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FOREWORD

Issue No.18 of the Sesame and Safflower Newsletter includes 17 contributions on sesame, ten on breeding and genetics, five on agronomy and only two on diseases and pests. On safflower, 10 articles have been included dealing with breeding and selection, country reports, agronomy practices and irrigation and entomology. Due to the high number of contributions received, especially on sesame, some interesting contributions, mostly on aspects of breeding and genetics in sesame, could not be considered for this issue because of lack of space but were evaluated and accepted and will appear in issue No 19.

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 coordinating the reception of the articles submitted and Ms. Antonella Vittorini and Sonia Santangelo, assistants, 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 2003

                                                                                           J. Fernández-Martínez

                                                                                                           Editor
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NOTICES TO READERS

Instructions to authors

Please submit your manuscripts - scientific articles, notes, and reports (preferably by email) - 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 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 FAO's Internet site at http://www.ecoport.org. This is a knowledge sharing system 'owned' by the general public. In the Home Portal click on Search Entities and enter either Sesame or Safflower. These sites are under construction and you will see the Editor´s name at the top. By clicking on this you can send comments, corrections or additional information to the Editor who will enter your material after refereeing it.

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).

VIth International Safflower Conference, Istanbul, Turkey (6-10 June 2005)
The first anouncement and call for abstracts has been submitted in August 2003 by the organizers. The second anouncement will be sent on February 2004.

The objective of this conference is to bring scientists, safflower workers, farmers, pharmacists, and vegetable oils and fats industrialists together to learn from each other and exchange information on the state of the art and emerging technologies from world renowned experts in the field of, but not limited to, safflower information. Safflower is a valuable and multipurpose oilseed. Its traditional types contain high linoleic acid associated with the reduction of the cholesterol level in human blood. In addition, recently bred safflower types high in oleic acid are very valuable for cooking oil. Safflower is a source of important chemicals like α-tocopherol and carthamin. Safflower is also an excellent plant for plant breeders who challenge the nature of the crop to produce recently bred safflower types that satisfy a variety of purposes.

The topics (program themes) that this Conferenee will be focused on, but not limited to, are as follows:

● Crop management:

Agronomy and physiology

Resistance to drought and salinity

Biotic and abiotic stress

Pests and diseases

● Genetic solution for future

Genetic resources and improvement

Conventional breeding and hybrid performance

Biotechnology solutions

Major constraints, future research and developmental needs

● Food Chemistry and Technology

Safflower products, nutrition value and health

Medicinal and pharmacological utilization of safflower

Marketing, processing technology and product development

Animal feeding

● Workshop Organization in Edirne (optional)

To receive further information on this Conference contact Dr. Enver Esendal, Trakya University, Tekirdag Faculty of Agriculture, Plant Science Department, Tekirdag 59030 Turkey; Email: enesendal@tu.tzf.edu.tr ; Fax:+90(282)2605705.

The Conference web site is: http://tu.tzf.edu.tr/saffconsix

COMBINING ABILITY STUDIES IN SESAME

1Saravanan, S. and n. Nadarajan2
1Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University

Coimbatore 641003 India

2Department of Agricultural Botany, Tamil Nadu Agricultural University

Madurai - 625 104, Tamil Nadu, India

Abstract

Combining ability in seed yield, yield components and oil content was studied in a 8 x 8 half diallel cross of sesame. Additive genetic variance was of greater importance for days to 50 per cent flowering, plant height, number of primary branches per plant, 1000 seed weight, oil content, photosynthetic rate, harvest index, and phyllody incidence, while non additive genetic variance played a major role for number of capsule per plant, number of seeds per capsule, leaf area index, chlorophyll content, and single plant yield. The variety Co1 was the best general combiner, and the hybrid YLM 123 x AHT 123 emerged as the best specific combiner for seed yield and its components. 

Key words: Sesame, combining ability, gene effects, yield components, phyllody incidence.

INTRODUCTION

The genetic make up of genotypes for quantitatively inherited traits can be well understood by the study of genetic parameters. Combining ability analysis has been utilized to know the nature and extent of gene action controlling the inheritance of yield and its components for obtaining better recombinants. The present study was conducted to estimate the combining ability for twelve traits and also for phyllody incidence in sesame.

MATERIALS AND METHODS

A half diallel set was made in Kharif 2000 using eight genotypes of sesame viz., Co1, VRI 1, TMV 3, SI 3216, SI 42, YLM 123, SVPR 1 and AHT 123 excluding reciprocals. The parents and F1s were evaluated in randomized block design with three replications with 30 x 30 cm spacing at the Agricultural College and Research Institute, Madurai, during Rabi 2000. On 10 random plants from each replication, data were recorded on days to 50 per cent flowering, plant height, number of primary branches per plant, number of capsules per plant, number of seeds per capsule, 1000 seed weight, oil content, photosynthetic rate, leaf area index, chlorophyll content, harvest index, single plant yield and phyllody incidence. Combining ability was analyzed using mean values following Model 1, Method II of Griffing (1956).

RESULTS AND DISCUSSION 

The ANOVA for combining ability for 13 traits in 8 x 8 half diallel set revealed that variances due to the general combining ability (gca) and the specific combining ability (sca) were significant for all the characters studied. The gca variance was greater than the sca variance for eight traits viz., days to 50 per cent flowering, plant height, number of primary branches per plant, 1000 seed weight, oil content, photosynthetic rate, harvest index, and phyllody incidence. This indicates the preponderance of additive gene action for these traits. The sca variance was greater than the gca variance for number of capsules per plant, number of seeds per capsule, leaf area index, chlorophyll content and single plant yield. This revealed the predominance of a dominance gene action for these traits (Table 1).

	Table 1. Analysis of variance for combining ability

	Character
	Mean squares
	gca/sca

	
	gca
	sca
	Error
	

	Days to 50 per cent flowering
	10.47*
	0.90*
	0.13
	11.63:1

	Plant height
	264.07*
	54.18*
	2.69
	4.87:1

	Number of primary branches
	0.59*
	0.58*
	0.03
	1.02:1

	Number of capsules per plant
	185.79*
	289.18*
	1.80
	0.64:1

	Number of seeds per capsule
	25.63*
	68.02*
	2.17
	0.38:1

	1000 seed weight
	0.31*
	0.19*
	0.04
	1.63:1

	Oil content
	4.84*
	3.47*
	0.77
	1.39:1

	Photosynthetic rate
	29.64*
	27.62*
	0.51
	1.07:1

	Leaf area index
	0.06*
	0.09*
	0.008
	0.66:1

	Chlorophyll content
	60.95*
	63.26*
	0.62
	0.96:1

	Harvest index
	15.32*
	6.25*
	0.19
	2.45:1

	Single plant yield
	8.60*
	8.84*
	0.23
	0.97:1

	Phyllody incidence
	61.89*
	20.01*
	11.85
	3.09:1

	* Significant at 5 per cent level.


The estimates of gca effects indicated that the parent Co1 was a good combiner for plant height, number of primary branches, photosynthetic rate, harvest index and single plant yield. The parent SI 3216 may be focused for phyllody resistance. The estimates of gca effects indicated that parent YLM 123 was a good combiner for number of capsules per plant, 1000 seed weight, photosynthetic rate, chlorophyll content, harvest index and single plant yield. The parent SI 42 exhibited significant positive gca effects for plant height, number of primary branches per plant, number of capsules per plant, number of seeds per capsule, 1000 seed weight, photosynthetic rate, chlorophyll content and single plant yield. Significant and positive gca effects were expressed by AHT 123 for number of capsules per plant, 1000 seed weight, oil content, photosynthetic rate and single plant yield (Table 2).

Some of the parents with high mean values exhibited low gca effects and vice versa. Hence both per se and gca effects should be taken into account for parental selection. The parent Co1 was selected as the best one since it had high mean values for four different traits and was also a good general combiner for four yield components. Similarly, SI 3216 and SI 42 are also judged as being very good parents. It is obvious that none of the parents were found to be good for all the traits. Hence, it would be desirable to have multiple crosses involving the parents viz., Co1, SI 3216 and SI 42 and make a selection in the segregating generations to isolate superior genotypes (Table 3).

The specific combining ability (sca) is considered to be the best criterion for the selection of superior hybrids. The cross SI 42 x AHT 123 recorded favourable sca effects for 11 traits, including seed yield. The hybrid YLM 123 x SI 42 showed desirable sca effects for ten traits. 
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	Table 3. Selection of parents based on mean and gca effects

	Character
	Mean
	gca effect
	Mean and gca effect

	Days to 50 per cent flowering
	P3, p4, p7
	P3, P4, P7
	P3, P4, P7

	Plant height
	P1, P6
	P1, P6
	P1, P6

	Number of primary branches 
	P2, P4, P6
	P1, P4, P6
	P4, P6

	Number of capsules
	P4, P6
	P4,P5, P6, P8
	P4, P6

	Number of seeds per capsule
	P6
	P2, P6
	 P6

	1000 seed weight
	-
	P5, P6, P8
	P6

	Oil content
	P7
	P4, P8
	-

	Photosynthetic rate
	P1, P5
	P1, P4, P5, P6, P8 
	P5

	Leaf area index
	-
	P2, P3, P4
	-

	Chlorophyll content
	P4
	P2, P4, P5, P6
	P4

	Harvest index
	P1, P4, P5
	P1, P4, P5
	P1, P4, P5

	Single plant yield
	P1, P7
	P1, P2, P5, P6, P8
	P1

	Overall performance
	P1, P4, P6, P7
	P1, P4, P5, P6, P8
	P1, P4, P6

	P1: CO1; P2: VRI 1; P3 : TMV 3; P4: SI 3216; P5: YLM 123; P6: SI 42; P7: SVPR 1; P8: AHT 123


The crosses VRI 1 x AHT 123 and YLM 123 x AHT 123 were good specific combiners for nine traits. The crosses VRI 1 x TMV 3 and SVPRI 1 x AHT 123 exhibited superior sca effects for phyllody disease. None of the hybrids exhibited superior sca effects for all the characters. However, four cross combinations, namely SI 42 x AHT 123, YLM 123 x SI 42, VRI 1 X AHT 123 and YLM 123 x AHT 123, were identified as superior hybrids (Table 4).

The cross combination YLM 123 x AHT 123 appeared to be the best one for seed yield per plant since it exhibited a significantly positive sca effect and involved parents with high gca. Moreover, this cross combination also exhibited high sca and included at least one parent having good gca for number of primary branches per plant, number of capsules per plant, number of seeds per capsule, 1000 seed weight, photosynthetic rate, chlorophyll content and harvest index. Therefore, the influence of additive and/or additive x additive gene action was observed in this cross combination for seed yield. Similarly, YLM123 x SI 42, VRI 1 x AHT 123 and SI 42 x AHT 123 were also designated as being good cross combinations for seed yield (Table 4).

Though there is a preponderance of additive gene action for most of the characters, the presence of a considerable amount of non additive gene action could not be totally neglected. Ragiba and Raja Reddy (2000) also reported similar results. Edwards et al. (1976) have also stated that, though the major contribution is expected from additive genetic component in a self pollinated crop, dominance is also usually important. Dixit (1976) also recommended reciprocal recurrent selection to utilize additive and non additive gene actions simultaneously in sesame. Population breeding approach in the form of biparental mating (Krishnadoss et al., 1987) followed by modified recurrent selection is likely to result in greater genetic improvement by exploiting both additive and non additive genetic variances.
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IDENTIFICATION OF HETEROTIC CROSSES INVOLVING CYTOPLASMIC-GENIC MALE STERlLE LINES IN SESAME (Sesamum indicum L.)

1Bhuyan, J. and M.K. Sarma2
1Department of Plant Breeding and Genetics 

B. N. College of Agriculture (A.A.U.)

Biswanath Chariali - 784 176 (Assam), India.

2Department of Genetics and Plant Breeding

Institute of Agricultural Sciences

Banaras Hindu University, Varanasi 221005, India

ABSTRACT

Thirty-six hybrid combinations were obtained by crossing three Sesamum malabaricum cytoplasm induced male sterile lines with twelve Sesamum indicun cultivars of a diverse origin. The performance of the hybrids was studied to estimate heterobeltiosis and standard heterosis for seed yield per plant and other related characters. Many of the hybrids exhibited significantly negative heterobeltiosis as well as standard heterosis for days to flowering and maturity indicating possibilities for exploiting heterosis for earliness. The best hybrid was CMS-T6 x SVPR 1, which showed standard heterosis and heterobeltiosis for these traits. Only a few hybrids recorded significant positive heterosis for number of branches per plant and plant height. Many crosses exhibited heterobeltiois and standard heterosis for seed yield, oil content, 1000-seed weight and number of capsules per plant. The cross CMS-C1 x Paiyur 1 exhibited the highest heterobeltiosis and standard heterosis for seed yield per plant followed by CMS-T4 x Paiyur 1 for standard heterosis, and CMS T4 x Si 1525 for heterobeltiosis. The highest standard heterosis and heterobeltiosis for number of capsules per plant were observed in the crosses CMS-C1 x Paiyur 1 and CMS-T6 x Paiyur 1, respectively. CMS-T6 x Si 1528 and CMS-T4 x SVPR 1 exhibited highest standard heterosis and heterobeltiois for test weight and oil content, respectively.

Key words: Sesame, cytoplasmic-genic male sterility, heterobeltiosis, standard heterosis.

INTRODUCTION

Sesame (Sesamum indicum L.) is a highly self pollinated crop. The exploitation of heterosis in this crop is therefore limited by the non availability of a suitable pollination control method to facilitate out-crossing for standard hybrid seed production. Exploring possibilities for the utilisation of male sterility is highly desirable in this regard. Extensive hybridization between S. indicum and its wild relative S. malabaricum followed by genome substitution resulted in the development of four cytoplasmic male sterile (CMS) lines in sesame (Prabakaran et al., 1995; Bhuyan et al.,1997). The development of these male sterile lines was a significant step towards the practical exploitation of heterosis, which is reported to be available in great magnitude in sesame (Dixit, 1976; Anitha and Doriraj, 1991; Ananda Kumar, 1995). In a second step, it is essential to identify useful polIen parents producing heterotic crosses with these CMS lines for developing standard hybrids. Therefore, the present investigation attempted to identify heterotic crosses involving three of the above CMS lines and twelve polIen parents.

MATERIALS AND METHODS

The experimental material consisted of three male sterile lines, viz. CMS-T4, CMS-T6 and CMS-C1, obtained from the Tamil Nadu Agricultural University, Coimbatore, India and eleven Sesamum indicum cultivars of diverse origin, viz. TNAU 12, TNAU 28, Si 1525, Si 1528, Margo 7, ES 12, VRI 1, SVPR 1, Paiyur 1, SP 1181, and Gauri, as well as RT 1 used as standard check. The male sterile lines were developed through substitution of nuclear genome of the Sesamum indicum cultivars viz. TMV-4, TMV-6 and Co-1, respectively, in the cytoplasmic background of S. malabaricum (Bhuyan et al., 1997). They were crossed with the polIen parents mentioned above by hand pollination during summer,1999. The resulting hybrids along with the parents were grown in a randomised block design with three replications during summer, 2000. The best performing recommended variety of the region in terms of seed yield, RT1, was used as standard check to estimate standard heterosis. Normal recommended agronomic practices were followed to raise the crop. Seeds of each genotype were sown in two rows each of three meters length with 40 x 15 cm spacing. Observation on days to flowering, days to maturity, number of branches per plant, plant height, number of capsules per plant, test weight (1000-seed weight), seed yield per plant and oil content were recorded individually on five plants at random in each replication for all genotypes. Heterosis over better parent (heterobeltiosis) and standard heterosis was estimated as per usual procedure and its significance was tested as per Wynne et al. (1970).

RESULTS AND DISCUSSION

The range of heterobeltiosis, standard heterosis and the best heterotic crosses for different characters are presented in Table 1. A wide range of the per se performances of the crosses was observed for all the characters. A greater magnitude of heterobeltiosis (>30%) was observed in many crosses for seed yield per plant, number of capsules per plant and test weight. A large number of crosses exhibited standard heterosis in a desirable direction for different traits under study. The cross CMS-T6 x SVPR 1 exhibited highest negative heterobeltiosis and standard heterosis for days to flowering and days to maturity. Appearance of significant and negative heterosis (both heterobeltiosis and standard heterosis) for days to flowering and maturity indicated the possibility of exploiting heterosis for earliness. For number of branches per plant and plant height, only a few hybrids recorded significant heterobeltiosis as well as standard heterosis in a positive direction. These observations are in contrast to the results of earlier studies indicating positive heterosis for these two characters (Murthy, 1975; Sivaprakash,1986; Reddy and Haripriya, 1993). Highest heterobeltiosis for number of branches per plant was observed in the cross CMS-T6 x SVPR 1 while a standard heterosis for the trait was highest in CMS-T4 x SVPR 1. In the present study 18 different cross combinations showed a significant positive heterobeltiosis for number of capsules per plant, seed yield per plant and oil content. Standard heterosis was also observed for number of capsules per plant , seed yield per plant and oil content in ten, eight and six crosses, respectively. The cross CMS-T6 x Si 1528 exhibited the highest heterobeltiosis for plant height, while the standard heterosis was highest in cross CMS-T6 x Si 1525. For number of capsules per plant, heterobeltiosis and standard heterosis were highest in the cross CMS-T6 x Paiyur 1 and CMS-C1 x Paiyur 1, respectively. The cross CMS-T6 x Si 1528 exhibited both the highest heterobeltiosis and standard heterosis for test weight. For oil content the greatest magnitude of heterobeltiosis and standard heterosis was exhibited by the cross CMS-T4 x SVPR 1. Both heterobeltiosis and standard heterosis was highest for seed yield per plant in the cross CMS-C1 x Paiyur 1 followed by CMS-T4 x Paiyur 1 and CMS-T6 x Paiyur 1.

The eight standard heterotic crosses for seed yield per plant and their performance in other characters are shown in Table 2. The cross CMS-C1 x Paiyur 1, which recorded highest per se performance, heterobeltiosis and standard heterosis in respect of seed yield per plant, also exhibited significant heterobeltiosis in a 
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desirable direction for all other traits. Three out of the best heterotic crosses for seed yield per plant involved the polIen parent Paiyur 1.

The availability of sufficient hybrid vigour in several hybrids in respect of seed yield suggests that a hybrid breeding programme could profitably be undertaken in this crop. With the availability of CMS system in highly heterotic sesame hybrids can be developed in hybrid breeding programmes. Since the hybrids in the present study were produced through hand polIination, future studies for determining the extent of hybrid seed production under natural outcrossing would be helpful to ascertain the prospects of the male sterile lines in commercial hybrid seed production.
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Heterosis For Yield And Yield Components In Sesame (Sesamum Indicum L.)
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Abstract

A line x tester analysis was carried out with ten lines and three testers. These thirteen parents and thirty crosses were used to estimate the heterosis for seven characters, viz. plant height, number of branches per plant, number of capsules per plant, capsule length, number of seeds per capsule, 1000 seed weight and seed yield per plant. The study revealed that the hybrids AUS15 x SVPR1, AUS24 x RT 125 and AUS21 x TC25 were superior hybrids for exploitation of seed yield and other contributing characters. 

Key words: Sesame, Sesamum indicum L., heterosis.

Introduction 

Sesame (Sesamum indicum L.) is one of the important ancient oil seed crops cultivated in India. The productivity of sesame is very low. The average productivity in Tamil Nadu is 314 kg/ha (Kuppuswamy, 2001). In recent years, efforts have been made to improve the productivity of this crop using high yielding varieties. Heterosis is one of the important tools in sesame breeding. Hybrid vigour of even a small magnitude for individual components may have an additive or synergistic effect on the end product (Sasikumar and Sardana, 1990). Therefore, the present study was undertaken to study the extent of heterosis for yield and yield components in sesame.

Materials and methods 

The present investigation on sesame (S. indicum L.) was conducted at the Plant Breeding Farm, Faculty of Agriculture, Annamalai University, Annamalai Nagar during summer and Kharif 2001. Ten lines, viz. AUS4, AUS8, AUS15, AUS16, AUS18, AUS21, AUS24, AUS29, AUS30, AUS32, and three testers viz., RT125, TC25 and SVPR1, with varying agronomic and morphological characteristics were selected. The ten lines and three testers were crossed in a line x tester manner from February 2001 to April 2001 resulting in thirty hybrids. The spacing adopted was 30 cm between rows and 20 cm between plants in a row.

Thirty hybrids and thirteen parents were raised in a randomized block design, replicated three times, during July 2001. Observations were made on parents and hybrids for plant height, number of branches per plant, number of capsules per plant, capsule length, number of seeds per capsule, 1000 seed weight, and seed yield per plant.

The mean values were used for the estimation of relative heterosis (di) (deviation of hybrid from mid parent), heterobeltiosis (dii) (deviation of hybrid form better parent) and standard heterosis (diii) (deviation of hybrid from standard parent) using SVPR1 as check. Significance for heterosis was tested by using ‘t’ test (Wynne et al., 1970).

Results and Discussion

Heterosis was calculated as percent increase over mid-parent, corresponding better parent and standard parent. The range of heterosis and number of crosses showing a desirable heterotic response for the characters studied are presented in Table 1. Table 2 shows the top crosses with the highest relative heterosis, heterobeltiosis and standard heterosis for all the characters studied.

	Table 1. Number of crosses showing a desirable heterotic performance and range of heterosis for yield and yield components.

	
	Plant height
	Number of branches per plant
	Number of capsules per plant
	Capsule length
	Number of seeds per capsule
	1000 seed weight
	Seed yield per plant

	No. of crosses with: 
	
	
	
	
	
	
	

	Desirable relative heterosis
	23
	13
	9
	18
	22
	21
	13

	Heterobeltiosis
	21
	6
	7
	13
	15
	9
	10

	Standard heterosis
	15
	8
	14
	8
	15
	0
	10

	Range of relative heterosis (%)
	-11.38 to 57.05
	-28.57 to 54.55
	-58.94 to 53.40
	-14.63 to 29.99
	-27.14 to 37.34
	-25.02 to 56.30
	-53.27 to 150.22

	Range of heterobeltiosis (%)
	-14.62 to 48.86
	-44.44 to 30.77
	-59.59 to 38.20
	-14.69 to 26.17
	-34.31 to 41.59
	-34.80 to 47.10
	-59.55 to 93.95

	Range of Standard heterosis (%)
	-23.70 to 37.98
	-44.44 to 25.93
	-29.01 to 57.30
	-21.27 to 17.54
	-24.47 to 41.59
	-34.80 to 8.70
	-39.84 to 88.77


The hybrid AUS29 x SVPR1 exhibited maximum positive and significant standard heterosis for the traits number of seeds per capsule and seed yield per plant, while the hybrid AUS15 x RT125 showed maximum positive and significant standard heterosis for number of capsules per plant. The hybrid AUS24 x RT125 showed maximum positive and significant standard heterosis for capsule length. The desirable standard heterosis for number of branches per plant was exhibited by the hybrid AUS18 x SVPR1. The standard heterosis was maximum, positive and significant in AUS16 x TC25 for plant height. Positive and significant standard heterosis for seed yield was already reported by Senthil kumar and Ganesan (2001).

The hybrid AUS4 x TC25 recorded maximum positive and significant heterobeltiosis for seed yield. While the hybrid AUS18 x SVPR1 showed maximum positive and significant heterobeltiosis for number of capsules per plant, the hybrid AUS29 x SVPR1 registered maximum, positive and significant heterobeltiosis for number of seeds per capsule. For the trait 1000 seed weight, the hybrid AUS21 x RT125 showed positive and significant heterobeltiosis. For number of branches per plant, the maximum positive and significant heterobeltiosis was recorded by the hybrid AUS21 x TC25. The hybrid AUS24 x RT125 registered maximum positive and significant heterobeltiosis for capsule length. For plant height, AUS16 x TC25 recorded maximum, positive and significant heterobeltiosis.

Positive and significant heterobeltiosis for seed yield and other yield contributing characters were also reported by Parimala et al. (2001).

