. Seedling resistance to Fusarium wilt under polyhouse conditions

	Parent/generation
	No. of plants observed
	Segregation
	Expected ratio
	(2
	P-range

	
	
	Resistant
	Susceptible
	
	
	

	Cross I – GMS-104 x GMU-1553

	GMS-104
	54
	-
	54
	-
	-
	-

	GMU-1553
	50
	50
	-
	-
	-
	-

	F1
	72
	72
	-
	-
	-
	-

	F2
	315
	244
	71
	3:1
	1.017
	0.50-0.30

	BC1F1 to GMS-104
	68
	-
	68
	-
	-
	-

	BC1F1 to GMU-1553
	70
	38
	32
	1:1
	0.514
	0.50-0.30

	Cross I – GMS-105 x GMU-1553

	GMS-105
	51
	
	51
	-
	-
	-

	GMU-1553
	58
	
	-
	-
	-
	-

	F1
	53
	
	-
	-
	-
	-

	F2
	297
	
	65
	3:1
	1.537
	0.30-0.20

	BC1F1 to GMS-105
	65
	
	65
	-
	-
	-

	BC1F1 to GMU-1553
	53
	
	24
	1:1
	0.472
	0.50-0.30


	Table 2. Mean wilting percentages of six generations in screening against Fusarium oxysporum in two crosses of safflower under field conditions

	Cross
	P1
	P2
	F1
	F2
	BC1F1 to P1
	BC1F1 to P2

	GMS 104 x GMU 1553
	100.00 (90.00) HS
	50.00 (45.00) S
	27.27 (31.48) S
	71.00 (57.42) HS
	66.00 (54.33) HS
	39.2 (38.76) S

	GMS 105 x GMU 1553
	80.00 (63.44) HS
	44.44 (41.80) S
	75.00 (60.00) HS
	71.00 (57.42) HS
	30.00 (33.21) S
	33.33 (35.26) S

	Figures in parenthesis indicate angular transformations and disease rating according to Mayee and Datar (1984)


	Table 3. Scaling tests and estimates of components of genetic variation for Fusarium wilt in two crosses of safflower

	Cross
	Scaling tests
	Components of genetic variation

	
	A
	B
	C
	m
	d
	h
	I
	j
	L

	GMS 104 x GMU 1553
	-13.200*
	1.533
	33.533*
	58.400*
	15.133*
	-80.833*
	-45.200*
	-7.367*
	50.867*

	GMS 105 x GMU 1553
	-2.500*
	-2.200*
	-13.967*
	16.633*
	4.967*
	5.55*
	9.267*
	-0.150
	-4.566


A previous report (Bockelman et al., 1973) indicated that resistance to wilt in safflower is controlled by two additive genes. Heaton and Klisiewicz (1981) reported that the inheritance of resistance to wilt in interspecific crosses of safflower was controlled by a dominant gene derived from Carthamus lanatus L. Elingboe (1981) reported that resistance to mildew in wheat is controlled by mendelian genes under controlled conditions and by polygenes under relatively uncontrolled conditions, which is in agreement with the results obtained in the present study. Also, the discrepancy observed in the gene interactions estimated between the two crosses studied might be due to different categories of resistance offered by the crop at different growth stages, as suggested by Thomas and Hill (1977). The segregating population showed seedling and adult plant susceptible, seedling and adult plant resistant, seedling susceptible and adult plant moderately resistant and seedling moderately resistant and adult plant susceptible. These observations supported the earlier reports and in turn suggested that genes operating for seedling and adult plant resistance are different.
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ABSTRACT

A hundred and fifty germplasm accessions were assessed for genetic variability for five different characters viz., days to maturity number of capitula per plant, number of seeds per plant, 100 seed weight and seed yield. The genetic variation was observed to be low for days to maturity and 100 seed weight, and moderate for the rest of the characters studied. Very high heritability was recorded in all the characters. Similarly, the genetic advance was noted to be high for number of capitula, number of seeds and seed yield while it was moderate for 100 seed weight and low in the case of days to maturity. On the basis of the mean performance for different traits, superior accessions were identified for direct use or for further use in breeding programmes for varietal improvement.

Key words: Genetic variability, GCV, PCV, heritability, genetic advance.

INTRODUCTION

Safflower is an important rabi oilseed crop next to groundnut. It is basically a self pollinated crop, although some outcrossing occurs, mainly through insects. Success in any breeding programme depends upon the amount of genetic variability present for different characters in a population. The genetic coefficient of variation gives a clear idea about the extent of genetic variability present for different characters in the material. The nature of the variability and heritability of the traits under selection is important from the point of view of fixing desirable types. This investigation was therefore undertaken to screen the germplasm for an early rabi situation and identify the desirable types.

MATERIALS AND METHODS

The material was comprised of 150 germplasm lines received from the Project Coordinator (Safflower), Solapur. They were sown along with 5 checks in a randomized block design with 2 replications at Dry Farming Research Station, Mulegaon Farm, Solapur. Each entry was raised in a single row 5 m in length and spacing was kept at 45 x 20 cm. All the recommended agronomic practices were followed. The data on days to maturity, number of capitula per plant, number of seeds per capitulum and 100 seed weight was recorded on 5 randomly selected plants, while seed yield was recorded from the net plot of 4.6 m row. Data was then subjected to statistical analysis based on the mean of 5 plants for GCV, PCV, heritability (Hansen et al., 1956) and genetic advance (Johnson et al., 1955).

RESULTS AND DISCUSSION

The analysis of variance presented in Table 1 indicated highly significant differences between the germplasm accessions for almost all the characters studied. The mean performance, range, coefficients of variation, heritability and genetic advance are presented in Table 2. It can be observed that there is a limited genotypic variation between the germplasm accessions studied for days to maturity and 100 seed weight. However, the rest of the characters exhibited a good amount of genotypic variation. Many workers have also reported moderate to high genetic coefficients of variation for different characters in safflower (Thombre and Joshi, 1977; Deokar and Patil, 1978; Deokar et al., 1985; Narkhede et al., 1985). GCV was greater than PCV for all the characters studied, indicating a lesser influence of the environment.

	Table 1. Analysis of variance for different characters.

	Characters
	Mean sum of squares
	S.E.
	C.D. at 5%

	Days to maturity
	14.91**
	1.33
	2.63

	Number of capitula per plant
	61.19**
	2.10
	4.17

	Number of seeds per capitulum
	46.08**
	1.97
	3.89

	100 seed weight
	0.60**
	0.04
	0.08

	Seed yield per plot (g)
	9076.47**
	46.35
	91.56

	** Significant at 1% level of probability


The heritability estimates were very high for almost all the characters studied. Johnson et al. (1955) suggested that traits with a high heritability coupled with a high expected genetic advance may better respond to selection. In such cases, additive genes may play an important role (Panse, 1957). In the present investigation, it was interesting to note a high expected genetic advance (EGA) for number of capitula, number of seeds and seed yield. It was moderate for 100 seed weight, while it was low in the case of days to maturity. Similar findings were also reported by Thombre and Joshi (1977), Makne et al. (1979), Deokar and Patil (1978) and Narkhede et al. (1985) for various traits in safflower. Thus, there is a great scope for a direct selection of the best germplasm lines suitable for early rabi situations.

	Table 2. Estimates of genetic parameters in safflower germplasm.

	Characters
	Mean
	Range
	GCV
	PCV
	H (%)
	EGA (%)

	Days to maturity
	129.54
	122.5 – 134.5
	6.57
	7.46
	88.09
	3.83

	Number of capitula per plant
	23.17
	12.5 – 37.00
	28.37
	30.59
	92.73
	45.60

	Number of seeds per capitulum
	21.65
	10.00 – 32.00
	21.10
	23.04
	91.57
	41.82

	100 seed weight (g)
	4.28
	3.11 – 6.14
	0.299
	0.300
	99.74
	26.28

	Seed yield per plot (g)
	334.89
	102.50 – 390.00
	25.06
	26.68
	87.37
	45.07


A cursory look at the promising germplasm accessions (Table 3) showed that GMU-1595 was the earliest (122 days) although its yield levels were very low (195.0 g). GMU-1515 (127.5 days) and GMU-1587 (126 days) seemed to be good for earliness. For number of capitula, GMU-1520 (37.5) recorded the highest number of capitula but it was a poor yielder (275.0 g). Therefore, GMU-1551 (33.0), GMU-1515 (30.0), GMU-1514 (29.5), GMU- 1529 (30.5) and GMU-1639 (35.5) appeared to be good on considering their yields. GMU-1498 (32.0) registered the highest number of seeds per capitulum (32.0) as well as the highest seed yield (390.0 g). Other good lines for this trait were GMU-1515 (31.5) and GMU-1498 (32.0). GMU-1559 (6.14 g) was found to have the highest 100 seed weight followed by GMU-1640 (5.27 g). For seed yield, seven lines recorded significantly the highest seed yield over the ruling variety Bhima. Therefore they were judged to be promising. These genotypes can be used in breeding programmes for the improvement of different traits in safflower.

