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FOREWORD

The issue No. 15 of the Sesame and Safflower Newsletter includes 27 contributions, 18 on sesame and 9 on safflower. The most frequent topics of the articles published are genetics, breeding, and diseases and pests. Some interesting contributions, mostly in sesame, were not published because of lack of space but were evaluated and accepted and will be published next year. In order to include higher number of articles shorter contributions will have priority for the forthcoming issue.


The Editing, Publication and Distribution of the Sesame and Safflower Newsletter are supported by funds from the Industrial Crops Group, Crop and Grassland Service, Plant Production and Protection Division, Agriculture Department, Food and Agriculture Organization, Rome Italy. The Editor wishes to thank Mr. Peter Griffee, Senior Officer, Industrial Crops, for helping to review articles submitted and Ms. Britta Killermann, assistant, also of the Crop and Grassland Service, for listing the collaborators record. The Institute of Sustainable Agriculture (IAS) of the National Council of Scientific Research (CSIC) has been responsible for publication. Dr. Leonardo Velasco helped in the revision and preparation of manuscripts and Jose Antonio Palacios did the word processing. They are gratefully acknowledged.

Córdoba, November 2000

                                                                                             J. Fernández-Martínez

                                                                                                           Editor

NOTICES TO READERS

Instructions to authors

Please submit your manuscripts - scientific articles, notes, and reports - to FAO at the following address:

Mr. Peter Griffee

Senior Officer

Industrial Crops

Crop and Grassland Service

Crop Production and Protection Division

FAO, Via delle Terme di Caracalla

00100 Rome, Italy

Email peter.griffee@fao.org

Contributions have to be received before July in order to have time for revision. Articles that are too long as well as more than two contributions from the same author (s) should be avoided. Manuscripts must be written in a standard grammatical English. They should be checked by a competent English speaker. The whole typescript, including the summary, table and figure captions, must be double spaced. The title page, all headings and the references must conform to the Newsletter style. Please consult the last issue to ensure that your paper conforms in detail to the accepted style.


In order to continue the success of the Sesame and Safflower Newsletter we need your contribution, which will be shared by the scientific community but we stress that this is a Newsletter. As well as innovative research articles, we request news on the two crops such topics as country overviews, meetings, publications, genetic resources, conservation, production, processing, uses, markets, economics etc.

Electronic contributions


The electronic age is with us, please try to send your contributions preferably as  email-attachments or on diskette.


You may also contribute to Sesame and Safflower knowledge by visiting an FAO Consortium Internet site (EcoPort) at http://www.ecoport.org This is a knowledge sharing system 'owned' by the general public. On the Home Portal click on InfoFinder and enter either Sesame or Safflower. These sites are under construction and comments, corrections and additional information are welcome to the email address peter.griffee@fao.org.

We thank you for your attention and look forward to a continuing fruitful collaboration.

Sesame and Safflower Directory

Dear Sesame ( Safflower ( Cooperator1

We are compiling a directory of institutions and individuals having current activities on research, promotion, extension and development of these high quality oil crops. Would you kindly fill in this form and forward it to Peter Griffee, Senior Officer, Industrial Crops, Crop & Grassland Service, Plant Production & Protection Division, FAO, Room C782, Vialle delle Terme di Caracalla, 00100 Rome Italy. Email = peter.griffee@fao.org. Please copy this to other interested parties; it will also serve as a mailing list for further issues of the Sesame and Safflower Newsletter. If you have an email address, kindly advise us and this form will be sent to you electronically for up-dating. Please fill in this form even if you have registered previously.

	Personal, Professional and Contact Details

	Surname
	Initials

	Degrees
	Universities

	Institution
	Department

	Discipline
	Speciality

	Country
	Street

	Town
	State

	Zip Code
	Telephone 

	Fax
	Email

	Other crops of interest
	Discipline

	
	

	
	

	
	

	
	


1Please tick appropriate box (one only).

5th International Safflower Conference cosponsored by Societies

The 5th International Safflower Conference will be held July 23‑27, 2001 in Williston, ND, and Sidney, MT. The Conference is co-sponsored by North Dakota State University, Montana State University, USDA‑ARS, ASA, CSSA, SSSA, and the Food and Agriculture Organization (FAO).  This Conference is the fifth in a series of premier world meetings of scientists and industry personnel interested in all aspects of safflower‑production, research and development, processing and marketing. The Conference is held approximately every four years. Previous Conferences were held in Davis, CA (1981); Hyderabad, India (1989); Beijing, China (1993); and Bari, Italy (1997).

Williston is the Conference headquarters with Conference facilities at the North Dakota State University Williston Research Extension Center. The Montana State University Eastern Agricultural Research Center at Sidney, MT will provide a tour of its safflower research the second day of the Conference. The Conference registration fee of $450 will cover the Conference facilities, published proceedings, and selected activities included in the Conference schedule. Room and board accommodations for the Conference will be available in Williston.  

The Conference will run as a series of successive sessions‑there will be no concurrent sessions. Therefore, the number of oral presentations will be limited.  Organizers will select papers for oral presentations, based on scientific merit, originality, and appropriateness. Papers also may be presented as posters and will be published as full papers in the proceedings of the Conference. Registration and details are provided at the following Website location www.sidney.ars.usda.gov/state/saffcon. Deadlines include the following:

September 15, 2000

Submission of title and author for abstracts and manuscripts

October 15, 2000

Submission of completed abstracts for oral presentations and manuscripts

December 1, 2000

Submission of manuscripts for review

March 1, 2001

Submission of completed manuscripts

For information, please contact J. Jensen at 406‑433‑2208 or jjensen@sidney.ars.usda.gov.

The International Safflower Germplasm Advisory Committee to Meet

A meeting of the International Safflower Germplasm Advisory Committee (ISGAC) is being organized in conjunction with the Fifth International Safflower Conference in Williston, North Dakota, USA (July 23-27, 2001). Since the last ISGAC meeting, the committee has developed an International Safflower Germplasm Directory and a Safflower Web Page (http://safflower.wsu.edu/). In addition, a safflower information  site has been set up as part of the Food and Agricultural Organization (FAO) Ecoport System, and an extensive set of evaluation data have been made available to users through the website. 

Topics for discussion at the meeting will include the safflower descriptor list, the safflower webpage, research priorities, and recommendations concerning germplasm conservation and collection.

The exact time of the meeting will be announced later. All interested parties are encouraged to attend.

Richard C. Johnson

ISGAC Chair 

USDA-ARS Plant Introduction Station

P.O. Box 646402

59 Johnson Hall , Washington State University

Pullman WA 99164-6402 USA

Tel: 509-335-3771

Fax: 509-335-6654

e-mail: rcjohnson@wsu.edu

EVALUATION OF SESAME HYBRIDS THROUGH Line X Tester ANALYSES

Sakila, M., S.M. Ibrahim, A. Kalamani and S. Backiyarani

Dept. of Agricultural. Botany

Agricultural College & Research Institute

Madurai, 625 104, Tamil Nadu, India
ABSTRACT

Combining ability analyses were carried out through Line x Tester analyses for six quantitative characters in sesame. The GCA to SCA variance ratio revealed a non-additive type of gene effect for all the characters. The best combiner was VRI-1 for days to flowering, plant height and total capsules per plant and Si 3315/11 for total capsules per plant and single plant yield. The cross TMV–6 x Annamalai–1 showed significant SCA effects for capsules on main stem, total capsules per plant and single plant yield.

Key words: Sesame, Line x Tester, combining ability, gene effects.

INTRODUCTION

The concept of combining ability helps in the identification of parents with a good general and specific combining ability and also to determine the gene action involved in the expression of important quantitative traits. The present study was made to assess the nature of combining ability for six quantitative traits using six lines and six testers.

MATERIALS AND METHODS

The experimental material was generated by crossing six lines, VRI-1 (L1), CO 1 (L2), TMV-4 (L3), TMV-5 (L4), TMV-3 (L5) and TMV-6 (L6) and six testers Si 250 (T1), ES-22 (T2), ES-12 (T3), VS-9003 (T4), Si 3315 (T5) and Annamalai -1 (T6). The parents and F1 hybrids were grown with a spacing of 30 x 30 cm in a randomized block design with two replications at the Agricultural College and Research Institute, Madurai, during the year 1999. Each plot had 20 plants and observations from five randomly selected plants were recorded for days to flowering, plant height, number of branches per plant, height at first capsule, capsules on main stem, total number of capsules per plant and single plant yield. Combining ability analysis was performed as suggested by Kempthorne (1957).

RESULTS AND DISCUSSION

Combining ability analysis

The combining ability analysis revealed that the differences due to lines, testers and line x tester interaction were significant for all the seven characters studied (Table 1).

Table 1. Range of mean and heterosis and most heterotic crosses for seven characters.

	Characters
	Range
	Best hybrids

	
	Mean
	Heterosis (%)
	Best parent based on X
	Based on mean performance
	Based on better parent heterosis
	Based on standard variety heterosis.

	
	Parent
	Crosses
	Better parent
	Standard variety
	
	
	
	

	Days to flowering
	33-38
	30-42
	-15.49-23.50
	-9.09-25.75
	CO1
	VRI-1 x Si 250
	VRI-1 x Si 250
	VRI-1 x Si 250

	Plant height
	68.35-148.00
	93.25-150.30
	-21.72-48.58
	-36.99- (-1.55)
	CO1
	VRI-1 x Annamalai-1
	TMV6 x Annamalai-1
	Name of the hybrids possessed positive value

	Number of branches
	4.40-8.15
	4.3-7.2
	-32.81-35.75
	-14.85-42.5
	ES-12
	VRI-1 x Si 250
	CO-1 x   Annamalai-1
	VRI-1 x Si 250

	Height at first capsule
	32-54.4
	34.6-66.28
	-4.36-94.95
	-36.39-25.00
	CO1
	TMV-3 Annamalai-1
	TMV-3x Annamalai-1
	TMV-5 x Si 250

	Capsules on main stem
	12.5-24.5
	10.67-33.66
	-13.04-78.68
	3.2-117.6
	ES-12
	TMV-6 x Annamalai-1
	VRI 1 x Annamalai-1
	TMV-6 x Annamalai-1

	Total number of capsules
	58.5-100.8
	60.5-136.33
	-20.31-106.13
	-34.31-48.02
	Si 3315/11
	TMV-5 x Si 250
	TMV-6 x Annamalai-1
	TMV-5 x Si 250

	Single plant yield
	4.15-9.56
	4.95-12.05
	-36.72-133.33
	-34.43-56.60
	TMV-3
	TMV-5 x Si 250
	TMV-6 x Annamalai-1
	TMV-5 x Si 250


Combining ability variances

The general as well as the specific combining ability variances for the seven traits studied  indicated that SCA variance was higher than the GCA and that the GCA to SCA variance ratio was less than unity for all the characters. This indicated that these characters are predominantly under the influence of a non-additive gene action. The choice of breeding method primarily depends upon the nature and magnitude of gene action. The non-additive gene effect is non fixable, yet it can be exploited through heterosis breeding.

Hybrids for heterosis breeding

The scope for the exploitation of hybrids in heterosis breeding depends on their mean performance, SCA effects and magnitude of heterosis. The mean performance of 11 hybrids for days to flowering and 31 hybrids for height at first capsule with significantly lower mean values was found to be good. Two hybrids for number of branches, 6 hybrids for capsules on main stem, 13 hybrids for total number of capsules and 11 hybrids for single plant yield registered a significant mean performance on the positive side. The hybrids, VRI-1 x Si 250, VRI-1 x ES-12, VRI-1 x ES-22, Co1 x Si 250, Co1 x Si 3315/11, TMV 5 x Si 250, TMV-5 x E – 12,TMV 5 x VS 9003, TMV-3 x ES-12, TMV- x Si 3315/11 and TMV 5 x Annamalai-1 were the best ones for single plant yield.

VRI 1 x Si 250 was better than the other hybrids, with a significant per se performance for plant height, number of branches, total number of capsules and single plant yield. It was followed by VRI-1 x VS 9003 and Co1 x Si 3315/11 each with a significant mean performance for four traits.

In previous studies based on mean performances of SCA effects, hybrids registered a negative significant SCA effect for days to flowering (Goyal and Sudhir Kumar, 1991; Thirugnanakumar, 1991) and for height at first capsule (Ganesh, 1996) and higher SCA effects for other traits such as for plant height (Chavan et al., 1981; Chaudhari et al., 1984), number of branches (Thirugnanakumar, 1991; Ganesh, 1996), capsules on main stem (Reddy et al., 1982), total number of capsules (Kadu et al., 1992; Ganesh, 1996) and for single plant yield (Haripriya Reddy, 1993). In the present study five hybrids were selected for negative significant SCA effects for days to flowering and six for height at the first capsule (Table 2). Superior hybrids showing significantly higher SCA effects were also selected for plant height (10), number of branches (2), capsules on the main stem (5), total number of capsules (12) and single plant yield (4) (Table 2). The hybrids TMV 3 x ES-12 were superior to others with significantly higher SCA effects for plant height, capsules on main stem, total number of capsules and single plant yield and TMV-6 x Si 3315/11 and TMV 4 x VS 9003 for total number of capsules and single plant yield.

The evaluation of hybrids for heterosis breeding based on one of the three considerations, per se performance, SCA effect and standard heterosis led to the identification of different sets of hybrids. Therefore, the evaluation of hybrids based on all three criteria would be more meaningful. Viewed from this angle the following hybrids were considered as the best ones: VRI-1 x ES22 for days to flowering, Co1 x Si3315/11 for plant height, VRI-1 x Si 250  and Co1 x Annamalai-1 for number of branches, Co1 x ES-12, TMV4 x Si250, TMV3 x Si3315/11 and TMV3 x Annamalai-1 for height at first capsule, Co1 x Si3315/11, and TMV6 x Annamalai-1 for capsules on main stem, VRI-1 x Si250, VRI-1 x VS 9003, Co1 x Si3315/11, TMV4 x  VS 9003, TMV5 x Si250, TMV5 x ES 22, TMV3 x ES 12, TMV3 x VS 9003, TMV6 x Si3315 and TMV6 x Annamalai-1 for total number of capsules and TMV4 x Annamalai–1 for single plant yield.

Table 2. Hybrids selected for heterosis breeding

	Character
	Hybrids
	Mean
	SCA
	Standard heterosis

	Days to flowering
	VRI 1 x ES 22
	30
	-3.45**
	-9.09*

	
	CO 1 X Annamalai –1
	33
	-6.29**
	--

	
	TMV-5 x ES 12
	41**
	-3.70**
	--

	
	TMV-5 x VS 9003
	32
	-3.54**
	--

	
	TMV 3 x ES 22
	36
	-2.29**
	--

	Plant height
	VRI-1 x Annamalai – 1
	150.3**
	22.51**
	--

	
	CO 1 x Si 250
	137.35**
	10.90**
	--

	
	CO 1 x ES 22
	124.70
	8.05**
	--

	
	CO 1 x Si 3315/11
	129.85*
	6.83*
	12.26**

	
	TMV-4 x ES 12
	120.40
	6.20*
	--

	
	TMV-5 x Si 250
	117.10
	15.36**
	--

	
	TMV-3 x Si 250
	123.00
	6.65*
	--

	
	TMV-3 x ES 12
	119.45
	13.43**
	--

	
	TMV-3 x VS 9003
	142.15**
	22.27**
	--

	
	TMV-6 x ES 22
	128.50*
	10.15**
	--

	Number of branches
	VRI-1 x Si 250
	7.20*
	0.99*
	42.50**

	
	CO 1 x Annamalai-1
	7.10*
	0.84*
	40.59**

	Height at first capsule
	VRI-1 x ES 22
	46.30
	-11.75**
	--

	
	VRI-1 x VS 9003
	55.25
	-8.75*
	--

	
	CO 1 x ES 12
	44.20
	-7.56*
	-18.75*

	
	TMV-4x Si 250
	45.40
	-10.13**
	-16.54*

	
	TMV-3 x Si 3315/11
	36.65
	-11.68**
	-32.62**

	
	TMV-3 x Annamalai-1
	34.60
	-13.99**
	-36.39**

	Capsules on main stem
	CO 1 x Si 3315/11
	32.33**
	6.19**
	108.58**

	
	TMV-5 x Annamalai-1
	32.49**
	5.35**
	--

	
	TMV-3 x Si 250
	22.30
	4.15*
	44.06**

	
	TMV-3 x ES 12
	25.24
	4.32**
	62.83**

	
	TMV-6 x Annamalai-1
	33.66**
	4.95**
	117.16**

	Total number of capsules
	VRI-1 x Si 250
	118.80**
	8.31*
	28.99**

	
	VRI-1 x VS9003
	115.49**
	10.30**
	25.39**

	
	CO1 x ES 22
	88.77
	7.76
	--

	
	CO 1 x Si 3315/11
	125.60**
	20.53**
	36.37**

	
	TMV-4 x VS9003
	115.96**
	19.47**
	25.90**

	
	TMV-5 x Si 250
	136.33**
	11.10**
	48.02**

	
	TMV x ES 22
	136.00**
	24.42**
	47.66**

	
	TMV 3 x ES 12
	121.32**
	24.17**
	40.93**

	
	TMV 3 x VS 9003
	123.16**
	19.35**
	25.95**

	
	TMV-6 x Si 3315/11
	126.33**
	16.19**
	37.16**

	
	TMV-6 x Annamalai-1
	129.55**
	30.60**
	40.66**

	Single plant yield
	TMV4 x VS 9003
	9.9
	1.84**
	31.12**

	
	TMV 3 x ES 12
	11.02*
	2.41**
	--

	
	TMV 6 x Si 3315/11
	11.7*
	2.15**
	--

	
	TMV 6 x Annamalai-1
	11.2*
	2.92**
	48.34**


Hybrids for recombination breeding

Recombination breeding makes use of a fixable additive gene action. To obtain outstanding recombinations in segregating generations, the parents of hybrids must be good general combiners for the character whose improvement is sought. In addition, the SCA effect should not be significant because the selection of superior recombinations will be hindered by significant SCA effect and it will therefore only be of use to select only those hybrids with non-significant SCA effects and having parents with significant GCA effects (Nadarajan, 1986). The segregants of these hybrids are likely to throw recombinants possessing favourable additive genes from both the parents.

Based on the aforesaid consideration, the 36 hybrids were evaluated for recombination breeding. For each of the seven biometrical traits studied, the lines and testers with significant GCA effects, possible cross combinations and the promising crosses for recombination breeding are presented in Table 3. Above the others, cross VRI-1 x Si250 for days to flowering and plant height and TMV5 x Si3315/11 for total number of capsules and single plant yield, could be expected to produce superior recombinants.
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Table 3. Hybrids selected for recombination breeding.

	Character
	Name of line
	GCA
	Name of tester
	GCA
	Possible cross combination
	SCA
	Promising hybrids for recombination breeding.

	Days to flowering
	VRI-1

TMV-4
	-2.79**

-3.63**
	Si 250

VS9003
	-1.45**

-1.63**
	VRI-1 x Si 250

VRI-1 x VS 9003

TMV-4 x Si 250

TMV-4 x VS 9003
	-1.37

-1.20

-0.32

-0.62
	VRI-1 x Si 250

VRI-1 x VS 9003

TMV-4 x Si 250

TMV-4 x VS 9003

	Plant height
	VRI-1

TMV-5

TMV-6
	+3.29**

5.39**

2.81**
	Si 250

VS 9003
	4.46**

7.59**
	VRI-1 x Si 250

TMV-5 x VS 9003

TMV-6 x Si 250
	4.01

4.04

0.25
	VRI-1 x Si 250

TMV-5 x VS 9003

TMV-6 x Si 250

	Capsules on main stem
	CO1
	2.31**
	ES-12 Annamalai-1
	2.53**

3.51**
	CO1 x ES 12

CO1 x Annamalai-1
	-2.18

-1.99
	CO1 x ES 12

CO1 x Annamalai-1

	Total number of capsules
	VRI-1

TMV-5
	4.80**

19.64**
	ES-12

Si 3315/11
	4.65**

11.31**
	VRI-1 x ES-12

TMV-5 x Si 3315/11
	5.59

-5.75
	VRI-1 x ES-12

TMV-5 x Si 3315/11

	Single plant yield
	TMV5
	1.52**
	Si 250

Si 3315/11
	0.68*

1.20**
	TMV-5 x Si 250

TMV-5 x Si 3315/11
	1.24

0.57
	TMV-5 x Si 250

TMV-5 x Si 3315/11
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ABSTRACT

The objective of this investigation was to study combining ability and heterosis for earliness traits of six desirable lines crossed in a diallel fashion. The SCA variance was higher than GCA variance for seed yield per plant. Both SCA and GCA variances were significant for 1000 seed weight and oil content. However, the GCA variance alone was predominant for all the earliness related traits. The study amply indicated the importance of both additive and non-additive gene action in evolving early maturing but high seed and oil yielding genotypes. The genotype Si1125 was identified as a super combiner for all the traits of interest. There was a good agreement between per se performance of parents and their GCA effects. Among thirty crosses, the direct and reciprocal combinations of the cross Si1125 x Si250 seemed to be good for all the earliness related characters. Superior cross combinations involved at least one high general combining parent. A maximum of 17.14 per cent negative standard heterosis was registered by Si1125 x Si778 for days to 50 per cent flowering. These hybrids portrayed a highly negative standard heterosis for all the earliness related characters. There was only a fair agreement between per se performance, SCA effects, heterosis and heterobeltiosis.

Key words: Sesamum, earliness, GCA, SCA, heterosis.

INTRODUCTION

Early maturing varieties contribute significantly to increasing both production and productivity. A suitable breeding methodology and the identification of superior parents are the most important pre-requisites for the development of early maturing but high seed and oil yielding genotypes. Combining ability analysis provides guidelines for the assessment of relative breeding potential of parental material, which can be used in pursuing a systematic breeding programme. Kotecha and Yermanos (1978), Singh et al. (1986), Reddy and Haripriya (1990), Thirugnana Kumar (1990), Ding et al. (1991), and Chakraborti (1998) have reported on the combining ability and heterosis for seed and oil yield in sesame. However, the literature on combining ability and heterosis for earliness characters is very lacking on sesame. This possibility was explored in the present investigation in which the combining ability and heterosis of the desirable lines was studied.

MATERIALS AND METHODS

Two cultivars, TMV6, and Co1 and four experimental strains, Si250, Si778, Si1500 and Si1125, representing different eco-geographical regions were selected for the present study. These parents had been maintained by self-fertilization for several generations at the Regional Research Station, Tamil Nadu Agricultural University, Vriddhachalam, and were therefore considered as homozygous inbred lines. Thirty F1 crosses among six inbreds, crossed in a diallel fashion, including reciprocals, were evaluated along with their parents. The experiment was laid out in a randomized block design with three replications. The seeds were sown at a distance of 15 cm within the rows in 4.5-cm long single row plots. The row to row spacing was 30 cm. A single non-experimental plot was used to neutralize the border effect. Data for nine characters were recorded on five randomly selected competing plants from each plot.

The combining ability analysis was carried out as per model 1 and method 1 of Griffing (1956). Relative heterosis, heterobeltiosis and standard heterosis were worked out as per the standard method.

RESULTS AND DISCUSSION

The analysis of variance for nine earliness-related characters revealed highly significant differences (Table 1). The analysis of variance for GCA and SCA also revealed significant differences for all the nine characters of interest. However, the variance due to SCA was only significant for days to 50 per cent maturity and 1000 seed weight (Table 2).

	Table 1. ANOVA for earliness characters in sesame

	Sl.No.
	Characters
	df
	MSS
	F value

	1.
	Number of first flowering node
	35
	0.5867
	3.7006**

	2.
	Number of first fruiting node
	35
	0.5097
	2.9882**

	3.
	Height of first flowering node
	35
	41.9105
	3.9954**

	4.
	Height of first fruiting node
	35
	38.4286
	3.0030**

	5.
	Days to 50 per cent flowering
	35
	19.7732
	4.4434**

	6.
	Days to 50 per cent maturity 
	35
	17.8696
	4.4387**

	7.
	1000 seed weight
	35
	0.0792
	1.9479**

	8.
	Oil content
	35
	4.6429
	1.9519**

	9.
	Seed yield per plant
	35
	5.8332
	1.2614N.S.

	Error df – 70

** - Significant at 1% level

N.S  - Non-significant


Estimates of GCA and SCA variances revealed that both additive and non-additive gene actions were important in the expression of the traits (Table 2). In general, the GCA variances were greater in magnitude than the corresponding SCA or GCA variances. Among the 15 direct crosses, the number of first flowering and fruiting node exhibited a higher SCA than GCA variance. Similarly, in the reciprocal crosses, 1000 seed weight and seed yield evinced a higher SCA than GCA variance. The presence of both additive and non-additive variances suggests the simultaneous exploitation of these variations through F1 hybrid development.  Reciprocal  differences observed at  the level of variance were well evidenced

Table 2.  Analysis of variance (MSS) for combining ability for earliness characters in sesame 

	Source
	df


	Number  of first flowering node
	Number  of first fruiting node
	Height of first flowering node
	Height of first fruiting node
	Days to 50 per cent flowering
	Days to 50 per cent maturity
	Thousand seed weight
	Oil content
	Seed yield per plant

	GCA
	5
	0.90**
	0.75**
	71.04**
	61.58**
	31.18**
	22.83**
	0.16*
	4.38**
	2.90

	SCA
	15
	1.09
	1.04
	4.40
	3.83
	2.48
	2.96*
	0.03*
	0.70
	2.05

	Reciprocal effect
	15
	0.17**
	0.16**
	9.04**
	11.05**
	5.01**
	6.67**
	0.72**
	2.91**
	3.04*

	Error (EMS)
	70
	0.0008
	0.0008
	0.0499
	0.0609
	0.0211
	0.0192
	0.0002
	0.0113
	0.0220


*    significant at 5% level

**  significant at 1% level

for all the nine traits of the study. This may be due to the influence of maternal effect or cytoplasmic influence, which could be well ascertained in the later segregating generations.

The GCA effect was maximum and significantly negative for Si778 followed by Si1125 for number of the first flowering and fruiting node, height of first flowering and fruiting node, days to 50 per cent flowering and maturity (Table 3). Apart from these two genotypes, Si1500 also evinced a significantly negative GCA effect for days to 50 per cent flowering. For 1000 seed weight and oil content, the genotype Si1125 exhibited a significantly positive GCA effect. The parent TMV.6 only had a highly significant GCA effect for the seed yield per plant. There was a good agreement between the per se performance of parents and GCA effects. This suggested that the selection of parents on the basis of per se performance would be reliable (Table 3).

The SCA estimates represent dominance and epistasis. Among 30 cross combinations evaluated, the hybrids Si1125 x Si250, Si778 x Si1125 and Si250 x Si1125 for number of first flowering node; Si1125 x Si250 and Si250 x Si1125 for number of first fruiting node and height of first fruiting node; Si1125 x Si250 for height of first fruiting node; Si250 x Si1125 for days to 50 per cent flowering; Si250 x Si1125 and Co1 x Si778 for days to 50 per cent maturity were identified as good specific combiners (Table 3). Among these crosses, the direct and reciprocal combinations of the cross Si1125 x Si250 seemed to be a good specific combiner for all the earliness related characters. This could be utilized to isolate early maturing segregants in later generations. This cross exhibited high SCA effects together with a low per se performance. So, it could reliably be included in heterosis breeding programmes for earliness.

The crosses, Co1 x TMV6 and Si1500 x Si1125 for 1000 seed weight; Si778 x TMV6, Co1 x Si250, Si1125 x Co1 and Si1125 x Si1500 for oil content and Co1 x Si1125, Si250 x Si778 and TMV6 x Si1500 for seed yield per plant were identified as the best specific combiners. These crosses could well be utilized for the isolation of transgressive segregants for seed yield, oil content and 1000 seed weight.

Superior cross combinations involved at least one high general combining parent. Such a relationship between GCA and SCA effects indicates the importance of epistasis in the expression of the traits of interest. It also reveals the potentiality of the parents with low GCA effects to express high SCA in cross combination. Therefore, it may not always be necessary to attempt crosses between high x high GCA parents. Crosses with average or low GCA parents can also manifest high SCA effects, in suitable cross combinations, which is attributable to interaction effects.