	Table 2. Best crosses showing high heterotic vigour for yield and yield components

	Characters
	Hybrids with desirable heterosis

	
	di
	dii
	diii

	Plant height
	AUS15 x RT125
	AUS16 x TC25
	AUS16 x TC25

	
	AUS15 x TC25
	AUS16 x RT125
	AUS16 x RT125

	Number of branches per plant
	AUS21 x TC25
	AUS21 x TC25
	AUS18 x SVPR1

	
	AUS29 x TC25
	AUS18 x SVPR1
	AUS21 x TC25

	Number of capsules per plant
	AUS18 x SVPR1
	AUS18 x SVPR1
	AUS15 x RT125

	
	AUS29 x SVPR1
	AUS29 x SVPR1
	AUS32 x TC25

	Capsule length
	AUS24 x RT125
	AUS24 x RT125
	AUS24 x RT125

	
	AUS15 x TC25
	AUS15 x TC25
	AUS16 x RT125

	Number of seeds per capsule
	AUS29 x SVPR1
	AUS29 x SVPR1
	AUS29 x SVPR1

	
	AUS24 x TC25
	AUS24 x TC25
	AUS24 x RT125

	1000 seed weight
	AUS21 x RT125
	AUS21 x RT125
	-

	
	AUS8 x RT125
	AUS29 x RT125
	-

	Seed yield per plant
	AUS29 x SVPR1
	AUS4 x TC25
	AUS29 x SVPR1

	
	AUS21 x TC25
	AUS29 x SVPR1
	-


From the foregoing discussion, it may be concluded that the hybrid AUS29 x SVPR1 can be rated as the best hybrid based on standard heterosis. It recorded significant and positive standard heterosis for seed yield and number of seeds per capsule. Thus, the above cross can be exploited in subsequent generations to isolate desirable segregants for developing sesamum varieties, as a better response to selection is expected.

References

Kuppuswamy, G. 2001. Agronomic strategies for improving the productivity. In: Natl. Sem. on Sesame Crop Improvement and its Future Prospects. Annamalai Univ., 28th Feb, and 1st March, 2001. p. 3.

Parimala, K., S. Murugan and J. Ganesan. 2001. Genetic architecture and seed yield in sesame (sesamum indicum L.) In: Natl. Sem. on Sesame Crop Improvement and its Future Prospects. Annamalai Univ., 28th Feb, and 1st March, 2001. P. 10.

Sasikumar, B. and S. Sardana. 1990. Heterosis for yield and yield components in sesame. Indian J. Genet., 50(1):87-88.

Senthil Kumar, P. and J. Ganesan. 2001. Heterosis in sesamum (Sesamum indicum L.) In: Natl. Sem. on Sesame Crop Improvement and its Future Prospects. Annamalai Univ., 28th Feb, and 1st March, 2001. P. 11.

Wynne, J.C., D.A. Emery and P.W. Rice. 1970. Combining ability estimates in Arachis hypogea 1. II. Field performance of F1 hybrids. Crop Sci., 10(6):713-714.

GENETIC DIVERGENCE ANALYSIS IN SESAME (Sesamum indicum L.)
Kumaresan, D. and N. Nadarajan

Department of Agricultural Botany

Agricultural College and Research Institute

Tamil Nadu Agricultural University

Madurai - 625 104, Tamil Nadu, India

ABSTRACT

Mahalanobis D2 analysis was used to study the genetic diversity of 53 sesame genotypes. The genotypes were grouped into 19 clusters, with the genotypes from the same area being grouped in the same cluster. Also, some clusters comprised genotypes from different areas. The trait 1000 seed weight contributed most to genetic divergence followed by plant height and single plant yield. More importance should be given to these characters in the selection of parents for further breeding programmes. The clusters XIV and XV showed maximum inter-cluster distance, revealing wide genetic divergence between the clusters. Hence, the genotypes from these clusters may be useful in hybridization programmes.

Key words: Sesame, genetic distance, yield components.

INTRODUCTION

Knowledge on genetic distance is very important in the selection of parents in hybridization programmes for identifying heterotic crosses and obtaining desirable segregants. Rao (1960) and Ramanujam et al. (1974) reported that the  hybrids between genetically diverse parents yielded greater heterosis than those between more closely related parents. Among the several multivariate analyses, the Mahalanobis D2 technique is a unique tool for identifying the degree of genetic divergence in a biological population. The objective of this research was to study the magnitude of genetic divergence, and characters contributing to it, among 53 sesame genotypes using the D2 statistic.
MATERIALS AND METHODS

Fifty-three sesame genotypes were taken for the study and  raised during summer 1999 at the Agricultural College and Research Institute, Madurai in a randomized block design with three replications. Each genotype was raised in two rows 3 m long, adopting a spacing of 30 cm between rows and 15 cm between plants. Normal recommended cultural practices and plant protection measures were followed. Ten competitive plants were randomly selected for recording biometrical measurements on seven traits, viz. days to 50 per cent flowering, plant height, number of branches, number of capsules, 1000 seed weight, harvest index and single plant yield. The data were subjected to multivariate analysis (Rao, 1952). The original mean values were transformed to normalized variables and all possible D2 values were calculated. For determining clusters, the criterion suggested by Rao (1952) was followed. After establishing the clusters, the inter-cluster distances were worked out by taking the average of the component genotypes in that cluster. The average of inter-cluster distance was computed taking into consideration all the component D2 values among the members of the two clusters considered. The square root of D2 values gave the genetic distance (D) between clusters.

RESULTS AND DISCUSSION

The analysis of variance revealed significant differences between the 53 genotypes for all the seven characters studied. The aggregate effects of all the seven characters were tested by the Wilk's criterion, indicating significant differences between the genotypes.  Hence, the analysis of genetic divergence based on D2 values was considered relevant.

The constituents of different clusters with their source are presented in Table 1. Based on D2 analysis, 53 genotypes were grouped into 19 clusters. Cluster I was the largest one with 23 genotypes, followed by cluster II with 11 genotypes and cluster VII with three genotypes. The remaining 16 clusters had only one genotype each. Such a large number of clusters may be due to more genetic divergence between the genotypes tested. In the present study, the clustering pattern indicated that the genotypes from different areas were grouped into one cluster, which could be attributed to the free exchange of breeding materials from one place to another (Verma and Mehta, 1976) and/or due to unidirectional selection practiced by the breeders at different locations (Singh and Bains, 1968). The genotypes from the same area are also scattered into different clusters. Such genetic diversity among the genotypes could be due to heterogeneity, genetic architecture of populations, past history of selection, developmental traits and degree of general combining ability (Murthy and Arunachalam, 1986; Dikshit and Swain, 2000; Ganesh and Thangavelu, 1995; Mahapatra et al., 1993). The intra- and inter cluster D2 and D values among 19 clusters are presented in Table 2. The maximum inter cluster distance was observed between the clusters XIV and XV, indicating a wide divergence among the clusters. The magnitude of heterosis depends largely on the degree of genetic diversity in the parental lines. Therefore, the genotypes from these diverse clusters could be used in a hybridization programme to obtained a broad spectrum of genetic variability in the segregating generations. The minimum inter-cluster distance was observed between clusters VIII and X, suggesting that the genetic constitution of the genotypes in one cluster was in close proximity with the genotypes in the other cluster. Hence, the genotypes from these clusters may not be useful in the hybridization programme.

The characters contributing most to the divergence should be given more importance for the purpose of effective selection and the choice of parents for hybridization. The trait 1000 seed weight contributed most towards genetic divergence followed by plant height and single plant yield. Therefore, more importance should be given to these characters for the selection of parents for further breeding programmes.

Table 1. Distribution of sesame genotypes into different clusters.

	Cluster number
	Number of genotypes
	Genotypes
	Origin

	I
	23
	SI 0584, SI 2630, TMV 6, VS 81, VS 11, SI 996, SI 3257, TMV 4, PSR 1854, S 0574
	Tamil Nadu

	
	
	RT 1051
	Karnataka

	
	
	YLM 40, Madavi I
	Andhra Pradesh

	
	
	ES 12, ES 46, EO 13, ES 351
	USA

	
	
	Gene 9301, OMT 30, Konak
	Orissa

	
	
	IS 43
	-

	
	
	JLSC 50, MTPT 21
	Maharashtra

	
	
	GUN 7
	Gujarat

	II
	11
	AUS 128, IS 37, SI 168, ACV 2
	-

	
	
	RJS 135
	Rajasthan

	
	
	IS 44
	Orissa

	
	
	Annamalai 1, S 0626
	Tamil Nadu

	Table 1. (Cont.)

	Cluster number
	Number of genotypes
	Genotypes
	Origin

	
	
	B 203
	West Bengal

	
	
	Mahasarcharram
	Thailand

	III
	1
	PSR 2977
	Tamil Nadu

	IV
	1
	DPI 424
	Tamil Nadu

	V
	1
	SI 326
	-

	VI
	1
	TN  8467
	Tamil Nadu

	VII
	3
	SI 3178, S 0550
	Tamil Nadu

	
	
	YLM 4030
	Andhra Pradesh

	VIII
	1
	SI 42
	West Bengal

	IX
	1
	SI 3315/11
	Tamil Nadu

	X
	1
	AHT 123
	Gujarat

	XI
	1
	CDM 1
	Manikollai

	XII
	1
	TMV 3
	Tamil Nadu

	XIII
	1
	VRI 1
	Tamil Nadu

	XIV
	1
	SI 212
	Tamil Nadu

	XV
	1
	SVPR 1
	Tamil Nadu

	XVI
	1
	Co 1
	Tamil Nadu

	XVII
	1
	IS 30
	-

	XVIII
	1
	TNAU 28
	Tamil Nadu

	XIX
	1
	PSR 2007
	Tamil Nadu
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INTERPRETATION OF GENOTYPE BY ENVIRONMENT INTERACTION EFFECT ON YIELD IN SESAME (Sesamum indicum L.)
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ABSTRACT

This study was conducted to analyze the genotype by environment (G x E) interaction effect on yield in sesame grown in seven different environments, by using AMMI analysis. Environments accounted for the largest proportion of the sums of squares (91%), followed by G x E (8%) and genotypes (1%). Therefore G x E effects were theoretically eight times more important than G effects. Genotype G2 (Yanghukkae) showed the largest IPCA1 scores, which corresponded to a higher G x E interaction. G3 (Suwon 171) had an IPCA1 scored near zero, indicating that this genotype has a higher stability than others for seed yield. Most environments, except those for Iksan area, showed different G x E effects in different years, which meant that optimal area selection for evaluation of multi-environmental adaptation is a very important factor in sesame breeding programs. According to this experiment, it was concluded that specific genotypes for specific environments are needed in order to maximize grain yield in sesame. 

Key words: Sesame, GxE interaction, AMMI, PCA.

INTRODUCTION

As sesame (Sesamum indicum L.) originated in tropical areas, it is very sensitive to changes in a temperate region such as the Korean peninsula. It has been reported that annual grain yields of sesame in Korea varied depending on locations and years. Therefore the most important target in current sesame breeding programs in this country is to raise new varieties with more stability to cultural environments as well as resistance to diseases. Up to date, most statistical data were analyzed using the classical analysis of variance, which is not effective for a detailed study of the underlying patterns of interactions. Also, no trials to analyze the genotype by environment (G x E) interaction effect on seed yield of sesame have been conducted worldwide.

For a more in-depth analysis of interactions, the additive main effects and multiplicative interaction (AMMI) model has been found to be an effective tool (Zobel et al., 1988). AMMI is especially effective where the assumption of linearity of the response of the genotype to a change in environment is not fulfilled (Zobel et al., 1988; Yan, 1998) this being required in stability analysis techniques (Eberhart and Russell,1966). The AMMI model does not require this assumption. It usually separates the additive main effects from the interaction, which is analyzed as a multiplicative component using a principal component analysis by which the interaction patterns can be analyzed.

The objective of this study was to quantify the G x E interaction effects on yield in different environments in Korea, with the final goal of identifying new sesame varieties with higher stabilities and to select optimal multi-environments for evaluation of sesame adaptation.

MATERIALS AND METHODS

Plant materials and environments

This experiment was conducted at Suwon, Iksan, Taegu, Jinju and Naju areas from 1999 to 2001. Seven varieties and selected lines were used: Yangbaekkae, Yanghukkae, Suwon 171, Suwon 172, Suwon 173, Iksan 16, and Iksan 17. Plot unit was about 12 m2. Black polyethylene films with holes of 30 x 10 cm were mulched and thinned to grow one plant per hole. Fertilizer (N-P2O5-K2O=8-4-9) was applied as basal fertilizer. Soil characteristics at 5 locations were analyzed. pH value ranged from 5.5 to 7.1, organic matter (%) from 0.30 to 0.87, P2O5 from 20.3 to 130.0, K from 0.14 to 1.86, Ca from 2.70 to 5.90 and Mg from 0.87 to 3.23 and cation exchange capacity (mg/100g) ranged from 4.73 to 10.90. 

Table 1. Characteristics of 7 genotypes in 15 environments

	Varieties and lines
	Flowering date
	Maturity date
	Mean yields (kg/10a)

	Yangbaekkae

Yanghukkae

Suwon 171

Suwon 172

Suwon 173

Iksan 16

Iksan 17
	July 24

July 24

July 25

July 26

July 24

July 27

July 26
	September 4

September 5

September 5

September 6

September 5

September 7

September 6
	87

84

91

90

86

81

88


Statistical methods

                                    N

The AMMI model is Yij=μ+gi+ej+Σλkγikδjk+εij  

                                1

where Yij is the yield of i-th genotype in the j-th environment; μ is the grand mean; gi and ej are the genotype and environment deviations from the grand mean, respectively; λk is the eigenvalue of the principal component analysis (PCA) axis k; γik and δjk are the genotype and environment principal components scores for axis k; N is the number of principal components in the AMMI model; εij is the residual term. Genotype and environment PCA scores are expressed as unit vector times the square root of λk 

(genotype PCA   score = λ0.5k δik, environment PCA score =λ0.5k δik, (Zobel et al., 1988))
RESULTS AND DISCUSSION

G x E analysis for yield

The ANOVA for grain yield indicated that the genotypes, environments and G x E were all highly significant (Table 2). Environments accounted for the largest proportion of the sums of squares (91%), followed by G x E (8%) and genotypes (1%) Therefore G x E effects were theoretically 8 times more important than G effects. This means that about 9% of the variation was related to the identification of the highest yielding lines in different environments according to G and G x E ranking. Environmental effects are an important factor to understand plant growth.

Partitioning of G x E indicated that AMMI-4 model described the G x E patterns for yield by the first five IPCA scores using Gollob's F-test (Table 2).

Table 2 Additive main effects and multiplicative interaction (AMMI) analysis of variance for grain yield (kg/ha-1) including four interaction principal component analysis (IPCA) axes

	Source of variation
	df
	Sum of Squares
	SS%
	Mean Squares
	F-test

	Total

Treatment

Replications

Genotype

Environment

G X E

IPCA1

IPCA2

IPCA3

IPCA4

Residual

Error
	314

106

2

6

14

84

19

17

15

13

20

208
	487502.57

466514.04

1102.80

3867.24

423504.48

38039.52

26056.22

4784.22

3766.69

1976.15

1456.24

20988.53
	100

96

0.2

0.8

90.8

8.2

68.5

12.6

9.9

5.2

3.8

4
	4401.08

551.40

644.54

30250.32

452.85

1371.38

281.42

251.11

152.01

72.81

100.91
	**

**

**

**

**

**

**

*




**, * : Significant at 0.05 and 0.01 probability levels.

Biplot of interaction principal components between genotypes and environments

The biplot of the mean grain yield for IPCA1 showed a different reaction according to G x E, genotypes and environments (Fig.1 through 3). The biplot accounted for 69% of the variation in total treatment sums of squares (Table 2). The main effects and their scores are shown in the graph. The scores were used to predict the yield of genotypes in each environment. 

G2 (Yanghukkae) showed the largest IPCA1 score, which was considered as a high G x E interaction. G3 (Suwon 171) was near to zero for the score of IPCA1 by which it was shown to have a higher stability for seed yield than other genotypes.

[image: image9.png]00} 0 AN vl 98¢ 8.1 06 18 €S Y619 00'8¢ 00%§ 1043U0d pejesnun
spua yjoq uo
8z w0l el 8yl 0€S 8EY 009 16§ [79%4 00'€e G1'ee 006} 10 8y} ss0108 W g}, pue joid Jo
apIs yoea woyy smoJ 1noj Buikelds
1an09 8}9|dwiod
28 10} 3 08} 829 08y 059 €51 9e'lL €81 ¥eel 0060 (% 500 @1eoyjawp Ag pamoyioy
% G IYSN) &1 104u00 pejeai]
ueay ) ) Uesjy i ) ]

uespy 2010 10-00 66786 pajood 20-lo 10-00 66-86 pejood 2010 10-00 66-86

Sjuswies |
ueyd
ey 0'g (eu/B) pioik peas

Jad Bim [eoide wo g sad uone|ndod piyde sBessny

piyde samolyes Jo Juawabeuew sy} Joj uoneoidde apionoasul esaydiad o Joay3 | BlgEL




Fig.1. Biplot of interaction principal component axis (IPCA) 1 against mean yield of 7 genotypes. Genotype codes are G1:Yangbaekkae, G2:Yanghukkae, G3:Suwon171, G4: Suwon172, G5 : Suwon173, G6 : Iksan16, G7 : Iksan17 

* Bold line means average yields of 7 genotypes in 15 environments
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Fig. 2. Biplot of interaction principal component axis (IPCA) 1 against mean yield of 15 environments. Environment codes are E1:Suwon(1999), E2:Suwon(2000), E3:Suwon (2001), E4:Iksan(1999), E5:Iksan(2000), E6:Iksan(2001), E7:Daegu(1999), E8:Daegu(2000), E9: Daegu(2001), E10:Jinju(1999), E11:Jinju(2000), E12:Jinju(2001), E13:Naju(1999), E14:Naju(2000), E15:Naju(2001)
The distribution of yield means of environments in the biplot was more widespread than that for genotypes (Fig.2). E2 (Suwon 2000) and E9 (Daegu 2001) showed high scores, which means that they contribute largely to G x E interaction.
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Fig.3. Biplot of interaction principal component axis (IPCA)1 against IPCA2 for yield of 7 genotypes (circles) in 15 environments (lines) 

Fig. 3 shows the biplot of IPCA1 against IPCA2. Genotypes and environments with small G x E were located at the center of both axes. For example, G3 (Suwon171) and G4 (Suwon172) showed relatively smaller G x E effects than G2 (Yanghukkae) and G7 (Iksan17). G1 (Yangbaekkae), G4 (Suwon172) and G6 (Iksan 16) were shown to have similar interaction effects compared to G2 (Yanghukkae) and G5 (Suwon 173). In the case of environments, E8 (Daegu 2000) and E14 (Naju 2000) showed similar interaction effects compared to E9 (Daegu 2001) and E10 (Jinju 1999). Contrarily, E1, E2 and E3 were in the same location (Suwon), but they showed different portions in the plot indicating different G x E patterns in different years and E4, E5 and E6, which were at the same location (Iksan), showed a similar portion through the years, which means similar interaction effects. The AMMI analysis showed G x E effects to be eight times greater than G effects. Therefore, we seriously consider G x E effects in sesame breeding programs. According to AMMI analysis, IPCA1 and IPCA2 accounted for more than 80% of the G x E variation. 
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INHERITANCE STUDIES FOR SEED YIELD IN SESAME
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ABSTRACT

In a 6 x 6 diallel set a combining ability analysis showed that gca and sca variances were significant for all the characters studied. The parent variety RT-46 was the best general combiner for plant height and capsules bearing plant height, while RT-127 was the best for branches per plant, capsules per plant and seed yield per plant. Variety RT-274 was the best general combiner for early flowering followed by RT-54. The crosses RT-46 x RT-274, RT-127 x RT-54 and RT-127 x RT-274 gave a high sca effect and per se performance for seed yield per plant, capsules per plant and capsules bearing plant height. In general, in the expression of high sca effects, all the cross combinations of the parents, namely those with high x high, high x low, medium x low, low x medium and low x low gca effects were involved. For the improvement of the crop, reciprocal recurrent selection is suggested as it can exploit both additive and non additive gene effects.

Key words: Sesame, combinig ability, gene effects, diallel.
INTRODUCTION

A knowledge of the nature of combining ability effects and their resulting variances has a paramount significance in deciding the selection procedure for exploiting either heterosis or obtaining new recombinants of desirable types in sesame (Sesamum indicum L.). It has been commonly experienced that lines with adequate gca effects coupled with reasonably high means tend to result in superior hybrids. In sesame, although several workers investigated combining ability effects (Das and Das Gupta, 1999; Sajjanar et al., 1995) more information is needed. Therefore, the present investigation, 15 F1s of a 6 x 6 diallel set were studied to obtain more information on combining ability.

MATERIALS AND METHODS
The present study is based on a diallel set of six genetically diverse parents, viz. RT-46, RT-293, Gujarat Til-1, RT-127, RT-54 and RT-274. The F1 hybrids along with their parents were grown in a randomized block design with two replications at the Agricultural Research Station, Mandor in 1999. Each plot consisted of a single row with row length of 2 m. The observations were recorded on five random plants from each plot for seven characters including seed yield and yield components. The analysis of combining ability was done by the procedure of outlined by Griffing (1956) for method 2 and model 1.

RESULTS AND DISCUSSION

The mean square for general combining ability (gca) and specific combining ability (sca) were highly significant for all the characters, indicating that both the additive and non additive type of gene effects were involved in the inheritance of these characters. The magnitude of variance due to gca was higher in days to maturity, branches per plant and capsules per plant, suggesting the predominance of additive gene effect for these characters, whereas predominance of non-additive genetic variance was observed for days to flowering, plant height, capsules bearing plant height and  seed yield per plant. Similar findings were reported by Djima (1984).

Table 1. Analysis of variance for combining ability in sesame

	Source
	df
	 Days to flowering 
	Days to maturity 
	Plant height 
	Capsules bearing plant height 
	Branches per plant  
	Capsules per plant
	Seed yield per plant

	Sca
	5
	2.03**
	3.03**
	76.7**
	39.1**
	1.29**
	190.9**
	0.67**

	Sca
	15
	2.33**
	2.91**
	96.4**
	63.6**
	1.24**
	75.7**
	0.72**

	Error
	20
	0.4
	0.7
	7.5
	5.3
	0.05
	4.6
	0.02


** significant at P=0.01 level

The parent variety RT-46 was the best general combiner for plant height and capsules bearing plant height, while RT-127 was the best for branches per plant, capsules per plant and seed yield per plant (Table 2). Variety RT-274 was the best general combiner for early flowering followed by RT-54.

Table 2. Estimates of gca effects of parents

	Genotypes
	Days to flowering 
	Days to maturity 
	Plant height 
	Capsules bearing plant height 
	Branches per plant  
	Capsules per plant
	Seed yield per plant

	RT-46
	0.292
	-0.09
	4.69**
	3.42**
	0.48**
	5.25**
	0.24**

	RT-293
	0.042
	1.21**
	-0.7
	-0.11
	-0.21**
	-2.3**
	-0.15**

	GT-1
	0.792**
	0.08
	-2.01*
	-2.0**
	-0.52**
	-7.6**
	-0.38**

	RT-127
	-0.083
	-0.29
	2.65**
	1.88*
	0.49**
	5.4**
	0.40**

	RT-54
	-0.458*
	-0.29
	-3.68**
	-1.8*
	-0.14*
	-0.76
	-0.17**

	RT-274
	-0.583**
	-0.42
	-0.95
	-1.38
	-0.09
	0.04
	0.06

	S.E.(gi)
	0.20
	0.27
	0.89
	0.74
	0.07
	0.69
	0.04


The top five cross combinations selected on the basis of per se performance exhibited, in general, significantly positive sca effects for all the characters (Table 3). The crosses RT-54 x RT-274 for early flowering, RT-46 x RT-54 and RT-127 x RT-274 for early  maturity and RT-46 x RT-127 for early maturity, as well as high capsules per plant involved high x high and medium x medium parents, indicating that the additive x additive gene effect was predominant in the genetic control of these crosses combinations. In such situations, single plant selection may be practised in segregating generations for isolating superior inbreds.

The cross combination RT-46 x RT-274 appeared to be best for seed yield per plant because this cross combination exhibited a significantly positive sca effect, high per se performance and also involved parents with high x low combining effects. Moreover, this cross combination was also good for plant height, capsules bearing plant height, branches per plant and capsules per plant.

The cross combinations, RT-127 x RT-54 and RT-127 x RT-274, also exhibited a high per se performance and high positive sca effect with one parent having good gca effect for  seed yield per plant, capsules per plant and  capsules bearing plant height. All the crosses identified as promising were high x low or low x high general combiner for seed yield and its component characters. This indicated that a non-additive type of gene action, which is non fixable, was involved in these crosses. In such situations, where both additive and non-additive gene effects govern the traits, it is suggested that a reciprocal recurrent selection may be adopted for rapid improvement.