	Table 3. Promising germplasm accessions of safflower for different characters

	Entry
	Days to maturity
	No. of cap./plant
	No. of seeds/capitulum
	100 seed weight (g)
	Seed yield/plot (g)

	GMU-1526
	126.5*
	30.0*
	31.0*
	3.19
	315.0

	GMU-1557
	128.5*
	35.0*
	21.0
	3.41
	225.0

	GMU-1577
	128.0*
	27.0
	25.0
	4.17
	365.0*

	GMU-1595
	122.0*
	21.0
	23.5
	4.16
	195.0

	GMU-1551
	129.5*
	33.0*
	17.0
	4.69
	380.0*

	GMU-1520
	135.0
	37.5*
	21.0
	3.74
	275.0

	GMU-1515
	127.5*
	30.0*
	31.5*
	4.15
	365.0*

	GMU-1498
	129.0*
	24.0
	32.0*
	4.42
	390.0*

	GMU-1587
	126.0*
	20.5
	24.0
	4.64
	352.5

	GMU-1514
	128.5*
	29.5*
	22.5
	4.09
	390.0*

	GMU-1640
	129.0*
	31.0*
	15.0
	5.27*
	330.0

	GMU-1529
	129.0*
	30.5*
	21.0
	4.20
	360.0

	GMU-1639
	133.5
	35.5*
	25.5
	3.67
	335.0

	GMU-1659
	128.5*
	15.0
	21.0
	6.14*
	150.0

	GMU-1510
	130.5*
	27.0
	23.5
	4.17
	365.0*

	GMU-1530
	129.5*
	28.5*
	14.5
	4.67
	350.0

	GMU-1579
	130.5
	22.5
	26.5
	4.49
	375.0*

	A-1 (N.C.)
	135.5
	26.5
	24.0
	5.00
	252.5

	Bhima (L.C.)
	133.5
	23.5
	22.0
	5.12
	272.5

	
	
	
	
	
	

	S.E. ±
	0.943
	1.492
	1.394
	0.028
	32.77

	C.D. at 5%
	2.633
	4.167
	3.894
	0.078
	91.56

	C.V. (%)
	1.03
	9.10
	9.10
	0.93
	19.93

	* Significant at 5% level of probability
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ABSTRACT

Combining ability analysis in safflower involving four lines, six testers and 24 F1's indicated highly significant differences for seed yield due to all the treatments except lines. The variance component for sca was observed to be higher than the gca variance. Similarly, the ratio for gca to sca was found to be less than unity indicating the predominance of non-additive genes for the character seed yield. The line Girna was found to be the best general combiner amongst the lines studied, while Bhima and A-1 were observed to be also good general combiners. Amongst the testers, GMU-2981 and JSI-99 recorded a very high gca variance proving to be the best general combiners and GMU-1964 and GMU-847 appeared to be moderate general combiners. The crosses A-1 x GMU-2981, A-1 x GMU-6562 and Bhima x GMU-2981 recorded a high seed yield and possessed good general combiner parents, and hence they were expected to issue good segregants.

Key words: Safflower, gca, sca, gene effects, heterosis.

INTRODUCTION

Heterosis is an indicative of the crosses which are likely to give productive segregants. A combining ability analysis provides the necessary information on the nature of the gene action governing a character and also helps in the identification of superior parents and crosses on the basis of combining ability effects. In this investigation, an attempt has been made to work out the combining ability estimates and heterosis for seed yield in safflower for a knowledge of the gene action present in the material and to isolate the crosses suitable for a varietal breeding programme.

MATERIALS AND METHODS

The experimental material for the study comprised 24 crosses (F1's) derived from four lines viz., Bhima, Girna, Sharda and A-1, which are well adapted lines of Maharashtra State, and six testers viz., GMU-847, JSI-99, Carthamus oxyacantha, GMU-2981, GMU-6562 and GMU-1964. The crosses along with their parents were grown in randomized block design (RBD) with two replications at the Dry Farming Research Station, Mulegaon Farm, Solapur during rabi 2001-2002. Each entry was raised in a single row 4 m in length with 45 x 20 cm spacing. The seed yield was recorded on net plot of 3.6 m row both in parents as well as in F1 's. A combining ability analysis was carried out as suggested by Kempthorne (1957).

RESULTS AND DISCUSSION

The combining ability analysis revealed highly significant differences for seed yield in safflower due to aIl the treatments except lines (Table 1). The general as well as specific combining ability variances for seed yield (Table 2) showed that the sca variances were higher than the gca variances and the ratio for gca to sca was also less than unity. This indicated that the seed yield in safflower was predominantly under the influence of a non-additive gene action, which is a non-fixable type of component. Similar results were also reported by Manke and Chaudhary (1980), Ranga Rao (1982), Narkhede et al. (1984) and Ramchandram and Goud (1984).

	Table 1. Mean sum of squares for seed yield in safflower

	Source of variation
	Degrees of freedom
	Seed yield (g)

	Replication
	1
	5206.25**

	Treatments
	33
	2340.43**

	Parents
	9
	2305.00**

	Parents x Crosses
	1
	7002.21**

	Crosses
	23
	2151.61**

	Lines
	3
	20.83

	Testers
	5
	1448.33**

	Lines x Testers
	1
	13440.83**

	Error
	33
	257.01

	Total
	67
	1357.04

	** Significant at 1% level of probability


	Table 2. Gca and sca variances.

	Lines
	gca
	sca
	gca/sca ratio
	Testers
	gca
	sca
	gca/sca ratio

	Bhima
	28.22
	1086.52
	0.026
	GMU-847
	57.82
	708.81
	0.082

	Girna
	64.33
	5179.23
	0.012
	JSI-99
	619.80
	1625.48
	0.381

	Sharda
	4.78
	2255.27
	0.002
	C. oxyacantha
	0.27
	6199.44
	0.000

	A-1
	23.97
	8433.92
	0.003
	GMU-2981
	983.08
	1803.60
	0.545

	
	
	
	
	GMU-6562
	18.24
	6210.89
	0.003

	
	
	
	
	GMU-1964
	85.95
	406.73
	0.211

	SE at 5%
	4.19
	10.25
	
	
	5.13
	10.25
	


It can be further noted from gca variances that Girna is the best general combiner as compared to the other three lines, as it possesses a higher gca variance (64.33) while Bhima and A-1 can be also considered to be also good general combiners due to fairly good gca variances (28.22 and 23.97 respectively). Narkhede et al. (1984) also reported A-1 to be a good general combiner. Amongst the testers, it is interesting to note that GMU-2981 (983.08) and JSI-99 (619.80) recorded a very high gca variance, 983.08 and 619.80 respectively, proving to be the best general combiners while GMU-1964 (85.95) and GMU-847 (57.82) appeared to be moderate general combiners. These results indicate that these parents are suitable to be used in varietal breeding programmes designed to raise yield levels in safflower.

As regards sca variances, A-1 exhibited a very high sca variance followed by Girna (Table 2) thereby indicating than they were the best specific combiners. In the case of the testers, GMU-6562 and C. oxyacantha were judged to be the best specific combiners due to their high sca variances.

In the present study, the range of mid parent heterosis and standard heterosis over the ruling variety Bhima was found to be -25.93 to 54.13 and -38.10 to 33.33 per cent, respectively. Heterotic effects of the top six F1's are presented in Table 3, which indicates A-1 x GMU-2981 and A-1 x GMU-6562 to be the best F1's, recording highest seed yield and all three types of heterotic effects. These two crosses along with cross Bhima x GMU-2981 possess good general combiners, and are hence expected to issue stable performing segregants carrying fixable gene effects and therefore may be handled through pedigree breeding for varietal development programme.