The range of heterosis was quite considerable, indicating the variability present in the material (Table 4). Most of the crosses exhibited heterosis for various characters. However, mean heterosis was comparatively lower for days to 50 per cent maturity, 1000 seed weight and oil content.
Table 3.  Best crosses selected for earliness characters on the basis of heterotic (relative) response and SCA effects along with GCA effects of the parents involved

	S.No.
	Characters
	Relative heterosis
	GCA effects of the parents showing high heterosis
	SCA effects
	GCA effects of the parents showing high SCA effects
	Common cross

	
	
	
	P1
	P2
	
	P1
	P2
	

	1.
	Number of first flowering 
	Si250 x Si1125
	0.26 **
	-0.15**
	Si1125 x Si250
	-0.15**
	0.26**
	

	
	Node
	Si1500 x Si778
	0.10**
	-0.49**
	Si778 x Si1125
	-0.49**
	-0.15**
	-

	
	
	
	
	
	Si250 x Si1125
	0.26 **
	-0.15 **
	

	2.
	Number of first fruiting 
	Si250 x Si1125
	0.24 **
	-0.14 **
	Si1125 x Si250 
	-0.14 **
	0.24**
	Si250 x Si1125

	
	Node
	Si1500 x Si778
	0.09 *
	-0.44**
	Si250 x Si1125
	0.24**
	-0.14**
	

	3.
	Height of first flowering 
	Si250 x Si1125
	1.78**
	-2.38**
	Si1125 x Si250
	-2.38**
	1.78**
	Si250 x Si1125

	
	node
	Si1500 x Si778
	1.16**
	-3.76**
	Si259 x Si1125
	1.78**
	-2.38**
	

	4.
	Height of first fruiting node
	Si250 x Si1125
	1.48**
	-2.55**
	Si1125 x Si250
	-2.55**
	1.48**
	-

	5
	Days to 50% flowering
	Si1500 x Si778
	-0.52*
	-1.80**
	Si250 x Si1125
	1.90**
	-1.82**
	Si250 x Si1125

	
	
	Si1125 x Si778
	-1.82**
	-1.80**
	
	
	
	

	
	
	Si250 x Si1125
	1.90**
	-1.82**
	
	
	
	

	6.
	Days to 50 % maturity
	Si1500 x Si778
	-0.32
	-1.66**
	Si250 x Si1125
	1.65**
	-1.49**
	

	
	
	Si1125 x Si778
	-1.49**
	-1.66**
	Co1 x Si778
	1.06**
	-1.66**
	Si250 x Si1125

	
	
	Si250 x Si1125
	1.65**
	-1.49**
	
	
	
	

	7.
	1000 seed weight
	Si1500 x Si1125
	0.02
	0.06*
	Co1 x TMV6
	-0.04
	0.04
	

	
	
	Si250 x Si1500
	0.01
	0.02
	Si1500 x Si1125
	0.02
	0.06*
	Si1500 x Si1125

	
	
	TMV6 x Co1
	0.04
	-0.04
	
	
	
	

	8
	Oil content
	
	
	
	Si778 x TMV6
	-0.67**
	0.04
	

	
	
	-
	-
	-
	Co1 x Si250
	-0.02
	0.11
	-

	
	
	
	
	
	Si1125 x Co1 
	1.05**
	-0.02
	

	9.
	Seed yield per plant
	Co1 X Si1125
	-0.13
	-0.33
	Co1 x Si1125
	-0.13
	0.33
	Co1 x Si1125

	
	
	Si250 X Si778
	0.35
	-0.49
	Si250 x Si778
	0.35
	-0.49
	Si250 x Si778

	
	
	TMV6 X Si1500
	0.82**
	-0.22
	TMV6 x Si1500
	0.82**
	-0.22
	TMV6 x Si1500


P1   -  Parent 1

P2   -  Parent 2

Table 4. Number and range of heterosis for earliness characters in sesame

	S.No.
	Characters
	Range of relative heterosis
	Range of heterobeltiosis
	Range of standard heterosis

	1.
	No. of first flowering node
	-14.61 to 10.67 (2)
	-19.78 to 13.95 (4)
	-19.77 to 13.95 (5)

	2.
	No. of first fruiting node
	-15.61 to 9.09 (2)
	-21.51 to 7.14 (6)
	-18.39 to 4.60 (6)

	3.
	Ht. of first flowering node
	-22.82 to 35.04 (1)
	-34.18 to 34.16 (3)
	-39.59 to 11.88 (11)

	4.
	Ht. of first fruiting node
	-21.73 to 33.33 (1)
	-32.32 to30.12 (5)
	-38.5 to 7.52 (15)

	5.
	Days to 50% flowering
	-8.24 to 6.42 (6)
	-13.10 to 5.22 (9)
	-17.14 to 10.00 (8)

	6. 
	Days to 50% maturity
	-4.05 to 3.17 (6)
	-6.84 to 2.36 (6)
	-9.99 to 1.54 (11)

	7.
	1000 seed weight
	-14.35 to 9.55 (4)
	-18.01 to 7.87(0) 
	-10.35 to 14.14(1)

	8.
	Oil content
	-5.06 to 2.82 (0)
	-5.46 to 2.08 (0)
	-5.61 to 4.23 (2)

	9.
	Seed yield per plant
	-29.39 to 52.97 (3)
	-40.53 to 49.77 (1)
	-19.07 to 53.49 (3)


Numbers in parentheses indicate the number of crosses with negative/positive significant relative heterosis.

For 1000 seed weight, seed yield and oil content positive heterotic values are considered.

A maximum of 53.49 % standard heterosis (Co1 standard parent) was recorded for seed yield per plant, by TMV6 x Si1500. It was followed by Co1 x Si1125 (49.77 %) and Si250 x Si778 (45.1 %). A maximum of 17.14 % negative standard heterosis was registered by Si1125 x Si778 for days to 50 % flowering, followed by Si1500 x Si778 (-16.42 %). These hybrids were accounting to six days earlier than the hybrid population mean and portrayed a highly significant negative heterosis for all the earliness  related characters.

The performance of the crosses was compared on the basis of heterosis response and SCA effect. The best crosses selected and the SCA effects for the characters of interest are presented in Table 3. A critical perusal of the table shows that the crosses, Si250 x Si1125 and Si1500 x Si778 were the common crosses for the earliness characters. There was a fair agreement between the SCA effect and the heterotic response. However, it would seem that the ranking on the basis of heterotic responses or SCA effects is not similar. Also, with the same amount of heterosis, the SCA effect may be lower, where the per se performance of the parents is higher. This means that a selection of the crosses based on the heterotic response would be more realistic than on the basis of SCA effects.

The GCA effects of the parents involved in the crosses showing high heterotic response and SCA effect are also presented in Table 3. It is evident that highly significant x highly significant, highly significant x non-significant, non-significant x non-significant, non-significant x significant produced a high SCA effect. This indicated that in the present study, the gene interaction for the crosses exhibiting highest heterosis for the three traits was accountable to additive x additive, additive x dominance and dominance x dominance interaction type of gene effects.

Crosses showing the highest negative standard heterosis for days to 50 per cent flowering in comparison to the standard parent (Co1) and their performance in terms of heterobeltiosis, SCA effects, GCA effects of parents and heterosis for component characters are presented in Table 5. The crosses, Si1125 x Si778, Si1500 x Si778 and Si778 x Si1125 gave the best hybrids, exhibiting very low mean and standard heterosis as well as significant SCA effects, capable of giving maximum transgressive effects. All the three crosses involved highly significant x highly significant general combiners. Standard heterosis for days to 50 % flowering in the aforementioned crosses was accompanied by standard heterosis for number of first flowering and fruiting node, height of first flowering and fruiting node and days to 50 % maturity. Apart from these characters, the cross Si778 x Si1125 also exhibited standard heterosis for seed yield and deserves a special mention. These high heterotic crosses involving highly significant x highly significant combiners exhibited considerable additive genetic variance, which can be exploited for developing high yielding pure lines through progeny selection.

As additive and non-additive gene actions were found to be important in the evolution of early maturing but high seed and oil yielding genotypes, improvement can be expected by delaying the selection to later generations, when the dominance and epistatic gene interactions disappear, restoring 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.

Table 5. Best economic heterotic crosses for days to 50% flowering and their performance for related parameters

	S.No.
	Best crosses / parameters
	Si1125 x Si778
	Si1500 x Si778
	Si778 x Si1125

	1.
	Mean number of days to 50% flowering (days)
	38.67
	39.00
	41.33

	2.
	Relative heterosis (per cent)
	-7.94**
	-8.24**
	-1.59

	3.
	Heterobeltiosis (per cent)
	-9.37**
	-10.69**
	-3.13

	4.
	Standard heterosis (per cent)
	-17.14**
	-16.42**
	-11.43**

	5.
	SCA effects
	1.33*
	2.33**
	-0.79

	6.
	GCA effect of parent 1
	-1.82**
	0.52*
	-1.80**

	7.
	GCA effect of parent 2
	-1.80**
	-1.80**
	-1.82**


*     -  Significant at 5% level

**   -  Significant at 1% level
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ABSTRACT

Genetic parameters for nine earliness and economic traits were estimated using Hayman’s diallel analysis. Both D and H2 components were found to be significant for number of first flowering and fruiting node, height of first flowering and fruiting node and for days to 50 % flowering, indicating the importance of both additive and dominance factors in the expression of these traits. The mean degree of dominance was less than unity for all the traits studied excepting 1000 seed weight, indicating the presence of partial or incomplete dominance. Overdominance was found to be involved in the expression of 1000 seed weight. The values of h2/H2 were less than unity for all  the  traits  studied,  indicating  the  unequal distribution of genes among parents. An excess of recessive alleles was involved in the expression of all the traits investigated. The heritability in the narrow sense was high for days to 50 % flowering and maturity, height of first flowering node and oil content, medium for height of first fruiting node and low for seed yield. The reciprocal difference was statistically significant for days to 50 % flowering and maturity and 1000 seed weight.

Key words: Sesamum, earliness, genetics.

INTRODUCTION

Knowledge of the gene action of earliness characters is of paramount importance in breeding for early maturing varieties of sesame. Crop duration is one of the major factors limiting crop growth and productivity in sesame. The present paper reports gene effects for earliness related characters along with seed and oil yield.

MATERIALS AND METHODS

Six diverse sesame genotypes were mated in a 6 x 6 complete diallel cross resulting in 30 F1’s. These hybrids along with their parents were grown in a randomized block design. Each experimental plot consisted of a single row of 4.5 m length. The inter and intra-row spacings were maintained at 30 and 15 cm, respectively. The data were recorded on five randomly selected competing plants per entry per replication. The genetic parameters were estimated as per Hayman’s analysis of diallel crosses (Hayman, 1954).

RESULTS AND DISCUSSION

Both D and H2 components were found to be significant for days to 50 % flowering number of first flowering node, height of first flowering node, number of first fruiting node and height of first fruiting node, indicating the importance of both additive and dominant factors in the expression of these traits (Table 1). However, only D was found to be significant for the days to 50 % maturity. For all the other characters, D and H2 were found to be non-significant.

The mean degree of dominance [(H1/D)½)] was less than unity for all the characters studied, except thousand seed weight (Table 2), indicating the presence of partial or incomplete dominance in the expression of these traits. For thousand seed weight, the ratio was more than unity, indicating the involvement of an overdominance in the expression of that trait.

In the VrWr graph, the point of interception of the regression line was well above the origin on the Y axis for the following characters: number of first flowering and fruiting node, height of first flowering and fruiting node, days to 50 % flowering and maturity, thousand seed weight, and oil content, indicating that these characters were controlled by partial dominance. Contrary to the mean degree of dominance, the VrWr graph of seed yield per plant exhibited an overdominance.

The values of h2/H2 were less than unity for all the characters studied, indicating the unequal distribution of genes among the parents. This ratio was negative and significant for days to 50 % flowering and maturity, seed yield and number of first flowering node. This displayed the fact that these characters may be controlled by recessive alleles. For the remaining characters, the h2/H2 value was non-significant. The ratio of [(4DH1)½ + F] / [(4DH1)½ - F], supported the conclusion derived from the value of h2/H2. This ratio was less than unity for all the characters studied, which strongly indicated the involvement of an excess of recessive alleles in the expression of all the traits investigated. 

The location of array points in the VrWr graph indicated that all the parents possessed an excess of recessive alleles for the characters number of first flowering and fruiting node, and height of first flowering and fruiting node. The parent TMV 6 exhibited an excess of dominant alleles for days to 50 % flowering, and an excess of recessive alleles for thousand seed weight and oil content, apart from the aforementioned four characters. It had an equal number of dominant and recessive alleles for days to 50 % maturity and seed yield per plant. The parent CO1 displayed an excess of dominant alleles for days to 50 % flowering and thousand seed weight. It had an equal number of dominant and recessive alleles for seed yield. For all the other characters, it showed an excess of recessive alleles. The parent Si1125 portrayed an excess of recessive alleles for days to 50% flowering and oil content. For days to 50 % maturity, it showed the presence of an equal number of dominant and recessive alleles and evinced an excess of recessive alleles for the other traits of interest. The parent Si1500 showed an equal possession of both dominant and recessive alleles for seed yield per plant, an excess of dominant alleles for oil content and an excess of recessive alleles for all the other traits studied. The presence of an excess of dominant alleles in the parent Si778 was evidenced for thousand seed weight and oil content. This parent had equal dominant and recessive alleles for days to 50 % maturity and seed yield per plant but for the remaining characters it had an excess of recessive alleles. The genotype Si250 had an excess of dominant alleles for 1000 seed weight and oil content. It had an equal number of dominant and recessive alleles for seed yield but for all the other characters it showed an excess of recessive alleles.

The value of h2 was non-significant for all the traits of interest. It is noteworthy that the value of E was significant for all the nine traits studied, indicating the influence of the environment on their expression.

Table 1. Estimates of genetic parameters for earliness characters

	S. No.
	Characters
	D
	F
	H1
	H2
	h2
	E

	1. 
	Number of first flowering node
	0.19* (  0.02
	-0.10* (  0.04
	0.03(  0.04
	0.33*(  0.03
	-0.10(  0.02
	+0.05* (0.01

	2. 
	Number  of first fruiting node
	0.16*(  0.01
	-0.07(  0.04
	-0.02(  0.04
	0.27*(  0.03
	-0.02(  0.02
	0.06*(  0.01

	3. 
	Height of first flowering node
	17.21* (  0.96
	-4.54 (  2.28
	+2.10 (  2.40
	20.28*(  2.11
	1.19(  1.42
	3.69* (  0.35

	4. 
	Height of  first fruiting node
	17.94* (  0.96
	-0.22(  2.35
	-0.42(  2.48
	14.59* ( 2.18
	0.27(  1.47
	4.48*(  0.36

	5. 
	Days to 50 per cent flowering
	4.96* (  0.62
	-4.68*(  1.52*
	+1.66(  1.61
	5.84*( 1.41
	-0.88(  0.95
	1.74*(  0.24

	6. 
	Days to 50 per cent maturity
	3.36* (  0.61
	-4.00 ( 1.50*
	+2.11 ( 1.58
	-0.34( 1.39
	-0.91( 0.93
	1.74* ( 0.23

	7. 
	Thousand seed weight
	0.02 (  0.01
	0.01 ( 0.03
	0.03 ( 0.03
	0.03 ( 0.02
	-0.0003( 0.02
	0.02* ( 0.004

	8. 
	Oil content
	0.09 (  0.17
	-1.41*(  0.41*
	-0.82(  0.43
	0.46(.0.38
	-0.50 (0.26
	0.93*(  0.06

	9. 
	Seed yield per plant
	0.08 (  0.26
	-1.30(  0.63
	-0.46(  0.66
	1.12(  0.58
	-0.45(  0.39
	1.77*(  0.09


 -  Significant at 5% level

** -  Significant at 1% level

Table 2.  Ratios of genetic parameters for earliness characters

	S.No.
	Characters
	(H1/D)½
	H2/4H1
	(4DH1) ½ + F


(4DH1) ½ – F
	h2/H2
	Heritability in narrow sense (%)

	1. 
	Number  of first flowering node
	0.40
	2.66
	0.22
	-0.04
	-10.71

	2. 
	Number  of first fruiting node
	0.34
	3.61
	0.24
	-0.06
	-18.07

	3. 
	Height of first flowering node
	0.35
	2.41
	0.45
	0.06
	32.60

	4. 
	Height of  first fruiting node
	0.02
	-8.63
	0.50
	0.02
	28.50

	5. 
	Days to 50 per cent flowering
	0.58
	0.88
	0.10
	-0.15
	61.07

	6. 
	Days to 50 per cent maturity
	0.79
	-0.04
	0.14
	2.64
	73.81

	7. 
	Thousand seed weight
	1.25
	0.32
	2.07
	-0.009
	-18.97

	8. 
	Oil content
	0.13
	-0.14
	-0.97
	-1.08
	35.82

	9. 
	Seed yield per plant
	0.17
	-0.61
	-0.96
	-0.41
	7.16


-  Significant at 5% level

** -  Significant at 1% level

The heritability in the narrow sense was high for days to 50 % flowering and maturity, height of first flowering node and oil content. This indicated that the portion of the exploitable additive genetic variance was high for these characters. On the other hand, it was medium for height of first fruiting node and low for seed yield per plant. It was non-estimable for number of first flowering and fruiting node and thousand seed weight.

The presence of reciprocal differences between the direct and reciprocal crosses were tested by using ‘t’ test. They were obvious for three out of nine characters studied viz., days to 50 % flowering, days to 50 % maturity, and thousand seed weight (Table 3). Reciprocal differences in sesame were earlier reported by Kotecha and Yermanos (1978), Fatteh et al. (1982) and Brinda and Sivasubramanian (1993).

Sesame breeders have the choice between pure lines, hybrids and synthetics. Synthetics can be considered as being a passing phase in sesame, until well established genic or cytoplasmic-genic male sterile systems become available. Single crosses could be more justified at the beginning and a pure line could be justified later, if all the heterosis were fixable. As the present study revealed the importance of both additive and non-additive gene action, the improvement of seed yield and oil content coupled with earliness, by simple selection (commonly followed) or modified pedigree selection, may not be possible. Hence, improvement can be expected by delaying the selection to later generations, when the dominance and epistatic gene actions disappear, and resorting to intermating of segregants followed by recurrent selection.

To develop hybrids in the absence of overdominance, the best scheme of recurrent selection for a character with low heritability will be recurrent selection on general combining ability. At the beginning of the selection, the best lines might be inferior to the best crosses, but after several cycles of recurrent selection, the best lines could be better than the best single crosses. In the presence of overdominance, the best recurrent scheme to develop hybrids is a reciprocal recurrent scheme. The advantage of reciprocal recurrent selection is that hybrid development is almost an end or by-product of population improvement. Moreover, with the same amount of means it is more efficient than within population improvement to limit genetic drift. The other advantage of reciprocal recurrent selection over other systems is the harnessing of cytoplasmic genes, due to the reciprocal crossing among the two populations.
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Table 3. Reciprocal differences for earliness characters

	S.No.
	Cross
	Reciprocal differences for earliness characters

	
	
	No. of first flowering node
	No. of  first fruiting node
	Ht. of first flowering node
	Ht. of first fruiting node
	Days to 50% flowering
	Days to 50% maturity
	1000 seed weight
	Oil content
	Seed yield per plant

	1.
	TMV6 x CO1
	0.20
	0.00
	0.38
	0.60
	1.34
	2.34
	0.64
	2.31
	1.63

	2.
	TMV6 x Si250
	0.26
	0.40
	5.10
	5.57
	2.00
	2.33
	0.17
	0.86
	0.40

	3.
	TMV6 x Si778
	0.46
	0.33
	1.34
	1.68
	0.34
	1.67
	0.13
	3.58
	2.50

	4.
	TMV6 x Si1500
	0.13
	0.07
	5.07
	6.03
	2.33
	2.00
	0.08
	0.13
	1.22

	5.
	TMV6 x Si1125
	0.20
	0.20
	0.27
	0.77
	4.34
	2.66
	0.10
	1.02
	3.30

	6.
	CO1 x Si250
	0.20
	0.13
	2.53
	2.30
	1.00
	0.67
	0.02
	0.13
	0.77

	7.
	CO1 x Si778
	0.54
	0.47
	4.40
	1.22
	1.67
	0.33
	0.00
	0.50
	0.67

	8.
	CO1 x Si1500
	0.00
	0.14
	0.05
	0.40
	0.67
	1.34
	0.17
	1.56
	0.80

	9.
	CO1 x Si1125
	0.40
	0.33
	1.19
	3.70
	2.33
	0.66
	0.10
	2.27
	2.10

	10.
	Si250 x Si778
	0.07
	0.00
	1.22
	1.51
	2.00
	2.00
	0.10
	1.55
	1.30

	11.
	Si250 x Si1500
	0.07
	0.00
	3.08
	3.13
	1.00
	0.00
	0.30
	1.11
	1.64

	12.
	Si250 x Si1125
	1.06
	1.13
	6.20
	6.54
	1.00
	0.66
	0.13
	1.26
	1.80

	13.
	Si778 x Si1500
	0.67
	0.60
	2.16
	3.94
	4.67
	6.67
	0.10
	1.90
	2.03

	14.
	Si778 x Si1125
	0.00
	0.20
	0.02
	0.68
	2.66
	4.67
	0.24
	0.45
	2.50

	15.
	Si1500 x Si1125
	0.20
	0.06
	0.81
	1.87
	0.66
	1.33
	0.09
	2.30
	0.06

	Mean
	0.0267
	0.0853
	0.3093
	0.4960
	1.1550
	1.2450
	0.0900
	0.4180
	0.0920

	S.E.
	0.1187
	0.1035
	0.8048
	0.8790
	0.5124
	0.6048
	0.0527
	0.4337
	0.4650

	t - test
	0.22 NS
	0.82 NS
	0.38 NS
	0.56 NS
	2.25**
	2.06*
	1.71*
	0.96 NS
	0.20 NS


*    -  Significant at 5% level
**  -  Significant at 1% level
NS -  Non-significant

VARIABILITY, HERITABILITY AND GENETICS ADVANCE IN SESAME (Sesamum indicum L.)

Thangavel, P., K. Saravanan, P. Senthil-Kumar, Y. Anbuselvan and J. Ganesan

Faculty of Agriculture, Annamalai University

 Annamalai Nagar 608002, Tamil Nadu, India

ABSTRACT

The F3 generation of three crosses, namely BS 49 x BS 6-1-1, BS 49 x SVPR 1 and BS 6-1-1 x SVPR 1, was studied for variability. Observations were recorded on days to first flower, plant height, number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant. The cross BS 49 x BS 6-1-1 recorded superior means with high heritability and moderate genetic advance for seed yield per plant and also for other yield components. This cross could therefore be exploited for a further selection programme to obtain high yielding segregants.

Key words: Sesame, variability, heritability, genetic advance.

INTRODUCTION

The variability available in phenotypic segregating material is important in a selection programme of any crop. The variation in quantitative characters is influenced by environmental effects. The partitioning of the overall variance as genetic and non genetic components becomes necessary for an effective breeding programme. In the present study, the extent of the variability available in the F3 generation of three cross combinations of sesame (Sesamum indicum L.) was studied and it was attempted to determine the scope of selection through heritability and genetic advance.

MATERIALS AND METHODS

The material consisted of crosses BS 49 x BS 6-1-1, BS 49 x SVPR 1 and BS 6-1-1 x SVPR 1 in F3 generation. The experiment was carried out in a randomized block design with three replications at the Plant Breeding Farm, Faculty of Agriculture, Annamalai University, Annamaiai Nagar during the summer of 1995. Recommended cultural practices were followed throughout the cropping period. The spacing adopted was 30 x 15 cm. Twenty plants for parents and one hundred and fifty plants for crosses were chosen per replication. Observations were recorded on days to first flower, plant height, number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant. The estimates of variability such as phenotypic and genotypic coefficients of variation (PCV and GCV) were also calculated using the formula suggested by Burton (1982). Heritability in a broad sense was estimated according to Lush (1940) and the genetic advance was calculated following Burton (1952) and Johnson et al. (1955).
RESULTS AND DISCUSSION

The recordings of mean, coefficients of variation, heritability and genetic advance as per cent of means are given in Table 1.

Table 1. Variability, heritability and genetic advance of various characters in third generation of sesame.
	Crosses
	Mean ± SE
	PCV (%)
	GCV (%)
	h2 (%)
	GA as % of mean

	Days to first flower
	
	
	
	
	

	BS 49 x BS 6-1-1
	38.99±1.54
	2.22
	0.47
	44.47
	0.64

	BS 49 x SVPR 1
	40.11±1.66
	0.70
	0.40
	32.86
	0.47

	BS 6-1-1 x SVPR 1
	44.31±2.27
	1.70
	1.58
	88.03
	3.08

	Plant height (cm)
	
	
	
	
	

	BS 49 x BS 6-1-1
	84.33±18.80
	7.69
	7.23
	88.52
	14.02

	BS 49 x SVPR 1
	97.14±18.64
	6.63
	6.16
	86.65
	11.83

	BS 6-1-1 x SVPR 1
	95.35±21.22
	5.06
	4.33
	73.40
	7.65

	No. of branches per plant
	
	
	
	
	

	BS 49 x BS 6-1-1
	3.98±5.13
	20.41
	10.05
	23.42
	9.85

	BS 49 x SVPR 1
	3.19±1.36
	8.87
	6.94
	62.13
	11.37

	BS 6-1-1 x SVPR 1
	3.46±2.73
	11.92
	4.48
	14.65
	3.54

	No. of capsules per plant
	
	
	
	
	

	BS 49 x BS 6-1-1
	44.59±97.04
	15.85
	14.53
	84.05
	27.44

	BS 49 x SVPR 1
	43.53±74.09
	12.08
	9.65
	63.81
	15.88

	BS 6-1-1 x SVPR 1
	43.80±67.25
	8.55
	4.77
	31.24
	5.50

	No. of seeds per capsule
	
	
	
	
	

	BS 49 x BS 6-1-1
	47.86±13.60
	3.76
	1.21
	10.39
	0.80

	BS 49 x SVPR 1
	47.69±13.83
	5.64
	3.91
	48.22
	5.60

	BS 6-1-1 x SVPR 1
	45.29±13.52
	4.86
	2.67
	30.09
	3.01

	Seed yield per plant (g)
	
	
	
	
	

	BS 49 x BS 6-1-1
	7.32±3.95
	11.59
	9.06
	60.83
	14.48

	BS 49 x SVPR 1
	6.86±3.88
	10.20
	6.99
	46.55
	9.73

	BS 6-1-1 x SVPR 1
	6.57±13.52
	10.40
	7.36
	51.10
	10.81


Days to first flower:

The cross BS 49 x BS 6-1-1 recorded the lowest mean for days to first flower (38.99 days). The three crosses recorded low PCV and GCV. A high heritability coupled with a low genetic advance as per cent of mean was observed for this trait in all crosses. Kandasamy et al. (1989), Govidarasu et al. (1990) and Pathak and Dixit (1992) reported high heritability coupled with low genetic advance for days to first flower.

Plant height:

The cross BS 49 x SVPR 1 and BS 6-1-1 x SVPR 1 recorded a superior mean for plant height (97.14 and 95.35 cm, respectively). The extent of variability for this trait was low, as shown by the PCV and GCV in all the crosses.

A high heritability and a moderate genetic advance as per cent of mean was observed in the crosses BS 49 x BS 6-1-1 and BS 49 x SVPR 1. High heritability and little genetic advance as per cent of mean was recorded by the cross BS 6-1-1 x SVPR 1. High heritability and a high genetic advance was reported by Govidarasu et al. (1990) for plant height in sesame.

Number of branches per plant:

The cross BS 49 x BS 6-1-1 recorded a superior mean number of branches per plant (3.98). The PCV for this trait ranged from 8.87 to 20.41 while GCV showed a range of 4.48 to 10.05 %. The cross BS 49 x BS 6-1-1 recorded high PCV and moderate GCV. A high heritability combined with a moderate genetic advance was recorded in the cross BS 49 x SVPR 1.

Number of capsules per plant:

The cross BS 49 x BS 6-1-1 recorded the highest mean number of capsules per plant (44.59). The cross BS 49 x SVPR 1 recorded moderate PCV and GCV. High heritability coupled with high genetic advance as per cent of mean was observed for this trait in the cross BS 49 x BS 6-1-1 and high heritability coupled with moderate genetic advance as per cent of mean was observed for the cross BS 49 x SVPR 1. Rant et al. (1991) also reported high heritability coupled with a moderate genetic advance for number of capsules per plant.