Table 3. Five top ranking cross combinations selected on the basis of per se performance, sca effect and their gca status

	Cross combinations
	per se performance
	sca effect
	gca status

	Days to flowering
	
	
	

	RT-54 x RT-274
	34.0
	-2.76**
	High x High

	RT-127 x RT-54
	36.0
	-1.27**
	Low x High

	RT-293 x GT-1
	37.0
	1.64**
	Low x Low

	RT-46 x RT-127
	37.0
	-1.01*
	Low x Medium

	GT-1x RT-127
	38.0
	-0.52
	Low x Medium

	
	
	
	

	Days to maturity
	
	
	

	RT-46 x RT-54
	74
	-2.04**
	Medium x Medium

	RT-46 x RT-127
	74
	-2.04**
	Medium x Medium

	RT-127 x RT-274
	74
	-1.91**
	Medium x Medium

	RT-293 x RT-54
	76
	-1.54**
	Low x Medium

	GT-1x RT-54
	75
	-1.41**
	Low x Medium

	
	
	
	

	Plant height
	
	
	

	RT-127 x RT-54
	63.8
	10.67**
	High x Low

	RT-46 x RT-274
	69.8
	11.88**
	High x Low

	RT-293 x RT-274
	65.2
	12.67**
	Low x Low

	RT-46 x GT-1
	67.3
	10.44**
	High x Low

	RT-46 x RT-54
	66.5
	11.3**
	High x Low

	
	
	
	

	Capsules bearing plant height
	
	

	RT-127 x RT-54
	39.2
	11.98**
	High x Low

	RT-127 x RT-274
	32.3
	4.66*
	High x Low

	RT-46 x RT-274
	38.8
	9.62**
	High x Low

	RT-46 x GT-1
	38.3
	9.75**
	High x Low

	RT-46 x RT-127
	36.7
	4.26*
	High x Low

	
	
	
	

	Branches per plant
	
	
	

	RT-293 x RT-54
	4.8
	1.28**
	Low x Low

	GT-1 x RT-54
	4.0
	0.79**
	Low x Low

	RT-293 x RT-274
	4.2
	0.63**
	Low x Low

	RT-293 x GT-1
	4.0
	0.87**
	Low x Low

	RT-46 x RT-274
	6.0
	1.79**
	High x Low

	
	
	
	

	Capsules per plant
	
	
	

	RT-46 x RT-274
	53.8
	10.9**
	High x Low

	RT-46 x RT-54
	45.8
	9.7**
	High x Low

	RT-127 x RT-54
	43.8
	7.4**
	High x Low

	RT-46 x  RT-127
	44.3
	2.01
	High x High

	RT-127 x RT-274
	43.0
	6.0**
	High x Low

	
	
	
	

	Seed yield per plant
	
	

	RT-293 x RT-274
	3.16
	0.94**
	Low x Low

	RT-46 x RT-274
	4.10
	1.49**
	High x Low

	RT-293 x RT-54
	2.50
	0.51**
	Low x Low

	RT-127 x RT-274
	3.7
	0.93**
	High x Low

	RT-127 x RT-54
	3.48
	0.93**
	High x Low

	
	
	
	


The present findings revealed that, in general, the cross combination exhibiting high sca effect and high per se performance involved high x high, high x low, medium x low, and low x low general combiner. Thus for the improvement of the sesame crop reciprocal recurrent selection is suggested as it can exploit both additive and non additive gene effects.
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INFLUENCE OF GAMMA-RAY AND SODIUM AZIDE ON GERMINATION AND SEEDLING GROWING IN SESAME
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ABSTRACT

Three sesame varieties were treated with gamma-rays 60Co source with doses of 0, 20, 30 krad followed by sodium azide (NaN3) with concentrations of 0, 5, 10 mM. The treated seed germination and the first pair leaf length and width were observed. The results showed that different gamma-ray doses and NaN3 concentrations had a different influence on sesame.

Key words: Sesame, gamma-ray, sodium azide.

INTRODUCTION

Plant-induced mutation is an effective method for increasing genetic variability and developing new varieties. In sesame, many mutants and varieties have been obtained by gamma-ray or chemical mutagens (Ashri, 1998; Chul et al., 1995; Kobayashi, 1986; Murty et al., 1989). However, it has rarely been reported for induced mutation by the treatments of a combination of gamma-ray and NaN3 in sesame. The present experiment was carried out to study the influence of gamma-ray and sodium azide on germination and seedling growing in sesame and to provide a scientific basis for sesame mutation breeding.

MATERIALS AND METHODS

Three sesame varieties, Yuzhi 4, Zhong 97-413 and AE0809936, were treated by gamma-rays followed by sodium azide. The gamma-ray doses were 0, 20 and 30 krad (kR) and NaN3 concentrations 0, 5 and 10 mM in Sorenson phosphate buffer solution. The dose 0 kR gamma-ray + 0 mM NaN3 was considered as control. The procedure of NaN3 treatment was as follows: Presoaking sesame seeds for four hours, soaking for 15 hours under room temperature, NaN3 treating for 10 hours and finally washing for 10 hours under flowing tap water.

The treated seeds of each variety were sown in a field in a randomized block design with three replications and two rows (100 seeds) each plot 2.5 m long. After sowing, polyethylene film mulch was used to cover the field against the heavy rain. Three days later when the seeds germinated, the mulch was removed. The number of germinated seeds in each plot was recorded at five days after sowing and seedling height, the first pair leaf length and width of ten randomly selected plants in each plot at 15 days after sowing, were measured.

RESULTS AND DISCUSSION

1. Influence of different treatments on seed germination

The number of seedlings from each plot at 5 days after sowing is shown in Table 1. The results indicated that gamma-ray and NaN3 had some influence on seed germination but different varieties had a different response. For variety Yuzhi 4, gamma-ray or NaN3 had a non-significant difference with check, but their combinations had a significant one. The germination rates in 20 kR + 10 mM, 30 kR + 5 mM and 30 kR + 10 mM treatments were only 54.3%, 57.7% and 45.7%, respectively. Variety Zhong 97-413 was the most sensitive to gamma-ray, NaN3 or their combinations. All the treatments had a significant difference with check and the influence of NaN3 was bigger than that of gamma-rays. AE0809936 had a similar tendency that Zhong 97-413, but the influence of NaN3 was not as important as in Zhong 97-413 and the germination rate was less than 60 percent in 30 kR + 5 mM and 30 kR + 10 mM treatments.

	Table 1. Comparison of germination rate in three sesame varieties

	Treatments
	Varieties

	
	Yuzhi 4
	Zhong 97-413
	AE0809936

	
	I
	II
	III
	Mean
	I
	II
	III
	Mean
	I
	II
	III
	Mean

	0kR+0mM (check)
	93
	95
	96
	94.7a
	96
	98
	97
	97.0a
	97
	98
	100
	98.3a

	0 kR+5 mM
	89
	92
	91
	90.7ab
	54
	51
	50
	51.7c
	76
	72
	73
	73.7c

	0 kR+10 mM
	94
	91
	92
	92.3a
	54
	48
	51
	51.0c
	73
	75
	70
	72.7cd

	20 kR+0 mM
	92
	94
	91
	92.3a
	78
	80
	77
	78.3b
	87
	89
	90
	88.7b

	20 kR+5 mM
	86
	88
	88
	87.3b
	46
	49
	48
	47.7c
	72
	69
	70
	70.3cd

	20 kR+10 mM
	54
	52
	57
	54.3d
	53
	51
	50
	51.3c
	70
	69
	67
	68.7d

	30 kR+0 mM
	92
	92
	91
	91.7ab
	77
	76
	74
	75.7b
	92
	91
	92
	91.7b

	30 kR+5 mM
	55
	60
	58
	57.7c
	48
	50
	47
	48.3c
	58
	57
	54
	56.3e

	30 kR+10 mM
	47
	44
	46
	45.7e
	50
	47
	51
	49.3c
	45
	48
	48
	47.0f

	* Different letter denoted difference at 1 percent level.


2. Influence of different treatments on plant height

The plant height of three varieties at different treatments was measured at 15 days after sowing. Table 2 showed that the varieties and treatments varied in plant height. For Yuzhi 4, gamma-rays and NaN3 and their combinations induced an increase in plant height except treatment of 20 kR + 0 mM. For Zhong 97-413, NaN3 increased the plant height but gamma-rays, 30 kR + 5 mM and 30 kR +10 mM slightly reduced it. For AE0809936, gamma-rays, NaN3 and the combinations had no obvious difference.

3. Influence of different treatments on length and width of the first leaf

The first leaf length and width of 10 random plants from each plot were measured at 15 days after sowing. It was observed that the leaf length had no significant differences between the treatments in all three varieties except 0 kR + 5 mM and 30 kR + 10 mM in Zhong 97-413 and 30 kR + 10 mM in AE0809936. However, a significant difference existed in leaf width. For Yuzhi 4, gamma-rays slightly increased the width and NaN3 reduced it. The leaf width had no obvious difference except 30 kR + 5 mM in Zhong 97-413 and 30 kR + 10 mM in AE0809936 (Table 3).

Table 2. Plant height at 15 days after sowing (cm)

	Treatments
	Varieties

	
	Yuzhi 4
	Zhong 97-413
	AE0809936

	
	I
	II
	III
	Mean
	I
	II
	III
	Mean
	I
	II
	III
	Mean

	0KR+0mM CK
	4.90
	4.89
	5.27
	5.02b
	5.99
	6.24
	5.72
	5.98bc
	7.01
	7.35
	7.24
	7.20a

	0 KR+5 mM
	5.36
	5.48
	5.98
	5.61ab
	6.31
	6.49
	6.14
	6.31ab
	6.61
	6.21
	6.66
	6.49b

	0 KR+10 mM
	6.43
	5.71
	5.94
	6.03a
	6.68
	6.53
	6.62
	6.61a
	6.53
	6.54
	6.28
	6.45b

	20 KR+0 mM
	5.40
	5.02
	4.85
	5.09b
	5.30
	5.47
	4.82
	5.20e
	6.20
	6.61
	6.18
	6.33b

	20 KR+5 mM
	5.96
	6.25
	5.64
	5.95a
	6.37
	6.43
	6.14
	6.31ab
	6.39
	6.16
	6.07
	6.21b

	20 KR+10 mM
	6.14
	5.78
	5.68
	5.87a
	5.87
	5.98
	5.86
	5.90bc
	6.39
	5.99
	5.85
	6.08b

	30 KR+0 mM
	6.44
	5.94
	5.74
	6.04a
	6.21
	5.92
	5.53
	5.89bc
	6.26
	6.26
	6.75
	6.42b

	30 KR+5 mM
	5.72
	5.94
	6.42
	6.03a
	5.34
	5.24
	5.27
	5.28de
	6.26
	6.38
	5.96
	6.20b

	30 KR+10 mM
	6.18
	5.78
	5.75
	5.90a
	5.73
	5.55
	5.75
	5.68cd
	5.63
	5.84
	6.33
	5.93b

	* Different letter denoted difference at 1 percent level.


	Table 3. Length and width of the first leaf at 15 days after sowing (cm)



	Treatments
	Varieties

	
	Yuzhi 4
	Zhong 97-413
	AE0809936

	
	I
	II
	III
	Mean
	I
	II
	III
	Mean
	I
	II
	III
	Mean

	Leaf length

	0KR+0mM CK  
	4.18
	4.00
	4.19
	4.12a
	4.55
	4.78
	4.38
	4.57a
	4.34
	4.26
	4.63
	4.41a

	0 KR+5 mM    
	3.80
	3.97
	4.19
	3.99a
	4.34
	4.44
	4.21
	4.33b
	4.30
	4.42
	4.55
	4.42 a

	0 KR+10 mM 
	4.28
	3.97
	3.98
	4.08a
	4.50
	4.26
	4.65
	4.47a
	4.41
	4.35
	4.09
	4.28 ab

	20 KR+0 mM   
	4.23
	4.24
	4.09
	4.19a
	4.41
	4.64
	4.28
	4.44ab
	4.22
	4.52
	4.53
	4.42 a

	20 KR+5 mM   
	4.09
	4.21
	4.07
	4.12a
	4.35
	4.32
	4.43
	4.37ab
	4.01
	3.75
	3.90
	3.89 b

	20 KR+10 mM  
	4.28
	3.96
	3.94
	4.06a
	4.47
	4.52
	4.24
	4.41ab
	4.27
	4.02
	3.85
	4.05 ab

	30 KR+0 mM   
	4.23
	4.26
	4.19
	4.23a
	4.47
	4.31
	4.31
	4.36ab
	4.47
	4.34
	4.46
	4.42 a

	30 KR+5 mM   
	4.06
	4.49
	4.30
	4.28a
	4.08
	4.08
	4.05
	4.07ab
	4.05
	4.05
	3.87
	3.99 b

	30 KR+10 mM  
	4.03
	3.91
	4.04
	3.99a
	4.29
	4.02
	4.26
	4.19b
	3.29
	3.38
	3.46
	3.38 c

	Leaf width

	0KR+0mM CK  
	2.78
	2.78
	2.86
	2.81abc
	2.95
	3.08
	2.64
	2.89ª
	2.67
	2.57
	2.84
	2.69a

	0 KR+5 mM
	2.46
	2.58
	2.69
	2.58cd
	2.64
	2.57
	2.46
	2.56bc
	2.53
	2.63
	2.78
	2.65ab

	0 KR+10 mM
	2.64
	2.52
	2.55
	2.57cd
	2.71
	2.55
	2.81
	2.69ab
	2.58
	2.66
	2.47
	2.57ab

	20 KR+0 mM
	2.83
	2.83
	2.84
	2.83ab
	2.88
	2.82
	2.73
	2.81ab
	2.57
	2.85
	2.68
	2.70a

	20 KR+5 mM
	2.53
	2.54
	2.51
	2.53d
	2.62
	2.52
	2.66
	2.60abc
	2.42
	2.14
	2.42
	2.33bc

	20 KR+10 mM
	2.74
	2.50
	2.49
	2.58cd
	2.52
	2.64
	2.41
	2.52bc
	2.60
	2.46
	2.38
	2.48ab

	30 KR+0 mM
	2.85
	2.92
	2.96
	2.91a
	2.83
	2.64
	2.66
	2.71ab
	2.75
	2.45
	2.59
	2.60ab

	30 KR+5 mM
	2.51
	2.75
	2.77
	2.68bcd
	2.36
	2.42
	2.35
	2.38c
	2.33
	2.48
	2.27
	2.36abc

	30 KR+10 mM
	2.59
	2.49
	2.68
	2.59cd
	2.65
	2.51
	2.65
	2.60abc
	2.10
	2.17
	2.11
	2.13c

	* Different letter denoted difference at 1 percent level.
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INDUCED CHLOROPHYLL MUTATION STUDIES IN SESAME (Sesamum indicum L.)
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ABSTRACT

The effectiveness and efficiency of gamma rays and EMS in relation to chlorophyll mutations were studied in two varieties of sesame (Sesamum indicum L.) viz., SVPR 1 and Co 1, in M2 generation. Four types of chlorophyll mutants namely, xantha, chlorona, striata and xantha viridis were observed. Xantha viridis was observed in maximum proportion followed by chlorina and striata in both the varieties. Gamma rays were found to be more efficient and effective than EMS in both the varieties. The effectiveness and efficiency of both the mutagens was higher in SVPR 1 than in Co 1.

Key words: Sesame, (Sesamum indicum L.), mutagen, chlorophyll mutant, mutagenic effectiveness and efficiency.

INTRODUCTION

The mutation breeding technique is one of the most effective techniques of plant improvement. In mutagenesis, the choice of the mutagen is the most important factor and various methods have been developed to ascertain the most effective and efficient mutagens and mutagenic treatments for the induction of desirable characters in a cultivated crop. The chlorophyll mutation rate is conveniently being used as a preliminary index of the effectiveness of the mutagens and mutability of the variety which in turn could be helpful to realize the spectrum of desirable mutations in the treated populations. It also serves as a good index for determining the doses of different mutagens. The present research deals with the observations on effectiveness and efficiency in terms of seedling injury, lethality and pollen fertility in M1 generation and chlorophyll mutations in M2 generation in sesame (Sesamum indicum L.) induced by gamma rays and EMS.

MATERIALS AND METHODS

Two genotypes SVPR 1 (white seeded) and Co 1 (black seeded) of sesame were treated with the two mutagens viz., gamma rays and EMS. Two hundred well filled dry seeds were sealed in polythene bags and exposed to 30 to 70 krad doses of gamma rays from 60Co source at Indira Gandhi Centre for Research, Kalpakkam, Tamil Nadu. Another set of two hundred seeds of each variety, for each treatment were presoaked in distilled water for four hours and then treated with different concentrations of EMS ranging from 0.8 to 1.6 per cent for three hours. After the treatment, the seeds were thoroughly washed with tap water ten times. The treated seeds along with their respective controls were sown immediately in the field to raise the M1 generation with two replications in a randomised block design. The M2 generation was raised from individual M1 plants. In M2 generation, chlorophyll mutants were scored in seven to fifteen day old seedlings and chlorophyll mutants were classified following the classification of Gustafsson (1940). The chlorophyll mutation frequency was calculated on M1 plant and M2 seedling basis.  Segregation frequency was calculated as:

	Average number of mutant seedlings/plant
	X 100

	Average number of M2 seedlings
	


The mutagenic effectiveness and efficiency were estimated following the method of Konzak et al. (1965). 

	Mutagenic effectiveness =
	M x 100

	
	Krad (or) ct


Where,

M
- chlorophyll mutation frequency for 100 M2 plants.

c
- concentration of mutagen in per cent for chemical mutagen.

krad
- dose of mutagenic radiation in kilorad for physical mutagen.

t
- duration of the treatment (for chemical mutagen only)

Mutagenic efficiency      =
  M x 100 / L; M x 100 / I;  M x 100 / S

Where, 

M
- chlorophyll mutation frequency for 100 M2 plants.

L
- Percentage of lethality.

I
- Percentage of injury.

S   - Percentage of sterility. 

RESULTS AND DISCUSSION 

The most extensive studies aimed to alter the spectrum of mutations and to achieve some degree of spectrum of mutagen specificity in higher plants have been carried out with the chlorophyll deficient mutations because of their ease in detection and frequent appearance following mutagenic treatment (Nilan, 1967). This was successfully procured through the following:

Frequency of chlorophyll mutants

The number of plants which segregated for chlorophyll deficiency on the basis of M1 plant and M2 seedlings is computed and presented in Table 1. The frequency of chlorophyll mutation in genotype SVPR 1 varied from 0.02 (50 krad) to 0.08 per cent (30 krad) on M1 plant basis and from 0.009 (30 krad) to 0.069 per cent (40 krad) on M2 seedling basis for gamma rays. For EMS treatments, the range was from 0.01 (1.2% EMS) to 0.06 per cent (1.6% EMS) on M1 plant basis and 0.002 (0.8 and 1.2% EMS) to 0.029 (1.6% EMS) on M2 seedling basis. No clear trend could be observed for number of chlorophyll mutants in gamma rays, as there was a decline at 50 krad with a sudden increase at 60 krad, followed by a gradual increase at 70 krad. In EMS also, the frequency values followed an irregular trend.  

In genotype Co 1, the frequency rate showed a decreasing trend with an increase in dosage of gamma rays on both M1 plant and M2 seedling basis and this was maximum in 30 krad on both M1 plant and M2 seedling basis. In the case of EMS, the frequency rate followed an increasing trend up to 1.4 per cent on both M1 plant and M2 seedling basis. The maximum value was recorded by 1.4 per cent. When comparing the two mutagens, gamma rays induced a greater magnitude of chlorophyll mutants than EMS in both the varieties. Between the two genotypes, SVPR1 registered a higher frequency rate than Co1. The frequency of 
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chlorophyll mutants in general was low in this crop which may be due to the fact that oil seed crops are resistant to induced chlorophyll mutations as reported by Rajan (1969) and Rangaswamy (1973). It may be further attributed to the elimination of gametes carrying mutations or to zygote inviability.

Spectrum of chlorophyll mutants

The relative proportion of chlorophyll mutants is presented in Table 1. The following different kinds of chlorophyll mutations were identified in accordance with the classification of Gustafsson (1947): a) Chlorina: Seedlings pale, dull green yellow (Lethal); b) Xantha: Seedlings straw yellow or pale yellow (Lethal); c) Striata: Longitudinal streaks of white/yellow on leaves (viable); d) Xantha viridis: Initially yellow and later becomes normal plants (viable). In SVPR 1, both gamma rays and EMS treatments recorded the maximum number of xantha viridis. The relative percentage of this mutant varied from 13.89 (40 krad) to 71.43 per cent (50 krad) in gamma rays and from 44.44 (1.6 %) to 100 per cent (1.2 %) in EMS treatments. Chlorina occurred in all the treatments of gamma rays in a larger proportion. In EMS treatments, 1.4 % and 1.6 % registered a higher proportion of striata. In Co 1, between the four chlorophyll mutants, xantha viridis was found to be the maximum followed by chlorina and striata in gamma ray irradiated populations. They appeared in all the dosages of gamma-rays except 70 krad in which 100 per cent of xantha viridis was observed. Xantha occurred only at lower concentrations/dose of EMS and gamma rays. In the EMS treated population, the chlorina type of mutant occurred more frequently than other types. The reason for the appearance of a greater number of xantha viridis type may be attributed to the involvement of polygenes in chlorophyll formation (Gaul, 1964).

Mutagenic effectiveness

The data on mutagenic effectiveness and efficiency are presented in Table 2. Mutagenic effectiveness denotes the frequency of mutations induced by a unit dose of mutagen (factor mutations/ dose). Gamma rays at 40 krad (4.03%) in SVPR 1 and at 50 krad (8.90%) in Co 1 were found as the most effective dose. In the case of EMS, the maximum effectiveness was observed at 0.8 and 1.4 per cent concentrations in SVPR 1 and Co 1 respectively. In general, gamma rays were found as being more effective than EMS in both the genotypes.

Mutagenic efficiency

Mutagenic efficiency is a measure of the proportion of mutation in relation to undesirable changes like sterility, injury and survival, etc. In SVPR 1, the mutagenic efficiency was observed to be maximum at 70 krad on seedling survival basis (9.80%) and 40 krad on both injury (6.68%) and sterility basis (40.76%) (Table 2). In the case of EMS, it was maximum at 0.8% EMS on survival (22.2%), injury (6.86%) and sterility (78.17%) basis. In Co 1, it was found maximum at 50 krad on survival basis (22.25%) and at 30 krad on injury (11.49%) and sterility (30.33%) basis in gamma ray treatments. In EMS, the maximum efficiency was at 1.6 per cent on injury basis and at 1.2 per cent on sterility basis. The efficiency based on sterility basis was more than the efficiency based on lethality and injury basis. This indicated that it reduced fertility to a smaller magnitude.

Between the two mutagens, the gamma-ray was found to be more effective and efficient than EMS. The effectiveness and efficiency of both the mutagens were more in SVPR 1 than Co 1. The higher mutagenic effectiveness and efficiency at lower doses is due to the fact that the biological damage increased at a faster rate in higher doses than the mutations.
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DEVELOPMENT OF MALE STERILITY SYSTEM IN SESAME (Sesamum indicum L.)
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ABSTRACT

Hybrid breeding in sesame is yet to be realized due to the lack of economic means of hybrid seed production. Induction of genic male sterility system coupled with natural honey bee activity can provide an effective tool for hybrid seed production in sesame. An attempt was made to induce genic male sterility system through chemical mutagen. Three male sterile lines have been developed and maintained through sib mating. The male sterility system was found to be unstable in sesame. Stable male sterile lines are to be selected through repeated selection.

Key words: Sesame, hybrid breeding, genic male sterility system.
introduction

Sesame (Sesamum indicum L.) is one of the most important oilseed crops cultivated in India. Hybrid breeding is one of the best methods to increase productivity in sesame. Though heterosis was reported as early as 1945 by pal, as of today, the commercial exploitation of heterosis is not feasible due to the lack of economic means of hybrid seed production. The male sterility system becomes an effective tool for hybrid seed production. An attempt was made to induce genic male sterility in sesame (Ganesan, 2001).

materials and methods

Sesame seeds of Annamalai 1 were treated with 1.0 per cent EMS for two hours and sown in randomized block design with three replications at Plant Breeding Farm, Annamalai University during 1997. At flowering stage, pollen studies were made with one per cent acetocarmine method. Randomly selected plants with more than 60 per cent pollen sterility were advanced to M2 generation on single plant basis.

All the M2 plants were tested at flowering stage for pollen sterility by one per cent acetocarmine method and classified as male fertile and  male sterile based on the pollen morphology and stainability. Fully developed and red stained pollen grains were treated as fertile while shrivelled and unstained pollen grains were grouped as sterile.

results and Discussion

The detailed studies on M2 generation showed that out of 15200 plants tested, only three plants were found to be completely male sterile. These three male sterile plants produced few capsules. On sib mating, they were named as ms 8A, ms 14A and ms 15A. The results showed that there was a general reduction in the values of all the biometrical characters when compared to the wild parent (Table 1). Moreover, male sterile plants produced small flowers, small brown empty anthers containing sterile/no pollen (Table 2) (Figs. 1 and 2) confirming other reports (Ganesan, 1995).