	Table 3. Heterosis of promising F1’s.

	F1
	Mean yield (g)
	Heterosis percentage

	
	
	MP
	BP
	SH

	Bhima x GMU-847
	177.5
	39.22**
	14.52
	14.52

	Bhima x GMU-2981
	185.0
	34.55**
	14.52
	19.35*

	Girna x C. oxyacantha
	187.5
	48.51**
	22.95*
	20.97*

	Sharda x GMU-2981
	170.0
	27.10**
	13.33
	9.68

	A-1 x GMU-2981
	210.0
	54.13**
	33.48**
	35.48**

	A-1 x GMU-6562
	207.5
	52.29**
	32.18**
	33.87**

	* = Significant at 5% level of probability; ** = Significant at 1% level of probability; MP: Mid parent heterosis

BP: Better parent heterosis; SH: Standard heterosis over Bhima
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ABSTRACT

Conventional breeding techniques combined with modern biotechnology methods will be necessary to broaden the genetic base of safflower. This is possible through the exploitation of interspecific hybridisation and gene transfer methods. Safflower has the distinct advantage of the amenability of various tissues for in vitro manipulations and to vector mediated transformation. With the essential prerequisites in place, it would be easy to create a novel variation for the desired traits in safflower. The promise and practice for safflower breeders of the techniques of tissue culture, biotechnology, molecular biology and genetic engineering is presented.

INTRODUCTION

Safflower (Carthamus tinctorius L.) owes its importance to the demand for oil, which stems from the highly polyunsaturated/saturated ratios of any oil available coupled with elevated levels of tocopherol in addition to the utility of all the plant parts, such as seeds, young leaves, florets, cut flowers, pollen, seed cake, hulls, dye and whole plants for varied uses. Concerted efforts in traditional breeding led to the development of a number of high yielding cultivars suited for diverse agro-ecological situations and cropping systems besides the genotypes with a reduced hull content, which increased the oil and protein content of the whole seed. In spite of the development of improved cultivars with a good agronomic plant type, the vulnerability of these cultivars to pests (safflower aphid), diseases (bacterial blight, Verticillium wilt, Fusarium wilt, root rots, head rots) weeds, abiotic stresses (drought, alkalinity, salinity, frost, water logging, high thermosensitivity, daylength sensitivity), late maturity, long rosette stage, low seed oil content, are serious limitations to the profitable production of this crop. The safflower crop has a wide genetic base that provides almost any character that is desired but the lack of acceptable levels of resistance to a number of these biotic and abiotic threats in the cultivar germplasm is a major constraint for the genetic improvement of this crop. Hence, safflower breeders will not only be forced to hone their traditional skills but will also have to integrate them with more recent advancements and technologies derived from cellular and molecular concepts and approaches in order to introduce any novel variation. The present state and future scope of the in vitro techniques and biotechnological tools for widening the genetic base of safflower is discussed.

TISSUE CULTURE

Safflower offers a tremendous scope for genetic improvement through the exploitation of tissue culture techniques. The protocols defined are simple, rapid and highly efficient and it is possible to regenerate whole plantlets from somatic as well as gametic tissues. The regeneration frequencies reported are very high and regeneration is possible through embryogenic and organogenic pathways Tissue culture techniques have been developed for the Indian and American cultivars. In general, the mode of regeneration is through direct or indirect organogenesis (Tejovathi and Anwar, 1987; Orlikowska and Dyer, 1993; Sujatha and Suganya, 1996; Nikam and Shitole, 1999). Direct somatic embryogenesis from cotyledonary leaves has been also reported (Mandal et al., 1995). Safflower tissues including roots are amenable to in vitro manipulations as evidenced by the simple media requirements and most of the experiments have employed Murashige and Skoog's salt (1962) as the basal medium. However, the fact that the studies are restricted to the use of seedling explants and rhizogenesis of in vitro regenerated/ multiplied shoots has been consistently problematic thus reducing the overall efficiency of whole plant regeneration. There is a need to develop protocols of regeneration from mature plant parts, which would enable to propagate elite plants being selected based on phenotypic characters. Embryo culture (both mature and immature) techniques have to be developed to accelerate the breeding process by saving time in selfing and backcrossing and to overcome the problem of dormancy associated with cultivated safflower. 

Anther or pollen culture techniques have an unique potential in supplementing traditional breeding programmes using homozygous diploids. The team at the Department of Genetics, Osmania University, Hyderabad, India has developed reliable and reproducible protocols of whole plant regeneration from cultured anthers of safflower. Various factors viz., genotype, cold pre-treatment (3-7 0C) for 0-7 days and 15 days on immature flower buds, culture media (MS, Nitsch and Nitsch, Gamborg's, Chaleff's, Linsmaier and Skoog), growth regulators, growth adjuvants (absicic acid, coconut milk, casein hydrolysate), physiological conditions of anther donor plants grown under field and in green house were tested. Cytological studies of anther derived plants showed two ploidy levels, where the haploids were predominant (64%) (Prasad et al., 1991). These studies could be followed up by the development of techniques of diploidization using colchicine to obtain homozygous diploids. In safflower, the frequency of a culture-induced variation in somatic tissues is very high and hence, there is a need to assess the androclonal variation, which could aid in the isolation of useful variants. As the source material is unlimited and the propensity of safflower tissues to regenerate in vitro is very high, attempts could also be made to develop haplo-diploidization methods using pollen/microspores and gynogenetic haploids through ovule culture. 

Somaclonal variation is a novel and alternative source of inducing genetic variability that has been successfully demonstrated in safflower (Seeta et al., 2000). Regenerants (somaclones) initiated from cotyledon explants displayed an extensive variation both for monogenic and polygenic controlled traits and were found to breed true. Variants with spineless bracts, white flowers, striped hull, yellow seed, high oil, early flowering and maturity, modified fatty acid composition were recovered. The isolation of high yielding lines with a yield superiority of 30% through tissue culture is reported. 

Plant tissue culture techniques have been increasingly used as an alternative approach to plant breeding to select strains tolerant to toxins, salt, etc. Suganya et al. (1997) demonstrated the potential of tissue culture techniques for the selection of calli resistant to Fusarium oxysporum f. sp. carthami by subjecting calli to the crude culture filtrate of the pathogen. Similarly, attempts to assess NaCl tolerance in safflower callus cultures by the repeated transfer of selected clones resulted in the isolation of salt tolerant cell lines (Nikam and Shitole, 1997). The high variability for qualitative and quantitative characters without any selection indicates that a tissue culture induced variation can be successfully utilized to select spontaneous somaclonal variant plants with potentially improved traits like tolerance to diseases (Verticillium and Fusarium wilts, Phytophthora rot, Alternaria leaf spot), salinity and drought by subjecting calli to selection on medium containing cyto-lethal concentrations of the respective toxins/culture filtrates, NaCl and polyethylene glycol, respectively. 

The production of carthamin and (-tocopherol (the tocopherol with the highest vitamin E activity) from safflower callus cultures has been described. However, plant cell cultures cannot presently be used for the production of these metabolites, given the high cost of the technology and the low value products, i.e. $50-$80 and $48 for tocopherol and carthamin respectively.

INTROGRESSION OF DESIRABLE TRAITS FROM WILD SPECIES

The genus Carthamus is composed of 25 species with basic chromosome numbers of 10, 11, 12, 22 and 32 and are distributed from Spain, North Africa and West Asia to India. A number of wild Carthamus species such as, C. persicus, C. lanatus, C. oxyacantha, C. palaestinus, C. flavescens are found to possess drought hardiness, resistance to Alternaria leaf blight, root rot, rust, wilts, shattering tolerance, self-incompatibility, and no seed dormancy. The wild Carthamus collection is not comprehensive and is incomplete and, hence, the conservation and exploitation of these valuable resources remains a constant challenge for safflower breeders. Procedures for in vitro multiplication using meristematic explants being developed for cultivated safflower (George and Rao, 1982) could be extended for the multiplication, maintenance and conservation of the wild species in order to avoid the extinction of some of the important species, maintain the genetic purity of the self-incompatible species and aid in the international germplasm exchange. Information related to the chromosome number of the genus Carthamus and the genetic distance between possible donors in relation to the recipient is limited. Efforts need to be intensified in the development of markers in order to unravel the origin of cultivated safflower and in the phylogenetic analysis of the genus Carthamus.