Number of seeds per capsule:

The crosses BS 49 x BS 6-1-1 and BS 49 x SVPR 1 recorded a superior mean number of seeds per capsule (47.86 and 47.69, respectively). Low coefficients of variation (PCV and GCV) were observed for this trait in all crosses. Reddy and Reddy (1976), and Janarthanan et al. (1981) reported variability for the number of seeds per capsule. High heritability combined with low genetic advance was observed for this trait in BS 49 x SVPR 1 and BS 6-1-1 x SVPR 1.

Seed yield per plant:

The cross BS 49 x BS 6-1-1 recorded the highest seed yield per plant (7.32 g). Moderate PCV and low GCV were observed in all crosses for this trait. A moderate PCV with a low range of GCV was reported by Chavan and Chopde (1981) for seed yield per plant. A high heritability coupled with a moderate genetic advance as per cent of mean was recorded for BS 49 x BS 6-1-1 and BS 6-1-1 x SVPR 1.

Considering the foregoing discussion, the cross BS 49 x BS 6-1-1 was found to be superior in the mean performance for the number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant. It also recorded moderate to high heritability, coupled with a moderate genetic advance as per cent of mean, for all the characters studied. Hence the cross BS 49 x BS 6-1-1 could be exploited for a further selection programme to develop high yielding lines.
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ABSTRACT

Six cross combinations of sesamum genotypes were studied in the F2 generation for heritability (broad sense) and genetic advance for eight traits: days to flowering, plant height, primary branches, capsule number, seed weight, seed yield and oil content. Cross 1 showed high heritability and a high genetic advance for the primary branches, capsule length and seed yield characters. High heritability and genetic advance was noticed for the seed yield character in Cross 6. The plant height, capsule number and oil content characters showed high heritability estimates and moderate genetic advance. This indicated that there was a preponderance of additive genetic effects. Based on these results, it is suggested that emphasis should be placed on these traits for formulating reliable selection indices for the production of better genotypes.

Key words: Sesame, heritability, genetic advance.

INTRODUCTION

The major function of heritability estimates is to provide information on transmission of traits from the parents to the progeny. Such estimates facilitate the evaluation of genetic and environmental effects, thereby aiding in selection. Estimates of heritability can be used to predict genetic advance under selection, so that the breeder can anticipate improvement from different types and intensities of selection. Information on estimates of heritability and genetic advance on seed yield and other traits in advanced generations of sesame is very limited. The objective of this work was to estimate three parameters for several important traits in six cross combination of sesamum.

MATERIALS AND METHODS

Twenty F1’s were obtained by crossing five lines viz., Si833, Si810, SO338, EC132836 and Si817 with four cultivars Co1, TMV4, TMV6 and Paiyur 1. Among 20 hybrids, the following six cross combinations were selected based on the mean performance: Si833 x Co1 (Cross 1), Si833 x TMV6 (Cross 2), Si810 x Paiyur 1 (Cross 3), So338 x Paiyur 1 (Cross 4), EC132836 x TMV 4 (Cross 5) and Si817 x Co1 (Cross 6). The F2 populations of these selected F1's were grown during July 1997 in a randomised block design with three replications, adopting a spacing of 30x30 cm at the Agricultural College and Research Institute, Killikulam. Data were collected on five randomly selected plants per replication on eight traits viz., days to flowering, plant height, primary branches, capsule number, capsule length, seed weight, seed yield and oil content. The heritability (broad sense), genetic advance (GA) and genetic advance expressed as percent of the mean were computed in accordance to Lush (1940) and Johnson et al. (1955), respectively in the total F2 population.

RESULTS AND DISCUSSION

Broad sense heritability estimates calculated for eight traits in the F2 generation of six crosses, are presented in Table 1. For the character days to flowering, the highest heritability estimate was observed in Cross 2 ( 95.12%) followed by Cross 1 and Cross 3. Moderate genetic advance was also observed in Cross 2. So, this cross seems to have a potential for obtaining short duration genotypes through segregating generations. For plant height, Cross 2 exhibited the highest heritability (99.75%), genetic advance (46.99) and genetic advance in per cent (50.18%). Very high heritability estimates (98.17% to 99.29%) were obtained in all the crosses for the primary branches trait. The genetic advance was moderate in Cross 2 (5.26) followed by Cross 1. For the character capsule number, very high values of heritability were obtained in all the cross combinations. Genetic advance ranged from 46.65 in cross 1 to 64.47 in Cross 3. Paramasivam (1980) and Kandasamy (1985) reported high heritability and genetic advance for capsule number. High  values of heritability, from 74.77 to 88.18%, were obtained in all the crosses for the character capsule length, but the genetic advance was very low, ranging from 0.30 in Cross 6 to 0.52 in Cross 5. For the seed weight character, Cross 5 exhibited the highest heritability (98.42%), while the lowest value (44.84%) was recorded in Cross 2. Very low estimates of genetic advance, ranging from 0.27 (Cross 2) to 3.24 (Cross 5), were obtained. Sharma and Chauhan (1984) also reported high heritability for this character. For the seed yield trait, moderate to high values of heritability, were observed ranging from 38.35% in Cross 5 to 81.65% in Cross 1. The genetic advance was low in all the crosses, ranging from 2.30 in Cross 5 to 13.44 in Cross 6. All the crosses exhibited very high values of heritability for the oil content character. This is in agreement with the findings of John Joel (1987).

This study clearly indicated that the plant height, capsule number and oil content characters provide a good selection base as they had high values of heritability and a moderate genetic advance. Emphasis should be placed on these characters for formulating reliable selection indices for the development of high yielding sesame genotypes.
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	Table 1. Estimates of heritability and genetic advance in F2 progenies of sesame

	Characters
	Crosses
	Heritability in broad sense (%)
	Genetic advance
	Genetic advance

(%)

	Days to flowering
	Cross1
	94.42
	6.15
	13.96

	
	Cross2
	95.12
	6.62
	15.15

	
	Cross3
	91.66
	4.88
	11.89

	
	Cross4
	82.92
	3.08
	7.53

	
	Cross5
	81.31
	2.89
	7.14

	
	Cross6
	85.70
	3.48
	8.39

	
	
	
	
	

	Plant height
	Cross1
	99.62
	37.49
	42.13

	
	Cross2
	99.75
	46.99
	50.18

	
	Cross3
	99.31
	27.90
	30.83

	
	Cross4
	99.39
	29.61
	32.61

	
	Cross5
	99.28
	27.31
	34.20

	
	Cross6
	99.24
	26.58
	27.13

	
	
	
	
	

	Primary branches
	Cross1
	99.29
	5.24
	105.01

	
	Cross2
	99.29
	5.26
	96.54

	
	Cross3
	98.90
	4.19
	82.02

	
	Cross4
	98.89
	4.18
	81.66

	
	Cross5
	98.08
	4.60
	73.50

	
	Cross6
	98.17
	3.23
	69.62

	
	
	
	
	

	Capsule number
	Cross1
	99.31
	46.65
	73.41

	
	Cross2
	99.56
	58.61
	128.73

	
	Cross3
	99.63
	64.47
	205.39

	
	Cross4
	99.54
	52.03
	55.85

	
	Cross5
	99.60
	61.93
	142.82

	
	Cross6
	99.34
	47.78
	156.93

	
	
	
	
	

	Capsule length
	Cross1
	84.95
	0.44
	20.23

	
	Cross2
	81.93
	0.39
	18.06

	
	Cross3
	85.76
	0.46
	21.14

	
	Cross4
	86.63
	0.48
	22.06

	
	Cross5
	88.18
	0.52
	23.93

	
	Cross6
	74.77
	0.30
	14.39

	
	
	
	
	

	Seed weight
	Cross1
	69.67
	0.57
	15.00

	
	Cross2
	44.84
	0.27
	7.56

	
	Cross3
	53.75
	0.36
	9.92

	
	Cross4
	95.10
	1.94
	54.70

	
	Cross5
	98.42
	3.24
	94.74

	
	Cross6
	52.41
	0.34
	9.47

	
	
	
	
	

	Seed yield
	Cross1
	81.65
	8.98
	86.01

	
	Cross2
	55.68
	3.94
	49.77

	
	Cross3
	69.06
	5.85
	70.45

	
	Cross4
	63.38
	4.94
	56.28

	
	Cross5
	38.35
	2.30
	28.64

	
	Cross6
	76.48
	13.44
	143.75

	
	
	
	
	

	Oil content
	Cross1
	99.98
	15.92
	36.90

	
	Cross2
	99.97
	13.51
	37.64

	
	Cross3
	99.87
	6.69
	14.02

	
	Cross4
	99.94
	9.83
	19.21

	
	Cross5
	99.96
	11.83
	24.08

	
	Cross6
	99.97
	13.02
	27.58
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ABSTRACT

Studies on association analysis revealed that single plant yield in sesame (Sesamum indicum L.) was positively correlated with plant height, capsules on main stem, height to first capsule and total number of capsules. The trait number of branches showed a non-significant and negative correlation with yield.

Key words: Sesame, correlation, single plant yield.

INTRODUCTION

Seed yield is a complex metric character, which is the end result of interrelated traits. Knowledge of the association of component traits with yield may greatly help in for a precise and accurate selection.

MATERIALS AND METHODS

The materials for the present study consisted of 36 hybrids and 12 parents. The hybrids were obtained by crossing 6 lines viz., VRI–1, Co–1, TMV–4, TMV–5, TMV–3 and TMV–6 and 6 testers viz., Si250, ES 22, ES–12, VS 9003, Si3315/11 and Annamalai–1 in Line x Tester mating design. These materials were planted at the Agricultural College and Research Institute, Madurai during 1999. The experiment was performed in a randomised block design with two replications. A single row of 3 m length was allotted for each replication, with a spacing of 30 cm between successive rows and 30 cm between plants within the row. Data were recorded on five randomly selected competitive plants from each plot. Correlation coefficients for the yield and its components based on mean values were worked out by using the formula suggested by Singh and Chaudhary (1985).

RESULTS AND DISCUSSION

The single plant yield trait was significantly and positively correlated with plant height, capsules on main stem, height to first capsule and total number of capsules (Table 1). Significant and positive association between the total number of capsules and a single plant yield has already been reported by Anandakumar (1994), Geetha and Subramanian (1992), and Janardhanam et al. (1982). Plant height was positively correlated with single plant yield. Similar results were obtained by Osmar and Sheik (1989), and Sekhara and Reddy (1992, 1993). The single plant yield was positively correlated with days to flowering, but the correlation coefficient was non significant. The number of branches trait showed a non significant and negative correlation with yield.

Interrelation among yield components

The information on the inter correlation between the yield contributing traits showed the nature and extent of their relationship with each other. This will be a help for the simultaneous improvement of different characters along with the seed yield in breeding programmes.

The days to flowering had a positive correlation with plant height, capsules on main stem and total number of capsules (Doss and Sundaram, 1986), whereas number of branches and height to first capsule exhibited a non-significant negative correlation coefficient (Reddy and Ramachandraiah, 1990).

The plant height had a significant and positive correlation with all the traits (Reddy and Haripriya, 1991) except for number of branches, whereas number of branches showed a non-significant correlation with all the traits. The height to first capsule had a significant and positive correlation with capsules on main stem and total number of capsules.

From the above data, it was apparent that a selection for the improvement of seed yield might be exercised on the capsules on the main stem, plant height and total number of capsules. These traits were interrelated with each other. Therefore, a selection for any of the three characters would cause a simultaneous improvement in all these characters, which would ultimately improve the yield.

Table 1. Phenotypic correlations between yield and yield contributing traits.

	Characters
	Plant height
	No. of branches
	Height at first capsule
	Capsules on main stem
	Total no. of capsules
	Single plant yield

	Days to flowering
	0.062
	-0.193
	-0.010
	0.107
	0.099
	0.099

	Plant height
	
	-0.019
	0.646**
	0.416*
	0.523*
	0.473*

	No. of branches
	
	
	-0.094
	0.129
	-0.035
	-0.011

	Height at first capsule
	
	
	
	-0.503*
	0.601**
	0.484*

	Capsules on Main stem
	
	
	
	
	0.496*
	0.351*

	Total no. of capsule
	
	
	
	
	
	0.75**


*   Significant at 5% level

** Significant at 1% level
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ABSTRACT

Cultivation studies were made to evaluate the different growth and yield-attributing characters on the seed yield of sesame with two cultivars grown in two different seasons viz., kharif and summer. Analysed data revealed that the dry matter accumulation and the number of capsules per plant contributed significantly to seed yield, which exhibited a positive correlation that was higher than that for other characters.

Key words: Growth and yield attributes, seed yield.

INTRODUCTION

A study of yield-contributing characters may have a positive role in selecting a suitable sesame genotype for increasing the seed yield. Since sesame is cultivated in different seasons with different genotypes, the crop may respond differently to factors such as plant height, number of branches, capsules per branch, capsules per plant, 1000 seed weight and dry matter accumulation. Hence a study of different attributing characters of different genotypes may be necessary to increase the seed yield.

MATERIALS AND METHODS

Correlation studies were undertaken to study the components of growth and yield attributes that influence seed yield. The sesame cultivars studied were TMV 3 and TMV 4. They were grown during the kharif and summer seasons, respectively, at the Regional Research Station, Virudhachalam, Tamil Nadu. The soil was sandy loam in texture and neutral in reaction (ph 7.4). Cultivation practices were followed as per recommendation.

Fifty plants were selected in each cultivar for the collection of data on plant height, number of primary, secondary and tertiary branches per plant, number of capsules on the branches, total capsules per plant, dry matter accumulation (DMA), and 1000 seed weight at harvest stage. The seed yield obtained from each individual plant was also recorded. A simple correlation was worked out between the characters, as suggested by Snedecor and Cochran (1967).

RESULTS AND DISCUSSION

The contribution of 10 characters to seed yield per plant in kharif and summer sesame are presented in Tables 1 and 2, respectively. Among the characters studied, 

	Table 1. Association between yield and yield attributes – Kharif

	
	Primaries plant-1
	Secondaries plant-1
	Tertiaries plant-1
	Cap. on Prim.
	Cap. on Second.
	Cap. on Tert.
	Capsules  plant-1
	1000 seed wt
	DMA
	Seed yield

	Plant height
	0.6134*
	0.3485**
	0.1676
	0.2337
	0.3341*
	0.5203**
	0.6769**
	0.7195**
	0.6131**
	0.6128**

	Primaries
	
	-0.2543
	-0.1695
	-0.2538
	-0.3121
	-0.0746
	0.3119
	0.3048
	0.3951
	0.3945*

	Secondaries
	
	
	0.8807**
	0.8947**
	0.8448**
	0.7867**
	0.8080**
	0.6453**
	0.7262**
	0.7263**

	Tertiaries
	
	
	
	0.9322**
	0.8152**
	0.5834**
	0.6603**
	0.4337**
	0.6243**
	0.6222**

	Capsules on Primary
	
	
	
	
	0.9037**
	0.6206**
	0.7841**
	0.5505**
	0.7037**
	0.7040**

	Capsules on Secondary
	
	
	
	
	
	0.6770**
	0.7866**
	0.6790**
	0.6897**
	0.6480**

	Capsules on Tertiary
	
	
	
	
	
	
	0.7334**
	0.6348**
	.0.6546**
	0.6562**

	Capsules  plant-1
	
	
	
	
	
	
	
	0.8511**
	0.8832**
	0.8830**

	1000 seed wt
	
	
	
	
	
	
	
	
	0.7290**
	0.7282**

	DMA
	
	
	
	
	
	
	
	
	
	0.9879**

	
	
	
	
	
	
	
	
	
	
	

	*  Significant at 5 per cent level


	Table 2. Association between yield and yield attributes – Summer

	
	Primaries plant-1
	Secondaries plant-1
	Tertiaries plant-1
	Cap. on Prim.
	Cap. on Second.
	Cap. on Tert.
	Capsules  plant-1
	1000 seed wt
	DMA
	Seed yield

	1993

	Plant height
	0.5912**
	0.1357
	0.0760
	0.0526
	-0.1031
	0.0005
	0.5163**
	0.5682**
	0.5059**
	0.5007**

	Primaries
	
	-0.0016
	-0.1735
	-0.1106
	-0.1985
	-0.1450
	0.4658**
	0.5823**
	0.4186**
	0.3986*

	Secondaries
	
	
	0.8859**
	0.7563**
	0.4264**
	0.6348**
	0.7181**
	0.3000**
	0.5136**
	-0.5122

	Tertiaries
	
	
	
	0.7122**
	0.5773**
	0.6670**
	0.5727**
	0.2108
	0.4834**
	0.4991**

	Capsules on Primary
	
	
	
	
	0.7482**
	0.7849**
	0.7695**
	0.2195
	0.5253**
	0.5135**

	Capsules on Secondary
	
	
	
	
	
	0.6216**
	0.4258**
	0.0913
	0.3784*
	0.4115*

	Capsules on Tertiary
	
	
	
	
	
	
	0.5948**
	0.2285
	0.4468**
	0.4462**

	Capsules  plant-1
	
	
	
	
	
	
	
	0.3711*
	0.7534**
	0.7551**

	1000 seed wt
	
	
	
	
	
	
	
	
	0.6947**
	0.6910**

	DMA
	
	
	
	
	
	
	
	
	
	0.9899**

	1996

	Plant height
	0.5727**
	0.1755
	0.1034
	-0.1473
	-0.1121
	0.0339
	0.4033*
	0.5473**
	0.4428**
	0.4355**

	Primaries
	
	0.4048
	0.2846
	0.1649
	0.0046
	0.2797
	0.7324**
	0.5564**
	0.5718**
	0.5591**

	Secondaries
	
	
	0.7262**
	0.5720
	0.6566**
	0.6004**
	0.7156**
	0.4845**
	0.5506**
	0.5572**

	Tertiaries
	
	
	
	0.8258**
	0.8199**
	0.8307**
	0.7654**
	0.5254**
	0.6852**
	0.6918**

	Capsules on Primary
	
	
	
	
	0.9661**
	0.8766**
	0.6859**
	0.3177
	0.5592**
	0.5620**

	Capsules on Secondary
	
	
	
	
	
	0.8717**
	0.7717**
	0.3767**
	0.6096**
	0.6109**

	Capsules on Tertiary
	
	
	
	
	
	
	0.7130**
	0.5480**
	0.6491**
	0.6561**

	Capsules  plant-1
	
	
	
	
	
	
	
	0.6584**
	0.8270**
	0.8175**

	1000 seed wt
	
	
	
	
	
	
	
	
	0.7637**
	0.7621**

	DMA
	
	
	
	
	
	
	
	
	
	0.9991**

	*  Significant at 5 per cent level

	** Significant at 1 per cent level 
	
	
	
	
	
	
	
	
	


DMA had the highest positive correlation on the seed yield at the harvest stage of the crop. The results were: 0.9879 in kharif and 0.9899, 0.9991 during the summer season (two years). This was followed by the number of capsules per plant. In sesame, the capsule is the yield bearing part of the crop and it had a significantly more positive correlation than other yield attributes.

In both seasons, the number of capsules per plant was positively correlated with dry matter accumulation. This was 0.8511 in kharif and 0.7534 and 0.8270 during the summer season (two years). A similar positive interrelationship between the yield components have been observed by many workers including Omar Sheik (1989) and Thiyagarajan and Ramanathan ( 1996).

The other characters viz., 1000‑seed weight, number of secondary and tertiary branches per plant and number of capsules per branch also had a positive correlation with the seed yield.

It can be concluded that when selecting a sesame genotype for a higher seed yield, a high dry matter accumulation and a high number of capsules per plant at the harvest stage may be considered as desirable characters.
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ABSTRACT

The third generation of five sesame  crosses was studied to evaluate the means and sib variances. Two of the crosses studied recorded a superior mean performance and a high variability for seed yield and yield components. These crosses could be exploited for further selection to develop high yielding progenies.

INTRODUCTION

In any breeding programme, the variability of the source population is the basis for improvement. The mean and variances of the segregating population is influenced by the sib progenies. The sibs vary for yield and may also exhibit a different variability. The study of the mean and sib variances is therefore useful for assessing the worthiness of the segregating population. In this study, an attempt has been made to evaluate the mean and variances of the sibs of five third generation crosses in sesame (Sesamum indicum L.).

MATERIALS AND METHODS

The present study was carried out with a third generation of five crosses namely BS 6-1-1 x Gowri, BS 6-1-1 x Madhavi,  BS 6-1-1 x Si 1770, BS 6-1-1 x Co 1, and BS 6-1-1 x SVPR 1, the genotype BS 6-1-1 being a common female parent for all the crosses.  The experiment was conducted at the Faculty of Agriculture, Annamalai University, Annamalai Nagar. Each segregating population was sown in a 12 m plot adopting randomized block design and replicated three times. Spacing of 30 cm between rows and 15 cm within the row was followed. Recommended practices were followed  and necessary plant protection measures were carried out. Observations were recorded on days to first flower, plant height (cm), number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant (g) on hundred plants per replication. The mean of sib variance, the variances of sib means, and the variance of sib variances, were computed as per the standard method (Panse and Sukhatme, 1961).

RESULTS AND DISCUSSION

The worthiness of a cross is evaluated by mean performance and variability. Hence the first criterion is to evaluate the crosses for a superior per se performance. In the five crosses studied, all of them except BS 6-1-1 x SVPR 1 (4.35 + 0.18 g) showed a high seed yield per plant (Table 1). Cross BS 6-1-1 x Si 1770 also recorded a superior mean performance for days to first flowering (37.17 +  0.45), plant height (96.04 + 1.30 cm) and number of capsules per plant (64.67 + 3.85). The cross BS 6-1-1 x Co 1 stood out for plant height (99.68 + 2.01 cm), number of branches per plant (3.66 + 0.25) and number of capsules per plant (65.56 + 3.99). The cross BS 6-1-1 x Madhavi was of interest for the number of branches per plant (3.78 + 0.15), number of capsules per plant (60.69 + 2.64) and number of seeds per capsule (60.25 + 1.27). Hence all these three crosses could be considered for further evaluation. 

Table 1. Mean and variance estimates of sibs of F3 crosses in Sesame.

	Crosses
	Mean + SE
	Mean of sib variance
	Variance of sib means
	Variance of sib variance

	Days to First flowering

BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1

Plant height (cm)

BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1

Number of branches\plant

BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1

Number of capsule/plant

BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1

Number of seeds/capsule

BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1

Seed yield/plant
BS 6-1-1 x Gowri

BS 6-1-1 x Madhavi

BS 6-1-1 x Si 1770

BS 6-1-1 x Co 1

BS 6-1-1 x SVPR 1


	36.14 + 0.31

36.97 + 0.31

37.17 + 0.45

36.58 + 0.51

35.37 + 0.27

90.44 + 1.26

93.88 + 1.05

96.04 + 1.30

99.68 + 2.01

69.24 + 1.24

3.21 + 0.13

3.78 + 0.15

2.83 + 0.20

3.66 + 0.25

2.76 + 0.09

55.83 + 2.21

60.69 + 2.64

64.67 + 3.85

65.56 + 3.99

42.05 + 1.45

57.14 + 1.22

50.25 + 1.27

52.70 + 0.99

51.34 + 1.33

49.84 + 0.79

7.01 + 0.36

7.53 + 0.36

7.67 + 0.49

7.03 + 0.61

4.35 + 0.18


	9.79

8.42

14.33

12.72

12.45

153.80

114.11

136.91

150.46

147.99

2.16

2.72

2.43

5.57

1.99

558.06

950.75

1072.07

961.93

463.73

180.11

19.00

78.86

97.35

198.60

15.80

17.69

16.74

23.44

7.89
	2.72

8.40

4.29

11.22

11.33

49.15

45.06

8.70

146.67

353.38

0.06

0.12

0.66

0.38

0.37

13.98

75.58

282.76

86.57

189.41

31.12

19.42

5.34

17.26

9.28

0.80

0.61

5.80

0.98

2.41


	15.52

22.49

45.75

6.45

25.81

10617.24

915.67

273.57

2181.82

8561.80

0.33

0.25

1.39

2.10

1.38

80359.76

55902.93

47076.54

49338.29

128606.43

4881.82

5890.56

291.73

2209.00

9331.56

113.03

18.66

96.12

40.78

42.16


The next criterion for evaluating crosses is to study the pattern of variability in the segregating generations. A population with a relatively high variability is desirable for selection. In the present study, the overall F3 variance was determined by the variance of sib means, the mean of sib variances, and variance of sib variances. The variance of sib means shows the variability available among the sibs. The mean of sib variances indicates the average variability of the sibs. The variance of sib variance shows the variability for the sib variance. The high values for all these three estimates is important to assess the variability in a segregating population. Among the five crosses studied, Cross BS 6-1-1 x Si1770 recorded the highest estimate for the variance of sib mean (5.80), also showing a high mean of sib variances (16.74) and a high variance of sib variances (96.12) for seed yield per plant. The same cross also recorded high estimates for all three parameters for the number of capsules per plant, number of branches per plant and days to first flower. The cross BS 6-1-1 x Co 1 recorded a high estimate of the mean of the sib variances (23.44) for seed yield per plant. It also recorded a high estimate for the following parameters: the number of capsules per plant, number of branches per plant, plant height and days to first flower. The cross BS 6-1-1 x SVPR 1 recorded high estimates for variances for most of the characters. Gupta (1975), Thangavelu and Rajasekaran (1982), Seenaian and Reddy (1984) and Chandramony and Nayar (1985) recorded high variances for various characters.

High means coupled with high variances are desirable for a selection programme. Among the crosses, BS 6-1-1 x Madhavi and BS 6-1-1 x Si1770 recorded superior means and high variability for seed yield and yield components. These two crosses could therefore be rated as desirable crosses for being advanced to a further generation. Though the cross BS 6-1-1 x Co1 recorded a high variability for most of the characters, it showed a lower mean for seed yield and yield component characters, which means that this cross could not be considered.

To resume the foregoing discussion, the crosses BS 6-1-1 x Si 1770 and BS 6-1-1 x Madhavi recorded a superior mean performance and a high estimate of variance of sib means, mean of sib variance and variance of sib variance for seed yield number of capsules per plant, number of branches per plant and days to first flower. These two crosses could thus be taken into account for a further selection programme to obtain high yielding progenies.
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ABSTRACT

The experimental material consisted of six cross combinations of sesame. Among the mean values of the six crosses, SO 338 x Paiyur 1 and EC 132836 x TMV4 exhibited low mean values for days to flowering. For the plant height character, a high level of significantly transgressive segregants (STS) (16.88%) was noticed in EC 132836 x TMV4. This cross also exhibited high mean values and high STS (62.33%) for the primary branches character. Among the crosses, Si 833 x CO 1 recorded a high STS value (13.92). For oil content, the cross Si 833 x CO 1 also recorded a high range with a maximum oil content of 69.17% in one of the segregants. The crosses Si 833 x CO 1 and EC 132836 x TMV4, which gave a high frequency of transgressive segregants for seed yield per plant, primary branches per plant and capsule number per plant, may be preferred over the other crosses.

Key words: Sesame, transgressive segregants.

INTRODUCTION

Sesame (Sesamum indicum L.) is an important edible oilseed crop but it has a low yield potential. It is gaining considerable importance on account of its high economic value as edible oil and in recent years the area under sesame increased. There is a need to develop suitable varieties for this situation. In order to achieve this, suitable crosses should be identified. Therefore the F2 of six crosses were evaluated and the frequency of transgressive segregants is reported in this paper.

MATERIALS AND METHODS

The experimental material consisted of six cross combinations, Si 833 x CO 1, Si 833 x TMV 6, Si 810 x Paiyur 1, SO 338 x Paiyur 1, EC 132836 x TMV 4 and Si 817 x CO 1. The parents and the F2 populations were grown at the Agricultural College and Research Institute, Killikulam, during 1998 in a randomised block design with three replications. The row length was 3 m and five competitive plants from each replication were randomly selected and observations were recorded for the characters days to flowering, plant height, primary branches per plant, capsule number per plant, capsule length, seed weight, seed yield and oil content. The F2 segregants exceeding the mean value of both parents were counted as total transgressive segregants (TTS). Among these total transgressive segregants, those which had considerably higher values than the parental means were classified as significantly transgressive segregants (STS). For days to flowering, lower values than the parental means were considered.