Table 1. Biometrical characters of male sterile lines in sesame

	Characters
	Male sterile lines

	
	Annamalai (wild parent)
	ms 8A
	ms 14A
	ms 15A

	Plant height (cm)
	115.60
	81.53
	79.67
	84.47

	Branches per plant
	7.65
	4.80
	5.80
	4.93

	Capsules per plant
	90.43
	29.47
	24.27
	34.23

	Seeds per capsule
	55.60
	35.07
	26.33
	30.47

	1000 seed weight (g)
	2.92
	1.89
	1.71
	1.83

	Seed yield per plant (g)
	10.55
	5.21
	3.80
	3.95

	Oil content (%)
	52.00
	46.20
	48.10
	44.60


Table 2. Floral characters of male sterile lines in sesame

	Characters
	Male sterile lines

	
	Annamalai(wild parent)
	ms 8A
	ms 14A
	ms 15A

	Flower length (cm)
	3.56 
	1.82
	2.00
	1.96

	Flower breadth (cm)
	1.72
	1.00
	0.98
	0.90

	Long filament (cm)
	1.80
	0.62
	0.70
	0.64

	Short filament (cm)
	1.42
	0.54
	0.64
	0.58

	Anther size (mm)
	6.20
	2.1
	2.0
	1.98

	Anther colour
	Whitish yellow
	Brown
	Brown
	Brown

	Pollen
	Normal
	Shrivelled
	Shrivelled
	Shrivelled

	Stainability 
	Stained
	Unstained
	Unstained
	Unstained


It was interesting to note that on sib pollination, male sterile plants produce fewer capsules in comparison to open pollination. Further, sib mated progenies failed to produce equal numbers of male sterile and male fertile plants. The frequency of male sterile plants was always lower than the expected level indicating that induced ms genes for genic male sterility system have not attained stability in their expression. However, earlier workers reported that the male sterility system was stable in all environments (Osman and Yermanos 1982; Wang et al., 1993).
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Figure 1: Flower size in sesame


Figure 2: Stamens size in sesame



Left: Normal flower



Left:  Normal flower



Right: Male sterile flower



Right: Male sterile flower
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MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF SESAME (Sesamum indicum L. and S. mulayanum L.)
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ABSTRACT

Fifty one accessions belonging to two species of sesame viz., Sesamum indicum and S. mulayanum were characterised using the descriptors published in catalogue of IBPGR/NBPGR. Great variability was observed for all the quantitative and biochemical characters studied. Based on D2 values, 51 genotypes were grouped into three clusters. Oil content, followed by 100 seed weight and capsules per plant, contributed most to total genetic divergence. Extreme variability in both directions for protein and oil content was observed in S. mulayanum indicating that accessions belonging to this species can be utilised for improvement of these characters.

Key words: Sesame species, Sesamum indicum, S. mulayanum, biochemical characterization.

INTRODUCTION

Sesame (Sesamum indicum L.)is an important oil seed crop being cultivated in the tropics and the temperate zone of the world for its edible oil, protein content and quality, vitamins and aminoacids. Sesame has received increasing interest as a source of good quality vegetable oil with antioxidative constituents, (i.e) sesaminol, seamolinol, tocopherol and as an excellent source of protein in developing countries. India ranks first in the world accounting for 37% of area and second in production with 28%. Though India is the largest producer of sesame, productivity is low due to its cultivation in sub marginal lands and the non-availability of good hybrids and varieties with resistance to biotic and abiotic stresses. Hence, high yielding varieties or hybrids with good plant characters and with high oil and protein content are needed. For an effective formulation of breeding programmes, native races, elite lines, varieties, wild species have to be characterized for all morphological, biochemical characters and resistance to various stresses. A further quantitative estimation of the genetic diversity available in different genotypes helps the breeder to choose diverse parents for creating variability. This study includes morphological and biochemical characterisation in two species (S. indicum L. and S. mulayanum) and a study of relationships using the cluster analysis.

MATERIAL AND METHODS

Fifty one accessions  (two exotic and 49 indigenous) belonging to two species of sesame viz., Sesamum indicum and S. mulayanum were obtained from NBPGR, Regional Station, Trichur and were grown during Kharif 2000-2001 at TNAU, Coimbatore, India. The accessions studied are listed in Table 1. 

Each accession was sown in two rows of 4 m long at a spacing of 30 x 15 cm using a randomised block design with two replications. Observations were recorded for sixteen characters before and after maturity stages using the descriptors for sesame published in catalogue of IBPGR/NBPGR. Seven qualitative characters (2 vegetative and 5 reproductive), 5 quantitative characters and two biochemical characters were recorded randomly from 5 plants in each accession and an analysis was carried out. Three capsules from each plant were measured for capsule length and 10 capsules per plant were counted for seeds/capsule. Oil estimation (%) was carried out on dry weight basis by NMR technique and crude protein (%) estimation on dry weight basis was carried out by analysing the nitrogen content. Genetic divergence was estimated using Mahalanobis D2 statistic. The coefficient of variation was estimated as per Burton (1952). 

	Table 1. Entry number of accessions of sesame

	Entry No.
	Entry Name
	Entry No.
	Entry name

	S. indicum
	
	
	

	1
	IC 204123
	27
	IC 199431

	2
	IC 204168
	28
	IC 204632

	3
	IC 204183
	29
	IC 204830

	4
	IC 204628
	30
	IC 208653

	5
	IC 204682
	31
	IC 208655

	6
	IC 199434
	32
	IC 199437

	7
	IC 199435
	33
	IC 205261

	8
	IC 199438
	S. mulayanum
	

	9
	IC 127278
	34
	EC162238

	10
	IC 127324
	35
	EC132828

	11
	IC 127325
	36
	IC 132096

	12
	IC 205782
	37
	IC 199429

	13
	IC 132387
	38
	IC 208672

	14
	IC 132395
	39
	IC 208675

	15
	IC 204822
	40
	IC 209677

	16
	IC 204827
	41
	IC 204703

	17
	IC 205091
	42
	IC 199443

	18
	IC 205529
	43
	IC 199445

	19
	IC 205556
	44
	IC 132522

	20
	IC 204997
	45
	IC 204653

	21
	IC 205059
	46
	IC 204832

	22
	IC 205071
	47
	IC 204997

	23
	IC 248302
	48
	IC 205595

	24
	IC 260705
	49
	IC 205776

	25
	IC 260712
	50
	IC 240350

	26
	IC 260713
	51
	IC 219868


RESULTS AND DISCUSSION

Qualitative characters

Both the species S. indicum and S. mulayanum showed no variation for the branching habit and all the 51 accessions were found to be non-branching types. For the trait stem hairiness, most of the accessions had either sparse  or no hairs on stem, except IC 204822  and IC 205782 of S. indicum which were very hairy and hairy, respectively. Regarding the floral colour, all the accessions belonging to S. indicum were white except IC 204168 which had a violet colour. In the species S. mylayanum, accession IC 208675 had dark violet flowers and all the others were white. Corolla was generally glabrous, 7 accessions of S. indicum and 2 accessions of S. mylayanum had sparse hairiness and accessions IC 204123, IC 204168, IC 205782 of S. indicum were hairy in nature.  Density of capsule hair was mostly sparse while in eight accessions of S. indicum viz., IC 204168, 204183, 205782, 132387, 204827, 205059, 260712, and 199431 it was found to be high.

As far as the capsule shape is concerned, all the accessions of both species had a narrowoblong shape except for IC 260712 of S. indicum and IC 208675 of S. mulayanum which had a broad–oblong shape. High homology in most of the characters among the accessions of both the species could be due to the overlapping of populations of wild species in centres of diversity and due to natural introgression.

Quantitative characters

The mean, range and coefficient of variation (CV) for various yield related traits are given in Table 2. High CV was observed for seed yield/plant followed by capsules/plant and seeds/capsule indicating that wide variations exist in the population for these characters. Accession IC 205595 of S. mulayanum had more capsules/plant (244) while this number was considerably lower (17) in IC 204123 of S.indicum. Seeds per capsules exhibited a wide variation ranging from 50 seeds/capsules (IC 260705) of S. indicum to 116 seeds per capsules in IC260713 of S. indicum. In 100 seed weight, both the smallest size (0.190 g for IC 132395) and the biggest size (0.355 g for IC 260705) were observed in S. indicum and all the entries of S. mulayanum fell in between. High single plant yield (27.0 g) was recorded in IC 208655 of S. indicum and low single plant yield (1.47 g) was recorded in  EC 162238 of S. mulayanum. All the entries invariably had 4 locules per capsule except IC 248302 of S. indicum which had 4, 6 and 8 locules per plant. All the accessions had only one capsule/axil in both species while IC 205782 of S. indicum had more than one capsule/axil. 

Biochemical characters

Oil content showed a wide variation ranging from 21.6% (IC 205261) to 47.13% (IC 204997) in S. indicum while in S. mulayanum  it ranged from 19.29% (IC 204703) to 49.02% (IC 132522). In protein content, was also recorded a wide variation ranging from 13.39% (IC205261) to 20.06% (IC 204882) in S. indicum and from 11. 87% ( IC 132096) to 28.23% (IC 204997) in S. mulayanum. Extreme variability in both directions for protein content was observed in S. mulayanum  and accessions belonging to this species can be utilised for protein improvement. 

Table 2. Mean and range of different seed related characters studied

	Traits
	Mean
	Range
	CV

	Capsule length (cm)
	2.18
	1.65 (IC 204682)  - 2.7 (EC 162238)
	5.72

	Capsules / plant (No.)
	52.97
	17 (IC 204123)  - 244 (IC 205595)
	16.57

	Seeds/Capsule (No.)
	65.47
	50  ( IC 260705)   - 116 (IC 260712)
	7.84

	100 seed weight (g)
	0.261
	0.190 (IC 205059) - 0.355 (IC 260705)
	2.48

	Protein (%)
	16.44
	11.87 (IC132096)  -  28.23 (IC204997 S.m)
	0.73

	Oil (%) 
	37.14
	21.62  (IC 205261) -  47.12 (IC 204997)
	0.70

	Yield / plant (g)
	5.909
	1.47 (IC 162238)  -  27.0 (IC 208655)
	24.16


Table 3. Cluster membership

	Cluster No.
	List of accessions

	1
	Acc.No. 1 to 33, 35 to 40, 42, 43, 44, 45, 46, 48-51

	2
	Acc.No. 34, 41

	3
	Acc No. 47


Cluster analysis

The distributions of different accessions of sesame in three clusters are given in Table 3. The maximum numbers of accessions were included in cluster I, two entries in cluster II and one in cluster III. Two accessions belonging to S. mulayanum, EC 162238 and IC 204703, were grouped in cluster II and IC 204997 of S. mulayanum in cluster III. Though most of the accessions belonging to S. mulayanum are grouped in cluster I, along with S.indicum, a few accessions of S. mulayanum forming two distinct clusters indicate the species variation. The two exotic collections included in the study had each been grouped in two different clusters, I and II, along with indigenous collections, indicating that genetic diversity might not necessarily be related with geographic diversity. Hence, the selection of genotypes for hybridization should be based on genetic diversity rather than geographic diversity (Swain and Dikshit, 1997; Solanki and Gupta, 2001). The maximum inter-cluster (D) values (140.1 and 114.75) were observed between clusters II and III and I and III, respectively, indicating that cluster III was highly divergent from others (Table 4). In breeding programs greater emphasis should be given to those characters contributing most to the divergence while choosing the parents for hybridization. The highest contributors to diversity in this regard were oil content followed by 100 seed weight and capsules per plant. Manivannan and Natarajan (1996) reported significance of the trait ‘clusters per plant` for genetic diversity. Considering the cluster means for these characters, the significance of cluster I for oil and 100 seed weight and cluster III for capsules/plant is obvious (Table 5).

Table 4. Intra cluster (in bold) and intercluster distance for 7 characters in sesame

	Cluster
	I
	II
	III

	I
	49.08
	87.27
	114.75

	II
	
	6.536
	140.10

	III
	
	
	0.00


Hybridization between accessions falling in the most distant clusters (II and III) might result in maximum heterosis and is expected to produce new recombinants with desired traits. Also, based on mean performance and clustering pattern, hybridization with IC 205595 and IC 205091 of cluster I might yield desirable combinations and pave the way for developing useful genetic stocks and varieties.

Table 5. Cluster means for different characters studied 

	
	Capsules length (cm)
	Capsules / Plant (No.)
	Seeds / Capsules (No.)
	100 seed weight (g)
	Protein content (%)
	Oil content (%)
	Yield /plant (g)

	Cluster 1
	2.214
	53.635
	65.771
	0.260
	16.373
	38.026
	6.037

	Cluster 2
	1.525
	33.500
	58.000
	0.316
	12.155
	19.353
	3.290

	Cluster 3
	2.050
	60.000
	66.000
	0.233
	28.235
	30.485
	5.060
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CONTRIBUTION OF PRODUCTION FACTORS IN GROWTH, YIELD AND ECONOMICS OF SESAME (Sesamum indicum L.)

Patil, R.B., T.M. Bahale, S.C. Wadile, R.T. Suryawanshi and G.B. Chaudhari

Oilseeds Research Station

Jalgaon 425001, Maharashtra, India

ABSTRACT

A field experiment was conducted to assess the contribution of factors on grain yield of sesame (Sesamum indicum L). The planting methods i.e. broad bed furrow system and normal planting, were non significant with each other. The contribution of different production factors in the productivity of sesame indicated that the percentage decrease in yield full package was maximum, when the sesame was grown under full package without fertilizer+weed control (98.02), weed control (48.60), weed control + plant protection (43.96), fertilizer + plant protection (26.51), fertilizer (23.55), plant protection (5.91).

INTRODUCTION

Sesame (Sesamum indicum L.), commonly known as 'Til', is an ancient oilseed crop. Constraints at farmer level often influence the effective use of modern technology in boosting up production of sesame, which is traditionally grown under low input management in marginal soils without fertilizers, weed management and plant protection measures, resulting in a poor yield. Prakasha and Gowda (1992) reported that the crop is responsive to nitrogen fertilizers. The present experiment was therefore conducted to assess the contribution of production factors for increasing the yield of sesame.

MATERIAL AND METHODS
A field experiment was conducted during kharif 1997, 1998 and 1999 at the Oilseeds Research Station, Jalgaon in medium deep black soil. The experiment was laid out in a split plot design with three replications. Two planting methods viz., normal planting (M1), broad bed and furrow system (furrow opened after every four rows) (M2) constituted the main plot treatments. The sub-plot treatments were fuII package of practice i.e. sowing of seed with application of 50 kg N/ha in two equal splits at sowing and three weeks after sowing, two weedings and two hoeings at 20 and 30 days after sowing with plant protection measures (S1), full package without fertilizer (S2), full package without weed control (S3), full package without plant protection (S4), full package without fertilizer and weed control (S5), and full package without fertilizer and plant protection (S6), full package without weed control and plant protection (S7). The variety JLT-26 (Padma) was used. The size of the gross plot was 3.6 x 5.0 m while that of the net plot was 2.4 x 4.4 m. The inter and intra row spacing of 30 x 10 cm was adopted. Sowing was done on 9th, 7th and 6th July during the first second and third year, respectively.

RESULTS AND DISCUSSION

Effect of planting methods

The planting method did not significantly influence the seed yield of sesame. However, the broad bed furrow system produced a higher grain yield (789 kg/ha) than normal planting (761 kg/ha) when the data were pooled over the season (Table 1).

Effect of production factors

Production factors caused a significant difference in grain yields of sesame (Table 1). Pooled data revealed that the recommended full package of practices produced a significantly higher grain yield (1002 kg/ha) of sesame over rest of the treatments except full package without plant protection (946 kg/ha) which was on par. The reduction in grain yield was maximum in S5 (98.02 %) followed by S3 (48.66 %) and S7 (43.96 %) when compared with S1. On the adoption of single production factor, fertilizer and weed control, the decrease in grain yield from the adoption of full package was 23.55% and 48.66%. This is in conformity with findings reported by Balasubramanium and Dharmalingam (1997) and Sridhar et al. (1997).

Economics

The average means of the three years of data revealed that the maximum gross returns (Rs./ha) and net returns (Rs./ha) were obtained by the adoption of full package of practice compared to the rest of the production factors (Table 2). The highest reduction in the gross return (93.80 and 174.21 %) and net return was due to the non adoption of fertilizer + weed control. The benefit cost ratio recorded by adoption of full package of practices was higher than for any other production factor.

Interaction effects

The data presented in Table 2 indicated that the interaction effects between methods of planting and production factors were found non significant during the years except for 1999.The broad bed furrow system of planting with full package of practices produced a significantly higher grain yield, 1020 kg/ha, which was 29.27% higher than the rest of the factor combinations. With regard to normal planting with full package of practice this produced a significantly higher grain yield (984 kg/ha) 29.30 % than rest of the factors combinations.

The broad bed furrow with full package of practice gave the highest net and gross returns (23059 Rs./ha and 15695 Rs./ha), respectively, with B:C ratio of 2.63. From the three years of data it was observed that among the various production factors full package of practice is the most important contributing factor for maximizing the seed yield of sesame, followed by fertilizer, weed control and plant protection.
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ABSTRACT

A germplasm collection containing 88 accessions of sesame was grown to evaluate their adaptation potential in the cotton belt of Turkey. Several main characters related to adaptation in sesame, stem height to the first capsule, plant height and number of capsules per plant, were identified per accession. Each accession was grouped in the country of origin as a population. The eight populations formed were compared with the Turkish population as a control for adaptation potential. It was found that Chinese, Egyptian, and Thailand-Maneekao were the most adaptive populations in the cotton belt of Turkey. It was also assumed that Israeli and South-Korean populations were suitable for the region showing very close means for the measured characters to the control population unlike Kenyan, Ugandan, and Thailand-Wongyai populations. 

Key words: Sesame, Sesamum indicum L., germplasm, adaptation.

INTRODUCTION

Sesame (Sesamum indicum L.) is a very ancient and important annual oilseed crop in the world (Ashri, 1998). It has considerable importance in India, China, Sudan, Myanmar, Turkey, South Korea, Thailand, Mexico, Venezuela, etc. Among them, Turkey has the possibility of growing sesame as a second crop, after wheat in the same year, in the cotton belt of Turkey. However, the cultivated area in Turkey showed a regular decrease from year to year due to the fact that local cultivars are not suitable for intensive management conditions in some aspects: low yield compared to other crops, like corn and soybean, which are also grown as a second crop after wheat, late maturity, dehiscent capsules and an indeterminate growth habit causing seed loss and susceptibility to wilt pathogens. In order to overcome the above mentioned problems, sesame cultivars well adapted to high input conditions of irrigated areas should be introduced or developed to increase their productivity since it yields twice times higher than in the non-irrigated areas of Turkey (Çağırgan, 2001). Screening exotic germplasm sources as well as the evaluation of the resulted materials should serve this objective. Therefore, the aim of this study was to evaluate the adaptation potential of a sesame germplasm collection in the cotton belt of Turkey, generated during the FAO/IAEA Research Co-ordination Program on Induced Mutations for Sesame Improvement.

MATERIALS AND METHODS

A collection of 88 accessions of S. indicum was obtained from several researchers who participated in the FAO/IAEA Research Co-ordination Program on Induced Mutations for Sesame Improvement. Table 1 summarizes information concerning entry names, co-operator, and country of origin.

The collection was grown at Antalya province in 1995 and 1996. The plots consisted of one row 5 m in length and 70 cm apart in the 1995 growing season and four rows 2 m in length and 40 cm apart in the 1996 growing seasons. Thinning was carried out 20 days after sowing to secure one plant at 10 cm. Sprinkler irrigation was applied immediately after sowing and thereafter irrigation was applied when necessary based on the visual evaluation of soil and plant conditions. Nitrogen, phosphorus and potassium were applied at a rate of 60 kg per hectare at sowing. Weeds were controlled by hand and no chemical treatments were applied during the growing seasons.

Five plants were randomly chosen from each plot in the two seasons for the measurements. Several characters related to the adaptation potential of sesame such as stem height to the first capsule, plant height, and number of capsules per plant were recorded per accession. The obtained data were evaluated by t-test using the Minitab software package program. Each accession was grouped in the country of origin as a population and the eight populations formed were compared with the Turkish population, which consisted of four adapted cultivars of the region, using t-test for the characters measured.

Table 1. Entry names, co-operator and origin of the accessions of sesame

	Entry No
	Entry name
	Co-operator
	Country of origin

	1
	ZZM-0830
	Y. Li
	China

	2
	ZZM-1143
	Y. Li
	China

	3
	ZZM-1224
	Y. Li
	China

	4
	ZZM-1291
	Y. Li
	China

	5
	ZZM-1339
	Y. Li
	China

	6
	ZZM-1340
	Y. Li 
	China

	7
	ZZM-1377
	Y. Li
	China

	8
	ZZM-1356
	Y. Li
	China

	9
	ZZM-1374
	Y. Li
	China

	10
	ZZM-1434
	Y. Li 
	China

	11
	ZZM-1436
	Y. Li
	China

	12
	ZZM-1438
	Y. Li
	China

	13
	ZZM-1433
	Y. Li
	China

	14
	ZZM-1454
	Y. Li
	China

	15
	ZZM-1462
	Y. Li
	China

	16
	GİZA-25
	A. A. Hoballah
	Egypt

	17
	GİZA-32
	A. A. Hoballah
	Egypt

	18
	MUTANT-5
	A. A. Hoballah
	Egypt

	19
	MUTANT-6
	A. A. Hoballah
	Egypt

	20
	MUTANT-7
	A. A. Hoballah
	Egypt

	21
	MUTANT-8
	A. A. Hoballah
	Egypt

	22
	MUTANT-9
	A. A. Hoballah
	Egypt

	23
	MUTANT-12
	A. A. Hoballah
	Egypt

	24
	MUTANT-14
	A. A. Hoballah
	Egypt

	25
	MUTANT-48
	A. A. Hoballah
	Egypt

	26
	MUT-25
	P. Ayiecho
	Kenya

	27
	MUT-63
	P. Ayiecho
	Kenya

	28
	MUT-77
	P. Ayiecho
	Kenya

	29
	MUT-95
	P. Ayiecho
	Kenya
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	Entry No
	Entry name
	Co-operator
	Country of origin

	30
	MUT-123
	P. Ayiecho
	Kenya

	31
	MUT-124
	P. Ayiecho
	Kenya

	32
	MUT-146
	P. Ayiecho
	Kenya

	33
	MUT-156
	P. Ayiecho
	Kenya

	34
	MUT-200
	P. Ayiecho
	Kenya

	35
	MUT-220
	P. Ayiecho
	Kenya

	36
	MUT-234
	P. Ayiecho
	Kenya

	37
	MUT-253
	P. Ayiecho
	Kenya

	38
	MUT-254
	P. Ayiecho
	Kenya

	39
	SUWONKKAE
	C. W. Kang
	S. Korea

	40
	AHNSANKKAE
	C. W. Kang
	S. Korea

	41
	UBON-1 (REC.V)
	W. Wongyai
	Thailand

	42
	KU-18 (REC.VA)
	W. Wongyai
	Thailand

	43
	MK60 (REC.VAR)
	W. Wongyai
	Thailand

	44
	NAKORNSAWAN
	W. Wongyai
	Thailand

	45
	KU-1033
	W. Wongyai
	Thailand

	46
	KU-1034
	W. Wongyai
	Thailand

	47
	KU-1039
	W. Wongyai
	Thailand

	48
	KU-1046
	W. Wongyai
	Thailand

	49
	KU-1052
	W. Wongyai
	Thailand

	50
	KU-1062
	W. Wongyai
	Thailand

	51
	KU-4036
	W. Wongyai
	Thailand

	52
	KU-4039
	W. Wongyai
	Thailand

	53
	KU-5027
	W. Wongyai
	Thailand

	54
	KU-7029
	W. Wongyai
	Thailand

	55
	Kurs-6022
	W. Wongyai
	Thailand

	56
	KUrs-8001
	W. Wongyai
	Thailand

	57
	KUrs-8003
	W. Wongyai
	Thailand

	58
	KUrs-8007
	W. Wongyai
	Thailand

	59
	KUrs-8008
	W. Wongyai
	Thailand

	60
	ARANAUN (Local)
	S. Maneekao
	Thailand

	61
	METHILA (Local)
	S. Maneekao
	Thailand

	62
	NONG-PAI (Local)
	S. Maneekao
	Thailand

	63
	JUNIPOKE (Local)
	S. Maneekao
	Thailand

	64
	PITSANULOK (Lo)
	S. Maneekao
	Thailand

	65
	PITSANULOK (M4)
	S. Maneekao
	Thailand

	66
	BANG-PAE (Local)
	S. Maneekao
	Thailand

	67
	KABIN-BURI (Lo)
	S. Maneekao
	Thailand

	68
	NAKORN SAWAN
	S. Maneekao
	Thailand

	69
	WA-TA-YAR
	S. Maneekao
	Thailand

	70
	BURIRUM (Local)
	S. Maneekao
	Thailand

	71
	BURIRUM (M4)
	S. Maneekao
	Thailand

	72
	ADONG
	W. Anyanga
	Uganda

	73
	ANYENA
	W. Anyanga
	Uganda

	74
	OTARA
	W. Anyanga
	Uganda
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	Entry No
	Entry name
	Co-operator
	Country of origin

	75
	SERRA
	W. Anyanga
	Uganda

	76
	EM-15-3-4
	W. Anyanga
	Uganda

	77
	EM-14
	W. Anyanga
	Uganda

	78
	S
	W. Anyanga
	Uganda

	79
	S-1-5
	W. Anyanga
	Uganda

	80
	41-ƒ-7
	W. Anyanga
	Uganda

	81
	U1-ƒ-1
	W. Anyanga
	Uganda

	82
	DET-F4-OP, 2-3 BRCH
	A. Ashri
	Israel

	83
	DET-F4-OP, NO BRCH
	A. Ashri
	Israel

	84
	NO-45
	A. Ashri
	Israel

	85
	MUGANLI-57
	M. İ. Çağırgan
	Turkey

	86
	ÖZBERK-82
	M. İ. Çağırgan
	Turkey

	87
	ÇAMDİBİ
	M. İ. Çağırgan
	Turkey

	88
	GÖLMARMARA
	M. İ. Çağırgan
	Turkey


RESULTS AND DISCUSSION

Each of the characters measured in this study is important to identify the adaptation potential of sesame, since these have the largest direct effect on seed yield as shown by Uzun and Çağırgan (2001). Number of capsules per plant, especially, is the most important yield contributing character in sesame (Ibrahim et al., 1983; Osman, 1989; Vanisri et al., 1994). However, the three characters measured should be considered together for evaluating the adaptation behaviour of the populations studied. For example, one group can surpass the control population with regard to plant height, which is desirable for extending the fruiting zone, but it might not bear any capsules because of photoperiod sensitivity. The three characters were therefore used together for the evaluation of the populations in the study.