The exploitation of wild safflowers in the development of promising prebreeding materials is not successful owing to differences in the basic chromosome numbers and the strong barriers to sexual crossability. One of the major problems of the use of Carthamus species for interspecific hybridization is the daylength sensitivity, long rosette period and delayed flowering leading to asynchrony in the flowering of the wild and cultivated species. One interesting feature in safflower tissue cultures is the induction of capitulum (Tejovathi and Anwar, 1984;  Nikam and Shitole, 1999). The pollen fertility of florets was high (90 to 95%), embryo development was normal and a few normal seeds were recovered. Singh (1991) attempted to induce floral buds in Carthamus oxyacantha - the wild safflower-to overcome the problem of asynchrony in flowering. While the phenomenon of the in vitro induction of flowers helps not only in understanding the flowering processes, it could be successfully utilized to have continuous flowering in safflower. Furthermore, in vitro pollen was used as a source for generating new genetic variability in safflower (Seeta et al., 1999). 

The reproductive isolation mechanisms should be studied in detail and in crosses limited by post fertilization barriers and embryo abortion. The classical solution would be to use the embryo rescue technique followed by chromosome doubling with colchicine to increase the fertility of the resultant hybrids. In vitro flowering is a common phenomenon in tissue cultures of safflower and the induced capitula produce fertile pollen and seeds can be obtained. This feature could be exploited in recovering wide hybrids through in vitro fertilization. For species recalcitrant to sexual hybridization, the protoplast fusion technique is an elegant method to obtain hybrids. To achieve this, the establishment of protoplast culture techniques for the regeneration of whole plants from cultivated safflower and Carthamus species is an essential prerequisite. A great advantage of somatic cell fusion is the possible independent transfer of the nuclear, chloroplast and mitochondrial genomes generating new nuclear-cytoplasmic combinations that could pave the way for the identification of new CMS sources in safflower. 

INTRODUCTION OF GENE(S) FROM ALIEN SOURCES

Wild species continue to be a valuable source of desirable and novel genes but there are, nevertheless, problems of sexual sterility in wide hybrids, the failure of chromosomes to pair at meiosis and the requirement of several backcross generations for the elimination of the undesired genes. Recombinant DNA technology and plant transformation methods provide a means of introduction of genes from diverse sources. Up to date, the protocols of transformation being developed for safflower include only the Agrobacterium mediated method using the selectable (npt II conferring resistance to the antibiotic kanamycin) and reporter (Gus) genes (Ying et al., 1992; Orlikowska et al., 1995). In safflower, the incorporation of resistance to diseases assumes the utmost priority and most of the diseases are single gene controlled providing a scope for vertical resistance. Specific resistance based on one or two genes has been reported for Phytophthora  rot, rust, Verticillium wilt and bacterial blight in several other crops. Matern and Kneusal (1993) were successful in the identification and cloning of the brefeldin A-esterase gene to introduce resistance to leaf blight caused by Alternaria spp but the efforts in the transformation of safflower with the isolated gene were not successful. There is a need to attempt a genetic transformation of safflower through a biolistic approach singly and in combination with the Agrobacterium tumefaciens mediated method and also through the simpler method of pollen transformation.

MOLECULAR BREEDING

Molecular tools are essential for the characterization, differentiation, classification and well-directed exploitation of wild germplasm. Marker aided selection and molecular marker technology complement the most classical methods and aid in facilitating the movement of desirable genes among varieties, enable the transfer of novel genes from related wild species, help in the analysis of complex polygenic characters and in establishing genetic relationships between cultivated and wild germplasm. However, not much headway has been made to develop molecular tools in safflower. An isolation and restriction fragment analysis of DNA from CMS and restorer lines was studied by Pay and Smith (1991). Complete cloning of the chloroplast genome was reported by Tippetts et al. (1991). It is essential to develop both PCR (polymerase chain reaction) and restriction profiling markers based for use in characterising the wild species and breeding lines in addition to for an efficient application in marker-aided selection in the breeding programs. 

CONCLUSIONS

In conventional annual inbreeding crops like safflower, much effort needs to be put into generating initial genetic variation but once a trait is introgressed it is easy to handle through continuous selfing to select homozygous lines. Unlike several oilseed crops where the availability of facile protocols of plant regeneration is very limited, safflower has the advantage of having a very high regenerative ability of both somatic and gametic tissues from any given plant part  including the roots. While Carthamus  species continue to be a source of novel genes, there is a need to elaborate the transformation systems for safflower as a number of target genes conferring resistance/tolerance to a wide spectrum of biotic and abiotic stresses from diverse sources which are currently available. Thus, there is a vast and as yet largely untapped potential to facilitate the genetic improvement of safflower.
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ABSTRACT

Two lines with increased total tocopherol content as well as two lines with increased concentration of gamma-tocopherol were developed after selection from promising entries identified in safflower germplasm. The lines with increased tocopherol content presented average values of 708.4 ± 89.9 mg kg-1 seed and 758.6 ± 49.6 mg kg-1 seed, respectively compared to 538.2 ± 49.3 mg kg-1 seed in the cultivar Rancho, used as check. The lines with increased levels of gamma-tocopherol presented average concentrations of this tocopherol of 9.2 ± 1.9% and 16.5 ± 2.5% of the total tocopherols, respectively compared to traces of this tocopherol derivative in Rancho. The increased gamma-tocopherol concentration was accompanied by a reduced total tocopherol content. Recombination between the different lines developed in this research may lead to the development of safflower seeds with high tocopherol content partially made up of gamma-tocopherol. 

INTRODUCTION

At a world scale, safflower is mainly valued by the quality of its seed oil. Traditional cultivars are characterized by a seed oil rich in linoleic acid, about 70 to 75% of the total fatty acids, the highest linoleic acid content in commercial oils (Knowles, 1989). Additionally, cultivars with very high linoleic acid concentration (87 to 89%) as well as cultivars high oleic acid concentration (75 to 80%) have been developed (Fernández-Martínez et al., 1993).

Linoleic acid is an essential fatty acid that can not be manufactured in the human body and have to be included in the diet. Essential dietary fatty acids play an important role in human health (Horrobin, 1993). But because of their high degree of unsaturation, oils containing high levels of these fatty acids are highly susceptible to oxidation, which produces a rapid deterioration of the oil (Eskin et al., 1989).

The oxidative deterioration of seed oils can be prevented by enhancement of the production of natural antioxidants by the seeds. Tocopherols (=vitamin E) are the main antioxidant compounds present in seed oils. They occur in four homologous isomers named alpha-, beta-, gamma-, and delta-tocopherol, which differ in their in vivo vitamin E activity and in their in vitro ability to protect oils from autoxidation. Safflower seeds contain moderate levels of tocopherols, largely in the form of alpha-tocopherol (Padley et al., 1994). Alpha-tocopherol exhibits a high vitamin E activity, but a low ability to protect the oil in vitro, i.e after it has been extracted from the seed (Kamal-Eldin and Appelqvist, 1996). Therefore the increase of total tocopherol content combined with a partial replacement of alpha-tocopherol by another tocopherol derivative with greater in vitro antioxidant activity are important breeding objectives for improving oil quality in safflower.

A breeding programme on improvement of tocopherol content and composition in safflower seeds was initiated in 1998 and the first results were reported in 2000 (Velasco and Fernández-Martínez, 2000). The present manuscript reports on the breeding advance within this program within the period 2000 to 2002.

MATERIALS AND METHODS

The evaluation of a germplasm collection of cultivated safflower (Carthamus tinctorius L.) for tocopherol content and composition was conducted in 1998 (Velasco and Fernández-Martínez, 2000). After a preliminary evaluation of the collection based on the analysis of six bulked half seeds per accession, those accessions showing either increased levels of total tocopherols or increased concentration of gamma-tocopherol were selected and individual half seeds were analysed. Quantitative analysis of tocopherols from half seeds was done using the method described by Goffman et al. (1999).