RESULTS AND DISCUSSION

Frequency of transgressive segregants for yield and its components in the F2 generation of six cross combinations is presented in Table 1. The transgressive segregants are produced by an accumulation of favourable genes affecting yield and some yield characters.

Table 1. Percentage of total transgressive segregant (TTS) and significantly transgressive segregants (STS) in the F2 generation

	Character
	Si 833 x CO 1
	Si 833 x TMV 6
	Si 810 x Paiyur1
	SO 338 x Paiyur1
	EC 132836 x TMV 4
	Si 817 x CO 1

	
	TTS
	STS
	TTS
	STS
	TTS
	STS
	TTS
	STS
	TTS
	STS
	TTS
	STS

	Days to flowering
	33.00
	32.69
	29.41
	13.44
	35.56
	28.64
	28.78
	22.30
	33.77
	23.38
	0.00
	0.00

	Plant height
	5.88
	3.92
	10.92
	4.20
	2.22
	1.11
	12.95
	3.60
	20.78
	16.88
	0.00
	0.00

	Primary branches per plant
	70.59
	51.86
	47.90
	32.77
	25.55
	14.44
	45.33
	28.06
	67.53
	62.33
	41.67
	18.52

	Capsule number per plant
	17.69
	10.78
	8.40
	5.04
	4.44
	2.22
	10.07
	5.04
	5.19
	2.60
	9.26
	5.56

	Capsule length
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	18.18
	10.39
	0.00
	0.00

	Seed weight
	63.72
	39.21
	68.90
	36.13
	72.65
	61.40
	69.68
	57.65
	73.26
	59.87
	65.46
	51.45

	Seed yield
	21.57
	13.92
	5.88
	2.52
	4.44
	3.33
	9.35
	6.47
	11.69
	9.09
	9.26
	7.41

	Oil content
	45.10
	18.63
	5.88
	4.20
	24.44
	17.78
	48.21
	43.88
	48.05
	27.27
	64.81
	42.59


According to Finker et al. (1973), a cross or family with the highest mean was relatively effective in identifying superior segregants. However, low mean values for days to flowering is essential to evolve short duration genotypes. The mean values of the crosses studied showed that the crosses Si 338 x Paiyur and EC 132836 x TMV 4 exhibited low mean values for days to flowering. In the cross Si 833 x CO 1, more STS were obtained. For the plant height character, a high level of STS (16.88%) was noticed in the cross EC 132836 x TMV 4. For primary branches, EC 132836 x TMV 4 exhibited high mean values and high STS (62.33%). In the cross Si 833 x TMV 6, a considerable extent of STS (32.77%) was obtained. In view of the above data, it can be pointed out that for increasing the plant height and primary branches in sesame, EC 132836 x TMV 4 seems to be the best combination. Capsule number was reported to be an important yield component in sesame (Subramanian and Subramanian, 1994; Vanisri et al., 1994). The highest STS (10.78) value was observed in Si 833 x CO 1. In Si 817 x CO 1, the highest capsule number (247) was recorded in one of the segregants. Transgressive segregants were obtained only in the cross EC 132836 x TMV 4 for the character capsule length. This cross can thus be relied upon to obtain segregants with an increased capsule length. 

A high magnitude of STS ranging from 36.13% to 61.40% was observed in all the crosses for the seed weight character. Seed yield is the most important economic trait in sesame. Breeding for yield generally aims at the recovery of transgressive segregants. Among the crosses, Si 833 x CO 1 recorded a high STS value (13.92%). In view of these considerations, Si 833 x CO 1 could be utilized to improve seed yield.

Regarding oil content, Si 833 x CO 1 recorded a high range with a maximum oil content of 69.17% in one of the segregants. The mean oil content of this cross was 43.16%. SO 338 x Paiyur 1 showed the highest STS value (43.88). Taking into account these aspects, Si 833 x CO 1 and SO 338 x Paiyur 1 appear to be the best crosses for improving oil content.

Transgressive segregants in the F2 may arise due to dominance and dominance interactions, which are fixable, or due to the recombination of genes with positive effects and responsible for the production of transgressive segregants in the F3 generation. These findings also reveal that the parents differed for many genes and the introgression of genes from different lines created a large amount of genetic variability for yield and yield components in some of the crosses, suggesting the scope in which these materials and crosses can be used.

The highest number of transgressive segregants in the F2 generation for seed yield per plant was observed in the cross Si 833 x CO 1. The crosses Si 833 x CO 1, SO 338 x Paiyur 1 and EC 132836 x TMV 4 were promising because, in addition to seed yield per plant, these crosses also expressed transgressive segregants for important yield components. The crosses which gave a high frequency of transgressive segregants for seed yield per plant, primary branches per plant and capsule number per plant may be preferred over the other crosses in a breeding programme.
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ABSTRACT

An investigation was carried out to study the nature and amount of induced genetic variability in Sesamum indicum L. The study consisted of three genotypes treated with physical (gamma rays) and chemical (EMS and DES) mutagens. The maximum variability was observed in characters such as plant height, number of branches per plant, number of capsules per plant and seed yield per plant in M2 and M3 generations. A high heritability associated with a high genetic advance as a percentage of mean was observed for plant height, number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant in M2 and M3  generations.

INTRODUCTION

Sesame is an important oil seed crop. Success in any breeding programme depends on the amount of genetic variability present for the different characters in a population. The variability in quantitative characters increases considerably by treating the biological materials with different mutagenic agents. In highly self-pollinated crops like sesame, where the variability is limited, this approach helps to generate a new variability. Heritability with genetic advance is of more value in predicting the effect of selection. So, the estimation of the extent of induced variability in M2 and M3 generations will be of great value for carrying out further selection.

MATERIALS AND METHODS
The present study was carried out at the Plant Breeding Farm, Department of Agricultural Botany, Faculty of Agriculture, Annamalai University. Three sesame genotypes, AU 1, BS 49 and CO 1 were chosen  and treated with the mutagen agents gamma rays, EMS and DES. The seeds of the mutant generations M2 and M3 were grown in a randomized block design replicated three times in family rows spaced at of 30 x 30 cm. Observations were recorded on plant  height, number of branches per plant, number of capsules per plant, number of seeds per capsule and seed yield per plant. The data were subject to statistical analysis. The genotypic and phenotypic coefficients of variation, heritability and genetic advance as a percentage of the mean were estimated as per normal methods.

RESULTS AND DISCUSSION
The estimates of phenotypic and genotypic coefficients of variation, (PCV and GCV), heritability and genetic advance as a percentage of the mean are given in Tables 1 and 2. The genetic changes in quantitative characters could be realised with an increased variance in M2 and M3 generations. In the present study, maximum phenotypic and genotypic variances for the number of capsules per plant and seed yield per plant were recorded at 1.0 per cent EMS and 0.05 per cent DES in both generations of BS 49.

Heritability and genetic advance as a percentage of the mean for different characters were found to be higher in the treated populations. The heritability and genetic advance of the percentage of the mean for number of capsules per plant, number of seeds per capsule and seed yield per plant were considerably increased in both generations using chemical rather than physical mutagen treatments. Chavan and Chopde (1982), Prabhakar (1985) and Pugalendi (1992) reported similar results in sesame.

The maximum heritability and genetic advance as a percentage of the mean for number of capsules per plant and seed yield per plant were recorded at 1.0 per cent EMS in the M2 generation of BS 49 and 0.05 per cent DES in the M3 generation of BS 49. The number of branches per plant behaved similarly to number of capsules per plant and  seed yield per plant at 1.0 per cent EMS in BS 49. The highest heritability for the number of seeds per capsule was recorded at 0.05 per cent DES in CO 1 for both generations. Characters with this high heritability were reported to be more dependable for selection on the basis of their phenotypic performance (Sangha and Sandhu, 1978). The mutants isolated with high mean values, high heritability and genetic advance as a percentage of the mean may be useful in crop improvement programmes.

A high variance combined with a moderate to high heritability for economic traits such as number of capsules per plant and seed yield per plant suggested that induced variability through mutation can be exploited for improving such characters. In general, it was found that 1.0 per cent EMS in BS 49, CO 1 and AU 1 produced a high mean with a high variance. This enhanced variability in these genotypes due to mutagenic treatments provides an opportunity for selection and for further improvement in their characters.
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Table 1. PCV, GCV, heritability (h2  ) and genetic advance (GA) as percentage of mean for five characters in M2 generation

	Characters
	Treatments
	AU 1
	BS 49
	CO 1

	
	
	PCV
	GCV
	h2
	GA as % of mean
	PCV
	GCV
	h2
	GA as % of mean
	PCV
	GCV
	h2
	GA as % of mean

	Plant height
	50 Kr gamma
	M2
	19.11
	15.84
	69.00
	27.05
	19.50
	16.92
	75.00
	30.25
	20.84
	18.76
	81.00
	34.77

	
	1.0 %  EMS 
	M2
	19.48
	16.20
	69.00
	27.75
	23.68
	21.37
	81.00
	39.72
	20.15
	17.91
	79.00
	32.82

	
	0.05 %  DES 
	M2
	20.22
	16.94
	70.00
	29.25
	20.26
	17.66
	76.00
	31.72
	22.15
	20.11
	82.00
	37.62

	No. of Branches per plant
	50 Kr gamma
	M2
	23.23
	16.32
	49.00
	23.63
	29.31
	26.84
	84.00
	50.63
	24.75
	22.04
	79.00
	40.44

	
	1.0 %  EMS
	M2
	19.20
	13.17
	47.00
	18.60
	30.05
	28.04
	87.00
	53.89
	21.40
	18.59
	76.00
	33.28

	
	0.05 %  DES 
	M2
	21.12
	16.49
	61.00
	26.53
	24.38
	21.61
	79.00
	39.46
	23.94
	21.67
	82.00
	40.43

	No. of Capsule per plant
	50 Kr gamma
	M2
	26.93
	22.02
	67.00
	37.09
	24.67
	22.07
	80.00
	40.67
	28.85
	17.37
	36.00
	21.55

	
	1.0 %  EMS
	M2
	29.42
	27.64
	88.00
	53.49
	43.40
	42.55
	96.00
	85.94
	28.40
	24.23
	73.00
	42.57

	
	0.05 %  DES 
	M2
	35.09
	32.63
	86.00
	62.50
	37.22
	35.97
	93.00
	71.63
	23.65
	17.62
	56.00
	27.04

	No. of Seeds per capsule
	50 Kr gamma
	M2
	15.12
	13.19
	76.00
	23.70
	20.34
	17.93
	78.00
	32.58
	15.37
	14.29
	86.00
	27.36

	
	1.0 %  EMS
	M2
	13.46
	12.01
	80.00
	22.08
	38.78
	38.33
	98.00
	78.06
	14.84
	14.21
	92.00
	28.04

	
	0.05 %  DES
	M2
	16.26
	15.06
	86.00
	28.75
	32.49
	31.80
	96.00
	64.11
	15.15
	14.43
	91.00
	28.31

	Seed yield per plant
	50 Kr gamma
	M2
	29.35
	26.72
	83.00
	50.14
	20.34
	17.93
	78.00
	32.58
	26.67
	24.98
	88.00
	48.17

	
	1.0 %  EMS
	M2
	17.31
	15.50
	80.00
	28.57
	38.78
	38.33
	98.00
	78.06
	27.53
	27.03
	96.00
	54.69

	
	0.05 %  DES
	M2
	29.66
	27.95
	89.00
	54.27
	32.49
	31.80
	96.00
	64.11
	19.79
	18.93
	91.00
	37.29


Table 2. PCV, GCV, heritability(h2 ) and genetic advance(GA) as percentage of mean for five characters in M3 generation

	Characters
	Treatments
	AU 1
	BS 49
	CO 1

	
	
	PCV
	GCV
	h2
	GA as % of mean
	PCV
	GCV
	h2
	GA as % of mean
	PCV
	GCV
	h2
	GA as % of mean

	Plant height
	50 Kr gamma
	M3
	20.62
	17.41
	71.00
	30.28
	27.40
	25.03
	83.00
	47.10
	22.20
	19.97
	81.00
	36.99

	
	1.0 %  EMS
	M3
	21.78
	18.53
	72.00
	32.46
	21.72
	17.55
	65.00
	29.21
	19.05
	16.18
	72.00
	28.32

	
	0.05 % DES
	M3
	19.80
	16.05
	66.00
	26.79
	20.57
	16.69
	66.00
	27.89
	21.61
	18.99
	77.00
	34.38

	No. of Branches per plant
	50 Kr gamma
	M3
	18.75
	14.22
	57.00
	22.20
	19.14
	15.87
	69.00
	27.09
	16.28
	10.58
	42.00
	14.17

	
	1.0 % EMS
	M3
	22.89
	19.76
	75.00
	35.15
	30.60
	29.14
	91.00
	57.18
	16.71
	13.28
	63.00
	21.74

	
	0.05 % DES
	M3
	18.43
	15.36
	69.00
	26.38
	18.06
	15.32
	72.00
	26.77
	17.25
	14.47
	70.00
	25.07

	No. of Capsule per plant
	50 Kr gamma
	M3
	42.76
	35.36
	68.00
	60.24
	53.57
	50.17
	88.00
	96.79
	45.99
	34.67
	57.00
	53.86

	
	1.0 % EMS
	M3
	38.32
	33.35
	76.00
	59.80
	49.68
	46.98
	89.00
	91.50
	44.22
	37.56
	72.00
	65.73

	
	0.05 % DES
	M3
	39.36
	33.71
	73.00
	59.47
	51.25
	48.36
	89.00
	93.99
	42.88
	34.48
	65.00
	57.11

	No. of Seeds per capsule
	50 Kr gamma
	M3
	11.04
	8.93
	65.00
	14.88
	9.34
	7.75
	69.00
	13.25
	13.91
	12.71
	83.00
	23.91

	
	1.0 % EMS
	M3
	10.78
	9.52
	78.00
	17.31
	10.93
	10.20
	87.00
	19.62
	12.55
	11.74
	88.00
	22.64

	
	0.05 % DES
	M3
	12.16
	11.12
	84.00
	20.94
	10.83
	9.93
	84.00
	18.78
	13.44
	12.68
	89.00
	24.66

	Seed yield per plant
	50 Kr gamma
	M3
	41.98
	36.19
	74.00
	64.27
	49.08
	47.86
	95.00
	96.12
	45.81
	34.55
	57.00
	53.69

	
	1.0 % EMS
	M3
	39.28
	35.42
	81.00
	65.80
	49.69
	48.88
	97.00
	99.07
	42.04
	34.35
	67.00
	57.81

	
	0.05 % DES
	M3
	39.06
	34.94
	80.00
	64.39
	51.61
	50.79
	97.00
	102.95
	41.05
	32.33
	62.00
	52.46
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ABSTRACT

In this experiment, diploids and synthesized autopolyploids of Sesamun indicum and S. laciniatum were studied morphometrically for the variation in leaf thickness (mm), single leaf area (mm2), corolla length (mm), anther length and width (mm), pollen diameter (mm), pod and beak length, number of seeds per locule, seed length and width (mm) and pollen fertility (%). Considerable variations were observed between the diploids and autopolyploids. Crosses attempted between the cultivated and wild species in all the possible combinations using their diploid and autotetraploid forms revealed the prevalence of prefertilization barriers operating in the cross of S. lacinatum (both diploid and tetraploid) with S. indicum (tetraploid).

Key words: Sesamum spp., diploid and tetraploid, morphometric analysis, crossability barriers.

INTRODUCTION

Sesame (Sesamum indicum L.; 2n=26) is primarily cultivated in Indian, Japan, Africa and the Mediterranean region, with India being the largest producer. Though it has many desirable traits such as high leaf area, efficient source-sink relationship, high number of capsules per plant and comparatively high oil yield, the average yield of this crop is still below its genetic potential owing to its susceptibility to pests and diseases. Crop improvement in sesamum has so far been done either through selection, or hybridization followed by selection which has resulted in a marginal increase in yield. However, the susceptibility of the crop to pest and disease still remains unsolved.

In sesame, wild species such as S. laciniatum and S. prostratum possess desirable attributes like tolerance to pests and diseases, drought and resistance to shattering. So the scope of interspecific hybridation for the introgression of such specific traits from wild species to S. indicum is of great importance and interspecific hybridization between S. indicum and their wild species has been attempted by many workers (Amirtha Devarathnam, 1965; Subramanian and Chandrasekaran, 1977; Ramalingam et al., 1992; Subramaniam, 1995). However, the interspecific hybrids were sterile and the amphidiploids were not suitable for direct introduction because of an unsatisfactory agronomic performance (Kirija, 1992). The present investigation aims to exploit the possibility of using doubled S. indicum and doubled S. laciniatum for hybridization to obtain a useful hybrid in one step.

MATERIALS AND METHODS

Autotetraploids of both S. indicum and S. laciniatum were synthesized by applying 0,5 % colchicine solution on a cotton bud, which was kept on growing shoot apex of the seedlings three times a day during three consecutive days. Observations of eleven morphological traits viz., leaf thickness, single leaf area, corolla length, anther width, pollen diameter, pod length, beak length, seeds per locule, seed length and seed width were measured. Pollen fertility was studied by squashing well matured anthers in a small drop of 1% acetocarmine stain. Darkly stained pollen grains were counted as fertile. Similar count was taken for three fields and the mean percentage of the fertile grains was obtained. Hybridization was attempted between S. indicum, S. laciniatum and their autotetraploids to assess their crossability by studying the pollen tube growth in vivo. For this study, the ovaries were fixed in 3:4:1 absolute ethanol, chloroform and glacial acetic acid fixative for three hours and transferred to 75% ethanol. The ovaries along with the styles were softened in 8N NaOH for eight hours. Staining was done using 0,1 % aniline blue in 1 N tri potassium phosphate overnight and the stained ovaries were observed under fluorescent microscope.

RESULTS AND DISCUSSION

For almost all morphological traits, the tetraploids had higher means compared to the diploids. In the case of anther length in both species, diploids had higher mean value compared to the tetraploids (Table 1). Diploids of both species showed consistently higher pollen fertility than the tetraploids, which can be well explained by the meiotic abnormalities. These normally occur in the autopolyploids, leading to fertility reduction. In autotetraploid S. indicum, the pollen fertility percentage was very low compared to the others. The pollen grains were mostly smaller in size and were abnormal in morphology (Table 1).This indicates that the pollen fertility reduction on autopolyploidization is more pronounced in diploid cultivated species than in wild species.

In vivo pollen tube growth study showed that diploids of S. indicum and autotetraploids of S. laciniatum took 7-8 hours to fertilize. When S. laciniatum (diploid) was crossed with S. indicum (diploid), normal pollen tube growth and fertilization was observed, although the pollen tube growth was slower. In the cross S. laciniatum (diploid) and S. indicum (tetraploid), no pollen tube growth was observed beyond the stigma tip.

In the cross involving S. laciniatum (tetraploid) with S. indicum (diploid), the pollen tube growth was very slow, although no abnormalities were observed. When S. laciniatum (tetraploid) was crossed with S. indicum (tetraploid), no pollen tube growth was observed in the stigma. In some cases, the bursting of the anthers on the stigma tip was also noticed. But in the cross S. indicum (tetraploid) with S. laciniatum (tetraploid) normal fertilization was observed. Several types of pre-fertilization barriers have been reported in various crosses. Some of them are: the formation of callose plugs (Gotoh, 1931; Jalani and Moss, 1980), the bursting and swelling of pollen tube tips (Jalani and Moss, 1980; Pickering, 1981) and self and cross incompatibilities (Crane, 1926). Parani (1994) reported that the total failure of pod set in S. indicum and S. alatum cross was primarily because of pre-fertilization barriers. In the present investigation, failure of the crosses involving S. indicum (tetraploid) as pollen 

	Table 1. Mean of different morphological traits

	Genotype
	Leaf thickness

(mm)
	Single leaf Area

(mm2)
	Corolla length

(mm)
	Anther width

(mm)
	Anther length

(mm)
	Pollen size

(mm)
	Pod length

(mm)
	Beak length

(mm)
	Number of seeds per locule
	Seed length (mm)
	Seed width (mm)
	Pollen fertility

(%)

	
	
	
	
	
	Long
	Short
	
	
	
	
	
	
	

	S. laciniatum

(diploid)
	0.203
	222.1
	31.6
	1.180
	2.80
	2.5
	0.067
	11.4
	1.7
	4.34
	3.25
	1.84
	9.76

	S. laciniatum

(tetradiploid)
	0.266
	33.5
	37.8
	1.300
	2.60
	2.1
	0.074
	20.0
	2.0
	3.00
	3.00
	2.00
	91.1

	S. indicum

(diploid)
	0.139
	1660.0
	19.4
	1.314
	0.95
	1.2
	0.058
	20.0
	2.0
	11.00
	3.00
	2.00
	99.0

	S. indicum

(tetraploid)
	0.185
	472.0
	27.0
	1.699
	0.90
	1.0
	0.077
	17.0
	2.0
	8.00
	4.00
	2.87
	89.4


parent and S. laciniatum (both diploid and tetraploid) as ovule parent was due to pre-fertilization barriers which were found to operate in the form of bursting of pollen on the stigma tip and cessation of pollen tube growth due to callose plug formation in the stigmatic region. Jaishankar (1996) also reported partial to complete pre-fertilization barriers in trispecific hybrids involving the above mentioned species.
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ABSTRACT

Field experiments were conducted to study the effect of plant growth regulators and micronutrients on leaf area, crop growth rate, net assimilation rate and specific leaf weight in sesame. Four plant growth regulators viz., cytozyme (500 ppm), planofix (30 ppm), chamatkar (125 ppm), CCC (1000 ppm) and three micronutrients viz., ZnSO4 (0.5 per cent), MnSO4 (0.3 per cent) and Borax (0.1 per cent) were given as foliar spray on 30 and 45 days after sowing (DAS). Observations on leaf area (LA), leaf dry weight and plant dry weight were recorded and growth analysis parameters viz., leaf area index (LAI), crop growth rate, net assimilation rate and specific leaf weight were obtained. The results revealed that all the plant growth regulators and micronutrients increased all the growth analysis parameters, except in the case of  LA and LAI with growth retardants.

Key words: Plant growth regulators, micronutrients, leaf area, crop growth rate, net assimilation rate, specific leaf weight.

INTRODUCTION

Sesame is one of the major oilseed crop in India, ranking after groundnut and mustard-rapeseed. Even though it is a major oilseed crop, its average yield is very low when compared to other oilseed crops. Although many reasons have been attributed to explain such low productivity, the main hindrance lies in physiological problems associated with micronutrient deficiencies, resulting in a hormonal imbalance which leads to a reduction in the yield of the crop. Plant growth regulators are known to change the growth and development pattern of crop plants by altering many physiological and biochemical processes and thereby increasing the yield of crops. The localised application of some plant growth regulators is reported to have profound effects on assimilate partitioning, enhancing the crop productivity. Plant growth regulators are effective on several crop plants to balance the source-sink relationship, and they are increasingly used as an aid to enhance yield in many crops.

In recent years, with the continuous application of fertilizers, lack of adequate organic manures and intensive farming, micronutrient deficiencies have been reported in different parts of the world. Even though crop plants require micronutrients in very minute quantities, their deficiencies may affect fundamental physiological and biochemical processes, leading to drastic reductions in yield. Hence, in this investigation an attempt was made to study the influence of plant growth regulators and micronutrients on growth analysis parameters like leaf area, leaf area index, crop growth rate, net assimilation rate and specific leaf weight. The objective of this study was to understand the influence of plant growth regulators and micronutrients in increasing leaf area and dry matter production and their effect on certain growth  analysis parameters such as leaf area index, crop growth rate, net assimilation rate and specific leaf weight which reflect on the ultimate yield potential of the crop.

MATERIALS AND METHODS

The present investigation was conducted to study the influence of plant growth regulators and micronutrients on growth characters in three varieties of sesame viz., TMV3, VRI 1 and CO1. The study was conducted at the Plant Breeding Farm, Faculty of Agriculture, Annamalai University, Tamil Nadu, India. The experiment was conducted in three different seasons viz., Post-monsoon (Jan-March), Summer (April-June) and Monsoon (July-October) of 1996. The treatments included foliar application of plant growth regulators viz., cytozyme, planofix, chamatkar, cycocel and three micronutrients viz., Zinc sulphate (ZnSO4), Manganese sulphate (MnSO4) and Borax (Na2B4O7.10H2O). The plant growth regulators and micronutrients were sprayed on 30 and 45 DAS. The following nomenclature has been used:

Seasons


S1 - Postmonsoon


S2 - Summer


S3 - Monsoon

Varieties


V1 - TMV 3


V2 - VRI 1


V3 -  CO 1

Treatments

T0 - Control (Water spray)


T1 - Cytozyme (500 ppm)


T2 - Planofix (30 ppm)


T3 - Chamatkar (125 ppm)


T4 - Cycocel (CCC)(1000 ppm)


T5 - ZnSO4 (0.5 per cent)


T6 - MnSO4 (0.3 per cent)


T7 - Borax (0.1 per cent)

Cytozyme is a plant growth regulator consisting of biologically derived protein hydrolysate containing plant growth promoting substances, enzyme precursors and activated micronutrients. Planofix contains alpha naphthyl acetic acid (4.5 % a.i.), where Chamatkar (Mepiquat chloride) (5.0 % a.i.) contains 1,1 - dimethyl piperidinium chloride. Cycocel (CCC) is 2 chloroethyl - trimethyl ammonium chloride. Zinc sulphate contains 35.0 per cent zinc. Manganese sulphate contains 30.5 per cent manganese. Borax contains 10.5 per cent boron. The experiment was conducted with three replications in split plot design.

Observations were recorded by selecting ten plants at random from all the treatments of each replication at 55 DAS and at harvest. Leaf area was calculated by using the formula of Govind Doss (1975). Leaf area index and net assimilation rate were worked out by employing the formula of Williams (1946). Crop growth rate was calculated by the formula proposed by Watson (1958). Specific leaf weight was calculated by using the formula given by Pearce et al. (1968). All the observations were statistically analysed by the method of Panse and Sukhatme (1961).

RESULTS AND DISCUSSION

It was observed that the leaf area (LA) and leaf area index (LAI) were higher in monsoon than during the summer and postmonsoon seasons (Tables 1 and 2). This could be due to greater vegetative growth in the form of number of leaves, because of enough rainfall and an adequate photoperiod and temperature, which would have made for efficient photosynthesis. Among the varieties, TMV 3 proved to be the best by recording higher LA and LAI in all the three seasons, showing its adaptability to differential environments. It was also observed that growth promotors and micronutrients recorded higher LA than the control, whereas growth retardants reduced the leaf area even less than the control plants. In the case of growth promotors, planofix recorded a greater leaf area than cytozyme. In general, both of them increased the surface area of leaves and could have helped in attaining a greater source capacity. This may be attributed to their role in cell division and cell elongation. The present findings of increased LA and LAI with planofix application is in agreement with the results of Ravichandran (1989) in sesame and Sreenivas Reddy and Gopal Singh (1983) in groundnut. Similarly, Rajmohan (1989) showed that the application of cytozyme in soybean increased LA. Ravichandran (1989) reported a decrease in LA and LAI in sesame with CCC application.

In the case of the micronutrients, all of them were found to increase LA and LAI. This could be attributed to the fact that an additional supply of nutrients helped in the subsequent development of side shoots resulting in a larger number of branches and leaves, leading to increased LA and LAI. The roles of Zn through auxin metabolism and B in cell division and cell enlargement have already been well established. An increase in LA with Zn application was reported by Babikar (1986) in rice. Similar observations were also made in sunflower (Hanumantha Rao and Vidyasagar, 1981) and in groundnut (Meyyappan, 1991).

Crop growth rate (CGR) and net assimilation rate (NAR) are two important growth analysis parameters which are helpful in assessing the photosynthetic efficiency of crop plants. CGR and NAR are closely related to yield in many crops. Stoy (1965) and Buttery (1969) observed that higher CGR could be due to higher LAI. In the present study, both CGR and NAR were higher during summer followed by postmonsoon and monsoon seasons (Tables 3 and 4). This may be attributed to a longer photoperiod and required temperature available during summer seasons with assured irrigation leading to a higher rate of assimilation and growth of the plant. Among the varieties, TMV 3 proved to be better than CO1 and VRI 1.