The t-test analyses indicated that there were statistically significant (p<0.05) differences between the exotic populations and the adapted Turkish population based on the data obtained from the two growing seasons of 1995 and 1996 as can be seen in Tables 2, 3 and 4. However, Israeli and South Korean populations showed no statistically significant differences compared with Turkish populations except for the plant height character of South Korea population in 1995. This revealed that these two populations were the closest to the control population for adaptation potential. However, they were not the most adaptive populations in the cotton belt of Turkey since the Chinese, Egyptian, and Thailand-Maneekao populations surpassed the control for all the characters. The latter three populations not only had the longest stem height to the first capsule than the control, which was not desirable due to the shortening of fruiting zone, but also longest plant height and highest number of capsules per plant. If they were superior only for stem height to the first capsule and plant height like Kenyan and Ugandan populations, this would be a serious adaptation problem such as continuously vegetative growth. Conversely, Chinese, Egyptian, and Thailand-Maneekao populations developed as both vegetative and generative based on the better values of number of capsules per plant than the control (Table 4). Although Kenyan, Ugandan and even Thailand-Wongyai populations showed better performances for stem height to the first capsule and plant height, they were greatly behind the control regarding number of capsules per plant as a result of mostly vegetative growth.

	Table 2. Population size (n), means, range and t values of eight sesame populations in comparison to a Turkish population avaluated for stem height to the first capsule.

	1995
	1996

	Population name
	n
	Mean ± S.E.
	range
	t value
	n
	Mean ± S.E.
	range
	t value

	China
	15
	65.3 ± 3.4
	41.8-84.0
	1.29
	15
	65.2 ± 2.8
	50.0-91.0
	7.95**

	Egypt
	10
	71.2 ± 3.5
	59.2-86.0
	1.79
	10
	95.0 ± 4.2
	81.0-118.8
	12.20**

	Kenya
	13
	104.1 ± 6.0
	56.6-121.4
	4.24*
	13
	94.1 ± 7.5
	37.0-119.4
	7.36**

	S. Korea
	2
	28.1 ± 1.1
	27.0-29.2
	-1.97
	2
	32.0 ± 4.0
	28.0-36.0
	-1.03

	Thailand Wongyai
	19
	59.4 ± 3.4
	43.8-84.4
	0.78
	19
	69.0 ± 3.7
	35.0-98.0
	7.38**

	Thailand Maneekao
	12
	87.4 ± 4.5
	64.0-120.0
	3.08*
	12
	98.7 ± 2.1
	80.0-106.0
	20.04**

	Uganda
	10
	116 ± 9.7
	40.0-145.4
	4.44**
	10
	137.1 ± 7.2
	114.0-165.0
	13.23**

	Israel
	3
	62.8 ± 6.1
	53.2-74.2
	0.98
	3
	61.6 ± 8.4
	44.8-71.0
	2.85

	Turkey
	4
	50.3 ± 11.0
	36.4-83.6
	
	4
	36.8 ± 2.2
	33.0-43.0
	


*, **: Statistically significant at 0.05 and 0.01 significance level, respectively.

Table 3. Population size (n), means, range and t values of eight sesame populations in comparison to a Turkish population evaluated for plant height.

	1995
	1996

	Population name
	n
	Mean ± S.E.
	range
	t value
	n
	Mean ± S.E.
	Range
	t value

	China
	15
	126.4 ± 3.2
	102.0-146.0
	3.82**
	15
	132.0 ± 5.8
	99.6-183.0
	6.86**

	Egypt
	10
	109.0 ± 4.7
	93.4-143.0
	0.57
	10
	158.8 ± 5.6
	133.6-189.0
	10.8**

	Kenya
	13
	142.1 ± 3.4
	122.8-166.4
	6.53**
	13
	137.7 ± 4.8
	111.0-174.4
	8.58**

	S. Korea
	2
	75.7 ± 4.9
	70.8-80.6
	-4.46*
	2
	80.9 ± 1.1
	79.8-82.0
	-0.24

	Thailand Wongyai
	19
	112.9 ± 2.7
	96.6-140.2
	1.44
	19
	118.8 ± 3.7
	86.0-153.6
	6.39**

	Thailand Maneekao
	12
	149.4 ± 5.2
	126.4-180.8
	6.43**
	12
	169.5 ± 3.6
	139.0-188.0
	15.48**

	Uganda
	10
	140.1 ± 5.8
	118.0-170.6
	4.73**
	10
	169.6 ± 7.8
	133.2-190.0
	9.79**

	Israel
	3
	117.8 ± 16
	100.4-149.4
	0.76
	3
	112.3 ± 9.3
	103.0-131.0
	2.94

	Turkey
	4
	105.4 ± 4.5
	96.0-114.0
	
	4
	82.0 ± 4.4
	76.0- 95.0
	


*, **: Statistically significant at 0.05 and 0.01 significance level, respectively.

Table 4. Population size (n), means, range and t values of eight sesame populations in comparison to a Turkish population evaluated for number of capsules per plant.

	1995
	1996

	Population name
	n
	Mean ± S.E.
	range
	t value
	n
	Mean ± S.E.
	range
	t value

	China
	15
	65 ± 5.9
	32.0-112.4
	5.23**
	15
	62.1 ± 9.7
	24.4-129.0
	2.19*

	Egypt
	10
	27.4 ± 2.7
	15.8-40.2
	0.09
	10
	68.1 ± 6.6
	41.8-99.0
	3.53**

	Kenya
	13
	11.6 ± 2.2
	3.0-32.4
	-3.17*
	13
	23.4 ± 1.8
	15.4-41.0
	-2.48

	S. Korea
	2
	17.7 ± 5.5
	12.2-23.2
	-1.32
	2
	25.1 ± 4.3
	20.8-29.4
	-1.82

	Thailand Wongyai
	19
	22.6 ± 0.9
	15.2-29.2
	-0.98
	19
	35.1 ± 2.8
	16.4-67.2
	-0.44

	Thailand Maneekao
	12
	27.8 ± 2.3
	16.2-40.4
	0.18
	12
	81.7 ± 8.6
	34.8-131.4
	4.32**

	Uganda
	10
	7.5 ± 1.4
	0-17.0
	-4.29*
	10
	46.6 ± 2.2
	12.2-195.6
	1.69

	Israel
	3
	29.3 ± 6.4
	22.4-42.2
	0.31
	3
	40.2 ± 6.7
	30.2-52.8
	0.28

	Turkey
	4
	26.9 ± 4.3
	16.8-36.0
	
	4
	37.7 ± 5.5
	22.4-48.4
	


*, **: Statistically significant at 0.05 and 0.01 significance level, respectively.

In conclusion, the Chinese, Egyptian, and Thailand-Maneekao populations were found to be the most adaptive for the cotton belt of Turkey. They were followed by Israeli and South Korean populations showing very close means to the control population while Kenyan, Ugandan, and Thailand-Wongyai populations were not suitable for cultivation in the cotton belt of Turkey. 
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ABSTRACT

An investigation aimed to enhance the yield of sesame by overcoming physiological problems like flower drop and poor seed set was carried out. Plant growth regulators like Planofix, cytozyme, chamatkar, cycocel and  micronutrients like Zn, Mn and B were employed to accomplish this investigation. The traits such as number of capsules, number of seeds per capsule, 1000 seed weight, shelling percentage, seed yield and oil content were studied. All these characters were more enhanced by planofix and ZnSo4 than by other treatments.

Key words: Sesame, growth regulators, micronutrients, yield.

INTRODUCTION

Sesame (Sesamum indicum L.), a tropical and subtropical crop, is widely grown in countries like India, Bangladesh, China, Turkey and also in drier parts of African and Mediterranean countries. The cultivation of sesame is mainly affected by some physiological problems like poor translocation and poor seed filling, which seem to be associated with hormonal imbalance and micronutrient deficiencies. Plant growth regulators are known to modify the crop growth and development pattern by exerting a profound influence on many physiological processes and thereby increasing the productivity of crops. In the manipulation of crops, using many plant growth regulators to increase the utilization of solar radiation and to alter assimilate distribution in favour of seed development seems to have a considerable potential. In recent years, some plant growth regulators have improved capsule setting by decreasing flower and pod abscission and by altering the hormonal balance in the plant. Growth promotors may prove to be beneficial by decreasing flower drop, increasing fruit set and enhanced partitioning to the sink, whereas growth retardants may prove effective in arresting excessive vegetative growth, thereby increasing the number of capsules and increased translocation to the sink. In view of this, growth promotors such as Planofix (Naphthalene acetic acid, NAA) and cytozyme, growth retardants such as chamatkar (Mepiquat chloride) and cycocel (CCC) and micronutrients like ZnSo4, MnSo4 and B were evaluated in this investigation.

MATERIAL AND METHODS

The present investigation aimed to study the effect of plant growth regulators and micronutrients on the yield characters. It was carried out at Plant Breeding Farm, Faculty of Agriculture, Annamalai University. The experiments consisted of eight treatments and were carried out in randomized block design with three replications. The treatment details were as follows:

T0 - Water spray; T1 - Cytozyme (500 ppm); T2 - Planofix (30 ppm); T3 - Chamatkar (125 ppm)

T4 - Cycocel (1000 ppm); T5 - ZnSO4 (0.5 per cent); T6 - MnSO4 (0.3 per cent); T7 - Borax (0.1 per cent)

The observations were recorded on number of capsules, number of seeds per capsule, 1000 seed weight, shelling percentage, seed yield and oil content. The shelling percentage was calculated by using the formula, (seed weight/capsule weight) x 100.

RESULTS AND DISCUSSION

Capsule number per plant is the major yield component in sesame (Sen and Jain, 1948). Among the growth regulators, Planofix produced a greater number of capsules which may be due to the role of auxin in preventing the abscission layer formation. This was also supported by Gopalakrishnan and Srinivasan (1975) in groundnut. All the micronutrients applied were found to increase number of capsules compared to the untreated plants. They might have reduced flower drop by preventing the formation of abcission layer. Setia et al. (1993) also supported this view.

The number of seeds per capsule was found to be greater in planofix treatment (T2) among growth regulators (Table 1). The micronutrients would have increased the nutrient status of the plant, helping in the translocation of assimilates resulting in increased seed weight. Increased kernel weight with ZnSO4 and Mn SO4 application was observed by Meyyappan (1991) in groundnut.

	Table 1. Effect of growth regulators and micronutrients on yield attributes in sesame

	Characters
	Treatments

	
	T0
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	CD (5%)

	Number of capsules
	58.90
	73.60
	79.70
	76.70
	71.80
	68.8
	64.8
	62.5
	1.85

	Number of seeds per capsule
	32.53
	34.80
	35.43
	35.00
	34.43
	33.73
	33.43
	34.03
	0.77

	1000 seed weight (g)
	2.78
	2.86
	2.89
	2.88
	2.85
	2.83
	2.82
	2.80
	0.10

	Shelling percentage
	38.85
	39.57
	39.92
	39.75
	39.43
	39.26
	39.10
	39.15
	0.44

	Seed yield (g plant-1)
	3.79
	4.85
	5.31
	5.10
	4.71
	4.48
	4.21
	4.02
	0.17

	Seed yield (kg.ha-1)
	413.54
	538.51
	590.15
	566.26
	521.80
	492.10
	459.42
	447.17
	33.10

	Oil content (%)
	49.36
	50.57
	51.19
	50.07
	49.86
	49.70
	50.25
	50.02
	0.16


The trait 1000 seed weight was maximum in Planofix and ZnSO4 treatments among growth regulators and micronutrients, respectively.

Shelling percentage ultimately decides the proportionate assimilate that the seed obtains from the shell of the capsules. This is determined by 1000 seed weight and the number of seeds per capsule. Planofix recorded higher shelling percentage than Cytozyme and similarly Chamatkar was better than Cycocel. All the micronutrients showed increased shelling percentage compared to the control. Increased shelling percentage with NAA application was reported in groundnut by Sreenivas Reddy and Gopal Singh (1983), Seshadrinathan (1978) and in soybean by Rajmohan (1989).

Among the growth regulators, Planofix recorded a higher yield. Increased yield might have been due to increased morphological, physiological and growth characters. Ravichandran (1989), Garai et al. (1990) and Meyyappan and Vaiyapuri (1991) reported increased yield with NAA application in sesame. In the case of micronutrients, ZnSO4 application might have reduced flower drop, increased capsule set and 1000 seed weight. Yield increase with ZnSO4 application was reported by Balusamy et al. (1996) in soybean and Singh (1993) in mustard.

Among the treatments, growth regulators increased oil content followed by micronutrients. In some cases, Mn and (or) B by passed growth regulators. Increased oil content with NAA application was also reported by Subbi Reddy and Shah (1948) and Gopalakrishanan (1975) in groundnut. The role of micronutrients in the esterification of fatty acids would have helped in increasing oil content in sesame (Meyyappan, 1991).

REFERENCES

Balusamy, M., V.K. Ravichandran and B.R. Balasubramanian. 1996. Effect of zinc, boron and FYM on growth and yield of soybean. Madras Agric. J., 83(2):134.

Garai, A.K., P.K. Jana and B.B. Mandal. 1990. Effect of growth regulators on yield attributes, yield and oil content of oilseeds – mustard and sesame. Indian Agriculturist, 34(3):145–150.

Gopalakrishnan, S. 1975. Effect of planofix, NAA formulation on groundnut pesticides. 9(5):23–25.

Gopalakrishnan, S. and P.S. Srinivasan. 1975. Effect of planofix, NAA formulation on groundnut. Indian. J. Agrl. Chem., 8(142):163–166.

Meyyappan, M. 1991. Effect of foliar application of plant growth regulators and micronutrients on yield and physiology of groundnut CV. VRI – 1M.Sc (Ag) thesis, Annamalai Univ., Annamalainagar, India. 

Meyyappan, M. and V. Vaiyapuri. 1991. Growth promotor for sesamum. Dept. of Agronomy., Annamalai Univ., Annamalainagar, India. (Unpublished)

Rajmohan, K. 1989. Studies on the effect of plant growth regulators in soybean (Glycine max (L.) Merrill). M.Sc.,(Ag.) thesis Tamil Nadu Agrl. Univ., Coimbatore, India.

Ravichandran, A.K. 1989. Studies on the use of growth regulants and potassium in sesamum (Sesamum indicum L.) M.Sc.,(Ag.) thesis Tamil Nadu Agrl. Univ., Coimbatore, India.

Sen, K.N. and K.S. Jain. 1948. Photoperiodic effect on sesamum in relation to the variations of the environmental factors of the different seasons. Proc. Natl. Inst., India, 14: 407–420.

Seshadrinathan. 1978. What is NAA?  and  the  response in field crops. Green and Glory. 2(2):34-46.

Setia, N., R.C. Sangeeta and C.P. Malik. 1993. Alterations in growth and yield components of lentil in response to foliar application of Naphthyl Acetic Acid (NAA). Indian J. Plant Physiol XXXVI (I). 47–52.

Singh, S.P. 1993. Effect of foliar spray of micronutrients on growth and yield of Brassica compestris var sarson.  Indian J. Agric. Sci., 33:232-239.

Sreenivas Reddy, B. and B. Gopal Singh. 1983. Effect of bioregulators on growth and yield in groundnut. Department Plant Physiol. Andhrapradesh Agril. Univ., Hydrebad. (Unpublished)

Subbi Reddy, C. and C.B. Shah. 1948. Effect of growth regulators on Spanish bunch and Virginia winter groundnut (Arachis hypogea L.) cultivars. Indian J. Agron. 29(4): 1516–1521.
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ABSTRACT

A field experiment was conducted to investigate the influence of various seed treatment methods on yield and seed quality. In addition to foliar nutrition the recommended dose of NPK fertilizers was applied in sesame to maximize the productivity in cv. TMV 3. Seed coating with Gypsum, Ammonium molybdate, Zinc sulphate, Manganese sulphate and Borax, 300 g each per kg of seed and two foliar spray of DAP 0.5%, Ammonium molybdate 0.2%, Boric acid 0.1%, NAA 40 ppm and Salicylic acid 100 ppm, was evaluated during 25 and 45 days after sowing (DAS). The results of the experiment clearly revealed that, besides the recommended dose of NPK fertilizers, a seed treatment and foliar spray of various micro nutrients and phyto-hormones increased seed yield by 30.5 per cent with the B: C ratio (1.61) as compared to recommended dose of fertilizers (1.48) alone.

Key words: Sesame, nutrients, seed yield.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the important ancient oilseed crops in India. Though it has been cultivated for a long time, no significant increase in productivity has been achieved. This low productivity (305 kg/ha) has been attributed to the imbalanced nutritional and hormonal status of the plant. Sesame is normally cultivated under poor management and input starved conditions. Even with the application of the recommended dose of NPK fertilizers the high potential of yield could not be realised with the presently available high yielding cultivars due to the inadequacy of the micronutrients. Nutritional factors mainly provide raw material for the growth and development of the crop. The hormones are known to modify the crop growth by physiological processes such as effective utilization of solar radiation and efficient translocation of photosynthates towards the sink thereby increasing the productivity of sesame (Jeyabal et al., 1992). Seed coating materials were reported to improve the germination and increase seedling emergence at changing soil moisture especially at sub optimal range (Mucke, 1987).

In this context a cost effective way of alleviating micronutrient deficiency through seed treatment with gypsum, ammonium molybdate, zinc sulphate, manganese sulphate, borax and through foliar application of DAP, ammonium sulphate, boric acid and salicylic acid was undertaken in this study. Besides, the spraying of NAA was also carried out for enhancing the crop growth by improved capsule set and assimilate partitioning.

MATERIALS AND METHODS

A field experiment was conducted during Rabi (Nov. 2001 to Jan. 2002) at the Oilseeds Research Station, Tindivanam, Tamil Nadu. The experiment was laid out in a completely randomized block design with four replications. The following treatments were imposed for maximization of seed yield under rainfed conditions in sesame cv TMV 3:

	T1 - Recommended dose of fertilizer (23:13:13 NPK kg/ha)

	T2 - RDF + seed coating with gypsum 300g + Ammonium molybdate + ZnSO4 + MnSO4 + Borax. 300 mg each per kg of seed. (Adhesive 10 % maida)

	T3 - RDF + foliar spray of DAP 0.5% + Ammonium sulphate 0.2% + Boric acid 0.1 % + NAA 40 ppm on 25 and 40 DAS.

	T4 - T3 + Salicylic acid 100 ppm

	T5 - T2 + T3

	T6 - T2 + T4

	Apart from these treatments other cultivation practices were followed uniformly.


RESULTS AND DISCUSSION

The results of the field experiment clearly revealed that in addition to the recommended dose of fertilizer, using either seed coating or foliar application of various micronutrients and phytohormones, improved responses from the sesame crop in terms of growth and yield attributes (Ponnusamy and Vijaya, 1997).

Among the various treatments studied, seed pelleting with various nutrients and foliar nutrition with phytohormone recorded a 38 per cent increase in seed yield over recommended dose of fertilizer alone. The results from this study also indicated that the yield potential of the existing improved varieties cannot be fully exploited by the mere application of the recommended dose of fertilizer alone.

The field emergence was not greatly influenced by these treatments (data not recorded). The dry matter production (DMP) of the plant during harvest significantly increased to 22.9 g/plant, as compared to 13.6 g/plant in case of recommended dose of fertilizer alone (Nayak et al., 1989).

Seed pelleting with various nutrients recorded a 15.6 per cent increase in capsule number per plant coupled with 6.89 % increase in seed yield (Ramesh and Thirumurugan, 2001). However, an appreciable increase in number of capsules per plant (56) and seed yield (442 kg/ha) were obtained by the adoption of seed pelleting coupled with foliar nutrition of various nutrients as compared to 32 capsules and 319 kg/ha seed yield in the case of the recommended dose of fertilizer alone applied plots. The seeds obtained from the treatments do not show much variation in germination.

Table 1. Effect of nutrient management on yield and yield attributes in sesame

	Treatments
	Plant height at harvest (cm)
	Dry matter at harvest (g/plant)
	Days to 50 % flowering
	No. of capsules per plant
	Seed yield (kg/ha)
	Seed germination (%)
	Vigour index
	B:C ratio

	T1
	92.7
	13.6
	44
	32
	319
	94
	621
	1.28

	T2
	96.6
	19.9
	42
	37
	341
	96
	624
	1.46

	T3
	90.3
	14.8
	43
	40
	367
	96
	518
	1.70

	T4
	92.4
	16.4
	44
	48
	386
	95
	610
	1.86

	T5
	93.4
	17.2
	42
	52
	420
	96
	643
	2.01

	T6
	96.5
	22.9
	41
	56
	442
	96
	653
	2.21

	SE (
	1.111
	0.674
	0.414
	0.612
	5.618
	--
	16.048
	

	CD (0.05)
	3.348
	2.031
	1.247
	1.845
	16.93
	NS
	48.358
	


Seed pelleting coupled with foliar nutrition of various nutrients recorded a benefit:cost (B:C) of 2.21 as compared to 1.28 in case of RDF application.
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ABSTRACT

The mean seed yield of sesame (Sesamum indicum L.) grown in Zimbabwe is low. This crop is gaining in economic importance thus it would be beneficial to understand how yields may be increased. Four nitrogen (N) rates (0, 30, 60 and 90 kg N ha-1) were applied to sesame landrace Matsai planted at 100000, 200000, 300000 and 400000 plants ha-1. Seed yield, seed oil content, N uptake, and yield components were determined. Actual plant counts achieved in the field were 78000, 105000, 185000 and 224000 plants ha-1, respectively. Plant population increased yields significantly (P ( 0.05), with a significant (P ( 0.05) linear trend. Seed yield ranged from 1076 kg ha-1 (78000 plants ha-1) to 1481 kg ha-1 (185000 plants ha-1). The yields were positively correlated with plant height (r = 0.77**, n = 48). Although the denser plots had taller plants that had fewer lateral branches and fewer capsules per plant, having more plants in these plots resulted in more seed yield. The information obtained suggests that increasing plant population is the main factor that caused seed yield to increase and it explained 48% of the variation in seed yield. Nitrogen application on this location only explained 6% of seed yield variations. 