Plants from selected half seeds were grown in pots in a field screenhouse in 1999. The seeds were planted in January and the plants were harvested in July. Before flowering, the heads of the plants were covered with paper bags to ensure self pollination. Seeds from each of the harvested plants were analysed for tocopherol content and composition as described above. The progenies of the selected plants were sown in the field in 2000 in rows 5-m long and a separation of 2 m between rows. Each row was isolated from pollinators by using mesh cages. This selection scheme was repeated in 2001. The Spanish cultivar ‘Rancho’ was used all years as check.

RESULTS AND DISCUSSION

Two lines with increased tocopherol content and two lines with increased concentration of gamma-tocopherol have been developed.

Increased total tocopherol content

The line CR-34 was developed from an entry which presented an tocopherol content of 373.7 mg kg-1 seed, compared to an average tocopherol content of 269.7 mg kg-1 seed in the germplasm collection (Velasco and Fernández-Martínez, 2000). Half seeds from this entry presented a range of variation from 168.8 to 569.8 mg kg-1 seed. After selection of the seeds with the highest tocopherol content, the selected plants presented a tocopherol content of 773.1 ± 116.4 mg kg-1 seed, compared to 604.2 ± 50.3 mg kg-1 seed in the cultivar Rancho, used as check. Seed from the best plants was pooled and sown in 2001, yielding plants that maintained the increased tocopherol levels in comparison to the check. The average tocopherol content was 708.4 ± 89.9 mg kg-1 seed in CR-34, compared to 538.2 ± 49.3 mg kg-1 seed in Rancho (Fig. 1). The tocopherol profile in seeds of CR-34 consisted of 97.6% alpha-tocopherol and 2.4% beta-tocopherol.

The line CR-81 was initially selected from an accession with a tocopherol content of 400.4 mg kg-1 seed, compared to an average tocopherol content of 269.7 mg kg-1 seed in the germplasm collection (Velasco and Fernández-Martínez, 2000). Half seeds from this entry presented a range of variation from 196.0 to 524.6 mg kg-1 seed. After selection of the best seeds, selected plants showed a tocopherol content of 727.4 ± 61.7 mg kg-1 seed, compared to 604.2 ± 50.3 mg kg-1 seed in Rancho. After selection of the best plants, the increased tocopherol content of this line was maintained in the following generation, with an average tocopherol content of 758.6 ± 49.6 mg kg-1 seed compared to 538.2 ± 49.3 mg kg-1 seed in Rancho (Fig. 1). The tocopherol profile in seeds of CR-81 was made up of 97.5% alpha-tocopherol and 2.5% beta-tocopherol.

Increased concentration of gamma-tocopherol

The line CR-39 derived from a germplasm accession with an average gamma-tocopherol concentration (six half seeds averaged) of 9.3% of the total tocopherols. Half seeds from this accession ranged from 0.0 to 12.9% gamma-tocopherol. Seeds with the highest gamma-tocopherol content were selected, producing plants that in all cases presented increased levels of gamma-tocopherol in the seeds, from 6.0 to 12.8%, while no gamma-tocopherol was detected in the seeds of Rancho from plants grown in the same environment. After further selection for this trait, plants of CR-39 presented in 2001 a gamma-tocopherol content of 9.2 ± 1.9% (Fig. 2). Total tocopherol content in CR-39 was 461.1 ± 37.7 mg kg-1 seed, compared to 538.2 ± 49.3 mg kg-1 seed in Rancho.

CR-41 was developed from an entry with 7.8% of gamma-tocopherol in the preliminary screening. Analysis of individual half seeds revealed a gamma-tocopherol content from 0.0 to 21.6%. After selection of the seeds with the highest levels of gamma-tocopherol, a range of variation from 10.4 to 24.2% was observed in plants of the following generation. After selecting and bulking the seeds from the best plants, the line CR-41 presented in 2001 a gamma-tocopherol content of 16.5 ± 2.5% (Fig. 2). Total tocopherol content in CR-39 was 413.9 ± 69.9 mg kg-1 seed, compared to 538.2 ± 49.3 mg kg-1 seed in Rancho.
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Fig. 1. Histograms of total tocopherol content in the lines CR-4, CR-81 and the check cultivar Rancho


Fig. 2. Histograms of gamma-tocopherol content in the lines CR-39, CR-41 and the check cultivar Rancho

Increased tocopherol levels were isolated in a short period in the lines CR-34 and CR-81, demonstrating a good response to selection for this trait. Studies in soybean (Dolde et al., 1999), rapeseed (Goffman and Becker, 2001) and sunflower (Velasco et al., 2002) concluded that the trait is largely controlled by genotypic rather than environmental effects, showing therefore a high heritability. 

Increased levels of gamma-tocopherol in CR-39 and CR-41 were associated with a low total tocopherol content in comparison with the check. It has to be investigated if this phenomenon occurred occasionally in these materials or there is a physiological constraint limiting the development of material with high tocopherol content containing a certain proportion of gamma-tocopherol. Recombination between the materials developed in the present research will cast light on this problem.
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EFFECTS OF TEMPERATURE AND MOISTURE STRESS DURING ELONGATION AND BRANCHING ON DEVELOPMENT AND YIELD OF SAFFLOWER
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ABSTRACT

Although safflower is considered a drought resistant crop, irregular distribution of precipitation and limited rain are the main risk factors for growing this crop in fields under dryland agriculture. This study presents the effects of water shortage and high temperature during stem elongation and branching on development and yield of safflower under non-irrigated conditions in Ankara (Turkey). Three years of results showed that  plant height, number of heads per plant, head diameter, and yield were reduced drastically (from 74.4 to 48.2 cm; from 10.2 to 4.1 heads/plant; from 2.3 to 1.9 cm and from 218.9 to 48.4 kg/da, respectively) when the crop was subjected to limited rains. Consequently, supplementary irrigation must be applied during the specific stages of plant i.e. elongation and/or preflowering for ensuring the development of safflower under Ankara conditions.

INTRODUCTION

Although safflower is considered to be a drought resistant crop, it needs suitable soil moisture levels to ensure a high yield. In general, 600 mm of rainfall during the growing season (the major portion falling before flowering) seems to be sufficient in obtaining high yields. Water shortage during the normal period of maximum growth, i.e. from rosetting until flowering, will cause a marked reduction in growth and delay maturity (Weiss, 1983).

An economical crop can be raised without supplementary irrigation when the rain in the months of spring are sufficient. When there is a drought, supplementary irrigation in the dry months at elongation and/or flowering is needed (Agasimani et al., 1997). Haby et al. (1982) applied irrigation treatments at specific plant growth stages at the Northern Great Plains, and they found that a single irrigation at the early bud growth stage produced maximum seed yields. Zimmerman (1978) noted that there can also be an interaction between high temperature and high humidity, which can severely reduce seed yield. Cosentino et al. (1997) found that the seed yield was positively related to rainfall and minimum temperature in the period between emergence and flowering and negatively related to maximum temperature in the same periods.

Studies have been carried out on safflower at the experimental field of the Ankara Nuclear Research Center in Agriculture and Animal Science in Ankara since 1994. However, the development and yields of safflower show differences depending on the temperatures and variations in the distribution of the precipitation during the growing period. The 2001 results, specially, exhibited the lowest  seed yields.

The aim of this research was to verify the effect of water shortage during stem elongation and branching on development and yield of safflower under non-irrigated condition in Ankara.

MATERIALS AND METHODS

Safflower field experiments were conducted at the Ankara Nuclear Research Center in Agriculture and Animal Science in Ankara (Turkey) under non-irrigated conditions. The soil of the site was heavy textured, slightly alkaline, low in organic matter and total nitrogen and also low in extractable phosphorous. In the experiments, local safflower varieties and their mutants were used. Mutants were developed by using gamma irradiation by Uslu (1977). The experiments were laid out in randomized block design with three replications. Seeds were sown on 6 May, 16 May and 13 April in 1998, 2000 and 2001, respectively. Each plot consisted of three rows with 40 cm inter-row spacing and 4 m long. Plots were harvested on 20 August 1998, on 17 August 2000 and on 30 July 2001 after physiological maturity.