Both the growth regulators and micronutrients promoted an increase in CGR and NAR in all three varieties. Among the growth promotors, planofix performed better than cytozyme.  An increase in CGR and NAR was also observed by Ravichandran (1989) and Sahoo (1989), respectively, in sesame. Similarly, Rajmohan (1989) and Sharma (1989) reported

Table1. Effect of plant growth regulators and micronutrients on leaf area (cm2 plant-1)

	Treatment
	Seasons

	
	S1
	S2
	S3
	Pooled mean

	Variety
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean

	T0
	1154.6
	990.2
	1047.7
	1064.1
	1210.6
	1044.2
	1104.2
	1119.7
	1310.2
	1162.2
	1225.6
	1232.7
	1225.1
	1065.5
	1125.8
	1138.8

	T1
	1198.1
	1024.3
	1089.2
	1103.9
	1257.1
	1097.2
	1129.3
	1161.2
	1355.5
	1206.0
	1277.8
	1279.8
	1270.3
	1109.2
	1165.4
	1181.6

	T2
	1211.1
	1045.3
	1096.8
	1117.7
	1271.7
	1110.7
	1156.5
	1179.6
	1370.4
	1226.2
	1295.9
	1297.5
	1284.4
	1127.4
	1183.1
	1198.3

	T3
	1141.4
	982.2
	1033.2
	1052.3
	1202.2
	1018.8
	1078.3
	1099.8
	1284.4
	1137.7
	1210.2
	1210.7
	1209.4
	1046.2
	1107.3
	1120.9

	T4
	1156.2
	989.2
	1041.4
	1062.3
	1206.2
	1030.2
	1091.6
	1109.3
	1296.6
	1154.4
	1215.4
	1222.2
	1219.7
	1057.9
	1116.2
	1131.3

	T5
	1194.3
	1024.1
	1082.3
	1100.2
	1254.5
	1095.3
	1122.3
	1157.4
	1250.5
	1200.3
	1271.8
	1240.9
	1233.1
	1106.6
	1158.8
	1166.1

	T6
	1190.2
	1011.2
	1066.2
	1089.2
	1249.2
	1082.3
	1116.6
	1149.4
	1335.1
	1186.6
	1268.5
	1263.4
	1258.2
	1093.4
	1150.4
	1167.3

	T7
	1177.3
	997.6
	1057.2
	1077.4
	1229.2
	1066.8
	1108.2
	1134.7
	1326.2
	1175.1
	1251.7
	1251.0
	1244.2
	1079.8
	1139.0
	1154.4

	Varietal Mean
	1177.9
	1008.0
	1064.4
	1083.4
	1235.1
	1068.2
	1113.4
	1138.9
	1316.1
	1181.1
	1252.1
	1249.8
	1243.0
	1085.8.
	1143.2
	1157.3

	S
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV

	SED
	49.6
	55.6
	96.2
	102.8
	88.6
	66.3
	114.8
	139.3
	7.91
	99.9
	173.2
	162.2
	12.89
	6.09
	10.56
	16.24

	CD(5%)
	99.6
	111.7
	193.5
	206.6
	178.2
	133.3
	230.8
	279.9
	15.9
	200.9
	348.1
	326.0
	25.91
	12.25
	21.22
	32.64


Table 2. Effect of plant growth regulators and micronutrients on leaf area index
	Treatment
	Seasons

	
	S1
	S2
	S3
	Pooled mean

	Variety
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean

	T0
	1.283
	1.100
	1.164
	1.182
	1.345
	1.160
	1.227
	1.244
	1.456
	1.291
	1.362
	1.370
	1.361
	1.184
	1.251
	1.26

	T1
	1.331
	1.138
	1.210
	1.226
	1.397
	1.219
	1.255
	1.290
	1.506
	1.340
	1.419
	1.422
	1.411
	1.232
	1.295
	1.31

	T2
	1.346
	1.161
	1.218
	1.242
	1.413
	1.234
	1.285
	1.311
	1.523
	1.362
	1.439
	1.441
	1.427
	1.252
	1.314
	1.33

	T3
	1.268
	1.092
	1.148
	1.169
	1.336
	1.132
	1.198
	1.222
	1.427
	1.264
	1.345
	1.345
	1.347
	1.163
	1.230
	1.25

	T4
	1.285
	1.099
	1.157
	1.178
	1.340
	1.145
	1.213
	1.233
	1.441
	1.283
	1.350
	1.358
	1.355
	1.176
	1.240
	1.25

	T5
	1.327
	1.138
	1.203
	1.223
	1.394
	1.217
	1.247
	1.286
	1.501
	1.334
	1.412
	1.416
	1.407
	1.230
	1.287
	1.30

	T6
	1.322
	1.126
	1.185
	1.211
	1.388
	1.203
	1.241
	1.277
	1.483
	1.318
	1.407
	1.403
	1.398
	1.216
	1.278
	1.29

	T7
	1.308
	1.108
	1.175
	1.197
	1.366
	1.185
	1.231
	1.261
	1.474
	1.306
	1.391
	1.390
	1.383
	1.200
	1.266
	1.28

	Varietal Mean
	1.309
	1.120
	1.183
	1.204
	1.372
	1.187
	1.237
	1.265
	1.476
	1.312
	1.390
	1.393
	1.390
	1.210
	1.270
	1.29

	S
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV

	SED
	0.014
	0.020
	0.035
	0.036
	0.006
	0.007
	0.012
	0.013
	0.002
	0.011
	0.018
	0.017
	0.013
	0.007
	0.011
	0.017

	CD(5%)
	0.029
	0.040
	0.069
	0.071
	0.011
	0.014
	0.025
	0.026
	0.004
	0.021
	0.037
	0.035
	0.025
	0.013
	0.023
	0.033


Table 3. Effect of plant growth regulators and micronutrients on crop growth rate. (gm-2 day-1)

	Treatment
	Seasons

	
	S1
	S2
	S3
	Pooled mean

	Variety
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean

	T0
	10.78
	9.114
	9.531
	9.811
	11.24
	9.841
	10.39
	10.49
	10.22
	8.521
	9.112
	9.285
	10.75
	9.16
	9.68
	9.86

	T1
	11.94
	10.82
	10.88
	11.21
	13.11
	11.12
	12.08
	12.10
	11.91
	9.622
	10.14
	10.56
	12.33
	10.52
	11.03
	11.30

	T2
	12.12
	10.94
	11.15
	1.40
	13.34
	11.41
	12.22
	12.32
	11.32
	9.833
	10.31
	10.49
	12.26
	10.73
	11.23
	11.41

	T3
	11.66
	10.71
	10.78
	11.05
	12.88
	10.98
	11.88
	11.91
	10.89
	9.471
	9.992
	10.11
	11.81
	10.39
	10.88
	11.03

	T4
	11.53
	10.52
	10.62
	10.89
	13.31
	10.66
	11.76
	11.58
	10.77
	9.321
	9.816
	9.970
	11.54
	10.17
	10.73
	10.82

	T5
	11.31
	10.11
	10.37
	10.60
	12.11
	10.44
	11.41
	11.32
	10.53
	9.115
	9.612
	9.753
	11.32
	9.89
	10.47
	10.56

	T6
	11.21
	9.994
	10.11
	10.43
	11.88
	10.22
	11.22
	11.11
	10.47
	8.941
	9.422
	9.612
	11.19
	9.72
	10.25
	10.39

	T7
	10.99
	9.821
	9.888
	10.23
	11.76
	10.06
	10.97
	10.93
	10.37
	8.886
	9.347
	9.535
	11.04
	9.59
	10.07
	10.23

	Varietal Mean
	11.44
	10.25
	10.41
	10.70
	12.33
	10.59
	11.49
	11.47
	10.81
	9.214
	9.719
	9.915
	11.53
	10.02
	10.54
	10.70

	S
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV

	SED
	0.064
	0.127
	0.220
	0.215
	0.142
	0.28
	0.485
	0.475
	0.278
	0.426
	0.737
	0.743
	0.162
	0.074
	0.129
	0.202

	CD(5%)
	0.128
	0.255
	0.442
	0.433
	0.286
	0.563
	0.975
	0.956
	0.559
	0.855
	1.481
	1.494
	0.325
	0.149
	0.259
	0.406


Table 4. Effect of plant growth regulators and micronutrients on net assimilation rate (mg cm-2 day-1)

	Treatment
	Seasons

	
	S1
	S2
	S3
	Pooled mean

	Variety
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean
	V1
	V2
	V3
	Mean

	T0
	0.722
	0.621
	0.688
	0.677
	0.768
	0.688
	0.743
	0.733
	0.661
	0.520
	0.633
	0.605
	0.717
	0.610
	0.688
	0.672

	T1
	0.831
	0.765
	0.822
	0.806
	0.897
	0.816
	0.893
	0.869
	0.792
	0.711
	0.762
	0.755
	0.840
	0.764
	0.826
	0.81

	T2
	0.857
	0.803
	0.841
	0.834
	0.921
	0.831
	0.916
	0.889
	0.816
	0.633
	0.791
	0.747
	0.865
	0.756
	0.850
	0.824

	T3
	0.810
	0.733
	0.796
	0.780
	0.821
	0.798
	0.862
	0.827
	0.789
	0.602
	0.730
	0.707
	0.807
	0.711
	0.796
	0.771

	T4
	0.792
	0.711
	0.777
	0.760
	0.806
	0.778
	0.831
	0.805
	0.777
	0.588
	0.711
	0.692
	0.792
	0.692
	0.773
	0.752

	T5
	0.776
	0.692
	0.756
	0.741
	0.802
	0.744
	0.811
	0.786
	0.731
	0.561
	0.706
	0.666
	0.770
	0.666
	0.758
	0.731

	T6
	0.757
	0.678
	0.741
	0.725
	0.781
	0.726
	0.792
	0.766
	0.706
	0.550
	0.696
	0.649
	0.748
	0.651
	0.743
	0.714

	T7
	0.741
	0.666
	0.711
	0.706
	0.777
	0.712
	0.771
	0.753
	0.688
	0.533
	0.677
	0.633
	0.735
	0.637
	0.720
	0.697

	Varietal Mean
	0.786
	0.709
	0.767
	0.754
	0.822
	0.762
	0.827
	0.804
	0.745
	0.587
	0.713
	0.682
	0.784
	0.686
	0.769
	0.746

	S
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV
	V
	T
	VxT
	TxV

	SED
	0.009
	0.009
	0.016
	0.017
	0.015
	0.016
	0.028
	0.030
	0.012
	0.023
	0.041
	0.040
	0.026
	0.006
	0.010
	0.027

	CD(5%)
	0.018
	0.018
	0.032
	0.345
	0.029
	0.033
	0.057
	0.061
	0.023
	0.047
	0.082
	0.080
	0.051
	0.012
	0.021
	0.055


that cytozyme treatment increased CGR and NAR in soybean. These are in consonance with the findings of the present investigation.

In the case of growth retardants, though they had an adverse effect on growth and development, they helped to accumulate more photosynthates leading to higher CGR  and NAR. Jayakumar (1991) also reported that Chamatkar could have increased leaf production which in turn increased the source capacity resulting in increased CGR and NAR. A similar report of increased CGR was given by Meyyappan (1991) in groundnut with MnSO4 and B application. Ratna Kalyani (1993) also observed increased CGR and NAR in pigeonpea with boron application.

Specific leaf weight (SLW) is one of the indicators of photosynthetic rate. Kuo et al. (1978) reported that higher SLW may be correlated with a higher photosynthetic rate. It can also be correlated with DMP. In the present investigation, a higher SLW was recorded during the summer season (Table 5), which could be due to the increased synthesis of photoassimilates because of conducive environment prevailed during the summer. Arunachalam (1976) also reported increased SLW during the summer when compared to the rainy season. Among the varieties, TMV 3 recorded higher SLW than CO 1 and VRI 1 in all three seasons.

Even though all the growth regulators and micronutrients increased SLW, this was much more pronounced in growth retardants. When compared to cytozyme, planofix recorded higher SLW, but when compared to growth retardants, the growth promotors recorded lower SLW, because they produced thinner leaves. In the case of growth retardants, increased SLW may be attributed to an increase in LA and hence an increased accumulation of assimilates in the leaf. Increased SLW with NAA and cytozyme was reported in sesame (Ravichandrau, 1989) and in soybean (Rajmohan, 1989). The application of mepiquat chloride and CCC increased SLW in groundnut (Jayakumar, 1991). Similar reports were also given by Reddy et al. (1988) and Cothren (1988) in cotton with growth retardants. In the case of micronutrients, an increased SLW was also observed though it was much more pronounced with Zn, which could be due to their additional availability and enhanced translocation of nutrients to the source.

To conclude, leaf area and leaf area index were increased with plant growth regulators and micronutrients and decreased with plant growth retardants while CGR, NAR and SLW were increased with  all the treatments. 
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ABSTRACT

Field investigations were carried out during the summer of 1998 to evaluate the efficacy of various growth regulating chemicals such as NAA, CCC, etherl, mepiquat chloride and methanol on the growth and yield of sesame. The results of the study revealed that the seed yield was significantly increased by foliar spray of methanol (5.0%) followed by etherl (100 ppm). Yield components such as number of fruiting branches, pod yield, 1000 seed weight and harvest index largely contributed to the increase in yield. These chemical treatments also substantially influenced other physiological traits like the photosynthetic rate and dry matter accumulation.

INTRODUCTION

Among the major oilseed crops, sesame yields are the lowest. In India, the average yield of this crop is only around 250 kg/ha, which compares very poorly with other countries. Any yield improvement in this important oilseed crop could be achieved by improving the physiological efficiency of the crop. The abscission of flowers and poor partitioning of assimilates to the economic sink are identified as the main physiological constraints to improve sesame yield (Cheema et al., 1987).

By maintaining a proper endogenous hormonal balance through exogenous application of hormones, these physiological constraints could be overcome. This experiment was conducted with the objective of studying the effect of various chemicals to achieve an improvement in sesame yield.

MATERIALS AND METHODS

A field study was conducted during the summer of 1998 in the Department of Agricultural Botany, Agricultural College & Research Institute, Madurai. Cultivar TMV6 was used for the experiment, which was conducted under irrigated conditions with recommended package of practices. The treatments consisted of foliar application of the following chemicals at the pre-flowering stage of the crop: NAA (50 ppm), CCC (100 ppm), etherl (100 ppm), mepiquat chloride (125 ppm) and methanol (5.0%) with a control, using a randomised block design. The morphological parameters, plant height, root length and leaf area, and physiological characters such as the photosynthetic rate and chlorophyll content were recorded at pod development stage. Photosynthetic measurements were made using leaf chamber analyser, model LCA 2 (ADC, Hoddesdon, UK).

RESULTS AND DISCUSSION

The results generated by the field experiment revealed that the chemical treatments elicited varied responses from the sesame crop in terms of growth and yield attributes. Among the various chemical studied, methanol (5.0%) was found to give increased plant height, root length and leaf area (Table 1). The best performance of methanol in all these morphological parameters could have been due to the greater turgidity of the plant cells, as indicated by similar studies conducted by Monomura and Benson (1992) and Pove et al (1994). They found that methanol treatment increased plant height and root length in tomato plants as a consequence of a greater turgidity brought on by the sprayed methanol.

Table 1. Influence of chemical on growth and physiological attributes of sesame

	Treatments
	Plant height (cm)
	Root length (cm)
	Leaf area (dm2/pl)
	Photosynthetic rate (mgCo2dm-2h-1)
	Chlorophyll content (mg/g)

	T1: Foliar application of NAA (50 ppm)
	96.00
	16.30
	56.50
	32.00
	2.01

	T2: Foliar application of CCC (100 ppm)
	71.50
	17.90
	52.00
	29.60
	2.52

	T3: Foliar application of Methanol (5.0%)
	97.50
	18.30
	58.40
	41.30
	2.48

	T4: Foliar application of Etherl (100 ppm)
	90.70
	14.10
	53.40
	36.10
	2.01

	T5: Foliar application of Mepiquat chloride (125 ppm)
	77.80
	17.50
	48.70
	30.70
	2.13

	T6: water spray
	91.00
	15.40
	51.80
	29.70
	2.30

	T7: control (no spray)
	89.60
	15.20
	49.70
	30.60
	2.25

	CD (p=0.005)
	5.74
	2.03
	19.72
	15.25
	0.61


All the chemicals increased the number of fruiting branches as compared to the control. A greater increase in dry matter accumulation (DMA) was noticed in plants treated with methanol and the same could have been attributed to the increased source size (leaf area) and source activity (photosynthetic rate) associated with methanol treatment (Table 2). The greater DMA noticed in C3 plants treated with methanol, attributed to the higher photosynthetic rate due to methanol treatment, was observed by Monomura and Benson (1992).

Even though the CCC and mepiquat chloride growth treatments produced less DMA than methanol and etherl, they recorded a high harvest index (HI). This might be due to their positive influence on the partitioning of assimilates to the economic sink i.e., grain. A similar result was also observed in sesame by Jayakumar (1991).

Taking into account the yield and its various attributes, the methanol treatment performed the best followed by NAA and etherl. Both methanol and etherl increased the seed and pod yield in comparison with the control, which might be due to the decrease in the flower drop and the increase in the capsule set by maintaining a proper hormonal balance. These results are in conformity with the earlier findings of Omar Khidir and Osman (1970) and Singh et al. (1988), who reported a positive association of seed weight with grain yield and total biomass yield. The association of pod yield with seed yield was reported by Reddy et al. (1984).

Table 2. Influence of chemicals on seed yield and yield components of sesame

	Treatments
	No. of fruiting branches
	Pod yield (g/pl)
	1000 seed weight (g)
	Seed yield (g/pl)
	DMA (g/pl)
	Harvest Index (%)

	T1: Foliar application of NAA (50 ppm)
	4.15
	14.52
	5.3
	6.27
	27.04
	25.04

	T2: Foliar application of CCC (100 ppm)
	3.70
	13.00
	4.8
	6.03
	26.74
	22.55

	T3: Foliar application of Methanol (5.0%)
	4.60
	16.61
	4.9
	7.48
	38.15
	24.01

	T4: Foliar application of Etherl (100 ppm)
	4.52
	14.50
	4.2
	6.64
	35.52
	21.06

	T5: Foliar application of Mepiquat chloride (125 ppm)
	3.67
	12.25
	3.6
	5.15
	30.16
	17.08

	T6: water spray
	3.15
	12.01
	3.5
	4.98
	26.75
	18.62

	T7: control (no spray)
	3.12
	11.90
	3.4
	4.72
	21.45
	22.00

	CD (p=0.005)
	1.72
	2.10
	1.01
	1.15
	13.45
	12.15
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ABSTRACT

Sesame varieties TMV3 and SVPR1 were graded using British sieve size (BSS) 12,14 and 16. BSS 14 was found to retain the maximum seeds in both the varieties, though the seeds did not show any improved physiological attributes over other sizes.

INTRODUCTION

Sesame is the second largest cultivated oil seed crop in Tamil Nadu, only after groundnut. Being a poor farmers crop, it is cultivated widely in sub-marginal lands and with little care. Sesame seeds are generally not graded as they are broadcasted and ploughed. Grading can, however, improve seeding attributes and bring about a desired improvement in yield. Studies were conducted to determine the right sieve size in sesame cultivars TMV3 and SVPR 1, which are ruling varieties.

MATERIALS AND METHODS

Bulk seeds of sesame varieties TMV3 and SVPR 1 were graded using three British Sieve Sizes 12, 14 and 16. The sieved seeds were used to calculate recovery percent, hundred seed weight, germination, root and shoot length.

Recovery percent

                                                      Number of seeds retained in a sieve * 100

                    Recovery (%)=

                                                                             Total number of seeds

Hundred seed weight

Four replications of a hundred seeds each were weighed using an electronic balance and the average was taken.

Germination percent

Four replications of fifty seeds each were placed for germination in a roll towel and only normal seedlings were counted at the end of the germination period.

Root and shoot length

Ten seedlings from each replication were aligned along a linear scale and the root and shoot length were measured and the average was calculated.

RESULTS AND DISCUSSION

Among the sieve sizes tried, the highest significant recovery was obtained using BSS 14 for TMV3 while it was BSS 12 in SVPR1 (Table1). The hundred seed weight showed a similar trend, as it was also reported by Nascimiento and Andreolli (1990) in carrot, Baudet and Misra (1991) in maize, Kalavathi and Ramamoorthy (1992) in cluster beans and Srimathi et al (1991) in Acacia mellifera since large seeds generally posses a higher seed weight. 

	Table 1. Grading studies in sesame varieties

	Varieties
	BSS size
	Recovery

(%)
	100 seed weight (gm)
	Germination

(%)
	Root length

(cm)
	Shoot length (cm)

	TMV 3
	12
	24.95
	0.450
	96.00
	2.90
	3.20

	
	14
	68.55
	0.360
	92.00
	2.10
	3.10

	
	16
	6.56
	0.310
	96.00
	2.20
	2.90

	Average
	
	33.05
	0.373
	94.66
	2.40
	3.07

	CD (0.05)
	
	12.62
	0.036
	2.18
	0.16
	0.13

	SVPR 1
	12
	69.51
	0.800
	93.00
	2.80
	3.00

	
	14
	27.52
	0.780
	95.00
	2.40
	2.70

	
	16
	2.97
	0.710
	94.00
	2.30
	3.00

	Average
	
	33.31
	0.763
	94.00
	2.50
	2.90

	CD (0.05)
	
	14.60
	0.012
	0.05
	0.16
	0.28


Germination is one factor that shows the vigor of a lot and it is a pre-requisite for an improved field stand. Germination was found to vary with seed size. However, the larger seeds did not show any improvement in germination contrary to existing views. The root and shoot length showed similar trends with an overall improved perfomance of seeds showing a higher germination. Such impaired trends were also observed by Srimathi et al. (1994).

It may be concluded that grading brought about a higher recovery of larger seeds with a higher seed weight, but this did not have an evident effect on physiological attributes such as germination and seedling length. Grading using BSS 14 for both varieties brought about a seed recovery of 92% for TMV 3 and 97% for SVPR 1.
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ABSTRACT

A laboratory study was conducted in order to evaluate the effect of homobrassinolide, Azospirillum and the combination of both on germination and seedling attributes of sesame. The results revealed that the application of homobrassinolide + Azospirillum as a seed treatment is helpful in enhancing germination and seedling dry weight in sesame.

INTRODUCTION
India stands first both in the acreage and production of sesame in the world. It occupies about 25 million hectares of area and produces about 52 thousand tonnes annually. Sesame seed is a rich source of edible oil. Oil content generally varies from 46-52 %. Sesame oil is used for cooking in southern India.  It is also used for anointing the body, for manufacturing perfume oils and for medicinal purposes.

Brassinolides (BRS) are growth regulators that have been shown to have a unique mode of action. They enhance both cell elongation and cell proliferation, with the meristamatic tissues being the most responsive; they interact with other plant growth regulators, and their exogenous application at sub-micromolar concentrations elicit several physiological and biochemical responses in various test systems, ranging from single cell to whole plants (Yopp et al.,1981). Among the various BRS tested, brassinolide (BL) and its epimers 24-brassinolide (EBR) and 28-homobrassinolide (HBR) were found to be more effective than the other compounds in short term bioassays, generally involving excised plant parts (Takematsu et al.,1983).

Azospirillum can supply 20-40 kg nitrogen/ha each season. It is comparable with the use of a moderate nitrogen fertilizer and it comes in handy during flowering, when available nitrogen is scarce. Seed inoculation increases germination, vigour index and seedling growth. Azospirillum produces growth promoting substances (IAA) to boost root biomass production. It enhances root branching and hair density, leading to increased uptake of minerals and water. Inoculated plants can extract more soil moisture from deep soil layers and withstand water stress (drought or salt stress).

The objective of this research was to conduct a laboratory study to evaluate the effect of homobrassinolide, Azospirillum and their combination on the germination and seedling attributes of sesame.

MATERIALS AND METHODS

Two concentrations of homobrassinolide (GODREJ BUMPER) were used: 0.5 and 1.0 ppm. Seeds were sown in acid-washed sand medium.  The following treatments were included with three replications: T1- Control; T2- Azospirillum sp.; T3- 0.5 ppm homobrassinolide; T4 – 0.5 ppm homobrassinolide + Azospirillum sp. ; T5 – 1.0 ppm homobrassinolide  ; T6 – 1.0 ppm homobrassinolide + Azospirillum sp.  Observations on germination percentage, fresh weight and dry weight were recorded on 7 DAS.

Table 1. Effect of homobrassinolide and Azospirillum sp. on germination and seedling attributes on 7 DAS

	Treatments
	Germination

Percentage
	Fresh weight

of 5 plants (mg)
	Dry weight of 5 plants (mg)

	
	
	
	Shoot
	Root

	T1
	Control
	62.00
	202.10
	5.20
	4.10

	T2
	Azospirillum sp.
	70.00
	242.50
	9.50
	5.30

	T3
	0.5 ppm homobrassinolide
	65.00
	239.80
	10.30
	6.70

	T4
	0.5 ppm homobrassinolide  + Azospirillum sp.
	81.00
	288.10
	16.60
	8.50

	T5
	1.0 ppm homobrassinolide
	72.00
	259.20
	12.10
	7.50

	T6
	1.0 ppm homobrassinolide  + Azospirillum sp.
	89.00
	321.00
	18.50
	10.10

	
	C.D. (p=0.05)
	2.70
	21.33
	2.06
	1.17


RESULTS AND DISCUSSION
The effect of homobrassinolide and Azospirillum sp. was studied and is presented in Table 1. When compared to the control, all the treatments performed better. The growth promotor homobrassinolide and Azospirillum sp. increased the germination percentage when compared to the control. Homobrassinolide at 0.5 ppm and 1.0 ppm with Azospirillum produced increased seed germination, 81 and 89%, respectively, compared to 62% in the control. It has been reported that seed inoculation of Azospirillum brasilense can result in a significant increase of various parameters such as total plant dry weight, amount of nitrogen in shoot and grains, total number of spikes and grains per spike, as well as grain weight (Subba Rao et al., 1979; Baldani and Dobereiner, 1980). After Azospirillum inoculation, a great enhancement of the number of lateral roots and of root hairs has been observed (Tien et al., 1979; Kapulnik et al., 1981).

Homobrassinolide was also found to enhance cell division and cell elongation in meristamatic tissues (Cutler et al., 1991). The growth promoter alone at 0.5 ppm and 1.0 ppm also increased the seed germination, 65 and 72%, respectively while the control recorded 62 % germination.

The application of growth promoter along with Azospirillum increased the  fresh and dry weight of the seedling. The growth promoter alone also increased the fresh and dry weight at both concentrations tested. Maximum shoot and root dry weight was recorded in seeds treated with 1.0 ppm of homobrassinolide + Azospirillum (18.50 and 10.10 mg, respectively). It was followed by 0.5 ppm of homobrassinolide + Azospirillum (16.60 and 8.50 mg, respectively) treated seeds. Control recorded only 5.20 and 4.10 mg of shoot and root dry weights, respectively. The percentage of success due to Azospirillum inoculation in promoting yields of agriculturally important crops in different soils and climatic regions is of 60-70%, with statistically significant increases in yield in the order of 5-30% (Okon and Gonzalezi, 1994). Hence it can be concluded that the application of homobrassinolide + Azospirillum as a seed treatment will be helpful in enhancing germination and seedling dry weight in sesame.
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Abstract

Methods for screening against sesame stem-root rot disease were designed. In the blotter paper technique, seedlings grown on autoclaved sand were dipped in a suspension of Macrophomina phaseolina for one minute with an up-down movement and placed on a 45 cm x 25 cm folded piece of moistened blotter paper at 35o C for ten days before observing for the reaction. In the pot screening technique, 5 g of Macrophomina phaseolina in sorghum seed meal (10 days growth at 27 oC) was well mixed in 100 g autoclaved soil in a pot. Seedlings from seeds sown in the pot were observed for the reaction. Of the two artificial screening techniques, the blotter paper method can be used as the first tier. Genotypes showing resistant reaction with the blotter paper technique can be considered for further screening in the pot culture method.

Key word: Sesamum indicum, Macrophomina phaseolina, disease resistance, stem-root rot disease, screening method.

Introduction

Stem-root rot disease caused by Macrophomina phaseolina (Tassi)  Goid. is the sesame’s most important disease in India (Chattopadhyay and Kalpana Sastry, 1998). Though there is a huge collection of germplasm of sesame in India, there is no methodology available to screen them for resistance to the stem-root rot disease. Hence, an effort was made to design techniques for screening the germplasm lines against the above mentioned disease.