Key words: Sesame, plant population, nitrogen rate, seed yield, oil content. 

INTRODUCTION

The use of sesame by the confection and essential oils industries in Zimbabwe is growing in importance yet production is limited. The crop is grown to a small extent in the smallholder areas, in mixed cropping, with low average seed yields (224 and 673 kg ha-1) (Mupawose, 1971). Reports from Central America and the USA show that yields under commercial production could reach above 2000 kg ha-1 (Torres-Osejo and Velasquez-Silva, 1990; Purseglove, 1977). 

Sesame producers in Zimbabwe largely use local landraces. The yield potential, response to fertilizer and planting densities of these landraces are not established. Consequently, this study was undertaken to evaluate the effects of plant population and nitrogen application on the yield and yield components of sesame landrace 'Matsai'.

MATERIALS AND METHODS

Site Description

The study was conducted at Gwebi Variety Testing Centre, Gwebi, Zimbabwe in the 1995/96 season. The center is located around latitude 17.410 S, longitude 30.520 E, and 1448 m alt. Gwebi is 27 km north-west of Harare along the Chirundu road. This site receives a mean annual rainfall of 805 mm between October and May. The soil here is a moderately well drained, medium grained, fersialitic sandy clay loam, classified as an Oxic Rhodustalf (Thompson and Purves, 1981). Soil pH(CaCl2) was 5.7, nitrogen concentration was 0.03 g N kg1, calcium, magnesium and potassium concentrations were 3.1, 1.2, and 0.2 cmolc kg-1, respectively. 

Experimental Layout

On 5th December 1995, land that was under Pearl millet in the previous season was ploughed once before a single pass of the disc. The field was divided into three 24 m x 12 m blocks. Each block served as a replicate and was further divided into main plots (24 m x 3 m) and sub-plots (6 m x 3 m). Each sub-plot had 6 rows spaced 0.5 m apart. The experiment was arranged as a split plot design with three replications. Plant population (100000, 200000, 300000 or 400000 plants ha-1) was assigned to the main plots and nitrogen rate (0, 30, 60 or 90 kg N ha-1) to the sub-plots. Treatment combinations were randomly allocated to the plots.

Basal fertilizer was spread in furrows to supply 27.5 kg P ha-1 as double superphosphate, and 29.2 kg K ha-1 as muriate of potash. Ammonium nitrate was used to supply one third of nitrogen treatment. The fertilizers were covered with soil before the seeds were planted in the same furrows. Seeds of sesame landrace 'Matsai' were planted by hand using 4 kg of seeds mixed with three parts by volume of dry river sand per hectare, and spread in the furrows at a depth of 2 cm. Two weeks after emergence, the crop was thinned to intra-row spacing of 20, 15, 6.7 and 5 cm for the 100000, 200000, 300000 and 400000 plants ha-1 populations, respectively. Six weeks after emergence, the balance of nitrogen treatment was applied to the relevant plots as a side dressing 5 to 8 cm from the plants. 

Data collection

At 50% flowering (72 days after emergence), ten whole plants outside the harvest area were randomly selected for separate analysis of leaf and stem nitrogen. At harvest (150 days), ten plants were randomly selected from the harvest area (5 m x 2 m) for measurement of plant height (soil surface to tip of growing point), number of secondary branches on main stem per plant, and number of capsules per plant. Ten capsules were then selected to count number of seeds per capsule and obtain seed weight per capsule. Seed was harvested from a net plot area, and converted to seed yield per hectare after adjusting to 10% moisture content. Seed oil content was determined by solvent extraction (Mehlenbacher et al., 1974), and expressed as a percentage of seed weight.

Statistical analysis

Analysis of variance was performed on the yield and yield components using the MSTATC computer program. The Genstat 5 computer programme was used for seed yield trend analysis and regression analysis.

RESULTS AND DISCUSSION

The experiment was designed to establish sesame populations of 100000, 200000, 300000 and 400000 plants ha-1. However, as a result of stand establishment difficulties experienced here, populations of 78000, 105000, 185000 and 224000 plants ha-1 were achieved. 

Seed Yield

The average seed yield ranged from 1076 kg ha-1 with 78000 plants ha-1 to 1481 kg ha-1 with 185000 plants ha-1, a 38% increase in yield (Table 1). These yields were statistically different (P ( 0.05), and trend analysis revealed a significant (P ( 0.05) linear response of seed yield to plant population (Table 1) and a significant correlation (r = 0.70**, n = 48). Quadratic response was not significant. A regression of seed yield on population showed that plant population explained 48% of the variation in seed yield. In similar studies, Torres-Osejo and Velazquez-Silva (1990) were able to increase yields from 1900 kg ha-1 (50000 plants ha-1) to 3129 kg ha-1 (100000 plants ha-1). On the other hand, Beltrao et al. (1989) did not observe any significant yield differences between sesame populations of 20000 to 100000 plants ha-1. These different observations could plausibly be as a result of variety yield potentials and soil fertility levels. 

There was a significant (P ( 0.05) increase in seed yield as nitrogen (N) rate increased (Table 1). Seed yield increased 33% from 1107 kg ha-1 with 0 kg N ha-1 to 1475 kg ha-1 with 90 kg N ha-1. However, the highest increment was obtained with the first 30 kg N ha-1 (227 kg or 21%). Mehrotra et al. (1978) also found 30 kg N ha-1 to be optimum, increasing sesame yield by 90% over zero N (400 vs 760 kg ha-1). Singh et al. (1988) gained a 34% seed yield increase (703 to 980 kg ha-1) when 40 kg N ha-1 was applied to variety C-6. A higher N rate (65 kg N ha-1) was used on variety China Roja by Pineda and Velazquez-Silva (1990) to obtain a 45% seed yield increase (1700 to 2460 kg ha-1). The different regression slopes for grain yield between N rates and an absence of a significant population by N rate interaction suggest that the basis for the current observation is largely a yield response to an increasing plant population rather than N rates. In fact the regression of N rate on seed yield only explained 6% of the variation in seed yield.   

Seed Oil Content

Plant population and N rates did not affect seed oil contents (Table 1). The average sesame seed oil content was 42.8%, which compares favorably with other reported values. While Singh et al. (1988) reported an increase in seed oil content from 48.1% to 56.3% with 40 kg N ha-1, Kadam (1990) observed a decrease in oil content with increasing N application. 

N Concentration and N Uptake

Leaf and stem tissue N concentrations were not affected by planting population or N rates. The values obtained at 50% flowering ranged from 32.9 mg N g-1 to 37.8 mg N g-1 for leaf tissue and 19.5 mg N g-1 to 21.4 mg N g-1 for stem tissue. Increasing the plant population did not affect the average N uptake per plant (Table 1). Nitrogen uptake was equivalent to 11.7, 14.7, 25.9 and 26.9 kg N ha-1, respectively, an increasing trend attributable to plant population. 

Yield components

There was no statistically significant effect of treatment on plant height (PLH) although some degree of phototropism was visually observed. Average PLH at 78000 plants ha-1 was 130.8 cm, increasing to 138.0 cm (105000 plants ha-1), 141.8 cm (185000 plants ha-1) and 140.0 (224000 plants ha-1) (Table 1). Plant height was positively correlated (r = 0.62**, n = 48) with plant population, confirming that denser plots had taller plants. Weiss (1983) reported that sesame varieties Inamar and Morada did not show response of PLH to plant population between 36630 and 200000 plants ha-1. In the current study, plants that received fertilizer application were taller even if not statistically different (Table 1). Majumdar et al. (1989) also observed increasing sesame PLH with increasing N application up to 60 kg N ha-1. 

As the plant population increased up to 185000 plants ha-1, the branch number per plant (BNP) decreased (15, 13, 9 and 8 BNP, respectively) (Table 1). This trend is supported by a significant negative correlation (r = -0.74**, n = 48) between BNP and plant population. It is apparent that the phototropic effect that caused varying but not significantly different plant heights also resulted in less partitioning of assimilates for branching. When N was applied up to 60 kg N ha-1, BNP was markedly lower at 105000 plants ha-1 and above (Table 1). However, at the highest N rate (90 kg N ha-1), the difference in BNP was set at 78000 plants ha-1. There is no apparent explanation for this shift. Subramanian et al. (1979) reported that BNP responded positively to N rates up to 30 kg N ha-1, contrary to our observation.

The number of capsules per plant (CNP) decreased as the plant population increased (Table 1). Nitrogen rate did not have any effect on CNP. The correlation between CNP and plant population was negative (r = -0.74**, n = 48), while CNP and BNP were positively correlated (r = 0.92**, n = 48). Fewer BNP resulted in fewer CNP. However, because of there being more plants in the plots with higher plant population, total capsules per plot were higher there. Singh et al. (1990) reported a similar observation that CNP decreased with plant population ranging from 330000 to 500000 plants ha-1. Subramanian et al. (1979) and Majumdar et al. (1989) observed that CNP increased with N application up to 30 kg N ha-1 and 60 kg N ha-1, respectively. 

The mean seed number per capsule (SNC) was 62. It was neither affected by plant population nor N application (Table 1). Singh et al. (1990) have reported increasing SNC between 300000 and 500000 plants ha-1, while Majumdar et al. (1989) and Subramanian et al. (1979) observed that SNC responded to N applications up to 30 and 60 kg N ha-1, respectively. 

Table 1. Yield and yield components of sesame landrace Matsai planted at different plant populations and supplied with different nitrogen rates

	Treatments
	Yield

(kg ha-1)
	Oil content (%)
	N uptake

(g plant-1)
	PLH

(cm)
	BNP
	CNP
	SNC
	SWC

(g)

	Plant population (000)
	
	
	
	
	
	
	
	

	78
	1076
	42.5
	0.15
	130.8
	15.4
	199.6
	60.1
	0.18

	105
	1237
	42.5
	0.14
	138.0
	13.0
	162.6
	62.7
	0.18

	185
	1481
	43.0
	0.14
	141.8
	9.0
	131.4
	61.5
	0.17

	224
	1384
	43.0
	0.12
	140.0
	7.9
	103.7
	62.5
	0.18

	
	
	
	
	
	
	
	
	

	LSD(0.05)
	339
	2.75
	
	
	2.5
	23.1
	4.6
	0.02

	F-probability
	* (L*)
	NS
	NS
	NS
	*
	*
	NS
	NS

	
	
	
	
	
	
	
	
	

	N-rate (kg)
	
	
	
	
	
	
	
	

	0
	1107
	43.3
	0.11
	132.8
	11.4
	143.8
	61.9
	0.18

	30
	1334
	42.6
	0.14
	139.7
	11.8
	155.7
	60.9
	0.18

	60
	1264
	42.3
	0.17
	137.4
	11.2
	147.3
	60.6
	0.17

	90
	1475
	42.9
	0.14
	140.7
	10.8
	150.5
	63.4
	0.18

	
	
	
	
	
	
	
	
	

	LSD(0.05)
	369
	1.8
	0.03
	
	1.1
	21
	3.1
	0.11

	F-probability
	* (L*)
	NS
	*
	NS
	NS
	NS
	NS
	NS

	LSD (PxR)0.05
	
	
	
	
	1.8
	11.8
	
	

	L* - linear trend significant at P≤0.05; NS – not significant 

(PxR) – Plant population x N-rate interaction


Seed weight per capsule (SWC) was similar for the different plant populations and rates of N application (Table 1). The average seed weight was 0.18 g. Singh et al. (1990) noted a significant decrease in SWC when plant population increased from 300000 to 500000 pts ha-1. Again, Majumdar et al. (1989) obtained positive SWC response to increasing N rates up to 60 kg N ha-1. These observations could have been due to variety traits.

CONCLUSIONS

The present study has shown that yield of sesame in this environment, can be raised by increasing the plant population. The optimum population for landrace Matsai could be higher than those achieved in this study. The 38% seed yield increase reported represents a substantial increase in gross income of the small holder farmer. Using more than 30 kg N ha-1 did not prove to be an attractive option because the increments in yield above this rate became smaller.

The increased seed yield obtained with increased planting population is primarily due to increased number of capsules per plot when plant population was increased. Although there might have been some compensation for low population by increasing number of lateral branches and capsules per plant, this was not enough to make the seed yields higher in these treatments. Seed oil content was constant among the treatments, so more oil could be obtained only by increasing seed yield. 
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SEASONAL OCCURRENCE OF SESAME SHOOT WEBBER (Antigastra catalaunalis Dup.)

Vishnupriya, R., A.A. Bright, V. Paramasivam and V. Manoharan

Oilseeds Research Station, Tindivanam 604 002,

Tamil Nadu, India.

ABSTRACT

Field studies were conducted on the seasonal incidence of sesame shoot webber (Antigastra catalaunalis Dup.) in relation to weather parameters in two varieties viz., TMV 4 and SVPR 1. Initial occurrence of shoot webber was noticed during the first week of February and maximum incidence was observed from second fortnight of February and continued till first fortnight of April and thereafter the incidence declined. Maximum temperature and minimum temperature were positively correlated with pest incidence. The relative humidity during both morning and evening showed a nonsignificant positive correlation with the pest incidence.

Key words: Sesame, shoot webber, weather parameters.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the major oilseed crops grown in Tamil Nadu, India, accounting for 1.2 lakh hectares. Among the different pests attacking this crop, shoot webber, Antigastra catalaunalis Duponchel, is considered to be the most important (Singh et al., 1992). To manage this pest efficiently, a thorough understanding of the relationship between pest incidence and weather factors is very essential. This will be very helpful in adjusting the time of sowing so as to avoid the peak activity of pest population and thereby damage the crop. There is an obvious need to study the bio-ecology of sesame shoot webber, since the available literature is very limited.

MATERIALS AND METHODS

A field experiment was conducted at Oilseeds Research Station, Tindivanam, during the cold weather season 1999 to 2000 with four replications in plots of size 75 m2. The test varieties were TMV 4 and SVPR 1. All the recommended agronomic practices were carried out regularly. Counts of shoot webber were made at weekly intervals commencing from 10 days after sowing. In each replication, 50 plants were selected and the number of affected plants were observed and  the per cent incidence was worked out. Meteorological data pertaining to maximum and minimum temperature and relative humidity both morning and evening were recorded from a meteorological observatory located at the research station. A simple correlation was worked out between the pest population (per cent incidence) and weather parameters.

RESULTS AND DISCUSSION

The initial occurrence of sesame shoot webber was during first week of February, coinciding with the maximum temperature of 30.3(C and minimum temperature of 24.4 (C, while the respective morning and evening relative humidity were 86.7 and 41.1 per cent (Table 1). The corresponding per cent incidences were 4.0 and 15.6 in TMV  4 and SVPR 1 respectively. The pest incidence gradually increased from second fortnight of February (15.3 per cent in TMV 4 and 72.6 per cent in SVPR 1). During that period, the maximum and minimum temperatures were 31.8(C and 24.2(C and the relative morning and evening humidity were  86.7 and 54.1 per cent respectively. The maximum incidence of 18.6 per cent in TMV  4 and 100 per cent in SVPR  1 was noticed during the end of March, when the maximum temperature was 35.2(C and minimum temperature was  27(C with relative morning and evening humidity being 90.2 and 52.1 per cent respectively. These observations were similar to the findings of Ahuja (1989).

Table 1. Seasonal occurrence of Antigastra catalaunalis on sesame

	Date of observation
	Temperature (C
	Relative humidity (%)
	Per cent incidence

	
	Maximum
	Minimum
	Morning
	Evening
	TMV 4
	SVPR 1

	4-2-97
	30.3
	24.4
	86.7
	41.1
	4.0
	15.6

	11-02-97
	31.4
	24.1
	87.8
	47.6
	8.0
	20.7

	17-02-97
	31.8
	24.6
	88.0
	55.6
	8.7
	30.0

	24-02-97
	31.8
	24.2
	86.7
	54.1
	15.3
	72.6

	03-03-97
	32.5
	24.2
	85.1
	50.7
	15.3
	98.0

	10-03-97
	32.7
	24.8
	87.4
	53.0
	14.0
	98.0

	17-03-97
	33.7
	26.4
	86.5
	53.4
	13.3
	100.0

	24-03-97
	34.8
	26.7
	89.1
	51.1
	18.0
	100.0

	31-03-97
	35.2
	27.0
	90.2
	52.1
	18.6
	100.0

	07-04-97
	35.0
	27.0
	92.2
	52.5
	16.0
	100.0


The correlation studies between shoot webber incidence and major weather parameters (Table 2) indicated that the maximum and minimum temperatures had a significant positive relationship with pest incidence, whereas the morning and evening relative humidity showed a non-significant positive relationship. Similar results were observed in fruit borer Earias vitella affecting lady’s finger (Hanumantha Rao and Arjuna Rao, 1997).

	Table 2. Simple correlation between Antigastra catalaunalis incidence and weather parameters

	Weather parameters
	Correlation co-efficient

	
	TMV 4
	SVPR 1

	Maximim temperature
	0.882**
	0.821**

	Minimum temperature
	0.656*
	0.635*

	Relative humidity(Morning)
	0.397
	0.237

	Relative humidity(Evening)
	0.589
	0.547

	**, * - Significant at P=0.05 and 0.01 respectively
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RESISTANCE OF WHITE SEEDED SESAME (Sesamum indicum L.) CULTIVARS AGAINST CHARCOAL ROT (Macrophomina phaseolina) IN VENEZUELA

Avila Melean, J.

INIA-Portuguesa-Annual Oil seed crops

P.O.Box 102. Portuguesa Estate

Venezuela
ABSTRACT
Thirteen Sesame indicum cultivars were evaluated for resistance to charcoal ROT (Macrophomina phaseolina (Tassi) Goid) in Turén, Venezuela during three growing seasons. The reactions of the cultivars UCLA 1, DV-8, UCLA 822, L 7041 (M), UCLA 37-4, EXP. 1, DV-9, UCLA 90-1, DM-1, UCLA 175-T, CENIAP and TURÉN (control), generated on the Venezuela breeding programs, were evaluated under natural infection by charcoal through the number of affected plants (visual symptoms) in each season. The evaluated sesame cultivars showed a moderate to low genetic resistance against Macrophomina phaseolina. Only the cultivars UCLA 1, EXP-1 and DV-9 presented lower values of plant infection than the control cultivar TURÉN in some of the evaluated growing seasons. When considering the average of the three evaluated cycles, only TURÉN and EXP-1 were classified as “low” plant infected cultivars. 

Key words: Charcoal, white seeded sesame cultivar, resistance.

INTRODUCTION

One of the main problems for sesame (Sesamum indicum L.) growers in Venezuela is the high infection levels of Macrophomina phaseolina (Tassi) Goid, up to 30 % of affected plants having been reported in commercial plantations (Pineda, 1987). This disease has been reported as damaging sesame in other countries. In Pakistan, seed yield losses of 57% have been reported when sesame plants had reached infection levels of 40% (Maiti et al., 1988), and in India, plant infection incidence can be found at over 50% (Chattopadyay and Valpanay, 1999). Other authors reported that an increase of 1% on plant incidence reduced seed yield on 1,8 Kg/ha. Some attempts have been made to identify genetic susceptibility, resistance or tolerance in sesame cultivars against the most important diseases. In this matter, 35 varieties coming from five different countries were evaluated in India and Alternaria solani, Leveillula taurica and M. phaseolina were identified as the most important sesame diseases (Shambarkar et al., 1997). Only four sesame varieties free of M. phaseolina infections were identified in a group of 44 varieties evaluated against this pathogen (Mazzani et al., 1973, 1975; Montilla et al., 1977). In Pakistan, only one genotype was found to be immune within a group of 107 evaluated genotypes (Mazzani et al., 1973, 1975; Montilla et al., 1977), whereas another evaluated genotype presented a moderate to susceptible reaction to this pathogen. In Venezuela, oilseed varieties resistant or tolerant to M. phaseolina have been obtained by plant breeding programs (Mazzani et al., 1973, 1975; Montilla et al., 1977), and genetic resistance to the diseases caused by Phytophthora parasitica and M. phaseolina was incorporated to the “Aceitera” variety using the backcross method (Mazzani et al.,1975). Also, it was detected that the highest plant infection percentage caused by M. phaseolina is reached at the end of the life cycle, when it is cultivated from December to March; at this stage, the soil has the lowest humidity levels and the water environment demand is highest which may be an important factor in the rise of the plant susceptibility to the pathogen (Avila and Pineda, 1996; Avila, 2000; Cardona et al., 1998).

The main goal of this study was to evaluate the susceptibility of thirteen white seeded sesame cultivars to M. phaseolina in a naturally infested soil, under conditions of the Colonia Agricola Turén, Venezuela.

MATERIALS AND METHODS

Three trials were planted in the experimental research station of Colonia Agicola Turen, Portuguese state, Venezuela, to evaluate the susceptibility of thirteen white seed sesame cultivars to M. Phaseolina, in the growing seasons 1995 to 1996,1996 to 1997 and 1997 to 1998. These cultivars were developed by the plant breeding programs of INIA (Instituto Nacional de Investigaciones Agricolas), UCLA (Universidad Centrooccidental Lisandro Alvarado), and PROSESAMO, CO. (Table 1). The experimental plot consisted of 4 rows of 7 m in length with a separation of 0.60 m between rows and placed in a complete randomized block design with 4 replications. Each treatment was separated from each other by the  variety “Piritu”; excessive plants in the rows were roughed by hand to leave only 20 plants for each meter. The percentage of plant infection was made at harvesting time when the highest infection levels are reached (Avila and Pineda, 1996; Avila, 2000; Cardona et al., 1998). It was done by counting the affected plants (among the total number of plants in each treatment) by visually assessing symptoms and independently  of the infection degree in each plant. Cultivars were classified according to the infection level using the scale suggested by Avila and Pineda (1996), which was developed for oilseed sesame cultivars in the same area. The sowing and harvesting dates in each growing season are presented in Table 2. 

	Table 1. Evaluated sesame cultivars. Colonia Agrícola Turén, in 1995-1996, 1996-1997 y 1997-1998, growing cycles

	Cultivars
	Breeding program

	TURÉN (T)1
	INIA-Portuguesa

	UCLA 1

Dv-8
	UCLA

Prosesamo

	UCLA 822
	UCLA

	DV-7
	Prosesamo

	L704(M)
	INIA-Portuguesa

	UCLA 37-4
	UCLA

	Exp 1
	UCLA-CIAE-Portuguesa

	Dv-9
	Prosesamo

	UCLA 90-1
	UCLA

	DM-1
	Prosesamo

	UCLA 176.T
	UCLA

	CENIAP
	Ceniap


1Control cultivar resistant to M. phaseolina
RESULTS AND DISCUSSION

The mean squared values and their statistical significance are presented in Table 3. Normality distributions in each growing season were checked out by the Wilk Shapiro test (Neter et al., 1996). To reach normal distribution in the 96-97 growing seasons the percentages of infected plant values were transformed by X½, X= infected plant values. In each growing season a variance analysis indicated high significant differences (p< 0.01) between treatments. Differences between mean cultivars, in each growing season, were determined by LSD test (p = 0,05) and the results are presented in Table 4. The disease incidence varied from one growing season to another. Mostly all the cultivars were classified in the same  relative mean groups  in each growing season, except the cultivars: 7041 (M), UCLA 90-1, DV-7 and UCLA 37-4. The cultivar L 7041 (M) was classified in the lowest infected group during  the 95-96 growing season (18.68 %) while during the 96-97 it was classified in the highest infected one (32.25%), and during 96-97 it was classified in a group with an intermediate infection level (11.32%). The UCLA 90-1 presented the lowest infection values in the 95-96 and 97-98 growing seasons (9.67 and 8.50 % respectively) where it showed lower infection values than the control  cultivar “TURÉN” (11.4 and 5.27 % respectively) but presented the highest plant infection value (56.60%), in the 96-97 growing season.  In the same sense, the cultivars DV-7 and UCLA 37-4, were classified in the group with the highest plant infection values in the 95-96 (32.7 and 38.85 % respectively) and were in the group with an intermediate percentage of plant infection (19.08 and 28.92% respectively) in the 96-97 growing season and they were classified in the group with the lowest percentage of plants infected (6.40 and 8,52% respectively) in the 97-98 growing season. Also, the cultivar DV-9 had the best performance in the 96-97 growing season (5.30%) this value being lower than the value of control “TURÉN” (15.80%) but it had a relatively high percentage of infected plants in the other seasons. The cultivar EXP-1 also showed a lower plant infection value (10.40%) than the control “TURÉN” (15.80%) in the 96-97 growing season and its value in the 97-98 growing season was located in an intermediate plant infected group. This behavior may be due to a moderate to low M. phaseolina genetic resistance of the evaluated cultivars in naturally infected soils, and to the fact that this disease seems to be enhanced under some soil and environmental conditions. 