The total precipitation during crop growing periods was 113.8 mm, 61.7 mm and 104.8 mm, in 1998, 2000 and 2001, respectively (Table 1). A great amount of precipitation was observed in May/June 1998 (total 110 mm), June 2000 (total 41 mm) and April/May 2001 (total 105.2 mm). In the site that the distribution of the precipitation was irregular, no rain was observed in June of 2001. This drought period in 2001 had began from the mid-May (5.2 mm only recorded after 15 May) that was very critic period for the stem elongating plants. Monthly mean temperatures ranged from 12ºC (in April) to 26ºC (in July) for three years. The highest maximum monthly temperature was recorded in June of 2000 (42ºC).

	Table 1. Monthly weather data for the safflower growing periods in experiment site in 1998, 2000 and 2001.

	Month
	1998
	2000
	2001

	
	P

(mm)
	MinT

(ºC)
	MaxT

(ºC)
	P

(mm)
	MinT

(ºC)
	MaxT

(ºC)
	P

(mm)
	MinT

(ºC)
	MaxT

(ºC)

	April
	-
	-
	-
	-
	-
	-
	38.9
	1.6
	29.0

	May
	64.8
	6.6
	28.8
	16.3
	0.7
	27.2
	66.3
	4.0
	29.9

	June
	45.8
	7.6
	32.7
	41.0
	4.0
	33.7
	0.0
	4.6
	35.0

	July
	8.5
	8.8
	38.0
	0.4
	12.7
	42.0
	4.0
	12.0
	39.0

	August
	0.0
	0.0
	36.0
	24.1
	7.2
	36.5
	-
	-
	-

	P: precipitation; T: temperature


Measured parameters were plant height, number of branches per plant, number of heads per plant, head diameter, 100 seed weight, oil percentage and seed yield. Seed oil content was determined by NMR. All data were subjected to ANOVA analyses by using year x variety (evaluated 5 genotypes) combination. In addition, the data of 2001 based on varieties (evaluated 13 genotypes) were analyzed according to randomized block design. The means of characters were compared by Duncan's multiple range test (DMRT).

RESULTS AND DISCUSSION

Plant Development

The length of the growing period decreased from 108 to 93 days when seeding was delayed from 13 April (2001) to 16 May (2000), respectively (Table 2). Flowering took place 70-83 days after planting and the duration for 50 % flowering to maturity was 23-25 days. Date of 50 % flowering were 20 July, 25 July and 5 July for 1998, 2000 and 2001, respectively. Although the seeding was performed on 13 April in 2001 (about one month earlier than the seeding of 2000 and three weeks earlier than the seeding of 1998), all plants had flowered in the first week of July. In previous experiments, the autumn seedings had reached 50% flowering after mid-July (Uslu, 2001). This depended on the drought season with high temperatures after mid-May (Mean temperature 21.6ºC, maximum temperature 35ºC and 0.0 mm rain in June). The absence of adequate soil moisture increased the adverse effect of the high temperature, so that plants had completed stem elongation and started head formation in a short period of time (elongation started after mid-May). 

	Table 2. Days to flowering and maturity of safflower at three years (based on means of genotypes).

	
	1998
	2000
	2001

	Flowering
	75
	70
	83

	Maturity
	100
	93
	108

	PBFM
	25
	23
	25

	PBFM: Period between maturity and 50% flowering


Seed Yield and Plant Characters

In some years, the seed yield and plant characters were affected significantly. The highest seed yield (218.9 kg/da) was obtained from 1998 seeding. In this growing period, plants reached 74.4 cm in height and they had 6.1 branches per plant and 10.2 heads per plant. They also had the biggest head diameter (2.3 cm). Contrarily, 2001 seeding resulted in the lowest seed yield (48.4 kg/da) that was a quarter of the amount of 1998 due to shorter plants with few branches and a smaller head. The main reason was the unpredictable lack of precipitation and increasing daily maximum temperatures during the stem elongation and branching. In the year 2000, 100 seed weight and percentage of oil showed a decrease when compared with 1998 and 2001. The major factor that effected these characters was the highest maximum temperatures during flowering stage (42 ºC in July). A report from Knowles (1972) provides support for this thought as he stated that yields are generally higher when the day temperature at flowering is in the 24-32 ºC range. A high temperature tends to decrease the seed weight and oil percentage.

The investigated characters also showed differences according to genotypes. However, these differences were not statistically significant for number of branches per plant and seed yield. Mutant M-7 outyielded (160.6 kg/da) all other genotypes based on means of year. This mutant had the greatest number of heads per plant (8.9 heads/plant) (Table 3).

	Table 3. Effects of year and cultivar on plant characters and seed yields of safflower.

	
	Plant height (cm)
	No. of branches/plant
	No. of heads/plant
	Head diameter (cm)
	100-seed weight (g)
	Seed yield kg/da

	Year
	
	
	
	
	
	

	1998
	74.4 a
	6.1 ab
	10.2 a
	2.3 a
	3.76 a
	218.9 a

	2000
	50.6 b
	6.7 a
	8.1 ab
	2.1 ab
	2.97 b
	153.3 a

	2001
	48.2 b
	3.0 b
	4.1 b
	1.9 b
	3.26 ab
	48.4 b

	Genotype
	
	
	
	
	
	

	5-118
	59.2 ab
	5.1 a
	6.9 ab
	2.4 a
	3.60 a
	138.6 a

	5-154
	53.0 b
	5.8 a
	8.2 ab
	2.1 bc
	3.58 a
	111.8 a

	M-7
	56.7 ab
	5.8 a
	8.9 a
	1.9 cd
	2.85 b
	160.6 a

	M-9
	56.1 b
	4.9 a
	7.2 ab
	1.9 cd
	3.01 b
	160.2 a

	M-15
	63.5 a
	4.8 a
	6.1 b
	2.3 ab
	3.61 a
	129.8 a

	In a column, means followed by a common letter are not significantly different at the 0.05 by DMRT.


Drought Effects on Safflower in 2001

When the data for the year 2001 were evaluated, it was seen that the seed yields ranged between 19.0 kg/da (M-20) and 54.6 kg/da (M-15). The mean of seed yields was 38.7 kg/da and this value was the second lowest within the experiments conducted in Ankara since 1994. Similarly, plants that had an average 48 cm in height, produced fewer branches (2.7 branches/plant) and heads (3.8 heads/plant). Also, their head diameter was below 2.0 cm on averages of genotypes. Although the highest seed weight was recorded from M-17 as 4.37 g, mutant M-12 produced the highest seed oil (30.2 %), but the seed yield of M-12 was only 40 kg/da.

	Table 4. Agronomic character and seed yields of genotypes in 2001.

	
	Plant height (cm)
	No. of branches/plant
	No. of heads/plant
	Head diameter (cm)
	100-seed weight (g)
	Seed yield kg/da
	Seed oil (%)*

	5-38
	55.1 a
	2.0 c
	3.0 a
	22.0 a
	25.2 de
	28.8 ce
	17.3

	5-118
	46.9 ab
	2.7 ac
	3.7 a
	21.3 ab
	36.0 ac
	50.0 ac
	28.8

	5-154
	45.5 ab
	2.8 ac
	3.8 a
	18.7 bd
	36.2 ac
	42.6 ad
	24.5

	M-3
	45.3 ab
	3.1 ac
	4.1 a
	22.0 a
	26.3 de
	44.6 ad
	27.4

	M-7
	45.3 ab
	3.6 a
	4.7 a
	17.0 ce
	27.7 de
	51.7 ab
	25.9

	M-8
	46.9 ab
	3.4 ab
	4.5 a
	16.0 de
	27.5 de
	33.4 ae
	27.4

	M-9
	47.7 ab
	3.3 ac
	4.4 a
	17.0 ce
	27.7 de
	43.0 ad
	27.4

	M-11
	44.4 ab
	2.2 bc
	3.3 a
	16.7 de
	29.3 cd
	31.1 be
	28.8

	M-12
	51.4 a
	2.1 bc
	3.1 a
	16.7 de
	26.3 de
	38.8 ae
	30.2

	M-15
	55.3 a
	2.6 ac
	3.9 a
	21.0 ab
	35.4 bc
	54.6 a
	24.5

	M-17
	52.2 a
	2.3 ac
	3.4 a
	19.7 ac
	43.7 a
	37.5 ae
	25.9

	M-19
	54.4 a
	2.3 ac
	3.3 a
	20.3 ab
	41.4 ab
	28.4 de
	27.4

	M-20
	36.6 b
	3.1 ac
	4.1 a
	15.7 c
	21.5 e
	19.0 e
	21.6

	In a column, means followed by a common letter are not significantly different at the 0.05 P by DMRT.