Materials and methods

i) Blotter Paper Technique: Seeds of each sesame germplasm line were surface  sterilized for 5 min in 2.5% sodium chlorite (NaOCl) and sown in pots filled with autoclaved sand with one germplasm line in each pot. On the same day, potato dextrose broth medium (100 ml in 250 ml flask) was inoculated with M. phaseolina culture by transferring one 5 mm diameter agar block from seven day old culture grown at 27oC on potato dextrose agar (PDA) medium. The broth was incubated for seven days at 27 oC. The fungal mat in one flask was harvested on a sterile  filter paper and transferred to 50 ml of sterile distilled water. The mat was macerated in waring blender for one minute and transferred to a beaker. Growth from each flask was sufficient for ten germplasm lines. The seven day old seedlings of the tested lines were uprooted from the sand  and the root system was rinsed in sterile distilled water. Roots of the seedlings of each line were dipped in the M. phaseolina suspension in the beaker for one min. with up-down movement. Then the seedlings were placed on a 45 cm x 25 cm folded piece of moistened blotter paper and placed in a tray with a suitable label for the germplasm line on the blotter paper. Folded blotter papers for different tested lines were kept one on the top of other in the tray at 35o C for ten days. The  blotter paper was moistened daily.

ii) Pot screening technique: Sorghum seed meal was pre-soaked overnight in 0.2% sucrose solution. The solution was drained out on the next day before autoclaving the sorghum seed meal for 30 min at 121.6 oC  temperature and at a pressure of 15 lbs per square inch. Sand maize meal was prepared with maize: sand at 95:5 ratio and was autoclaved like the sorghum seed meal. The two sorghum and maize media were inoculated with 5 mm diameter agar block of M. phaseolina as mentioned in blotter paper technique and incubated at 27oC for ten days. The ten-day growth of the pathogen was mixed at two, four and six g per 100 g of autoclaved soil in sterilised pots. Surface  sterilised  seeds of the tested line were sown in the pot soil. Based on results, the fungal growth on sorghum seed meal medium was mixed at one, two, three, four, five and six  g per 100 g autoclaved soil filled in sterilised pots. Each treatment was replicated three times with suitable controls. Poison’s distribution of M. phaseolina for one, two, three, four, five and six g of sorghum seed meal medium per 100 g soil was estimated. On eight plates of M. phaseolina specific medium (Meyer et al., 1973) 20 mg air dried soil from each of one, two, three, four, five and six g doses was sprinkled. Colony forming units (cfu) were  assessed in each plate based on the counts on each plate on the seventh day after sprinkling the soil. 

Results and discussion

i) Blotter paper technique: On examination for stem and root damage due to rotting caused by M. phaseolina, 100% rotting was noted in all the tested lines. This confirmed the reliability of this cheap, easy and fast method for screening sesame germplasm lines against stem-root rot disease of the crop.

ii) Pot screening technique: A profuse greyish black dense growth of M. phaseolina  was observed in sorghum seed meal medium (SS)  compared to that in sand maize meal medium (SM) at the end of ten days. In both the doses of two and four g  per 100 g soil with SS, there was 100% disease incidence with post-emergence damping off, whereas there was no disease incidence in either of the doses of SM. At the dose of six g of SS per 100 g soil,  there was again 100% disease incidence along with pre emergence damping off. There was 30% disease incidence with only post emergence damping off in SM (Table 1).

At one, two, three and four g of SS with M. phaseolina growth per 100 g soil there was 100% disease incidence with post emergence damping off. At five and six g of SS with the fungal growth per 100 g soil, there was also pre-emergence damping off with 100% disease incidence. At the dose of five g of SS with M. phaseolina growth per 100 g soil, variance of cfu was 0.912 i.e. it was <1, whereas at this dose the mean cfu was 43.85. Thus, C.D. was calculated to be 0.019. Hence, it was concluded that at the dose of five g of SS with M. phaseolina growth per 100 g soil,  the distribution of the pathogenic fungus in the soil was clumped. Thus, it is inferred that this form of M. phaseolina distribution resulted in the creation of a mean for the seeds/seedlings of sesame to come in contact with pathogen cfu. Though this was also true at the next higher dose of  six  g per 100 g of soil the dose of  five g per 100 g soil was the lowest dose suitable for the screening. Such an acceptable distribution of cfu of M. phaseolina was not available at any of the doses lower than five g of SS with the fungal growth per 100 g soil. Hence, the latter was chosen for the screening purpose. Keeping in view the two techniques for the purpose of screening of sesame germplasm against the stem-root rot disease, the blotter paper technique can be tried as the first tier as it permits the screening of large collection of germplasm lines in a shorter  time. Screening for resistance in large collection of germplasm may be done at three levels. The blotter paper technique offers the chance to screen at the seedling level for up to ten days of age in an environment providing direct interaction between the host and the pathogen. Lines found to be resistant in the blotter paper technique, can be further subjected to screening in the pot culture (up to 30 days after sowing). This would reduce the burden on the resources and give an opportunity to make a qualitative assessment of the genotypes found to be resistant in the first tier. Thus the lines found to be resistant in the second tier can be screened against the pathogen in the field where the constraint for land often restricts screening program.

	Table 1. Comparison between sorghum seed meal medium and sand maize meal medium for built-up of inoculum of Macrophomina phaseolina to screen for sesame stem root rot

	Doses

(g)
	Sorghum seed meal medium
	Sand maize meal medium

	2
	100% disease incidence

(Post-emergence damping off)
	No disease incidence

	4
	100% disease incidence

(Post-emergence damping off)
	No disease incidence

	6
	100% disease incidence

(Pre-emergence damping off also noted with post-emergence)
	30% disease incidence

	1
	100% disease incidence

(Post-emergence damping off)
	

	2
	100% disease incidence

(Post-emergence damping off)
	

	3
	100% disease incidence

(Post-emergence damping off)
	

	4
	100% disease incidence

(Post-emergence damping off)
	

	5
	100% disease incidence

(Pre-emergence damping off also noted with post-emergence)
	

	6
	100% disease incidence

(Pre-emergence damping off also noted with post-emergence)
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FIELD RESISTANCE OF SESAME CULTIVARS AGAINST PHYLLODY DISEASE TRANSMITTED BY Orosius albicinctus Distant
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ABSTRACT

Among the four promising sesame cultivars tested for their field resistance against phyllody disease, cv. TMV 4 was found less susceptible to the disease. Damage to the branches and capsules was statistically on par in all the cultivars. The insect vector, leafhopper Orosius albicinctus Distant, population was minimal and could not be significantly correlated to the disease incidence in the cultivars.

INTRODUCTION

Sesame is an important oilseed crop in Southern India. Among the major constraints in the production of sesame, phyllody is a very serious disease caused by mycoplasma-like organisms (MLO) capable of inflicting up to 33.9 per cent loss in yield (Abraham et al., 1977a). The causal organism (MLO) is transmitted by the leafhopper, Orosius albicinctus Distant (Cicadellidae: Hemiptera) (Vasudeva and Sahambi, 1955; Ghauri, 1966). The affected plants are stunted, with the floral parts being modified into leafy structures. The capsules abort and open exposing the developing seeds. The crown region is bushy, with shortened internodes, tiny reduced leaves, phylloid flowers and flower buds and aborted capsules.

Though this disease has been mostly managed by controlling the vector using chemical insecticides (Rosy Emerald et al., 1996), the complete elimination of the disease is not possible. Keeping in mind the supremacy of using varietal resistance factors over conventional chemical management, the present study was focused on ascertaining the resistance potential of four promising sesame cultivars.

MATERIALS AND METHODS

The field experiment was conducted in a randomized design with five replications at a farmer’s field near Annamalai Nagar, Tamil Nadu, India. The plot size was 5 x 3 m2 with plant spacing of 30 x 15 cm. The vector population was monitored weekly by trapping in sticky traps (2/plot), 30 days after sowing onwards. The incidence of the disease on five plants per replication at random was noted weekly after 51 DAS. In addition to ascertain the severity of the disease, the percentage of branches and capsules damaged was also recorded.

RESULTS AND DISCUSSION

All the cultivars differed significantly with regard to the incidence of the disease. The lowest incidence of phyllody was observed in cv. TMV 4 while the highest incidence was detected in cv. TMV 3 followed by cv. SVPR 1 during the various periods of observation (Table 1). Abraham et al. (1977b) recorded 21.8 per cent incidence of the disease on TMV 3. Though the cultivar TMV 4 recorded minimal damage to the branches, it was statistically on par with other cultivars except on 72 DAS. All the cultivars were statistically on par with each other with respect to the capsule damage.

Leafhopper population was minimal during the early phases of the crop, rose to a peak on 51 DAS and declined afterwards. Leafhopper population on various cultivars was not statistically significant and could not be correlated to the incidence of phyllody on the cultivars (Table 2). Murugaesan et al. (1973) and Abraham et al. (1977a) reported that the leafhopper population within the field had no significant influence on phyllody disease incidence. The reason may be attributed to the fact that even a single leafhopper coming from the source of inoculum outside the field would have inoculated a number of plants.

Hence, it was concluded that to manage the sesame phyllody, the use of resistant / tolerant varieties like TMV 4 can be recommended instead of chemical measures, which may prove futile. Further studies on phyllody management have to be focused on exploring the vast gene pool of  Sesamum spp.
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	Table 1. Incidence of phyllody on certain cultivars of sesame

	Cultivars
	Percentage of incidence
	Percentage of branches damaged
	Percentage of capsules damaged

	
	51 DAS
	58 DAS
	65 DAS
	72 DAS
	51 DAS
	58 DAS
	65 DAS
	72 DAS
	51 DAS
	58 DAS
	65 DAS
	72 DAS

	CO 1
	10.00 ab (14.02)
	32.00 c (34.29)
	44.00 b (41.54)
	56.00 bc (48.46)
	26.67 (25.05)
	46.67 (43.05)
	66.67 (57.90)
	83.33 b (73.95)
	7.53 (10.28)
	17.95 (19.70)
	30.99 (30.51)
	44.04 (38.32)

	SVPR 1
	14.00 ab (21.69)
	18.00 b (24.64)
	26.00 a (30.43)
	46.00 ab (42.69)
	34.00 (35.18)
	34.00 (35.18)
	41.33 (39.95)
	51.33 ab (45.79)
	18.41 (22.37)
	29.86 (30.02)
	37.57 (34.60)
	46.13 (39.58)

	TMV 3
	20.00 b (25.97)
	28.00 c (31.76)
	48.00 b (43.85)
	62.00 c (52.02)
	24.00 (23.31)
	43.00 (40.85)
	77.00 (67.15)
	86.00 b (72.69)
	20.67 (18.41)
	32.36 (31.28)
	45.20 (42.21)
	53.35 (47.39)

	TMV 4
	4.00 a   (7.37)
	10.00 a (16.37)
	22.00 a (27.89)
	38.00 a (37.98)
	7.33 (10.13)
	21.33 (21.67)
	33.33 (34.72)
	36.33 a (36.95)
	12.12 (15.90)
	13.05 (16.50)
	27.38 (31.44)
	33.88 (35.52)

	CD (p=0.05)
	14.65
	5.93
	6.28
	6.21
	NS
	NS
	NS
	34.67
	NS
	NS
	NS
	NS

	NS – Non significant

Values mean of five replications

Values in parentheses are arc sine transformed 

Values with different alphabets differ significantly


	Table 2. Population of O. albicinctus on certain sesame cultivars

	Cultivars
	Number of leafhoppers/ trap

	
	30 DAS
	37 DAS
	44 DAS
	51 DAS
	58 DAS
	65 DAS
	72 DAS

	CO 1
	0.4
	0.2
	0.6
	0.8
	0.2
	0.4
	0.2

	SVPR 1
	0.6
	0.4
	0.4
	1.0
	0.4
	0.2
	0.2

	TMV 3
	0.2
	0.2
	0.6
	0.8
	0.4
	0.4
	0.2

	TMV 4
	0.2
	0.4
	0.4
	0.8
	0.4
	0.4
	0.4

	CD (p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Values mean of five replications

NS – Non significant
BIOLOGY AND SPINNING BEHAVIOUR OF SESAME SHOOT WEBBER AND CAPSULE BORER, Antigastra catalaunalis Duponchel (LEPIDOPTERA : PYRAUSTIDAE)
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ABSTRACT

The objective of this research was to study the biology and spinning behaviour of shoot webber and capsule borer (Antigastra catalaunalis). The insect was cultured on leaves of sesame and the development of various stages was recorded. Results revealed that the duration of the life stages of A. catalaunalis was influenced by environmental factors. It was concluded that the spinning process is influenced by the area of the leaves, irrespective of the larval size.

INTRODUCTION

Among the major oilseed crops of southern India, sesame (Sesamum indicum L.) is widely cultivated both under rainfed and irrigated conditions. The sesame crop is often ravaged by the shoot webber and capsule borer, Antigastra catalaunalis Duponchel (Lepidoptera : Pyraustidae), causing up to 5 to 40 per cent damage (Muralibaskaran and Thangavelu, 1990). In the early stages of the crop, the caterpillar webs the top leaves and feeds within, while at maturity, it bores into the capsules and feeds on the internal contents (Sharma and Reddy, 1983; Choudhary et al., 1986). As the insect feeds concealed within leaves or capsules, a correct management strategy using chemicals or biological agents is vital (Kumar and Goel, 1997). Hence, the present study was conducted to observe the biology and webbing (spinning) behaviour of the caterpillar, which may influence the efficacy of the control strategies against this pest.

MATERIALS AND METHODS

The test insect, A. catalaunalis, was mass cultured on leaves from the potted plants of the popular sesame cultivar SVPR-1. The larvae were continuously reared on sesame leaves and were allowed to pupate. Emerging adults were sexed, allowed to mate and oviposit. The larvae emerging from the eggs were transferred individually to glass jars. They were fed with the leaves and monitored for their development. The development of various stages was noted in days as adopted by Cheema and Singh (1987).

To characterize the webbing (spinning) behaviour of the larvae, 45 to 50 days old potted plants of the cv. SVPR-1 were used. Spinning was observed directly, since larvae in the feeding stage start to web (spin) almost immediately when placed on a fresh leaf (Fraenkel and Fallil, 1981). Observations were made on the length of the larvae, area of the leaves, number of stitches made by the to and fro movement of the larval head, and time taken for completing the webbing. Leaf area was measured in situ by using a graph sheet.

RESULTS AND DISCUSSION

On studying the biology of A. catalaunalis under laboratory conditions (25-30(C and 75-80% RH), it was noted that the average egg incubation period was 2.40 ( 0.49 days, while the larval period lasted for 10.85 ( 1.03 days, completing five larval instars. The pupation occurred inside the webbed leaves and the average pupal period was 4.5 ( 0.45 days. The average adult longevity was 5.90 ( 0.44 days.

Egg




Adult




Larva

Pupa

Menon et al. (1960) observed the egg period to last for 2 days during summer and 7 days during winter, while Cheema and Singh (1987) reported that the incubation period ranged from 2 to 5 days. The larval period was found to be variable during different seasons (Menon et al., 1960; Teotia and Hussain, 1965). Thus, the duration of the life stages of A. catalaunalis was found to be influenced by environmental factors.

Table 1. Webbing (spinning) behaviour of the larva of A. catalaunalis

	Replication
	Length of larva (cm)
	Number of stitches
	Area of the leaves webbed (cm2)
	Time taken (in minutes)

	1.
	1.2
	315*
	259.10
	35

	2.
	1.0
	110
	174.50
	40

	3.
	1.2
	420*
	266.10
	50

	4.
	1.2
	290
	193.70
	35

	5.
	1.4
	170*
	249.40
	20

	6.
	1.3
	230
	149.20
	30

	7.
	1.2
	290*
	250.00
	45

	8.
	1.0
	130
	195.50
	45

	9.
	1.4
	210
	224.50
	25

	10.
	1.3
	180*
	162.90
	35

	Mean
	1.22 ( 0.13
	234.5 ( 90.12
	214.49 ( 40.63
	36 ( 8.89


* Change of position

Observations on the webbing behaviour revealed that the area of the leaves greatly influenced the webbing process. The larger the area of the leaves, the greater the number of stitches made and the longer the time taken for completing the webbing. The larva changed its position while spinning if the leaf area was large. Smaller leaves were webbed quickly, even if the length of the larva was short. Hence, it can be concluded that the spinning process is influenced by the area of the leaves, irrespective of the larval size.
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CORRELATION BETWEEN TRAITS AND PATH ANALYSIS FOR GRAIN AND OIL YIELD IN SPRING SAFFLOWER
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ABSTRACT

In order to study the correlation of seed and oil yield with their components through the path analysis method, an experiment with 100 safflower genotypes was conducted at  the research farm of S.P.I.I. in 1998. The experimental design was a 10x10 simple lattice. The results obtained showed that there was a good agreement between the phenotypic and genotypic correlations. For most of the characters, genotypic correlation coefficients were higher than phenotypic correlations coefficients. There were high significant positive correlations of biomass and number of heads/plant with seed yield. Stepwise regression for seed and oil yield indicated that 4 traits, including biomass, number of heads/plant, and number of secondary branches entered the model. The results of the path coefficient analysis revealed that the increase of oil yield was primarily associated with the increase of seed yield, which was affected by biomass and number of heads/plant.

INTRODUCTION

Safflower has been grown since ancient times (4500 b.c.) in Egypt, Morocco, China and India to obtain carthamin from the flowers, a dye that may be either yellow or red. India and Ethiopia are the countries with the longest tradition of growing safflower as an oil plant. Safflower has been cultivated in Iran for centuries is small amounts for the extraction of dye from its florets. Its importance as an oil seed crop has only been realized since 1970 (Ahmdi and Omidi, 1997). Iran is one of the richest germplasm sources of safflower. For instance, of the 2042 safflower genotypes deposited at the Western Regional Plant Introduction Station, Pullman, WA, USA, 199 of them are of Iranian origin (de Haro et al., 1991).

Evaluating yield components and their interrelationships is very important in any safflower breeding programme, especially the direct components of yield that are related to the various morphological characters regarded as indirect components of yield. Ashri et al. (1974) and Corleto et al. (1997) reported that the most important yield component in safflower is the number of heads per plant. Abel et al. (1976) showed that the number of heads per plant or number of seeds per head or both traits could be responsible for high yielding safflower lines.

Digming and Yuguang (1993), in a study of 30 safflower cultivars, reported that the number of effective branches, main stem diameter, diameter of top fruit, 1000 seed weight, oil content and angle of the first branch were the six principal components.

Omidi (1994) reported that the number of seeds per head is associated with the increase of seed yield in safflower. Uslu et al (1994) concluded that selection for number of heads per plant was effective for the improvement of the yield (r=0.8). Consentino et al. (1985) showed that the number of heads per plant and seeds per head were significantly and positively correlated.

The objective of the research reported in this paper was to evaluate safflower yield components and their interrelationships.

MATERIALS AND METHODS

In the early spring of 1997, 100 Iranian and exotic safflower varieties and advanced lines were evaluated for yield and yield components and other agronomic characters, using a simple lattice design (10x10) in the Karaj-Iran.

Experimental plots consisted of rows 3-m long and 0.5-m apart. Data on yield per plant and yield components and other agronomic traits were obtained by calculating the mean of five 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, biomass, days to flowering, days to 50% flowering, days to maturity, seed yield per plant, seed yield per plot, oil yield per plant and plot. Phenotypic and genotypic variances were estimated:

	(2g=
	(MST – MSE) – [(MSB – MSE)(2/k + 1)]

	
	2


(2p = (2g + MSE/r

where MST is the mean square of the treatment, MSE is the mean square of error, MSB is the mean square of the block and K is the number of treatments in block. Phenotypic and genotypic correlations were calculated on the basis of the formulas:

	(P=
	COVP (x,y)
	
	(g=
	COVg (x,y)
	

	
	(px  (py
	
	
	(gx  (gy
	


RESULTS AND DISCUSSION

1. Phenotypic and genotypic correlations:

The phenotypic and genotypic correlation of the yield per plant and the yield components with each other are shown in Table 1. These values confirm that the yield of the plant is significantly correlated with biomass, number of heads, 100 seed weight, number of secondary branches, and oil yield per plant. There was also a negative correlation between seed hull and oil content.

The highest correlation coefficient was obtained between yield of plant and yield of plot (0.97). This means that the average value of traits measured on five single plants can be used as a plot representative.

	Table 1. Phenotypic and (Genotypic) correlation of spring safflower traits

	
	S.Y./Plant
	S.Y./plot
	Biomass
	100 S.W.
	Nº Heads
	N.S.B.
	Oil%
	O.Y./plant

	S.Y./plot
	0.970** (0.994)
	1
	
	
	
	
	
	

	Biomass
	0.875** (0.930)
	0.822** (0.866)
	1
	
	
	
	
	

	100 S.W.
	0.30** (0.30)
	0.269** (0.266)
	0.307** (0.326)
	1
	
	
	
	

	Nº Heads
	0.850** (0.916)
	0.874** (0.934)
	0.789 (0.879)
	0.266** (0.269)
	1
	
	
	

	N.S.B.
	0.547** (0.639)
	0.578** (0.644)
	0.452** (0.481)
	0.059 (0.085)
	0.459** (0.591)
	1
	
	

	Oil%
	-0.101 (-0.101)
	0.082 (-0.082)
	0.095 (-0.101)
	0.223* (-0.231)
	0.060 (-0.060)
	-0.156 (0.339)**
	1
	

	O.Y./plant
	0.963** (0.962)
	0.944** (0.966)
	0.846** (0.896)
	0.236** (0.231)
	0.866** (0.931)
	0.531** (-0.119)
	0.149 (0.155)
	1

	S.Y.: Seed Yield

 S.W.: Seed weight

 O.Y.: Oil yield

N.S.B.: number of secondary branches


2. Phenotypic and genotypic path analysis:

The effect of four agronomic characters on seed and oil yield per plant showed that the highest direct effect on seed and oil yield per plant corresponded to biomass, which can be indirectly influenced by the number of heads per plant. The seed yield (as an independent variable) has the highest direct effect on oil yield. Thus, oil yield will increase by raising seed yield (Tables 2 and 3). As a conclusion, we have demonstrated that the increase in oil yield was primarily associated with the increase in seed yield, which in turn was affected by biomass and number of heads per plant.

	Table 2. Direct and indirect path coefficients using phenotypic correlation

	
	Biomass
	No. Capitula
	No.S. Branches
	r (Yield)

	Biomass
	0.501
	0.297
	0.075
	0.875

	No. Capitula
	0.395
	0.377
	0.076
	0.850

	No. S. Branches
	0.226
	0.173
	0.166
	0.566

	
	
	
	
	U = 0.381

	
	Seed yield
	Biomass
	No. Capitula
	No. S. Branches
	r (Yield)

	Oil yield
	0.856
	-0.022
	0.146
	-0.019
	0.962

	Biomass
	0.749
	-0.026
	0.136
	-0.015
	0.846

	No. capitula
	0.728
	-0.020
	0.172
	-0.015
	0.865

	No. S. Branches
	0.485
	-0.012
	0.079
	-0.033
	0.521

	
	
	
	
	
	U = 0.252


	Table 3. Direct and indirect path coefficients using genotypic correlation

	
	Biomass
	No. Capitula
	No.S. Branches
	r (Yield)

	Biomass
	0.579
	0.264
	0.086
	0.930

	No. Capitula
	0.509
	0.300
	0.106
	0.916

	No. S. Branches
	0.278
	0.177
	0.179
	0.635

	
	
	
	
	U = 0.267

	
	Seed yield
	Biomass
	No. Capitula
	No. S. Branches
	r (Yield)

	Oil yield
	0.801
	-0.103
	0.303
	-0.042
	0.962

	Biomass
	0.745
	-0.110
	0.291
	-0.032
	0.896

	No. capitula
	0.734
	-0.097
	0.331
	-0.039
	0.930

	No. S. Branches
	0.510
	-0.053
	0.195
	-0.066
	0.587

	
	
	
	
	
	U = 0.238
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INFLUENCE OF THE RATIO OF MALE STERILE TO MALE FERTILE PARENTS ON HYBRID SEED PRODUCTION OF SAFFLOWER (Carthamus tinctorius L.)

Raghavaiah, C.V. and K. Anjani

Directorate of Oilseeds Research

Rajendranagar, Hyderabad, 500 030, India

ABSTRACT

Field experiments were conducted during the post-rainy seasons of 1995-96 and 1996-97 at the Directorate of Oilseeds Research, Rajendranagar, Hyderabad on alfisols under irrigated conditions, to assess the influence of the proportion of male sterile and male fertile parent rows on hybrid seed production of DSH 130 and DSH 129 safflower hybrids. The results showed that sowing in 3:1 row ratio offered a higher seed yield of DSH 130 hybrid (199 kg/ha), while sowing in 5:1 row proportion provided a greater seed yield of DSH 129 hybrid (537 kg/ha) than the other ratios tested. The differential behaviour of male sterile lines in hybrid seed production could be attributed to the per se performance of individual male sterile lines and their combining ability with the pollen parents.

Key words: Male sterile to male fertile row ratios, seed production, safflower hybrids.

INTRODUCTION

India occupies a leading position in the cultivation of safflower (Carthamus tinctorius L.) during the post-rainy season, utilising the conserved soil moisture on vertisols. Currently it occupies an area of 683000 hectares, producing 396000 tons with a productivity of 579 kg/ha. A number of cultivars have been released for commercial cultivation in different agroclimatic regions of the traditional safflower growing niches. The yields are limited by low moisture availability due to the early cessation of rains and low yield potentials of varieties. With a view to breaking the yield barriers, crop improvement programmes resulted in the development of various experimental hybrids (Prasad et al., 1995; Anjani, 1997a) based on the genetic male sterile (GMS) system. The first safflower hybrid DSH 129 was released in 1997 for commercial cultivation. This hybrid has the potential to provide a 22% higher seed yield and a 30% higher oil yield than the check A-1 (Anjani, 1997b). Seed production plays an important role in popularising the hybrids, for which seed production technology needs to be developed. In safflower, as the pollination between male and female parents occurs predominantly through honey bees, the row ratio of female to male has to be worked out to accommodate as many rows of female parent as possible for obtaining a higher hybrid seed from the area unit. Therefore, this paper deals with the effects of row proportions on hybrid seed production of safflower hybrids DSH 129 and DSH 130.

MATERIALS AND METHODS

A field experiment was conducted during the post-rainy seasons of 1995-96 and 1996-97 at the research farm of the Directorate of Oilseeds Research, Rajendranagar, Hyderabad, India on alfisols (Sandy loam soil) under irrigated conditions with a view to assessing the effect of male sterile to male fertile parent row ratio on hybrid seed yield of DSH 130 and 129 safflower hybrids. During 1995-96 the male sterile line MS 17(y) and male fertile line (A-1) of DSH 130 hybrid were sown in 3:1, 4:1 and 5:1 ratios. The male sterile line MS 9(0) and male fertile line (A-1) of DSH 129 hybrid were sown in the proportion of 2:1, 4:1 and 5:1 during 1996-97 in isolated blocks of 250 m2 each at an isolation distance of at least 500 m, with buildings as a barrier in between. During both years, the crop was sown in the second fortnight of October and harvested in the second week of March of the following year. The crop received a recommended dose of 40-40-20 kg NPK per hectare, where N was applied in 2 splits.

At the initiation of the opening of the first flower of each plant in MS parent rows, the male fertile flowers bearing plants were eliminated. This was done daily until the last plant in the male sterile rows flowered. The male sterile plants were characterised by small head size, shortened corolla and low extrusion of stigma without pollen in the anthers. This was done to ensure that the sterile flowers were pollinated only through the pollen from the male fertile parent (A-1) sown adjacent to the sterile parent rows in each isolated block.

The initial and final plant stands were counted per unit area. Based on the seed yield/plot, the yield per hectare was calculated. The crop received 6 irrigations of 50 mm each during the growth period. Female and male parents were sown on the same date, so that there was no difference in their flowering time.

RESULTS AND DISCUSSION

The results of the experiment conducted during 1995-96 using DSH 130 hybrid showed that sowing in 3:1 row proportion offered a higher hybrid seed yield (199 kg/ha) than 5:1 (149 kg/ha) and 4:1 (107 kg/ha) proportions. The seed yield/plant enhanced with increased male sterile plant proportion from 3:1 (10.41 g) to 4:1 (11.64 g) and 5:1 (13.98 g). The final yields were in consonance with the final plant stand of the male sterile parent (Table 1). Thus the 3:1 ratio can be considered as being optimum for the higher seed yield of DSH 130 hybrid seed production.