	Table 2. Sowing and harvesting dates of sesame trials planted on the Colonia Agrícola Turén. 1995-1996, 1996-1997 and 1997-1998 growing cycles

	
	Growing cycles

	
	1995-1996
	1996-1997
	1998-1999

	Sowing dates
	27/12/95
	17/12/96
	02/12/96

	Harvesting dates
	12/13/96 and 21/13/96
	06/03/97, 19/03/97 and 01/04/97
	17/12/97, 03/03/98 and   12/13/98


No combined analysis (growing seasons x percentage of infected plants) was  performed because of the lack of uniformity in the variance errors in the analysis of variance according to the Bartlett test (Steel and Torrie, 1980). Instead of that, the cultivars were classified in accordance with the proposed scale of Avila and Pineda (1996), and the results are presented in Table 4, , where it can be observed that only the cultivars “TURÉN” and “EXP 1” were in the “low” category while the other cultivars were classified in the “moderate” or “high” categories. 

	Table 3. Mean square values and their statistical significance. Colonia Agrícola Turén

	Sources of variation
	df
	1995-1996
	1996-1997
	1997-1998

	Rep. (A)
	3
	0.95754
	0.55430
	0.44246

	Trat. (B)
	11
	5.71543*
	8.52453*
	3.19407*

	AxB
	33
	0.54700
	0.52226
	0.20809

	* Statistical differences P<0.01


Finally, as the evaluated cultivars have a very high seed quality to be used in direct consumption because of their white color and large size seeds, a breeding program to incorporate genetic resistance to M. phaseolina is advised as the one described by Mazzani et al. (1975) which was successfully applied to incorporate genetic resistance to Fusarium and Macrophomina into the “Aceitera” variety. 

	Table 4. Infection percentages by M. phaseolina in thirteen sesame cultivars evaluated in the Colonia Agricola Turén

	Cultivars
	1995-1996
	1996-1997
	1997-1998
	Means
	Classification(4)

	
	Infected plants (%)
	
	

	TURÉN (check)
	11.4a(1)
	15.80abc
	5.27ab
	10.82
	Low

	UCLA 1
	33.82b
	26.65cd
	21.77h
	27.21
	High

	DV-8
	15.47a
	27.92d
	18.25gh
	20.54
	High

	UCLA 822
	16.47a
	22.42cd
	14.82efg
	17.90
	Moderate

	DV-7
	32.70a
	19.08bcd
	6.40abc
	19.33
	Moderate

	L 7041 (M)
	18.68a
	52.25e
	11.32ef
	24.41
	High

	UCLA 37-4
	33.45b
	28.92d
	8.52bcd
	25.93
	High

	EXP-1(2)
	-
	10.40ab
	11.00cde
	10.70
	Low

	DV-9
	33.85b
	5.30a
	13.75def
	17.63
	Moderate

	UCLA 90-1
	9.67a
	56.50e
	2.50a
	19.55
	Moderate

	DM-1
	12.00a
	20.97bcd
	16.75fg
	16.57
	Moderate

	UCLA 176-T
	12.07a
	19.72cd
	12.70def
	19.55
	Moderate

	CENIAP(3)
	38.27b
	-
	-
	14.83
	Moderate

	MEAN
	22.32
	25.49
	11.6
	18.84
	-

	CV. (%)
	29.94
	17.20
	27.96
	-
	-

	(1) Treatments means with the same letter are statistically equal according to LSD test at p=0.05.

(2) This cultivar was not evaluated in the 1995-1996 growing season.

(3) This cultivar was only evaluated in the1995-1996 growing season

(4) Classification according to the scale suggested by Avila and Pineda(1996)


CONCLUSION

White seed sesame cultivars generated in Venezuela have a moderate to low resistance against M. phaseolina. 

The cultivars UCLA 90-1, EXP-1 and DV-9 showed lower infected plant values than the control cultivar “Turen” in some the evaluated growing seasons.
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NARI-NH-1: THE FIRST NON-SPINY HYBRID SAFFLOWER RELEASED IN INDIA
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ABSTRACT
NARI-NH-1, the first non-spiny safflower hybrid, has been released for commercial production in India. NARI-NH-1 is based upon genetic male sterility system and produces an average seed yield of 1895 kg/ha under limited irrigation conditions, which means an average increase of 10% over the spiny check A-1 and an increase of 25% over the non-spiny check JSI-7. NARI-NH-1 contains 35% oil in its seeds and exhibits an oil yield of 621 kg/ha which is 30% higher than that of the spiny check A-1 and the non-spiny check JSI-7. It also shows an average increase of  58%  over JSI-7 for flower yield. 

Key words: Safflower, hybrid, non-spiny.

INTRODUCTION 

Safflower (Carthamus tinctorius L.) is an important rabi oilseed crop of a spiny nature. It produces high quality oil rich in polyunsaturated fatty acids, which helps in reducing the cholesterol level in the blood. India is the largest producer of safflower in the world, with a growing area of 4.3 lakh hectares, a total production of 2.0 lakh tonnes and an average productivity of 420 Kg/ha (Anonymous, 2002). Safflower is a drought tolerant crop. In India, it is mainly confined to the states of Maharashtra and Karnataka, which accounts for 95% of the total safflower area, the rest being grown in regions of Andhra Pradesh, Madhya Pradesh, Gujarat, Orissa and Bihar. The area and production of safflower in India has experimented a downward trend for the last 4-5 years because of its poor competitiveness with other crops due to its low productivity coupled with low market price and to its spiny nature.

DEVELOPMENT OF HYBRID SAFFLOWER IN INDIA 

To enhance the overall productivity of safflower in order to make this crop more remunerative, efforts have been initiated to exploit hybrid vigour in this crop. The hybrid development in safflower in India is presently being done on the basis of the genetic male sterility system. The progress of hybrid development in safflower resulted in the development and release of spiny hybrids DSH-129 and MKH-11 in the year 1997. However, the popularization of these hybrids was a limited success due to the non-availability of hybrid seed because of seed production problems. The seed production in genetic male sterility based hybrids in safflower involves the roguing of 50% male fertile plants from the spiny female parent at the time of flowering in the seed production plot. The spininess of the female parent posed a serious problem in the roguing off of the male fertile plants from the female population, during the flowering of the crop.  

DEVELOPMENT OF NON-SPINY HYBRID SAFFLOWER NARI-NH-1
Considering the importance of the non-spiny trait of a male sterile line in hybrid seed production at a commercial scale in safflower, the Nimbkar Agricultural Research Institute (NARI) developed four non-spiny male sterile lines of varied flower colours. The identification of male sterile and fertile plants in the non-spiny male sterile line is possible before flowering in the crop by the forced opening of  the main capitulum of the plants by hand to check the anthers for the presence or absence of pollen grains in them. The anthers full of pollen grains indicate the fertile nature of the plant and the absence of pollen grains indicates the sterile nature of the plant. To take advantage of the non-spininess of the genetic male sterile line for the early detection of male sterile and fertile plants and the easy removal of fertile plants from the seed production plot as opposed to the spiny male sterile line, a programme to develop non-spiny hybrid in safflower was initiated at NARI. The programme on the development of a non-spiny hybrid in safflower resulted in the development of the non-spiny safflower hybrid NARI-NH-1 with a high seed oil and flower yield. NARI-NH-1 has been recommended for production under minimal irrigated conditions or in assured rainfall areas of safflower cultivation in India. The yield performance of NARI-NH-1 as compared to non-spiny check JSI-7 and spiny check A-1 in All India Coordinated multilocation varietal trials is presented in Table 1. The results indicated that NARI-NH-1 recorded an average seed yield of 1895 kg/ha which is 10% higher than that of spiny national check A-1 and 25% higher than that of the non-spiny check JSI-7 when grown under minimal irrigation conditions. NARI-NH-1 exhibited an oil yield of 621 kg/ha which is about 30% higher than that of the spiny national check A-1 and the non-spiny check JSI-7. It also showed an average increase of 58% over JSI-7 for flower yield. The other specific features of NARI-NH-1 include the oil content of 35% in seeds, high tolerance to safflower wilt and high responsiveness to fertilizers, in addition to its non-spiny nature, which makes the interculture operations trouble free compared to the painful and difficult process in the spiny crop of safflower. The non-spiny nature of NARI-NH-1 has made flower collection in safflower commercially feasible as a result of the increasing demand in the country for safflower flowers for various uses such as the extraction of natural colour for food, pharmaceutical applications in curing hypertension, cardiovascular diseases and many gynecological disorders and the use as a herbal health tea which is highly rich in protein, Ca, Fe and essential amino acids. The enhanced monetary gain from increased productivity and extra income to be generated from flowers of NARI-NH-1 will help in arresting the declining  trend in safflower area and production in the country.
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NEGATIVE ASSOCIATIONS BETWEEN IMPORTANT  QUANTITATIVE TRAITS IN SAFFLOWER (Carthamus tinctorius L.)

Malleshappa, S.M., I. Hiremath and R.I. Ravikumar

Department of Genetics and Plant Breeding 

University of Agricultural Sciences, 

Dharwad – 580 005, Karnataka, India

ABSTRACT

In the present study 296 F3, 189 F4 and 40 F5 progenies were tested for yield and yield component traits during three years. The progenies of safflower were obtained through hybridization of diverse genotypes, mutations of homozygous parental lines and hybrids. The capitula number and test weight showed a strong positive association with seed yield. Conversely, these traits were negatively associated with seed number and capitulum diameter, which are important components of oil yield. Hence, it is desirable to constitute these four traits in an optimum proportion to achieve high oil yield per plant. The path coefficient analysis in all the generations confirm that the characters viz., capitula number, seed number and test weight were reliable components influencing seed yield directly in all the generations.

Key words: Safflower, correlation, path analysis, mutation.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an ancient crop in India known for the quality of its edible oil. India has about 68 per cent of world acreage of safflower and accounts for 60 per cent of the production, occupying an area of 70 lakh ha, with a production of 3.42 lakh tonnes (Singhal, 1999). The success of safflower as a commercial crop in traditional areas and its expansion into new areas, presently occupied by less efficient crops, will largely depend on the extent of improvement made in yield and oil content. The low oil content of about 28 to 32 per cent and low yield of 600 kg/ha makes safflower a poor competitor. The genetic improvement of ultimate product in safflower involves simultaneous improvement of seed yield and oil content.

The studies on interrelations between main yield components suggested that the number of capitula per plant, number of seeds per capitulum, test weight and capitulum diameter are the principal components of oil yield per unit area. An optimum combination of all these components would constitute the most desirable plant type, but the strong negative associations between these desirable traits is a major problem in safflower improvement (Makne et al., 1979; Patil et al., 1997; Veena and Ravikumar, 2002). 

In view of this, attempts were made to change the magnitude and direction of such negative associations through mutagenesis of homozygous parental lines and heterozygous hybrids of diverse crosses involving high yielding and high oil genotypes (Veena and Ravikumar, 2002). Several promising progenies with high seed yield and oil content were advanced to F3, F4 and F5 generations in order to study the changes in character associations in the selected progenies.

MATERIALS AND METHODS

The high oil content genotypes 398-9-15 (32 to 33%) and 19-185 (33 to 34%) were crossed with the national check A-1 producing two hybrids viz., A-1 X 398-9-15 and A-1 X 19-185.  About 100 seeds from each hybrid and 250 seeds of each parental line viz., 398-9-15 and 19-185 were treated with the chemical mutagen EMS (0.3%) at Main Research Station, Dharwad, India. In addition, another set of the hybrids and parental lines was exposed to 10 KR gamma rays treatment. Following mutagen treatment, the F1s, M1s and F1M1s were advanced to F2, M2 and F2M2 generations respectively. These 10 segregating populations were grown in the field during rabi 1996 and a large number of superior plants in each population were selected and advanced to succeeding generations. From all the 10 segregating populations, 296 plants showing higher seed yield and/or higher oil content were advanced to F3 generation. The 296 progenies selected, were grown during rabi 1997 in two replications along with the check A-1. Each progeny was grown in a single row of 4 meter long. Based on seed yield per plant, 189 promising progenies were advanced to F4 generation. The 189 selected progenies, F4, M4 and F4M4 were tested during rabi 1998 using single 5 m rows replicated twice. Forty progenies showing a significantly superior seed yield over the check A-1 were identified. The selected progenies were tested during rabi 1999 along with the national check A-1 in a randomized block design with two replications. Each entry was grown in a plot size of 3 x 2.25 m. The observations on important yield components viz., number of capitula, capitulum diameter, number of seeds per capitulum, 100 seed weight, oil content and seed yield were recorded on 5 randomly selected plants per replication in F3, F4 and F5 generations. The correlation and path coefficient analysis were carried out for important quantitative characters in all the three generations.

RESULTS AND DISCUSSION

Earlier correlation studies between principal components; number of capitula, capitulum diameter, number of seeds per capitulum, 100 seed weight, oil content and seed yield suggested a strong negative association of seed yield and oil components (Ramachandram, 1985). In order to change such negative associations between the principal components, the homozygous and heterozygous genotypes were treated with mutagens. The evaluation of III, IV and V filial generation progenies for character associations in different seasons (Table 1) did not indicate any major deviations from earlier studies (Singh et al., 1993; Patil and Deshmukh, 1998; Ramachandram and Goud, 1982). The number of capitula recorded the highest positive significant association with seed yield followed by test weight in all the generations, suggesting their importance for seed yield. The capitulum diameter and number of seeds per capitulum did not show any significant association with seed yield. The oil content showed a negative association with seed yield, but the values were not high enough to be significant, what suggests that it would be possible to select for a higher seed yield without drastically affecting the oil content in the progenies. The oil content had a positive association with capitulum diameter and seeds per capitulum and both of them showed a significant negative association with the principal yield components, number of capitula and test weight confirming previous works (Singh et al., 1993; Patil et al., 1997). The test weight also recorded a significant negative association with oil content (Table 1). The results of the present study confirm earlier works reporting an inverse relationship of important seed yield and oil content components (Patil and Deshmukh, 1998; Ramachandram, 1983) although the progenies were obtained from different sources. Different breeding methods such as the hybridization of diverse genotypes or mutagenic treatment to homozygous parental lines and their hybrids did not produce desirable shifts in character associations in any of the generations studied. Hence, it is suggested to select the individual segregants having desirable combinations of characters instead of anticipating any major shifts in the character associations in the population.

	Table 1. Phenotypic correlation for six quantitative characters in F3, F4 and F5 generation progenies of safflower

	Characters
	
	Capitulum diameter
	No. of seeds/Cap
	100 seed weight
	Oil content
	Seed

yield / plant

	No. of capitula
	F3

F4

F5
	-0.302*

-0.141

-0.280
	-0.246*

-0.195*

-0.324*
	0.144*

-0.047

0.226
	0.068

0.092

0.059
	0.463**

0.477**

0.302

	Capitulum diameter 
	F3

F4

F5
	
	0.637*

0.561*

0.387*
	-0.281*

-0.111

-0.197
	0.138*

0.071

0.102
	-0.060

0.155*

-0.128

	No.of seeds/cap
	F3

F4

F5
	
	
	-0.412*

-0.370**

-0.522*
	0.158*

0.162*

0.069
	-0.048

0.058

-0.040

	100 seed weight
	F3

F4

F5
	
	
	
	-0.212*

-0.294**

-0.184
	0.348**

0.244**

0.116

	Oil content
	F3

F4

F5
	
	
	
	
	-0.038

-0.045

-0.233

	*Significant at 5% level; ** Significant at 1% level


The path analysis (Table 2) also revealed the number of capitula per plant as the most important trait contributing directly to seed yield followed by test weight in all the generations. The indirect effects of these characters on other traits were not high. The number of seeds per capitulum also had a direct positive effect for seed yield, but it had a high negative indirect effect on important yield component traits such as number of capitula and test weight. As expected, the oil content had a high negative direct effect on seed yield confirming earlier results (Ramachandram and Goud, 1982). The number of capitula and test weight, which are important for seed yield, were negatively associated with capitulum diameter and number of seeds per capitulum, which are important for oil content.

	Table 2. Phenotypic path analysis of seven quantitative characters in F3, F4 and F5 generation progenies of safflower

	Characters
	
	No. of Capitula
	Capitulum diameter
	No. of seeds/Cap
	100 seed weight
	Oil content
	Correlation with Seed yield / plant

	No. of capitula
	F3

F4

F5
	0.423

0.587

0.429
	-0.015

-0.021

0.002
	-0.046

-0.038

-0.042
	0.055

-0.016

0.008
	-0.001

-0.003

-0.014
	0.463**

0.477**

0.302

	Capitulum diameter 
	F3

F4

F5
	-0.146

0.083

-0.120
	0.050

0.146

-0.007
	0.119

0.109

0.050
	-0.108

-0.038

-0.007
	-0.001

-0.002

-0.025
	-0.060

0.155*

-0.128

	No.of seeds/cap
	F3

F4

F5
	-0.119

-0.115

-0.139
	0.032

-0.082

-0.003
	0.187

0.194

0.131
	-0.158

-0.126

-0.018
	-0.001

-0.005

-0.017
	-0.048

0.058

-0.040

	100 seed weight
	F3

F4

F5
	0.069

-0.027

0.097
	-0.014

-0.016

0.001
	-0.077

-0.072

-0.068
	0.384

0.342

0.035
	0.002

0.009

0.045
	0.348**

0.244**

0.116

	Oil content
	F3

F4

F5
	0.033

0.054

0.025
	0.007

0.011

-0.001
	0.029

0.031

0.009
	-0.082

-0.101

-0.006
	-0.008

-0.031

-0.242
	-0.038

-0.045

-0.233

	*Significant at 5% level; ** Significant at 1% level


The results of the present study do not deviate much from earlier studies (Ramachandram, 1983; Patil, 1998; Malleshappa et al.,1989), although the progenies tested were derived by different methods. As reported by Ramachandram (1985) an undesirable negative association was found not only between seed yield and oil content but also between their respective important components. It is suggested making a restricted selection, where the improvement in seed yield is to be effected through capitulum number and test weight, keeping the important oil content components, such as number of seeds and capitulum diameter, constant.

Alternative plant types have been suggested for combining the important components in a balanced proportion for higher oil yield (Ramachandram, 1985). Ashri et al., (1974) also emphasized the potentiality of plant type with fewer but large capitula having maximum number of seeds.
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SAFFLOWER PRODUCTION STRATEGY IN INDIA

Patil1, B.B., K.K. Mangave2 and M.T. Ingavale3
College of Agriculture, Kolhapur 416 004, Maharashtra, India.

ABSTRACT

India is one of the major safflower producers in the world. Most of the current saflower acreage in this country comes from border and/or inter strip crop with other rabi crops. Fifty whole package demonstrations of safflower as a sole crop were organized in two of the main safflower growing states. The results of these demonstrations proved that the diversification of prevailing crop base in favour of safflower as an entire crop is highly remunerative under limiting moisture conditions or limited irrigation. In addition to higher yield and monetary returns, the cultivation of safflower was either less expensive than other competing crops and registered higher, benefits: cost, ratios.

INTRODUCTION

India is one of the world's largest growers of safflower (Carthamus tinctorius L.) with a cultivated area, of around 9 lakh ha (world = 13 lakh ha) with its total annual production, fluctuating between 3.5 to 5 lakh tonnes (world = 9 lakh tones). Safflower cultivation is mainly confined to Deccan península with Maharashtra (6.5 lakh/ha and 3.59 lakh tonnes) followed by Kamataka (2.15 lakh ha and 1.23 lakh tonnes) and Andhra Pradesh (22 thousand ha and 6.1 thousand tonnes) accounting for almost all of its area and production in the country. Except a negligible portion, most of the current safflower acreage in India comes form either border crops with other principal rabi crops, like sorghum, wheat, chickpea, coriander, and/or as inter/strip crop with them. Based on the encouraging results obtained from experimental farms in the traditional safflower growing areas of the country and the promise the crop displayed as a sole/entire crop under receding moisture conditions as well as life saving irrigation in moisture retentive and deep black soils/clay loams, a demonstration project organized 50 whole package demonstrations, 40 under rainfed and 10 under limited irrigation, in two out of the three principal safflower growing states, namely Maharashtra and Andhra Pradesh.

RECEDING MOISTURE (VERTISOLS)

Contrary to prevailing low yields per hectare of safflower, with an average of 470 kg/ha in Maharashtra and Kamataka and 307 kg/ha in Andhra Pradesh, plots which received full package of improved technology registered higher yields to the tune of 1650 kg/ha in the drought-prone areas i.e. Solapur, Maharashtra (corresponding farmers practice, 1130 kg/ha), 2115 kg/ha in the assured rainfall areas i.e. Khandesh region, Jalgaon, Maharashtra (farmers practice, 1700 kg/ha), and 1200 kg/ha in Andhra Pradesh i.e. Tandur, (Vikarabad District) (farmers practice, 525 kg/ha). At current levels, the above yields represent more than 3.5 to 4 times increase (Table 1), and even the minimum yields obtained from improved plots are much higher than both the corresponding farmers plots and prevailing state average yields. Averaged over different seasons and locations improved plots produced additional yields of around 300 kg/ha in Maharashtra to 486 kg/ha in Andhra Pradesh and extra monetary return of Rs. 2080/ha (Maharashtra) to Rs. 3970/ha (Andhra Pradesh) over respective farmers plots i.e. an increase of 37 to 141 % in the former and 37 to 144% in the latter.

When compared to the traditional safflower belt of Andhra Pradesh and the drought prone areas of Solapur, Westem Maharashtra, where safflower is cultivated under conditions of input starvation and poor management, the extent of yield advantages from improved technology was less than 40% in the assured rainfall areas of Maharashtra where farmers are already familiar with the bulk of the improved production technology (Solapur, 64%; Andhra Pradesh, 140%).

Interestingly, the general costs of cultivation of safflower under residual moisture conditions seldom exceeded 2000 Rs./ha (farmers practice: 1333 Rs./ha) in Maharashtra and 2300 Rs./ha (farmers practice: 1138 Rs./ha) in Andhra Pradesh even though the entire recommended improved package, which has a very low cost, was followed. This is not unexpected since the crop, if planted on time, is relatively free from any major biotic stresses. Consequently, the additional costs towards the adoption of improved package were less than 700 Rs./ha in Maharashtra and 1200 Rs./ha in the case of Andhra Pradesh. Conversely, farmers from scanty rainfall areas of Western Maharashtra i.e. Solapur region which is one of the major belts, reaped 3 to 23 times more returns from improved plots (mean Incremental Benefits Cost (IBC) ratio: 9.14). Similarly, under favourable moisture conditions so characteristic of Khandesh tract of Maharashtra (Jalgaon) the lBC ratios ranged from 1.50 to as high as 6.4 with a mean of 3.04. Even in Andhra Pradesh where safflower yields are one of the lowest (300 kg/ha) cultivation of safflower adopting whole package also proved equally attractive (lBC ratio: 1.7 to 7.2; Mean IBC ratio: 3.4).

LIFE SAVING IRRIGATION

Safflower, which is reputed for its adaptability to limiting moisture conditions, is also reported to benefit substantially from the application of one or two critical life saving irrigations in drylands in times of moisture stress. Based on this, a few centres in Maharashtra, which has a sizeable share of the country's 9 lakh and odd hectares under safflower, took up 10 demonstrations on farmers fields with an emphasis on the application of one or two minimal irrigations to supplement stored rainfall/residual moisture as and when conditions warranted and the crop showed symptoms of moisture stress. With just one irrigation, average yields of rainfed safflower more than doubled the yield under limiting moisture conditions experienced at Solapur (Improved Technology (IT): 1687 kg/ha; Farmers practice (FP): 636 kg/ha). However, at locations in and around Jalgaon where soil moisture conditions were relatively favourable for crop growth, IT yields were 1363 kg/ha and FP 1121 kg/ha). The response to life saving irrigation was less pronounced (Table 1). Interestingly, in some of the farmers’ fields highest yields from safflower with IT combined with one irrigation, amounted to around 1.5 to 2 tonnes kg/ha (Solapur, Maharashtra). These results highlight the enormous potentials that the crop offers for maximizing returns per unit area and inputs in vertisols wherever water is a scarce input and farmers cannot afford to give more than one irrigation.