*Statistical analyses for seed oil could not performed because of low seeds.


CONCLUSIONS

The combination of temperature and moisture stress in 2001 seeding critically affected plant development and seed production. A dry regime during stem elongation and branching resulted in a relative reduction in the number of days required to reach flowering. As a result, the growth period became compressed and plant heights, head production, head scales and yields were reduced drastically.
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EFFECTS OF DIFFERENT ROW DISTANCES AND VARIOUS NITROGEN DOSES ON THE YIELD COMPONENTS OF A SAFFLOWER VARIETY
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ABSTRACT

This research was carried out to find out the effects of different row distances and various nitrogen doses on the yield and yield components of the spineless safflower cv. Yenice 5-38 as a field trial at the Department of Agronomy in 1996. Application of different row distances had no significant effect on plant height, number of capitula, thousand grain weight, seed yield, seed oil content and first flowering time, but it was observed an increase in number of branches and number of seed per capitula by increasing row distances. Plant height, number of branches, number of capitula, number of seed per capitula, thousand grain weight and seed yield increased by increasing nitrogen doses. The highest oil content was obtained with application of 160 kg N / ha.

INTRODUCTION

Raw plant oils, refined oils and margarines are obtained from sunflower, cottonseed, rapeseed, safflower and maize in Turkey. The most important oil seed crops are sunflower and cotton. In recent years, the lack of plant oil has reached great amounts as 700.000 tons in our country. This lack of oil has been covered by imports what has entailed considerable costs (Kolsarici et al., 2000). To meet the lack of oil in our country, oil seed production can be increased by growing salt and drought tolerant safflower in Central Anatolia where annual precipitation is not adequate. When optimum growing techniques are applied successfully in this region, seed yield of safflower with 35-40 % oil in its seed can be increased up to 1.5‑2 t/ha. For this reason, recommendations for the variety Yenice 5-38 have to be developed for the growers in Central Anatolia by determining appropriate row spacing and nitrogen dose for the regional conditions.

At present time, the reason for the low yield in safflower is the lack of suitable varieties for growing in infertile soils without irrigation (Kolsarici, 1993). Safflower seed yield increases up to 3-4 t per hectare under suitable conditions by irrigation. It was determined that seed yield increased two folds in India after one irrigation at flowering stage while an increase of 200% occurred in the seed yield after three irrigations during the branching, blooming and seed ripening (Zaman, 1989; Zaman and Das, 1991). Similarly, in summer planting, the application of nitrogen fertilizers in suitable concentrations influences positively plant growth as well as protein and oil contents. In fertilization experiments conducted with 4 different nitrogen applications (0, 20, 40 and 60 kg/ha) and 3 cultivars ( JSF 1, JSI 12, JSI 9), the highest plant growth and seed yield were obtained with 60 kg N/ha application (Rajput et al., 1992). Deader et al. (1994) conducted an experiment to find the optimal rate of nitrogen applications and the optimal seeding rate and row spacing for growing safflower. Nitrogen had a positive effect on the on growth. Seed and oil yields increased by using nitrogenous fertilizers in the soils with low nitrogen content (Peterson, 1965).

The aim of this study was to determine the suitable doses of nitrogenous fertilizer and row distances for safflower cultivar Yenice 5‑38 which can grow under the Ankara ecological conditions in Turkey.

MATERIALS AND METHODS

A field experiment was conducted without irrigation under rainfed conditions during spring of 1996 at Ankara. The treatments included 3 row spacings (30, 40 and 50 cm) and 5 N‑levels (0, 40, 80, 120 and 160 kg/ha). Individual plot size was 3.6 m wide and 6 m long. One spineless local cultivar, Yenice 5-38, was used. The experiment was carried out using split plots in a randomized complete block design with three replications. The soil was silty loam and low in N and P and rich in K, with a pH of 7.5 and EC 0.19 mmhos/cm. It was poor in organic matter. According to the long‑term average, annual rain was 377.7 mm, average relative humidity was 60% in the region. The intra‑row spacing was stabilized as 15 cm by thinning. Sowing was done in the first half of April and the crop was harvested in the first half or July.

RESULTS AND DISCUSSION

The mean values of plant height, number of branches and capitula per plant, number of seed/capitula, 1000 seed weight, seed yield and oil content for the different treatments are presented in Table 1. It was observed that the number of days to the first flowering was not significantly affected by row spacing or N levels. Safflower plants flowered 86-88 days after sowing. The lowest plant height ranged from 97.85 cm in the control plot (no N application and row distance of 30 cm) to 124.00 cm with N rates of 120 and 160 kg/ha and 50 cm row spaces. Increased row distance as well as N-levels led to an increase in plant height. The highest numbers of branches per plant (7.60 and 7.73) were obtained with 50 cm row spacing and doses of 120 and 160 kg/ha (Table 1).

The number of capitula per plant was 4.50 in the treatment with 30 cm row spacing and no nitrogen application and 10.40 with 50 cm row space and 160 kg/ha of N. Similarly, the number of seeds per capitula was lowest (26.61) with 30 cm row spacing and no N application and highest (54.83) at the row spacing of 50 cm a N application of 120 kg/ha.

Thousand grain weight was the lowest (33.56 g) in 40 cm row spacing and no N application and highest (39.28 g) in 30 cm row spacing and a dose of N of 160 kg/ha. The effect of different row spacings on thousand grain weight was not significant, whereas increases in N‑levels affected thousand grain weight positively. The highest seed yield was 2.013 kg/ha, in 40 cm row spacing and 160 kg N/ha while the lowest seed yield was 0.960 kg/ha in control plot (no Nitrogen application with 40 cm row spacing). Sharma and Verma (1982) also reported a significant increase in safflower yield due to and application of 60 kg N/ha compared with the other levels of N. Rajput et al. (1992) reported that 40 and 60 kg N/ha were at par but produced significantly higher yield than the control and 20 kg N/ha. Similar results were also obtained in our research.


High doses of N increased the oil content of the seeds. Oil content increased from 34.79 % in the treatment with 50 cm row spacing in control plot to 40.32% in 30 cm row spacing and 40 kg N/ha (Table 1). Other researchers obtained similar findings. Nitrogen doses of 40, 80 and 120 kg/ha increased the oil content by 1.6, 2.8 and 3.9 %, in comparison to no N application (Zaman and Das, 1991). Sounda et al. (1983) also reported the similar effect of N on oil content. 

In conclusion in this research, correct row spacing and N-level were determined. The cultivar Yenice 5-38 had the highest seed yield with 40 cm row spacing and 160 kg N/ha under Ankara conditions.
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ABSTRACT

Seed mycoflora is known to affect the quantify and quality of oil and to cause seed decay and post emergence damping off. The objective of this investigation was to find out the seed mycoflora of safflower varieties. Six different groups of fungi, Alternaria, Aspergillus, Curvularia, Fusarium, and Rhizopus were found. The predominant fungi were Alternaria and Aspergillus followed by Fusarium and Rhizopus. The germination of seed was reduced where the most intense seed mycoflora was observed.

INTRODUCTION 

Safflower (Carthamus tinctorius L.) is one of the major  oilseed crops of the Maharashtra State of India. A number of pathogens have been associated with the seeds of safflower. Seed borne fungi are generally known to affect adversely the seed germination and vigour of the seedlings. (Christensen and Kaufmann, 1964; Kadian and Suryanarayana, 1971; Mishra and Kananujia, 1973). The seed-borne pathogen may cause seed decay, pre-and post emergence damping off and root rots (Chakravarti et al., 1971; Gupta and Chohan, 1970; Khare, et al., 1972). In oilseed crops, the seed mycoflora is known to affect the quantity and quality of oil (Vidhyasekaran et al., 1972; Wilson, 1974). Looking to the losses caused by seed-borne pathogen, the present investigation was carried out to find out the seed mycoflora of safflower varieties grown in the Maharashtra State of India. 