Table 1. Effect of row ratio of male sterile (MS 17 y) and pollen (A-1) parents on hybrid seed yield of DSH 130 safflower in 1995-96

	MS: MF

Row ratio
	Initial plant stand/ 250 m2
	Final plant stand/250 m2
	Eliminated MF plants/ 250 m2
	Hybrid seed yield/plant (g)
	Seed yield (g/plot)
	Seed yield (kg/ha)

	3:1
	884
	478
	406
	10.41
	4978
	199.1

	4:1
	457
	229
	228
	11.64
	2667
	106.6

	5:1
	673
	266
	407
	13.98
	3721
	148.8


The results of the investigation carried out during 1996-97 on DSH 129 hybrid revealed that the increase in the male sterile parent row proportion was paralleled by an increase in the final plant stand of male sterile plants. The hybrid seed yield per hectare was maximum when the parents were sown in 5:1 proportion (537 kg/ha) in comparison with 4:1 (230.5 kg/ha) and 3:1 (246 kg/ha) ratios. The seed yield/plant was greater with 3:1 ratio (16.2 g) than with 4:1 (14.5 g) and 5:1 (13.9 g) ratios. Although the seed yield/plant was lower in 5:1 ratio, the higher male sterile parent plant stand at harvest contributed to a greater seed yield in this treatment than with 3:1 and 4:1 ratios (Table 2). Hence, the 5:1 row ratio can be recommended for obtaining a higher hybrid seed yield in DSH 129 hybrid seed production.

Table 2. Effect of row ratio of male sterile (MS 9(o)) and pollen (A-1) parents on hybrid seed yield of DSH 129 safflower in 1996-97

	MS: MF

Row ratio
	Initial plant stand/ 250 m2
	Eliminated MF plants/ 250 m2
	Final plant stand/plot
	Hybrid seed yield/plant (g)
	Seed yield (g/plot)
	Seed yield (kg/ha)

	2:1
	409
	245
	164
	16.2
	2569
	246.2

	4:1
	738
	484
	254
	14.5
	3688
	230.5

	5:1
	1384
	806
	578
	13.9
	8062
	537.4


From the foregoing account it could be deduced that the safflower hybrids behaved differently in terms of hybrid seed production when their male sterile and male fertile parents were sown in different row proportions. The differential behaviour could be attributed to the per se performance of individual male sterile line and their combining ability with the pollen parent (Anjani, 1997c). This could also be attributed to the availability of pollen and honey bee population size at the time of the flowering of the safflower.
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ABSTRACT

A comparison of the development potential of sunflower and safflower in India is presented. The present yield average and cost benefit ratio is lower in safflower. Although both oilseed crops show great promise and good economic returns with a minimal irrigation, safflower gives more response and yield and a high economic result because of its greater tolerance to drought, oil content and composition and other oil characteristics.

INTRODUCTION

In an effort to bridge the gap between the demand and supply of edible oils in India, as well as intensifying the research efforts on traditional oilseed crops with their well known limitations, the addition of three oilseed crops, soyabean, safflower and sunflower deserves a mention. Safflower and sunflower together contribute about a 10-12 per cent area and a 7-8 per cent production of total oilseeds in India. The major safflower and sunflower states in India are Maharashtra, Karnataka and Andhra Pradesh, which contribute an area of over 90% of these two crops. Although these two crops show relatively high positive annual growth rates (15-24) as compared to others, their yield (safflower: 580 kg/ha and sunflower: 640 kg/ha) appears too low by average international standard (safflower: 721 kg/ha and sunflower: 1340 kg/ha) (Table 1). Following improved technologies, both safflower and sunflower yields could be doubled as compared to the present average. It is interesting to note that even in the demonstrations on the farms fields, only 40-50% of the proven potentials were realized. The cost benefit ratio (CBR) in safflower is about 40% of that obtained in sunflower, due to the comparatively lower cost of cultivation in safflower.

Sunflower performed well at the beginning of its introduction, but it did not get much attention from the farmers because of some of its inherent defects, such as:

i) Self-incompatibility- leading to poor seed setting

ii) Low yield

iii) Lack of marketing structure as compared to other oilseeds

iv) Inconsistent oil percentage

While safflower is self-compatible but also suffers from a low yield.

Table 1. Production potential of safflower versus sunflower

	Crop
	Area

(105 Has)
	Production

(105 Tonnes)
	Average Yield

(Kg/ha)
	Productivity under real farm conditions

(Kg/ha)

	
	
	
	India
	World
	IT
	FP

	Safflower
	7.04
	4.11
	584
	721
	1450
	1019

	Sunflower
	20.99
	13.37
	639
	1339
	1413
	1069

	IT = Improved Technology; FP = Farmers Practices


Salient features of safflower versus sunflower:

Both safflower and sunflower are highly drought-tolerant and the their production is therefore satisfactory even when other crops are seriously affected. Salient features of advantage/disadvantage are as follows.

Table 2. Salient features of safflower versus sunflower

	Particular
	Safflower
	Sunflower

	Temperature-Reaction
	Thermo-sensitive
	Thermo-insensitive

	Photo-Reaction
	Photo-insensitive
	Photo-insensitive

	Moisture-Reaction
	Drought resistant
	Drought tolerant

	Salt-Reaction
	Salinity resistant
	Salinity tolerant

	Oil (%)
	30-36
	45-48

	Cholesterol level 

(anti-cholesterol)
	-16
	-12

	Crop Season
	Rabi (generally one crop)
	All seasons (generally 3 crops)

	Maturity Duration*
	108-176 days
	75-115

	Cropping pattern
	Pure and mixed
	Pure and mixed

	Irrigation
	Mainly rainfed, 1-2 irrigations, when moisture stressed
	Summer needs 5-6 irrigations


* In cooler areas, maturity duration is longer (170-180 days) in safflower due to its thermo-sensitivity

Response to irrigation

Only 15% of the oilseeds are grown in irrigated conditions as against 72% for wheat and rice. Although both crops showed a very high promise and good economic returns with minimal irrigations (Tables 3, 4), safflower gives comparatively more response to minimal irrigations and produces higher economic returns as compared to sunflower, because of its relatively greater tolerance to drought.

Table 3. Effect of irrigation on seed yield of safflower and sunflower

	Treatment
	Seed Yield (kg/ha)

	
	Safflower
	Sunflower

	Control (No irrigation)
	1066
	1159

	1 Irrigation
	1503
	1218

	2 Irrigation
	1562
	1646

	3 Irrigation
	-
	1996

	4 Irrigation
	-
	2070


Table 4. Potential of safflower and sunflower under minimal irrigations

	Crop
	No. of irrigation
	Seed Yield (kg/ha)
	Net return (Rs/ha)

	
	1
	2
	1
	2
	1
	2

	Wheat
	3
	5
	2110
	2436
	2061
	1968

	Gram
	2
	3
	1129
	1114
	2637
	2213

	Safflower
	2
	-
	1708
	-
	4493
	-

	Sunflower
	2
	3
	1150
	1200
	2096
	2048

	Sorghum
	2
	4
	1242
	1588
	2282
	2615


1: Limited irrigation

2: Unlimited irrigation

Cropping pattern

Both crops fit in well with other crops in inter-cropping, give more returns and also stabilize the production under dryland conditions (Table 5). ‘Safflower + gram’ and ‘Safflower + groundnut’ intercropping were noted to be the best systems; the former was more economical.

Table 5. Some promising intercropping systems with safflower and sunflower for maximising and stabilizing returns from drylands

	Crop
	Mean Yield of sole crop

(Kg/ha)
	Total Returns (Rs/ha)

	
	
	Sole crops
	Intercrops (1+2)

	
	1
	2
	1
	2
	(1+2)

	Gram (1) + Safflower (2)
	1080
	1410
	4484
	5370
	6712

	Coriander (1) + Safflower (2)
	493
	2038
	1274
	5565
	5906

	Groundnut (1) + Sunflower (2)
	1709
	869
	1564
	1738
	3534


Critical Inputs

Lower cash inputs with fertilizer and plant protection measures give high returns from the two crops under rainfed conditions (Table 6); the recommended fertilizer dose is a more critical input than the seed based plant protection.

Table 6. Critical inputs in the production of safflower and sunflower in drylands

	Level of Inputs
	Seed Yield (kg/ha)
	Net Return (Rs/ha)

	
	Safflower
	Sunflower
	Safflower
	Sunflower

	Low Monetary inputs (LMI)
	332
	633
	678
	193

	LMI + Need based plant protection (NBP)
	483
	-
	1202
	-

	LMI + Recommended fertilizer dose (RFD)
	971
	946
	2834
	455

	LMI + NBP + RFD (improved practices)
	1005
	1153
	2890
	1124


Scope of safflower and sunflower  in non-traditional areas

Non-traditional areas of U.P., Bihar, M.P., West-Bengal, Rajsthan, Punjab etc., which suffer from moisture stress and salinity, offer a great future for the two crops, particularly safflower.

Experiments on safflower and sunflower in these areas have shown that a yield level of 1000-2000 kg/ha could be realized from the two crops under these stressful conditions. The safflower variety ‘HUS 305’ gave as high as 1055 kg/ha in salt-affected areas of Sunderbans of West-Bengal. Large scale demonstrations of sunflower hybrids in Punjab gave a yield level of 1500-3500 kg/ha with an average of 2200 kg/ha. Even if only 50% of this yield potential is realized, it would be more profitable than other traditional crops under rainfed conditions. A few safflower hybrids are available but they have not yet come into the farmers fields.

Oil content and quality

The oil content, its composition and medical significance (reducing cholesterol level in blood serum) are presented in Tables 7 and 8. Safflower oil, due to its high content of linoleic acid, has a high hypocholesterolemic  activity as compared to sunflower oil and other vegetable oils. Thus, safflower oil is preferred to other oils by persons suffering from heart.

Table 7. Composition and characteristics of safflower and sunflower oils

	Particular
	Safflower
	Sunflower

	Oil (%)
	30-36 (thick hull)
	42-46

	
	45-48 (thin hull)
	

	Oil colour
	Golden Yellow
	Yellow

	Iodine Value
	145
	128

	Refractive Index at 60ºC
	1.462
	1.459

	Density at 60ºC
	0.898 to 0.903
	0.894 to 0.899

	Saponification Value
	191
	191

	Melting point
	Zero
	Zero

	Free fatty acid
	Nil
	Nil

	Unsaturated fatty acids (%)
	
	

	I. Oleic
	13
	20

	II. Linoleic
	75
	68

	III. Linolenic
	1
	-

	Saturated Fatty acids (%)
	
	

	I. Stearic
	1
	2

	II. Palmitic
	5
	5

	III. Arachidic
	1
	1


Table 8. Studies on hypocholesterolemic activity of different oilseeds *

	Crop’s Oil
	Linoleic Acid (%)
	Cholesterol Level

	Safflower
	77.1
	-16.0

	Sunflower
	61.4
	-12.0

	Cotton Seed
	58.0
	-8.0

	Soyabean
	50.2
	+3.0

	Sesame
	45.9
	+2.0

	Groundnut
	35.0
	+5.0

	Mustard
	25.0
	-

	Coconut
	2.0
	-


*Vissanjii, N.K. 1988. Self sufficiency possible with right approach. Self-Sufficiency in oilseeds Production in India, Published by MAHYCO, Bombay, pp 31-37.

STANDARDIZATION OF LABORATORY SCREENING TECHNIQUE AGAINST SAFFLOWER WILT
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ABSTRACT

A preliminary laboratory screening technique for resistance to safflower wilt (Fusarium oxysporum f. sp. carthami) was developed. Four g of pathogenic inoculum/200 g soil was found to be effective in developing wilt symptoms in ten days on safflower seedlings (Carthamus tinctorius L.)

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an important rabi oilseed crop grown in India over an area of 771,500 has with a production of 418,800 tonnes (Damodaram and Hegde, 1999). Fusarium wilt caused by Fusarium oxysporum f. sp. carthami Klisiewicz and Houston, has become an endemic disease in all safflower-growing areas in India, particularly in Maharashtra and UP, with an incidence ranging from 5-10% (Deokar et al., 1998; Singh et al., 1975). This disease causes a yield loss from 0-93% in susceptible varieties (Sastry and Ramachandram, 1993). The pathogen is found to exist in the form of different races (Klisiewicz and Thomas, 1969). Since the disease is soil borne, developing a resistant variety is an important component in the integrated management of this disease. For screening large numbers of germplasm lines, a simple and efficient screening technique is required so that preliminary screening can be done under laboratory conditions. Resistant sources can be further screened in the diseased plot for confirmation of the results. An attempt has been made to develop a simple screening technique for wilt resistance under laboratory conditions.

MATERIALS AND METHODS

The pathogen, Fusarium oxysporum f. sp. Carthami, was isolated from the wilted safflower crop. The infected bits were cut, the surface was sterilized in Hg Cl2 washed three times in sterile distilled water, and plated in Potato Dextrose Agar (PDA). Freshly developing colonies were subcultured on PDA slants for inoculation. The pathogen isolated was multiplied on sorghum grain medium prepared by soaking whole sorghum grain in 2% sucrose solution overnight, which was autoclaved the next day at 15 psi for 15 minutes. The inoculum at 2, 4, 6, 8 and 10 g was mixed with 200 g of soil and filled in plastic cups of 12 cm diameter. They were watered regularly to provide sufficient moisture for the development of the pathogen. Five seeds of the safflower variety A-1 were planted in each cup. Two cups were used for each treatment. Suitable checks were maintained without the addition of inoculum. All the cups were incubated in the glasshouse at a temperature of 25-30ºC. The wilting of plants was recorded from ten to fifteen days.

RESULTS AND DISCUSSION

Characteristic wilt symptoms of chlorotic leaves and drooping of leaves of seedlings were observed in the infected safflower plants within 10-15 days. All seedlings were observed to be wilted in the treatments of 4, 6, 8 and 10 g/ 200 g of soil i.e., 4 g of pathogenic inoculum was sufficient to initiate the wilt incidence  under glasshouse conditions. Preliminary screening of large numbers of germplasm lines can be done under glasshouse conditions utilizing this technique. The lines found to be resistant can further be screened in the diseased plots. Recorded incidence of wilt is presented in Table 1.

	Table 1. Effect of different doses of inoculum on incidence of wilt

	Dose of inoculum g/200 g soil
	Number of plants
	Wilting (%)

	
	Grown
	Wilted
	Survived
	

	2
	10
	4
	6
	40

	4
	10
	7
	3
	70

	6
	11
	9
	2
	81

	8
	10
	8
	2
	80

	10
	11
	11
	0
	100

	Check
	10
	0
	10
	0
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ABSTRACT

The fungicidal effects of nine plant extracts were tested against the safflower wilt pathogen Fusarium oxysporum f. sp. carthami. The Parthenium hysterophorus, Lucaena leucephala, Vinca rosea, Gliricidia maculata, Ocium basilicum, Eucalyptus globulus, Azardica indica, Datura metal and Bougainvilla spectabilis leaf extracts were found to inhibit the mycelial growth of F. oxysporum f. sp. carthami and also to reduce the per cent wilt incidence. All the leaf extracts tested were found to be inferior to Thiram in reducing the per cent wilt incidence of safflower.

INTRODUCTION

Wilt disease of safflower (Carthamus tinctorius L.) caused by Fusarium oxysporum f.sp. carthami, is economically the most important disease in this crop in India (Kalpana Sastry and Chattopadhyay, 1997). The use of plant extracts to control plant pathogen diseases has been reported in ginger (Datar, 1988) and in safflower (Ghosal et al., 1977). The objective of this work was to assess the efficacy of nine plant extracts against safflower wilt pathogen.

MATERIALS AND METHODS

The fresh cultures of Fusarium were isolated from diseased safflower roots. The efficacy of leaf extracts of plants and the fungicide Thiram in inhibiting the growth of the Fusarium was assessed by the poisoned food technique (Grover and Moore, 1962). The plant extracts (10%) were mixed with oat agar medium. Inoculum disks of 5 mm diameter were placed in the center of the Petri dishes and incubated at room temperature (28±2ºC). Thiram (200 ppm) was used as a standard. Suitable controls were maintained without fungicide or plant extracts. The percentage of spore germination was observed by Joshi and Wangikar (1978) method. Single drops of 10 per cent plant extracts and Thiram (200 ppm) were placed on cavity slides and allowed to air dry. Single drops of spore suspension of Fusarium were added to the above cavities and incubated for 6 hours. Control was maintained without incorporating plant extracts or fungicide.

The leaf extracts effective under in vitro conditions were drenched at 100 ml/pot at 20 per cent concentration. The pots were pre-inoculated with the Fusarium oxysporum f. sp. carthami at 10 per cent (w/w). The wilted plants showed a yellowing of leaves on one side of the plant. Unilateral yellowing also occurred on leaves. Yellowing began from lower leaves, followed by wilting that progressed upwards. Wilting was complete or partial. The observations were recorded in 0-9 scale as suggested by Mayee et al. (1988).

Scale:
0: No wilting symptoms on plant



1: 1% or less plants wilted



3: 1 – 10% plants wilted



5: 11 – 20% plants wilted



7: 21 – 50% plants wilted



9: 51% or more plants wilted

RESULTS AND DISCUSSION

Leaf extract of P. hysterophorus showed a maximum inhibition of 79.23% on F. oxysporum f. sp. carthami followed by L. leucephala (66.57%), V. rosea (54.38%) and G. maculata (42.75%) (Table 1). The Thiram showed 40.23% while the control showed a 3.5% inhibition of spore germination of F. oxysporum.
	Table 1. Effect of plant extracts on growth of F. oxysporum f. sp. carthami by poisoned food technique in vitro

	Sr. No
	Plant extract
	Mean inhibition (%)

	1
	Parthenium hysterophorus
	79.23 (62.90)

	2
	Lucaena leucephala
	68.57 (55.92)

	3
	Vinca rosea
	54.38 (47.61)

	4
	Gliricidia maculata
	42.75 (40.74)

	5
	Ocium basilicum
	40.64 (39.52)

	6
	Eucaliptus globulus
	32.82 (34.76)

	7
	Azardica indica seed
	29.36 (32.86)

	8
	Datura metal
	21.43 (27.52)

	9
	Bougainvilla spectabilis
	17.29 (24.73)

	10
	Thiram
	40.23 (39.38)

	11
	Control
	3.5 (10.78)

	
	Mean
	41.83 (40.13)

	Mean of 5 replications; Values in parenthesis are arcsin transformed values

Extracts – C.D.: 4.494 (p=0.05);C.V. %: 6.49


Among the leaf extracts tested, the wilt incidence was considerably reduced by four leaf extracts viz. P. hysterophorus (25.99%), L. leucephala (34.30%), V. rosea (39.04%), and G. maculata (46.80%) in comparison with the control (76.86%). The Thiram treatment showed 7.04% and the control recorded 76.86% wilt incidence. However, the leaf extracts were found to be inferior to Thiram in reducing the per cent wilt incidence. Thus, Thiram treatment was effective up to 45 days whereas treatment with extracts of P. hysterophorus was effective only up to 15 days (Table 2). Similar results were reported in ginger by Datar (1988) and Ghosal et al. (1977) in safflower. These results indicate the highly potential nature of plants for the development of cheap and harmless biocides useful for the management of plant pathogens.

	Table 2. Effect of soil drenching of plant extracts on Safflower wilt under pot conditions

	Sr. No.
	Treatments
	Wilt incidence per cent
	Mean

	
	
	15 DAT
	30 DAT
	45 DAT
	

	1
	Parthenium hysterophorus
	5.82 (13.96)
	23.62 (29.10)
	48.27 (44.01)
	25.90 (30.59)

	2
	Lucaena leucephala
	16.30 (23.73)
	35.11 (36.28)
	51.49 (45.84)
	34.30 (35.79)

	3
	Vinca rosea
	19.23 (26.02)
	38.58 (38.37)
	59.32 (50.38)
	39.04 (38.69)

	4
	Gliricidia maculata
	20.16 (26.70)
	47.09 (43.33)
	72.56 (58.42)
	46.80 (43.74)

	5
	Ocium basilicum
	42.60 (40.74)
	63.53 (52.86)
	81.19 (64.29)
	62.44 (52.22)

	6
	Thiram
	0.8 (5.13)
	5.20 (13.18)
	15.92 (23.52)
	7.04 (15.38)

	7
	Control
	40.27 (39.42)
	90.30 (85.20)
	100.00 (90.00)
	76.86 (61.94)

	Mean
	20.62 (27.01)
	43.43 (41.24)
	61.25 (51.28)
	

	Mean of three replications; Values in parenthesis are arcsin transformed values

Comparison of significant effects C.D.: (p=0.05); Treatments: 2.096

Periods: 1.372; Treatments x periods: 3.630; C.V. % : 5.49
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RESPONSE OF SAFFLOWER VARIETIES AGAINST SAFFLOWER APHID, Uroleucon compositae (Theobald)
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ABSTRACT

The response of nineteen safflower varieties against the aphid Uroleucon compositae (Theobald) was studied for two years at the Research Farm, College of Agriculture, Gwalior (M.P.) India. On the basis of the aphid population and multiplication index, varieties BI 11, BI 36 and JSF 62 proved to be less susceptible to the safflower aphid. Varieties JSF 25, JSF 9-1 and JSF 80 proved to be highly susceptible.

Key words: Safflower, Uroleucon compositae (Theobald), multiplication index, susceptibility.

INTRODUCTION

Safflower aphid, U. compositae (Theobald) is a serious pest of safflower which reduces the grain yield over 37 to 74 per cent (Rathore 1983; Bhardwaj et al., 1990). The relative performance of safflower varieties against the aphid was tested earlier by Rathore and Pathak (1983), Jagtap et al. (1985) and Khaire et al. (1992). Varietal resistance is a major and compatible method of integrated pest management, which is also economical and safe for the natural balance. Keeping these points in mind, the present investigation was undertaken to select resistant varieties against this obnoxious pest.

MATERIALS AND METHODS

Nineteen varieties of safflower were grown in Rabi for two consecutive years, 1991-92 and 1992-93, at the Research Farm, College of Agriculture, Gwalior in a plot size of 4.0 x 0.8 m replicated twice. Normal agronomical practices were followed for raising the crop. Observations on the aphid population were recorded on ten randomly selected twigs of 10 cm length per plot at weekly intervals, from 10 January to 21 February during 1991-92 and from 25 January to 8 March during 1992-93. To determine the multiplication index or the rate of increase of aphids on different varieties, two twigs of each variety were covered with polythene bags with pin holes for ventilation and 10 third instar nymphs were released in each twig inside the polythene bag. Ten days after their release, the total number of aphids were counted and the multiplication index was determined by dividing it by the number of aphids released.

RESULTS AND DISCUSSION

The response of safflower varieties against the aphid was assessed on the basis of population and multiplication index (Table 1). When the aphid population was taken as a factor of plant resistance, it was found that variety BI 11 was the least susceptible followed by BI 36, harbouring 42.9 to 46.1 aphids per 10 cm twig length, respectively. The varieties JSF 25, JLSF 9-1, JSF 80 and JSF 47 were highly susceptible and the rest of the varieties were found to be moderately susceptible, harbouring 53.7 to 61.9 aphids per 10 cm twig length.

On the basis of the multiplication index, the varieties BI 36, BI 11, JSF 62 and BI 42 were found less susceptible. In these, the growth index ranged from 6.8 to 8.0. Variety JSF 25 had a maximum multiplication index (10.5) which was significantly higher than that recorded on BI 36, BI 11, JSF 62, BI 42, JSF 47, TARA, BL 46 and HUS 305. When both, the average aphid population and the multiplication index, were taken into account the varieties BI 11, BI 36 and JSF 62 proved to be the less susceptible. Varieties JSF 25, JSF 9-1 and JSF 80 proved to be highly susceptible, and the rest of the varieties were moderately susceptible. Rathore (1983) reported JSF 1 as the least susceptible to aphids, whereas in the present study it was found to be moderately susceptible. The variation in susceptibility might be the effect of climatic conditions prevailing at the place of working and the varieties tested in the experiment. Similar to present findings, Jagtap et al. (1985), also reported the variety TARA as being moderately susceptible against aphids.

Table 1. Aphid population and multiplication index on different varieties of safflower

	S.N.
	Varieties
	No. of aphids/10 cm. apical twig
	Multiplication index

	
	
	1991-92
	1992-93
	Mean
	1991-92
	1992-93
	Mean

	1
	JSF-20
	61.0 (7.84)*
	62.7 (7.95)
	61.9 (7.90)
	8.5
	10.0
	9.3

	2
	JSF-25
	74.7 (8.67)
	76.3 (8.76)
	75.5 (8.72)
	9.5
	11.5
	10.5

	3
	JSF-9-1
	71.4 (8.45)
	72.7 (8.56)
	72.1 (8.51)
	9.0
	10.5
	9.8

	4
	JSF-47
	65.6 (8.10)
	67.0 (8.24)
	66.3 (8.17)
	8.0
	9.5
	8.8

	5
	JSF-41
	61.3 (7.83)
	62.4 (7.92)
	61.9 (7.88)
	8.5
	9.5
	9.0

	6
	JSF-62
	53.8 (7.37)
	55.8 (7.50)
	54.8 (7.44)
	7.0
	8.0
	7.5

	7
	BI-11
	42.1 (6.48)
	43.7 (6.64)
	42.9 (6.56)
	6.5
	7.5
	7.0

	8
	BI-36
	45.4 (6.74)
	46.7 (6.86)
	46.1 (6.80)
	6.5
	7.0
	6.8

	9
	BI-42
	52.9 (7.31)
	54.5 (7.41)
	53.7 (7.36)
	7.5
	8.5
	8.0

	10
	BI-46
	55.8 (7.47)
	56.8 (7.56)
	56.3 (7.52)
	8.0
	9.5
	8.8

	11
	JSF-7
	56.2 (7.49)
	57.8 (7.62)
	57.0 (7.56)
	9.0
	10.5
	9.8

	12
	NRS-207
	55.9 (7.48)
	56.9 (7.57)
	56.4 (7.53)
	8.5
	11.0
	9.8

	13
	JSF-1
	55.7 (7.46)
	56.8 (7.56)
	56.3 (7.51)
	9.0
	10.0
	9.5

	14
	JSFL-80
	66.7 (8.14)
	68.5 (8.30)
	67.6 (8.22)
	9.5
	11.0
	10.3

	15
	A-300
	60.7 (7.78)
	61.8 (7.89)
	61.3 (7.84)
	9.5
	9.5
	9.5

	16
	A-1
	61.2 (7.81)
	62.6 (7.94)
	61.9 (7.88)
	10.0
	9.0
	9.5

	17
	TARA
	54.7 (7.39)
	56.5 (7.52)
	55.5 (7.46)
	8.5
	8.5
	8.5

	18
	BHIMA
	59.0 (7.68)
	60.9 (7.83)
	60.0 (7.76)
	10.0
	9.5
	9.8

	19
	HUS-305
	57.0 (7.55)
	59.4 (7.44)
	58.2 (7.50)
	7.5
	10.0
	8.8

	SE(m)±
	(0.45)
	(0.25)
	(0.35)
	0.4
	0.6
	0.5

	C.D. at 5%
	(1.34)
	(0.74)
	(1.04)
	1.3
	1.6
	1.6

	* Figures in parenthesis are √n+0.5 values


REFERENCES

Bhardwaj, S.C., A. Kumar, G.K. Bhargava and B.S. Rana. 1990. Assessment of losses caused by insect pests in safflower (Carthamus tinctorius L). Indian J. Appl. Ent., 4: 61-70.

Jagtap, A.B., B.D. Ghule and A.B. Deokar. 1985. Comparative susceptibility of promising safflower cultivars to aphids. J. Maharashtra Agric. Univ., 10(3): 342-42.

Khaire, V.M., D.D. Newale and V.N. Mote. 1992. Varietal susceptibility of safflower cultivars to aphid, Uraleucon carthami Hille Ris Lambers (Aphididae: Homoptera). J. Oilseeds Res., 9(2): 181-188.

Rathore, V.S. 1983. Bionomics and management of safflower aphids. Indian Fmg., 5: 35.