MATERIALS AND METHODS 

The seeds of different safflower varieties viz., A-1, Manjira, APRR-3, CO-1, Bhima, HUS-305, A-300, S-144, K-1, JSF-1, NRS-209 and Gima collected from different locations were used for the study. For the enumeration of seed mycoflora, 100 seeds from each collection were plated on potato dextrose agar medium (PDA) as well as on moist blotters and incubated at 25±2 °C for five and seven days, respectively. Observations in respect of seed mycoflora were recorded by using stereoscopic microscope (ISTA, 1976) and the data are presented in Table 1 and 2.

RESULTS AND DISCUSSION 

The information on seed mycoflora of safflower is given in Tables 1 and 2. It is evident from the data that of the two methods tested for the enumeration viz., plating on PDA and plating on moist blotters, the farmer method was found to be superior in as much as the number and types of fungi encountered were greater and represented six different groups of fungi viz., Alternaria, Aspergillus, Curvularia, Fusarium, Penicillum and Rhizopus. This may be due to the expression of internally seed borne pathogen. Whereas in the blotter method, only four types of fungi were encountered: Aspergillus, Alternaria, Fusarium, and Rhizopus. In all, twelve safflower varieties were assayed on PDA. The predominant fungi were Alternaria and Aspergillus foIlowed by Fusarium and Rhizopus. The intensity of the Penicillum and Curvularia was observed to be low. Amongst the 12 varieties tested, the varieties Manjira and S-144 carried the maximum mycoflora on their seeds, followed by Bhima and A-300. The safflower variety HUS-305 seemed to carry very few mycofloras on their seeds. The germination of the seeds was reduced where the most intense seed mycoflora was observed.

	Table 1. Seed mycoflora of safflower encountered on PDA

	Sr.
	Variety
	Seed germination (%)
	Healthy seed (%)
	Seed mycoflora

	
	
	
	
	F
	Al
	Asp
	Pen
	Rh
	Cu

	1
	A-1
	91
	6
	-
	+
	+
	-
	+
	-

	2
	Manjira
	79
	8
	+
	+
	+
	+
	+
	+

	3
	APRR-3
	81
	5
	+
	+
	+
	-
	-
	-

	4
	Co-1
	85
	7
	-
	+
	+
	+
	-
	+

	5
	Bhima
	87
	6
	+
	+
	+
	+
	+
	-

	6
	HUS-305
	88
	14
	-
	+
	+
	-
	-
	-

	7
	A-300
	80
	9
	+
	+
	+
	+
	+
	-

	8
	S-144
	82
	7
	+
	+
	+
	+
	+
	+

	9
	K-1
	84
	10
	+
	+
	+
	-
	+
	-

	10
	JSF-1
	88
	9
	+
	+
	+
	-
	-
	+

	11
	NRS-209
	89
	11
	+
	+
	+
	-
	+
	-

	12
	Girna
	86
	6
	+
	+
	+
	-
	+
	-

	+ = Present

- = Absent

	F: Fusarium; Al: Alternaria; Asp: Aspergillus; Pen: Penicillium; Rh: Rhizopus; Cu: Curvularia


In the blotter test, only four fungi were observed. Aspergillus seemed to be the most common seed contaminant in all the varieties. The seed germination was higher where lower seed mycoflora was observed.

It is concluded from the results that the seed mycoflora affects adversely the germination percentage and seedling vigour. These results are in agreement with the results of Mishra and Kananjia (1973), Mathur and Sehgal (1964) and Padgaunr and Anilkumar (1976).

The presence of the Aspergillus flavus group is undesirable as it is known to produce aflatoxins (Mehan and Chohan, 1973; Subrahmanyam and Rao, 1974).
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MORPHOLOGICAL VARIATION OF Alternaria carthami ISOLATES ON DIFFERENT GROWTH MEDIA
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ABSTRACT

The objective of this study was to investigate the morphological variation of Alternaria carthami isolates collected from six locations on PDA and PDT growth media. Variation for radial growth, size of conidiospore, number of septation beak size and color between isolates from different locations on both growth media was observed. 

INTRODUCTION

Leaf spot/blight of safflower caused by Alternaría carthami was reported for the fist time in India in 1944 by Chowdhury. It exhibited severe spot/blight symptoms on the foliage (Ray and Basuchaudhary, 1984). The morphological variation of this pathogen was reported by many workers (Patil et al., 1987). This study was therefore undertaken to carry out further studies on morphological variation i.e. radial growth, size of conidiospore, no. of septation, beak size and colour of Alternaría carthami isolates collected from Solapur and Osmanabad districts of Maharashtra state on PDA and PDT growth media.

MATERIALS AND METHODS

Diseased samples of Alternaria leaf spot of safflower were collected from South Solapur, Mangalweda, Barshi and Omaraga, Bhoom, Paranda tahsils of Solapur and Osmanabad districts, respectively. Alternaria carthami which cause leaf spot of safflower was successfully isolated from infected leaves on two different growth media viz. potato dextrose agar (PDA) and potato dextrose tapioca (PDT). The PDT consisted of potato 200 g, dextrose 20 g, granulated tapioca 150 g and distilled water 1000 mI. The PDT media was prepared as per the procedure described by Nene and Shaila (1994).

Morphological characters of A. carthami were studied on these two media. Morphological characters includes radial growth at 4th and 8th day while size of conidiospore (length x width), number of septa, beak size and colour were recorded at 8th day after inoculation.

RESULTS AND DISCUSSION

Radial growth of isolates on PDA and PDT presented large variation (Table 1). The isolates from Mangalweda and South Solapur grew better on PDA and PDT as compared to other isolates studied. Isolates from Bhoom and Paranda showed poor growth in both growth media.

Morphological variation was observed in all six isolates. The size, number of septation, beak size and colour were found identical in the isolates of diseased samples collected from Bhoom and Paranda tahasils of Osmanabad district (Table 2). Isolates from South Solapur and Barshi were similar in beak size but varied in size (length x width), septation and beak colour. On the basis of the above observations, it can be concluded that the Alternaria carthami was present in all 6 isolates, and it showed variation in all morphological characters on PDA and PDT growth media.

	Table 1. Radial growth (cm) of Alternaria carthami on different media.

	Sr. No.
	Isolate
	PDA
	PDT

	
	
	4th day
	8th day
	4th day
	8th day

	1 
	South Solapur
	3.4
	3.7
	3.1
	3.3

	2
	Mangalweda
	3.6
	3.8
	3.4
	3.5

	3
	Barshi
	2.9
	3.0
	2.8
	3.0

	4
	Omarga
	2.7
	3.1
	2.6
	2.9

	5
	Bhoom
	1.5
	1.9
	1.4
	1.8

	6
	Paranda
	1.8
	2.2
	1.6
	2.0

	PDA: Potato Dextrose Agar

PDT: Potato Dextrose Tapioca


	Table 2. Morphological variation of Alternaria carthami on different media

	Isolate
	Media
	Size of conidia (µ)
	No. of septa
	Beak size
	Spore colour

	
	
	Length
	Width
	Tranpur
	Long
	
	

	South Solapur
	PDA
	51-79
	13-19
	5-8
	0-4
	Long beak
	Dark brown

	
	PDT
	48-65
	12-18
	4-7
	0-3
	Medium to long beak
	Brown

	Mangalwetha
	PDA
	37-63
	11-15
	3-7
	0-3
	Medium to long beak
	Dark brown

	
	PDT
	35-59
	12-16
	3-6
	0-3
	Medium beak
	Light brown

	Barshi
	PDA
	39-67
	11-19
	3-6
	0-4
	Long beak
	Yellow, dark brown

	
	PDT
	33-54
	10-15
	2-5
	0-3
	Medium to long beak
	Yellow, light brown

	Omaraga
	PDA
	42-53
	11-16
	3-5
	0-3
	Medium to long beak
	Orange, dark brown

	
	PDT
	40-50
	10-14
	3-4
	0-2
	Medium to long beak
	Orange, light brown

	Bhoom
	PDA
	42-69
	11-17
	3-6
	0-3
	Medium to long beak
	Dark brown

	
	PDT
	41-58
	10-14
	3-6
	0-7
	Medium beak
	Light brown

	Paranda
	PDA
	47-66
	12-17
	3-5
	0-3
	Medium beak
	Light brown

	
	PDT
	43-61
	11-14
	2-4
	0-2
	Medium beak
	Light brown

	PDA: Potato Dextrose Agar; PDT: Potato Dextrose Tapioca
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