Rathore, V.S. and D. Pathak. 1983. Interaction of planting dates and varieties in pesticidal protection against safflower aphid, Uroleucon compositae. Theobald. Indian J. Plant Prot., 11: 118-122.
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ABSTRACT

Pot culture studies conducted during 1997-99 indicated that the safflower aphid tolerant genotype GMU-5135 exhibited a wide C:N ratio of 73.5:1 with few aphids/plant (128.58). In contrast, the aphid susceptible line CO-1 recorded more aphids/plant (212.57) and a narrower C:N ratio (61.5:1). The standard check Bhima, harboured 145.79 aphids/plant and presented a 64:1 C:N ratio, which corroborated the level of resistance against pests.

Key words: Relationship C:N ratio, safflower, aphid, resistance.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is mostly grown under rainfed conditions either as a strip, mixed or border crop as well as a sole crop. In India, it is cultivated over an area of 616000 has, 75% (461000 has) of which are found in Maharashtra state. One of the main causes for the low yields of safflower is its susceptibility to insect pests (Anonymous, 1987). Amongst the pests recorded, safflower aphid (Uroleucon compositae Theob.) is a key pest causing severe damage to the crop in all safflower growing areas of the country (Anonymous, 1990). In the present study, the C:N ratio in three genotypes of safflower was worked out and its relationship with aphid tolerance was studied under pot culture conditions.

MATERIALS AND METHODS

An experiment with three safflower genotypes viz., CO-1 (susceptible), GMU-5135 (resistant) and Bhima (moderately resistant) was conducted in pot culture at Project Coordinating Unit (Safflower), Solapur (M.S.), India during the winter seasons of 1997-98 and 1998-99. There were three replications and two sowing dates for each of the genotypes. Ten aphid nymphs were released on each plant at elongation stage of the crop and the plants were covered with cylindrical polythene cages to avoid a natural infestation of the pest.

Observations on total number of aphids multiplied on each plant were recorded one month after the release for both sowings. At maturity, the plant samples were analysed in the laboratory to determine the C:N ratio.

Table 1. Aphid population and C:N ratio in safflower genotypes

	Sr. No.
	Genotype
	Mean C:N ratio
	Av. No. of aphids/plant

	
	
	1997-98
	1998-99
	Mean
	1997-98
	1998-99
	Mean

	1
	CO-1
	60:1
	63:1
	61.5:1
	209.03
	216.11
	212.57

	2
	Bhima (MRC)
	62:1
	66:1
	64.0:1
	142.12
	149.46
	145.79

	3
	GMU-5135 (R)
	73:1
	74:1
	73.5:1
	127.26
	129.90
	128.58


S: Susceptible; R: Resistant; MRC: Moderately Resistant (Check); 

CO: Coimbatore; GMU: Germplasm Management Unit

RESULTS AND DISCUSSION

It is evident from Table 1 that similar trends in respect of the C:N ratio as well as the aphid multiplication were observed during both years of study. CO-1 recorded maximum aphids of 212.57/plant and narrow C:N (61.5:1) indicating its susceptibility to the pest. The resistant genotype GMU-5135 exhibited a wider C:N ratio of 73.5:1 and the lowest aphid number (128.58/plant) thereby indicating the mechanism of aphid resistance as antibiosis working in GMU-5135. The moderately resistant check line Bhima, however, harboured 145.79 aphids/plant with the C:N ratio of 64:1. The earlier studies by various workers indicated that the pest intensity increased with an increased nitrogen level in the plants (Hampstead and Gold, 1957; Henneberry, 1963; Harries, 1966; Stoltz et al., 1970; Gupta, 1991).
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ABSTRACT

A collection of safflower germplasm from many different origin areas was analysed by high performance liquid chromatography (HPLC) for the total tocopherol content and composition of the seeds. Total tocopherol content ranged from 88.4 to 400.4 mg kg-1 seed. (-tocopherol accounted for more than 89% of the total tocopherol content in all the accessions. Increased levels of (-tocopherol, up to 9.9% of the total tocopherol content, were exclusively identified in accessions collected in India, Pakistan and Bangladesh, suggesting that further variation for high levels of this tocopherol might be found in germplasm from this region.

INTRODUCTION

Tocopherols (vitamin E) are the most powerful natural antioxidants present in seed oils. They occur in four homologous isomers named (-, (-, (-, and (-tocopherol, differing in the number of methyl substituents and the pattern of substitution in the phenolic ring. The four tocopherol derivatives differ in their in vivo vitamin E activity and in their in vitro ability to protect oils from autoxidation. (-tocopherol exhibits the highest vitamin E activity, whereas (-tocopherol is the most powerful antioxidant in vitro (Kamal-Eldin and Appelqvist, 1996). In consequence, the development of oils rich in either (-tocopherol or (-tocopherol are both important breeding objectives for enhancing oil quality for different applications.

Safflower oil contains predominantly (-tocopherol, which accounts for about 80-90% of the total tocopherol content (Padley et al., 1994). No types with high levels of other tocopherol derivatives have been described. The total tocopherol content in commercial safflower oils is relatively low if compared with other oils such as soybean and sunflower. Carpenter (1979) reported a maximum tocopherol content of 410 mg kg-1 in safflower oil compared with 950 mg kg-1 in sunflower and 1360 mg kg-1 in soybean oil.

The importance of the tocopherol content and composition is related to the seed oil fatty acid composition, since there exists a synergism between both types of compounds (Demurin et al., 1996). Safflower is the oil crop in which the greatest natural diversity for seed oil fatty acid profile has been discovered, comprising contrasting types such as those characterized by increased palmitic acid content (>7.5%), increased stearic acid content (>7.5%), very high oleic acid content (>85%), very high linoleic acid content (>85%), or reduced total saturated fatty acid content (Velasco and Fernández-Martínez, 2000). The existence of sources of variation for tocopherol content and composition would enable the creation of a number of combinations of fatty acid and tocopherol characteristics, which would probably lead to novel safflower oil types of greater interest for the food industry than those currently available.

The objective of this research was to evaluate the variation for total tocopherol content and composition in safflower germplasm. 

MATERIALS AND METHODS

One hundred and thirty-two safflower (Carthamus tinctorius L.) accessions from 20 different countries were provided by the Western Regional Plant Introduction Station of the US Department of Agriculture. Six seeds per entry were used for tocopherols analyses.

Half seeds were cut from each seed and the six halves were weighed and placed in a 10 ml tube. After 2 ml of iso-octane were added, the half seeds were crushed with a stainless steel rod as fine as possible. The rod was then washed with 2 ml of iso-octane, which were collected in the tube. The samples were stirred and extracted overnight at room temperature in darkness (extraction time about 16 h). After extraction, the samples were stirred again, centrifuged and filtered. 5 (l of the extract were analysed by HPLC using a fluorescence detector at 295 nm excitation and 330 nm emission and iso-octane/tert-butylmethylether (94:6) as eluent at an isocratic flow rate of 1 ml min-1. Chromatographic separation of the tocopherols was performed on a LiChrospher 100 diol column (250 mm x 3 mm I.D.) with 5-(m spherical particles, connected to a silica guard column (LiChrospher Si 60, 5mm x 4 mm I.D.). Quantitative determination of tocopherols was done by using external calibration curves.

RESULTS AND DISCUSSION

Total tocopherol content ranged from 88.4 to 400.4 mg kg-1 seed. Since the accessions were not cultivated under the same environment, this wide range does probably reflect environmental differences in addition to genetic variation. Selected accessions with a potentially high tocopherol content will be grown together for a further characterization. 

(-, (-, and (-tocopherol were present in the analysed entries, but no (-tocopherol was detected. (-tocopherol was the predominant tocopherol derivative, accounting for 89.7% to 100% of the total tocopherol content. (-tocopherol was identified in most of the entries (115 out of 132), but at very low levels. The maximum found was of 3.3% of the total tocopherols. Conversely, (-tocopherol was present at higher concentrations, up to 9.9% of the total tocopherol content, but it was only detected in a few accessions (37 out of 132).

Interestingly, a clear relationship between (-tocopherol content and the area of origin of the entries was evidenced: all the accessions containing increased levels of (-tocopherol (>2%) came from India, Pakistan or Bangladesh. No accession coming from other regions contained more than 2% of this tocopherol (Fig. 1). These results indicate that, although not all the accessions from the three abovementioned countries had increased (-tocopherol content, variability for this tocopherol exists in the region. Higher levels of this tocopherol in safflower oil, up to 20% of the total tocopherol content, can be found in the literature (e.g. Coors and Montag, 1988). A still higher (-tocopherol content could be reached by further evaluation of germplasm entries from India, Bangladesh and Pakistan as well as nearby countries. Additionally, a significant increment of (-tocopherol content might be obtained by selection for this trait within the accessions included in the present study having increased levels of this tocopherol.
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Fig. 1. Frequency distributions of (-tocopherol content (% of the total tocopherol content) in (A) 37 accessions from India, Pakistan and Bangladesh and (B) 95 accessions from the rest of the world.
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ISOLATION OF LINES WITH CONTRASTING SEED OIL FATTY ACID PROFILES FROM SAFFLOWER GERMPLASM

Velasco, L. and J.M. Fernández-Martínez

Institute of Sustainable Agriculture (CSIC)

Apartado 4084, E-14080 Córdoba, Spain

ABSTRACT

A collection of safflower germplasm accessions and breeding lines was evaluated for the seed oil fatty acid composition. The most promising accessions were incorporated into a selection programme which, after two selection cycles, led to the isolation of safflower lines with contrasting fatty acid profiles. The lines included the following characteristics: high palmitic acid content (>9%), medium stearic acid content (>4%), high stearic acid content (>5.5%), high oleic acid content (>75-81%), very high oleic acid content (>85%) together with reduced levels of saturated fatty acids (<5.5%), and very high linoleic acid content (>85%) combined with reduced saturated fatty acid content (<6.5%). Plants of all the lines, together with a standard check, were grown under the same environment in 2000. The isolation process as well as a graphic comparative evaluation of their contrasting fatty acid characteristics are presented in this paper.

INTRODUCTION

It is well known that safflower germplasm holds great genetic variability for the fatty acid composition of the seed oil (Knowles, 1989). Standard safflower oil contains about 6 to 8% of palmitic acid, 2 to 3% of stearic acid, 16 to 20% of oleic acid, and 71 to 75% of linoleic acid. Knowles and co-workers carried out extensive germplasm collection and evaluation, identifying genetic sources for high stearic acid content (4 to 11%), intermediate oleic acid content (41 to 53%), high oleic acid content (75 to 80%), and very high linoleic acid content (87 to 89%) (Knowles, 1989). Additionally, sources of variation for high palmitic acid content (>10%) and very high oleic acid content (>85%) have been reported (Fernández-Martínez et al., 1993; Dajue et al., 1993).

Currently, safflower is an underutilized oilcrop species. One of the key aspects for a further expansion of the crop is the development of cultivars with unique oil quality characteristics. For example, a very high linoleic acid content (>85%) is an important trait for nutritional purposes that is available in safflower but not in other oilseed crops. Similarly, safflower oil naturally contains one of the lowest levels of total saturated fatty acids (palmitic and stearic acid) amongst oilseed species (Padley et al., 1994). Saturated fatty acids are undesirable in edible oils because of their hypercholesterolemic effect (Mensink et al., 1994).

A breeding programme focusing on the identification and isolation of safflower variants with reduced levels of saturated fatty acids from safflower germplasm was initiated in 1999. During germplasm evaluation, other interesting seed oil types were identified and incorporated into the selection scheme. The present paper reports the results obtained after two selection-evaluation cycles.

MATERIALS AND METHODS

One hundred and thirty-two safflower (Carthamus tinctorius L.) accessions from the U.S. safflower germplasm collection were screened for the seed oil fatty acid composition in 1999. The analytical procedure and the results of the screening were reported by Velasco and Fernández-Martínez (1999). Several breeding lines were also analysed following the same methodology.

Thirty-one entries were selected for specific fatty acid characteristics after the above-mentioned screening. Between 4 and 8 half seeds from each of the 31 entries were selected and the corresponding plants were grown in pots under uniform environmental conditions in 1999. The plants were self-pollinated by covering the heads with paper bags. Twelve half seeds from each of the harvested plants were analysed for the fatty acid composition of the seed oil as in the previous generation. After these analyses, 22 entries were discarded and the analysed half seeds from each of the remaining 9 entries were allowed to germinate. The corresponding plants were grown in pots in 2000 and self-pollinated as in the previous year. Plants of the Spanish cultivar ‘Rancho’ were used as check. After harvesting, the overall seed oil fatty acid composition of each plant genotype was determined by analysing bulk samples of six seeds per plant. In all, 136 bulk samples were analysed.

RESULTS AND DISCUSSION

Nine lines with contrasting fatty acid profiles have been isolated. Three of them had increased levels of saturated fatty acids. They were the lines CR-50 (developed from accession PI-306686), with high palmitic acid content (>9%), CR-58 (PI-311738), with medium stearic acid content (>4%), and CR-69 (PI-387821), with high stearic acid content (>5.5%). Fig. 1 shows the palmitic and stearic acid contents of the 136 bulk samples analysed in 2000, each one representing an individual plant phenotype. It can be observed that the three lines with increased saturated fatty acid content appear in well-defined clusters.
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Fig. 1. Scatter plot of palmitic acid content versus stearic acid content in 136 individual plant phenotypes from ten safflower lines. The cultivar ‘Rancho’ was used as standard check.

The existence of safflower germplasm with high palmitic acid levels stable across environments was previously reported by Fernández-Martínez et al. (1993), although the degree of variation within accessions was not reported. In the accession PI-306686 we found a range of variation for palmitic acid content between 4.9 and 9.7%. After selection, the line CR-50 exhibited a uniformly high palmitic acid content between 9.2 and 10.2%. Similarly, safflower germplasm with increased levels of stearic acid content, between 5 and 12%, was first reported by Knowles (1965). Ladd and Knowles (1970) found that such increased stearic acid levels were produced by one recessive allele (st) at a single locus. We have identified two different types of increased stearic acid levels (Fig. 1). The line CR-69, which exhibited ranges of variation for this fatty acid between 5.5 and 8.1% in 1999 and between 5.7 and 6.9% in 2000, probably carries the st allele reported by Ladd and Knowles (1970). However, the line CR-58 showed a stearic acid content between 3.4 and 4.5% in 1999 and between 4.4 and 4.9% in 2000. These stearic acid levels are higher than those typical of standard safflower oil (between 2 and 3%) but lower than those reported for the st allele (between 5 and 12%), suggesting that the line CR-58 might carry a different allele for increased stearic acid content. This point will have to be confirmed by a comparative genetic evaluation of both lines.

Four lines were selected for their high or very high oleic acid content (Figs. 2 and 3). The lines CR-6 (PI-560177) and CR-102 (PI-537607) had a high oleic acid content (75 to 81%), whereas the lines CR-9 (PI-401479) and CR-11 (PI-401474) had a very high oleic acid content (>85%) and, additionally, a very low content of saturated fatty acids (<5.5%). Similarly, the lines CR-3 (developed from breeding line HL-190) and CR-142 (W6-866) were selected for their very high linoleic acid content (>85%) and reduced levels of saturated fatty acids (<6.5%). Plants of the cultivar ‘Rancho’, which exhibits standard fatty acid profile, were used as check. Fig. 2 shows the scatter plot of oleic versus linoleic acid content. Fig. 3 represents the total saturated fatty acid content versus oleic acid content of the 136 plant phenotypes evaluated in 2000.
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	Fig. 2. Scatter plot of oleic versus linoleic acid content in 136 individual plant phenotypes from 10 safflower lines.
	
	Fig. 3. Scatter plot of total saturated fatty acid (palmitic+stearic) content versus oleic acid content in 136 individual plant phenotypes from 10 safflower lines


High oleic acid content in safflower germplasm (75-80%) was identified by Knowles and Mutwakil (1963). Very high levels of oleic acid content (>85%) were first reported by Fernández-Martínez et al. (1993), whereas very high linoleic acid content (>85%) was discovered by Futehally and Knowles (1981). In the present work, the very high unsaturated fatty acid levels have been combined with reduced levels of the saturated palmitic and stearic acid.

The initial screening for seed oil fatty acid variability in the germplasm collection (Velasco and Fernández-Martínez, 1999) revealed that total saturated fatty acid content in high oleic acid phenotypes (>70%) ranged from 4.9 to 7.0%. No correlation between oleic and total saturated fatty acid content was observed, i.e. a selection for very high oleic acid content would not result in a concomitant reduction of saturated fatty acid levels. Therefore a simultaneous selection for both criteria was conducted during two generations. The two lines reported here, CR-9 and CR-11, were characterized by an oleic acid content ranging from 85 to 87% and a concentration of saturated fatty acids between 5.0 and 5.5%. Similarly, total saturated fatty acid content in high linoleic acid phenotypes (>55%) ranged from 5.1 to 14.8%. After selection, the line CR-3 exhibited a linoleic acid content between 87 and 88% and a saturated fatty acid content between 5.4 and 5.7%, whereas the line CR-142 had a linoleic acid content between 85 and 87% and a saturated fatty acid content between 5.8 and 6.2%. The lines with reduced saturated fatty acid content, both in very high oleic and very high linoleic acid backgrounds, are of great interest for edible uses of safflower oil, as there is an increasing market demand for oils low in saturated fatty acids on account of the detrimental health implications of these fatty acids (Miller and Vick, 1999).

ACKNOWLEDGMENTS

The authors thank the Western Regional Plant Introduction Station of the USDA for sending us the accessions, Juan Muñoz-Ruz and Emilia Paniagua for collaboration in parts of the work and Antonia Escobar for excellent technical support.

REFERENCES

Dajue, L., Z. Mingde, and V. Ramanatha-Rao (eds). 1993: Characterization and Evaluation of Safflower Germplasm. Geological Publishing House, Beijing.

Fernández-Martínez, J., M. del Río, and A. de Haro. 1993. Survey of safflower (Carthamus tinctorius L.) germplasm for variants in fatty acid composition and other seed characters. Euphytica, 69: 115-122.

Futehally, S. and P.F. Knowles. 1981. Inheritance of very high levels of linoleic acid in an introduction of safflower (Carthamus tinctorius L.) from Portugal. In Proceedings of the First International Safflower Conference, ed. P.F. Knowles. Davis, CA: University of California, 56-61.

Knowles, P.F. 1965. Variability in oleic and linoleic acid contents of safflower oil. Economic Botany, 19: 53-62.

Knowles, P.F. 1989. Safflower. In: Oil Crops of the World, eds. R.K. Downey. G. Röbbelen and A. Ashri. New York: McGraw-Hill, 363-374.

Knowles, P.F. and A. Mutwakil. 1963. Inheritance of low iodine value of safflower selections from India. Econ. Bot., 17: 139-145.

Ladd, S.L., and P.F. Knowles. 1970. Inheritance of stearic acid in the seed oil of safflower (Carthamus tinctorius L.). Crop Sci., 10: 525-527.

Mensink, R.P., E.H.M. Temme, and G- Hornstra, 1994. Dietary saturated and trans fatty acids and lipoprotein metabolism. Ann. Med., 26: 461-464.

Miller, J.F., and B.A. Vick, 1999. Inheritance of reduced stearic and palmitic acid content in sunflower seed oil. Crop Sci., 39: 364-367.

Padley, F.B., F.D. Gunstone and J.L. Harwood, 1994. Occurrence and characteristics of oils and fats. In: F.D. Gunstone, J.L. Harwood, and F.B. Padley (eds), The Lipid Handbook, 2nd Eddition, Chapman & Hall, London, 47-223.

Velasco, L. and J.M. Fernández-Martínez. 1999. Screening for low saturated fatty acids in safflower. Sesame Safflower Newsl., 14: 92-96.

DIRECTORY OF SESAME AND SAFFLOWER WORKERS

This is an additional list to the ones published in previous issues

Zhao, Y.Z.

Oil Crops research Institute

No. 2, Xudong 2nd Road

Wuhan 430062 Hubei Province

CHINA

El-Bramawy, M.A.H.

Faculty of agronomy

Zemedelska 1

61300 Brno

Czech Republic

Anbuselvam, Y.

Dept. of Agricultural Botany, Faculty of Agriculture, Annamalai University

Annamalai Nagar 2

INDIA

Anitha Vasline. Y.

Department of Agricultural Botany

Annamalai University

Annamalai Nagar, 608 002

INDIA

Anjani, K.

Directorate of Oilseeds Research

Rajendranagar, Hyderabad 500 030

INDIA

Arjunan, A.

Department of Agricultural Botany

Agricultural College & Research Institute

Madurai, 625 104

INDIA

Ashok, S.

Department of Agricultural Botany

Agricultural College & Research Institute

Madurai, 625 104

INDIA

Backiyarani, S. 

Dept. of Agricultural Botany

Agricultural College & Research Institute

Madurai, Tamil Nadu

INDIA

Baskaran, P.

Department of Entomology

Faculty of Agriculture Annamalai University

Annamalai Nagar, 608 002, Tamil Nadu

INDIA

Bhadauria, N.K.S.

J.N.K.V.V. Campus

College of Agriculture

Gwalior – 474 002 (M.P.)

INDIA

Bhadauria, N.S.

J.N.K.V.V. Campus

College of Agriculture

Gwalior , 474 002 (M.P.)

INDIA

Bhanudas, H.D.

Coordinated Research Project on Oilseeds

Agril. School Compound

Solapur , 413002

INDIA

Chapaji, K.B.

Coordinated Research Project on Oilseeds

Agril. School Compound

Solapur , 413002

INDIA 

Chattopadhyay, C.

Directorate of Oilseeds Research

Rajendranagar, Hyderabad 500 030

INDIA

Cherukuri, V.R.

Directorate of Oilseeds Research

Rajendranagar Hyderabad

500 030 Andra Pradesh

INDIA

Duhoon, S.S.

All India Coordinated Research Project

Adhartal Jabalpur

482 004 Madhya Pradesh

INDIA

Galande, S.M.

Department of Entomology

Mahatma Phule Krishi Vidyapeeth

Rahuri , 413722 (MS)

INDIA

Gnanamurthy, P. 

Water Technology Centre, Coimbatore

641003 Tamil Nadu

INDIA

Ibrahim, S.M.

Dept. of Agricultural. Botany

Agricultural College & Research Institute

Madurai , 625 104 Tamil Nadu

INDIA

Jakhmola, S.S.

J.N.K.V.V. Campus

College of Agriculture

Gwalior , 474 002 (M.P.)
INDIA

Jaikrishna, P.A.

Coordinatd Research Project on Oilseeds

Agril. School Compound

Solapur , 413002

INDIA 

Kalamani, A.

Dept. of Agricultural. Botany

Agricultural College & Research Institute

Madurai , 625 104.Tamil Nadu

INDIA

Kamble, K.R.

Marathwada Agricultural University

Parbhani

Maharashtra 431 402

INDIA

Kathiresan, G.

Agrl. College & Res. Institute

Trichy 9

INDIA

Kharbade,S.B.

Department of Entomology

Mahatma Phule Krishi Vidyapeeth

Rahuri , 413722 (MS)

INDIA

Kingshlin, M.

Department of Agricultural Botany

Agricultural College and Research Institute

Killikulam‑628252 Tamil Nadu

INDIA

Kolase, S.V.

Department of Plant Pathology and

Agricultural Microbiology

Mahatma Phule Agricultural University

Rahuri,413 722 Dist. Ahmednagar, Maharashtra

INDIA

Kumar, M.

Centre for Plant Breeding and Genetic

TNAU, Coimbatore , 641003

INDIA

Kumaresan, D.

Agricultural College Research Institute

P.G. Hostel 59, Madurai, 625104, Tamil Nadu 

INDIA

Madhan Mohan, M.

Department of Agricultural Botany

Agricultural College & Research Institute

Madurai – 625 104

INDIA

Mahapatra, I.R.

Orissa University of Agric.and Tech.

Qr. No. F-64. UNIT-8. P.O.

Bhubanesware, Orissa 751012

INDIA

Manivannan, N.

Dept. of Agricultural Botany,

Faculty of Agriculture,

Annamalai University 608002

INDIA

Nalini, T.

Department of Agrl. Microbiology,

Faculty of Agriculture, Annamalai University, 

Annamalai Nagar, 608 002

INDIA

Natrajan, N.

Agricultural College and Research Institute

Killikulam Vallanad, 628252

INDIA
Parakhia, A.M.

Gujarat Agricultural University

College of Agriculture

Motibaug, Junagadh, Gujarat 362 001

INDIA

Ponnusamy, K.

Agricultural College and Research Institute

P.G. Hostel, AC&RI

Madurai 625 104 Tamil Nadu

INDIA

Raghavaiah

Directorate of Oilseeds Research

Rajendranagar, Hyderabad 500 030,

INDIA

Raghuwanski, K.M.S.

All India Coordinated Research Project

J.N. Agri. University 

Jabalpur 482 004 Madhya Pradesh

INDIA

Rajavindran, G.

Department of Agricultural Botany

Agricultural College and Research Institute

Killikulam , 628 252 Tamil Nadu

INDIA

Rajendran, C.

Department of Agricultural Botany

Agricultural College & Research Institute

Madurai , 625 104

INDIA

Ramalingam, R.S.

Centre for Plant Breeding and Genetic

TNAU, Coimbatore ,641003,

INDIA

Sakila, M.

Dept. of Agricultural. Botany

Agricultural College & Research Institute

Madurai , 625 104.Tamil Nadu

INDIA

Saravanan, K.

Dept. of Agricultural Botany,

Faculty of Agriculture,

Annamalai Nagar 608002 Annamalai University,

INDIA

Sawant, D.M.

Department of Plant Pathology and

Agricultural Microbiology Mahatma Phule Agricultural University, Rahuri, 413 722 Dist. Ahmednagar, INDIA

Selvamuthukumaran, T.

Department of Entomology, Fac. of Agriculture,

Annamalai University

Annamalai Nagar 608 002, Tamil Nadu

INDIA

Selvanarayanan, V.

Department of Entomology, Fac. of Agriculture,

Annamalai Nagar 608 002, Tamil Nadu

INDIA

Senthil-Kumar, P.

Dept. of Agric. Botany, Fac. of Agriculture

Annamalai University

Annamalai Nagar 2  608002

INDIA

Shrimathi, S.

Agricultural College and Research Institute

Killikulam Vallanad 628252

INDIA

Sivasubramanian, K.

Agricultural College and Research Institute

Killikulam Vallanad 628252

INDIA

Shunmagavalli, N.

Department of Agricultural Botany

Agricultural College and Research Institute

Killikulam, 628252 Tamil Nadu

INDIA

Subbaraman, N.

Centre for Plant Breeding and Genetic

TNAU, Coimbatore ,641003,

INDIA

Subramanian , A. 

Centre for Plant Breeding and Genetic

TNAU, Coimbatore ,641003,

INDIA

Sukanthi, S.

Department of Agrl. Microbiology,

Faculty of Agriculture, Annamalai University,

Annamalai Nagar, 608 002

INDIA

Swain, D.

Orissa University of Agric. And Tech.

Plot no. N/3-398

I.R.C. Village

Bhubanesware 751015 Orissa

INDIA

Thandapani, V. 

Department of Agricultural Botany

Agricultural College & Research Institute

Madurai – 625 104

INDIA

Thangavel, N.

Annamalai University

Saravana Pillaiyar Koil St

Tindivanam 604001 Tamil Nadu

INDIA

Thangavel, P.

Department of Agricultural Botany,

Faculty of Agriculture, Annamalai University,

608002 Annamalai Nagar 2

INDIA

Tholkappian, P.

Department of Agrl. Microbiology

Faculty of Agriculture, Annamalai University

Annamalai Nagar - 608 002

INDIA

Umashankar, P.

Dept. of Agricultural Botany

Faculty of Agriculture

608002, Annamalai University

INDIA

Omidi Tabrizi, A.H.

Seed and Plant Improvement Institute

Karaj

IRAN


Dattijo, S.A.

Kano state Agricultural and Rural 

Development Authority

994 Kano

NIGERIA

Lashari, M.I.

Agriculture Research Institute

P.O. Sindh Agriculture University

Tandojam , 70060

PAKISTAN

Mirza, M.Y.

Pakistan Agri. Research Council

P.O. NIH: Park, Road

Islamabad , 45500

PAKISTAN

2 – 3 days (2.40)





5 – 7 days (5.90)





4 – 5 days (4.50)





9 – 13 days (10.85)