As in the case of safflower raised purely under rainfed conditions, the additional cost of cultivation under limited irrigation was less than 400 Rs./ha. The above investments are too low when compared to the extra returns realized both at Jalgaon (1467 Rs./ha) and Solapur (5612 Rs./ha) from improved package of practices over the corresponding plots with farmers practices. No wonder, farmers from scanty rainfaIl and assured moisture areas of Maharashtra (Jalgaon, Solapur) harnessed 9.5 to 32 times more additional returns over their control plots (farmers plots) (IBC ratios from rainfed plots: 2.9 to 23.3). In view of favourable moisture conditions experienced at Jalgaon (Maharashtra) the extent of incremental benefit cost ratios from safflower with limited irrigation (Range: 1.95 to 13.05; mean: 4.78) were, however, not as attractive as from dryland areas of Solapur.
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RELATIVE POTENTIALS AND ECONOMICS OF SAFFLOWER VIS-A-AVIS OTHER COMPETING CROPS
At a number of locations in the traditional (Maharashtra, Karnataka and Andhra Pradesh) as well as other non-traditional but potential areas of safflower cultivation a number of demonstrations were taken up under real farm situations in order to test the crop potentials and economics as entire crop in relation to one or more competing crops. Thus, between 1988 and 1991 the project undertook 58 demonstration of 0.4 ha size using various other competing crops as checks.

The statewise break up of demonstrations and specific competing crops involved for comparison is showed in Table 2.

Table 2. Number of demonstration to test safflower potential in relation to several competing crops

	State
	Nº of demonstrations conducted and competing crops

	
	Grams
	Linseed
	Wheat
	Sorghum

	Maharashtra
	2*
	2x
	2*
	-
	3*
	2x

	Karnataka
	-
	-
	-
	4x
	-
	1x

	Andhra Pradesh
	4*
	-
	-
	3*
	-
	-

	Madhya Pradesh
	13*
	19x
	3*
	-
	-
	-

	* Rainfed; x One life saving irrigation


The results of the above demonstrations conclusively proved the that diversification of prevailing crop base in favour of safflower as entire crop is highly remunerative in vertisols both under limiting moisture conditions as well as wherever provision for one or two limited irrigations exists (TabIe 3).

As compared to more popular crops such as gram, rabi sorghum, linseed, wheat currently grown in the country's proven and principal areas of safflower cultivation, improved plot with safflower as an entire crop under residual moisture conditions registered on an average, extra net returns of 1219 to 3090 Rs./ha over gram, 1731 to 4707 Rs./ha over linseed and 3583 to 3722 Rs./ha over rabi sorghum. Similarly, in plots which received one/two protective irrigation(s) at critical crop growth stages, safflower recorded 5772 Rs./ha more returns than wheat with 8 irrigations Kamataka (Annigeri), 6555 Rs./ha than gram (2 irrigations) and 3884 Rs./ha over rabi sorghum (two irrigations) in Maharashtra (Solapur), respectively.

Even in Malwa plateau where the crop has not yet gained momentum, despite the availability of proven varieties and production technologies, farmers realized additional returns from safflower (entire crop) ranging from 1617 Rs./ha (77%) over gram to 1731 Rs./ha (160%) over linseed under receding moisture conditions. Cultivation of safflower also turned out to be equally economical when compared to gram under limited irrigation (extra returns: 2748 Rs./ha i.e.134%)

Apart from higher yields and monetary returns, cultivation of safflower was either less expensive than other competing crops or its cultivation involved very marginal or no additional investments. At most of the locations in Maharashtra and Kamataka, the maximum cost of cultivation for safflower in rainfed as well as limited irrigation did not exceed 2000 to 2300 Rs./ha in drylands and 2600 to 2800 Rs./ha with one .protective irrigation. Added to higher yields and incomes, improved plots involving safflower as an entire crop aIso registered higher benefit cost ratios than those realized from other competing crops. These results encourage shifts in crop choice in favour of more productive and remunerative crops like safflower for enhancing returns from drylands as well as areas where irrigation water is a scarce input.
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Characterization of Safflower germplasm for Physiological traits

Lakshmi Prayaga, P. Lakshmamma and P. Padmavathi

Directorate of Oilseeds Research, Rajendranagar, 

Hyderabad-500 030, India

Abstract

A collection of 470 germplasm accessions was evaluated for total dry matter (TDM), seed yield and harvest index (HI). Considerable variation was available in germplasm for these characters. TDM ranged from 40 g to 288.6 g/plant, seed yield ranged from 2.7 to 50.5 g/plant and HI ranged from 5 to 36%. Promising accessions for each character were identified.

Key words: Safflower, total dry matter, seed yield, harvest index.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is grown for its petals and oil rich in polyunsaturated fatty acids (PUFA) content. Maharashtra and Karnataka are major safflower growing states in India. The crop is mainly grown during rabi season on residual soil moisture. India has a good collection of germplasm which provides the base material for crop improvement. Germplasm characterization for different characters is important as it gives information about the variation available and thus helps in the selection for a particular trait. Characterization has been done for traits like plant height, number of branches, number of capsules, seed number per capsule, seed weight, and test weight but not for physiological traits like total dry matter (TDM) and harvest index (HI). Therefore, the present study was taken up to evaluate 470 germplasm accessions for TDM, seed yield and HI.

Materials and Methods

A collection of 470 germplasm accessions was grown in the ICRISAT farm of the Directorate of Oilseed Research (DOR) during rabi 2002 in rows of 5 m in length. Plant to plant distance of 20 cm and row to row distance of 45 cm was adopted. The crop received N and K as per recommended levels 40:25 Kg/ha as basal dose. Observations on TDM and seed yield were recorded at harvest on 15 plants. 

Results and Discussion

Variation for TDM, seed yield and HI among germplasm accessions is given in Table 1. Accessions that recorded maximum and minimum values are also indicated in this table. TDM included dry matter in stem, leaves and capitulum. In safflower, of the total dry matter produced, about 64 to 70% was accumulated in the capitulum, 7 to 9% in the stem and 22 to 27% in the leaves (Zope and Deokar, 1988). In the present study, TDM ranged from 40 to 288.6 g/plant with a mean of 108 g/plant. In only 14 accessions the TDM production was less than 50 g and in 12 accessions it exceeded even 200 g/plant (Fig 1). In these 12 accessions, the average yield recorded was 105% (39 g/plant) which is higher compared to the overall mean of 19.0 g/plant. Positive correlation (r=0.78) was observed between TDM and seed yield. Lakshmamma et al. (1996) also observed high TDM values in high yielding hybrids compared to low yielding cultivars. Maximum variation was available in the germplasm for this trait. 

	Table 1. Variation among germplasm lines for TDM, seed yield and HI

	Character
	Minimum*
	Maximum
	Mean

	TDM
	40.1 (GMU 404)
	288.6 (GMU 67)
	107.5

	Seed Yield
	2.7 (GMU 487)
	50.5 (GMU 23)
	19.9

	HI
	36 (GMU 35)
	5 (GMU 487)
	19


* Accession number is given in parenthesis

Overall seed yield ranged from 2.7 to 50.5 g/plant with a mean of 19.9 g/plant. In the majority of the accessions it ranged from 11-30 g/plant (Fig 1). Only accession GMU 23 recorded more than 50 g/plant whereas in 17 accessions it ranged from 40 to 50 g/plant. The average TDM of these 18 accessions was 79 % higher than the overall mean clearly indicating a positive relation between TDM and seed yield. 

	Table 2. Promising accessions for different characters

	Character
	Range
	Accessions

	TDM

200-250 g/plant

>250 g/plant
	GMU 55, 296, 31, 297, 59, 123, 97, 98

GMU 78, 63, 132, 67

	Seed Yield 

40-50 g/plant

>50 g/plant
	GMU 20, 63, 29, 78, 36, 59, 418,

57, 14, 18, 55, 12, 67, 89, 86, 15, 26

GMU 23

	HI

> 30 %
	GMU 56, 203, 40, 8, 19, 108, 7,

5, 397, 114, 35




HI indicates the partitioning of assimilates to economic sinks. It ranged from 5 to 36% with a mean of 19%. In 10 accessions it showed a value  higher than 30% and in 43 accessions it ranged from 26 to 30% (Fig 1). HI also showed a positive correlation with seed yield (r=0.54). Similar observations were also reported by Hoque et al., 1997; Jadhav et al., 1992; Ninganur 1987.

Promising accessions for different characters are identified and presented in Table 2. This information is helpful in the selection of genotypes based on physiological characters like TDM and HI.

Fig. 1. Histograms of TDM, seed yield and HI of 470 sesame germplasm accessions
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ASSESSMENT OF AN IN VITRO METHOD FOR SCREENING OF SAFFLOWER GENOTYPES FOR SALT TOLERANCE

Radhika, K., M. Sujatha and T. Nageshwar Rao

Department of Genetics and Plant Breeding

ANGR Agricultural University, Rajendranagar, Hyderabad 500 030, India

ABSTRACT

The objective of the present investigation was to compare the efficacy of solid vs. liquid medium supplemented with varying concentrations of sodium chloride (0.5 to 3.0%) to assess the usefulness of in vitro methods for large scale screening of safflower genotypes for salt tolerance. The observations recorded on days taken for sprouting and germination and seedling growth characters revealed the superiority of the liquid medium over the solid for screening safflower genotypes to salt stress. 

Key words: Safflower, salt tolerance, in vitro method.

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an important oilseed crop that owes its importance not only to the premium quality oil but also to the multipurpose uses of the entire plant system. In addition to this, safflower with its deep tap root system has proved more remunerative than most of the rabi crops in drought-prone and salinized soils. In India, an estimated 8.2 million hectares of soils are affected by soil-related problems (Singh, 1992). Among the various strategies for the management of salt stress, genetic resistance offers an economically viable option to farmers in salinity management under field conditions. Earlier studies on the screening of safflower genotypes were confined to the screening of selected genotypes under imposed salt conditions in pots or in saline environment (Ashraf and Fatima, 1995; Muralidharudu et al., 1997). These techniques are tedious, time consuming and are of lesser utility for screening a large number of accessions. The present study was undertaken to assess the suitability of an in vitro technique for screening safflower genotypes to salt stress and to identify a suitable support medium that can facilitate the exchange of Na+ ions in such experiments. 

MATERIALS AND METHODS

Seeds of the cultivar HUS-305 were aseptically cultured on Murashige and Skoog (1962) medium with only one-fourth of its actual strength of salts and vitamins. For solid substrate, the medium was gelled with 0.5% agar and for liquid media, the seeds were placed on filter paper boats. The experiment comprised seven salt concentrations (0 to 3.0% at 0.5% increment) and the required quantity of sodium chloride was added to each medium for obtaining the desired salt stress condition. Into each test tube, size 15 x 250 mm, 15 ml of the medium was poured and two seeds were placed. Each treatment comprised 10 tubes and the experiments were repeated twice. 

Observations were recorded on the percentage of seed sprouting and germination and the number of days taken for sprouting and germination. For recording variations in seedling growth characters, the seedlings were carefully removed at a five days interval from the date of sowing and observations were taken at 5, 10, 15 and 20 days after inoculation on root length (cm), shoot length (cm), total seedling length (cm), seedling fresh and dry weights (mg), seedling fresh weight/dry weight ratio, root/shoot ratio and seedling vigour index (percent seed germination x dry matter content of the seedling in g).  

RESULTS AND DISCUSSION

The results with regard to the efficacy of solid and liquid media, supplemented with various salt concentrations, on germination and seedling growth characters of HUS 305 are presented in Table 1. Of the two media types, sprouting and germination was delayed on the liquid medium. Regardless of the media type, seeds sprouted within a day up to 1.0% NaCl. With increase in salt concentration the number of days taken for sprouting increased and it ranged from 1 to 5 days (mean, 2.5 days) on liquid medium and 1 to 2 days (mean, 1.3 days) on solid medium. Mean seed sprouting was high (98%) on solid medium as compared to liquid medium (44.8%). Seed sprouting occurred only up to 2.5% NaCl concentration on liquid medium, while seeds sprouted on solid medium at all the tested concentrations. On liquid medium, seed sprouting ranged from 5% (2.5% NaCl) to 100% (up to 0.5% NaCl), while on solid medium 100% sprouting was recorded up to 1.5% NaCl and was reduced to 90.7% on 3.0% NaCl.

Similar response was observed with regard to days taken for germination and frequency of seed germination. The days taken for germination on liquid medium increased from 2.8 to 6 days (mean, 4.1 days) with increase in salt concentration and from 3 to 5 days on solid medium (mean, 3.6 days). Salt (NaCl) concentration above 1.0% in liquid medium and  2.0% in solid medium proved to be lethal for germination. On the liquid medium, the lowest frequency of germination was 36.7% (1.0% NaCl) while on the solid medium it was 32.9% on medium with 2.0% NaCl.

Seedling growth characters

In both media, the root and shoot lengths as well as the total seedling length decreased with the increase in salt concentration. The mean root length was higher on liquid medium (7.2 cm) than that recorded on solid medium (2.1 cm). The root length recorded in different salt concentrations decreased from 20.5 cm in control to 0.1 cm (2.5% NaCl) on liquid medium, while it decreased from 7.5 cm in control to 0.1 cm in medium with 3.0% NaCl. Similarly, the shoot length decreased from 9.2 cm (control) to 0.1 cm (2.5% NaCl) on liquid medium and from 6.7 cm to 0.3 cm (3.0% NaCl) on solid medium. Distinct differences of both media types were observed with regard to the total seedling length and the mean lengths were 8.9 and 4.3 on liquid and solid media, respectively. 

On liquid medium, the seedling fresh weight decreased from 897 mg (control) to 39 mg on medium with 3.0% NaCl, while it decreased from 490 to 51 mg on solid medium. Although the initial seedling fresh weight on liquid media was higher than that on solid media, the decline in fresh weight due to salt stress was drastic thereby resulting in lower seedling fresh weights with the increase in salt concentration. A similar trend was recorded in the case of seedling dry weights and fresh weight/dry weight ratio. The seedling vigour index decreased from 6.3 (control) to 1.3 (1.0% NaCl) on liquid medium, while it was reduced from 3.5 (control) to 1.1 (2.0% NaCl) on solid medium. 

Screening of safflower germplasm for salt tolerance is of paramount importance and cannot be overlooked. Previous studies were confined to a few genotypes and screening was done either under greenhouse conditions under salt stress imposed conditions or salt affected soils with a natural salinity 
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gradient. If the selection is improper, there is every chance of selecting a high yielding variety with relatively low salt tolerance that can outyield low yielding varieties with a better degree of salt tolerance. The present investigation differentiates the seedling response to salt stress on solid vs. liquid media and proves the superiority of liquid over solid media in such screening studies. The effect of salt was more pronounced in liquid medium as revealed by the susceptibility of the tested genotype at lower salt concentrations compared to those required to elicit a similar response in the solid medium. The in vitro method of screening for salt tolerance used in the present study is simple, rapid and reliable; it circumvents the difficulties associated with in vivo techniques and could successfully be used for large scale screening throughout the year with little or no influence of environmental parameters.
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EFFICACY OF CYCLIC MODE OF POND AND SALINE WATER IRRIGATIONS ON SAFFLOWER YIELD

Patel, P.T., K.J. Patel and M.S. Jakasaniya
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ABSTRACT

A field experiment was undertaken to find out best cyclic mode (pond and saline water) of irrigation for safflower in semi arid region of Bhal tract. The treatments were control, pond water, one and two irrigations, (1PW, 2PW); one pond water + one saline water irrigation (1PW+ 1SW), saline water, one and two irrigations, (1SW, 2SW) and 1SW+ 1PW. Out of five years of experimentation, the seed yield of safflower was significantly influenced by irrigation treatments only during one year. All the irrigation treatments except that of one irrigation of saline water (1SW) produced a significantly higher seed yield than the control. Application of two irrigations from pond water (2PW) produced maximum seed yield but remained at par with cyclic mode of irrigation (1PW+ 1SW), one irrigation from pond and two irrigations of saline water. Pooled data further revealed that yield of safflower decreased only 2.86 and 1.88 per cent when irrigated with cyclic mode of pond water and saline as 1PW+1SW and 1SW+1PW, respectively, as compared to 7.75 per cent yield reduction when saline water alone was used for two irrigations. At the end of the fifth year, the highest soil EC (1:2.5 soil: water ratio) was observed under two irrigations of saline water followed by one irrigation of saline water. A similar trend was also observed in the case of ESP in 0 to 15 cm soil depth. Soil pH was not influenced due to either saline or pond water irrigation treatments as compared to unirrigated conditions.

INTRODUCTION

Safflower (Carthamus tinctorius L) is an important oilseed crop of India raised on vertisol during the post rainy season utilizing the conserved/residual soil moisture. Adverse climatic conditions, low rainfall, early withdrawal of monsoon, limited groundwater resources are the major factors responsible for the low productivity of this crop in the semi arid Bhal tract of Gujarat. Collection of water and its re-utilization as supplementary irrigation for increasing crop productivity during the postrainy season has been reported by many scientists in India (Chowdhary, 1979) as well as in Gujarat (Das et al., 1997). Where good quality water is limited, saline water can be used for irrigation in conjunction with the former. Yadav (1975) reported that crop yield improved significantly if one irrigation with saline water was followed by two irrigations of good quality water as compared to saline water alone. Such a practice prevents the building up of a soluble salt concentration in the root zone beyond permissible limits and hence this practice is of paramount importance in the Bhal tract of Gujarat where ground water is saline. Keeping this in view, a study was planned to find out the best cyclic mode (pond water and saline water) of irrigation of safflower in Bhal tract.

MATERIALS AND METHODS

Field studies were carried out at Regional Research Station, Gujarat Agricultural University, Arnej during 1992-93, 1993-94,1994-95, 1996-97 and 1997-98 on clayey soil in semi-arid climatic conditions to evaluate cyclic modes [pond water and saline water (8 dS m-1)] of irrigation on safflower performance. The treatments were: 1) control (No irrigation); 2) One irrigation of 50 mm with pond water at branching (1PW); 3) Two irrigations, each of 50 mm, with pond water at branching and 25 days after first irrigation (2PW); 4) One irrigation of 50 mm with pond water at branching + saline water irrigation at 25 days after first irrigation (1PW+1SW); 5) One irrigation of 50 mm with saline water at branching (1SW); 6) Two irrigations each of 50 mm with saline water at branching and 25 days after first irrigation (2SW) and 7) One irrigation of 50 mm with saline water at branching and thereafter irrigation with pond water (1SW+1PW). The experiment was laid out in randomized block design with four replications. The initial soil EC (1:2.5) 0.40 and 0.38 dS m-1) and pH (1:2.5) 8.60 and 8.35 were determined at 0 to 15 and 15 to 30 cm depth, respectively. The total rain received during 1992-93, 1993-94, 1994-95, 1996-97, 1997-98 amounted to 620, 530, 855, 563 and 995 mm, distributed in 25, 27, 44, 37 and 44 days, respectively.

RESULTS AND DISCUSSION

Five years’ average data on growth characters (Table 1) revealed that different irrigation treatments did not produce significant differences on plant population at harvest, number of branches per plant, capsules per plant, seeds per capsule as well as in seed oil content. However, plant height was significantly higher under all irrigation treatments and the highest plant height was recorded with two irrigations of pond water. Further, number of capsules per plant were slightly higher with irrigation treatments in comparison to no irrigation. Irrigation treatments tended to increase seed yield, but a significant influence was observed only in 1994-95. All irrigation treatments significantly increased the seed yield over the unirrigated control, but the differences between irrigation treatments were found to be non-significant (Table 2) .The pooled results indicated a significant response of irrigation treatments on seed yield of safflower. All the irrigation treatments except that of one irrigation of saline water (1 SW) produced significantly higher seed yield than the control. These results confirm earlier reports of Das et al. (1997) and Vijyalaxmi et al. (1982). Pooled data revealed also that the application of two irrigations from pond water (2PW) produced maximum seed yield but remained at par with cyclic mode of irrigation (1PW+1SW), one irrigation from pond and two irrigations of saline water. The non-significant differences in seed yield might be due to the salt tolerance ability of safflower (Mass and Hoffman, 1977). In relation to the effect of saline water, the yield of safflower decreased only by 2.86 and 1.88 per cent when irrigated with cyclic mode of pond and saline water as 1PW+1SW and 1SW+1PW, respectively, as compared to 7.75 per cent yield reduction when saline water alone was used for two irrigations. A similar observation for the application of cyclic mode of irrigation has been reported by Sharma (1980) in rice and Dubey et al. (2000) for rice and wheat crop at Karnal.

Economics

The economics of different irrigation treatments is presented in Table 3 on the basis of the average yield of five years. One irrigation of pond water realised the highest additional net profit of Rs. 1889 over control (No irrigation) with incremental cost benefit ratio (ICBR) of 1:5.25, followed by two irrigations of pond water (1 :2.15)

Soil analysis

In general, the total salt accumulation, after the harvest of safflower, was highest when only saline water was applied as a source of irrigation in both the soil depths (0 to 15 and 15 to 30 cm) in all the years and mean value of five years. At the end of the fifth year (Table 1), the highest soil EC (1:2.5 soil: water ratio) was observed in two irrigations of saline water treatment followed by one irrigation of saline water. A similar trend was also observed in the case of ESP in 0 to 15 cm depth. The salinity and sodicity of soil at the end of the experimentation was higher under the treatment receiving only saline water as compared to the cyclic mode of 
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irrigation. This finding is in accordance with Dubey et al., (2000) and Chauhan et al. (2002). Soil pH was not influenced by either saline or pond water irrigation treatments as compared to unirrigated conditions. Girdhar (1995) also reported similar findings.

In conclusion, two irrigations of pond water in safflower applied at branching and 25 days after the first irrigation increased the yield without increasing soil salinity. In water scarce areas, saline water can be used as a source of irrigation in conjunction with pond water without reducing yield but following a careful control of soil management to minimize soil salt concentration.

Table 2. Effect of limited saline water irrigation on seed yield of safflower Var. Bhima

	Treatments
	Seed yield (kg ha-1)
	Pooled 

Kg ha-1

	
	1992-93
	1993-94
	1994-95
	1996-97
	1997 -98
	

	No irrigation
	1618
	877
	338
	1811
	705
	1070

	Pond water, one irrigation
	1866
	1303
	787
	1884
	793
	1327

	Pond water, two irrigation
	1867
	1102
	738
	2093
	844
	1329

	Pond water + Saline water
	1811
	1104
	718
	1987
	837
	1291

	Saline water, one irrigation
	1611
	910
	647
	1746
	880
	1159

	Saline water, two irrigation
	1671
	1036
	651
	1837
	935
	1226

	Saline water+ Pond water
	1790
	1160
	730
	1903
	936
	1304

	S Em ±
	116.9
	108.4
	91.1
	112.9
	72.7
	44.0

	CD 0.05
	NS
	NS
	270.7
	NS
	NS
	123.3

	CV%
	13.3
	20.3
	27.7
	11.9
	17.2
	16.4


Table 3. Economics of treatments combinations

	Treatments
	Seed yield kg ha-1
	Additional yield overcontrol

kg ha-1
	Additional in come over control Rs ha-1
	Additional cost over control

Rs ha-1
	Additional profit over control

Rs ha-1
	ICBR

	
	
	
	
	
	
	Gross
	Net

	No irrigation
	1070
	-
	-
	-
	-
	-
	-

	Pond water one irrigation
	1327
	257
	2248.75
	360.00
	1888.75
	1:6.25
	1:5.25

	Pond water two irrigations
	1329
	259
	2266.25
	720.00
	1546.25
	1:3.15
	1:2.15

	Pond water + saline water
	1291
	221
	1933.75
	720.00
	1213.75
	1:2.69
	1:1.69

	Saline water one irrigation
	1159
	89
	778.75
	360.00
	418.75
	1:2.16
	1:1.16

	Saline water two irrigations
	1226
	156
	1365.00
	720.00
	645.00
	1:1.90
	1:0.90

	Saline water + pond water
	1304
	234
	2047.50
	720.00
	1327.50
	1:2.84
	1:1.84

	Price of produce: 175/ Rs. per 20 kg seed; One irrigation, 360/Rs ha-1
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OPTIMIZING IRRIGATION IN RELATION TO PHOSPHORUS NUTRITION IN SAFFLOWER (Carthamus tinctorius L)

Padmavathi, P. and P. Lakshmamma

Directorate of Oilseeds Research

Rajendranagar, Hyderabad 500 030, India

ABSTRACT

In India safflower is considered as a dryland crop. However, efficient use of irrigation water coupled with an optimum dose of P can substantially boost up safflower productivity. In view of this an experiment was conducted on sandy loam soil during rabi season, to study the performance of safflower as influenced by levels of irrigation and phosphorus nutrition. Three irrigation levels [(0.4, 0.6, 0.8, Irrigation Water /Cumulative Pan Evapotranspiration (IW/CPE)] in main plot and three phosphorus levels (40, 60, 80 kg P2O5 ha-1) as subplots were laid out in split plot design. Seed yield and its components varied significantly due to irrigation and P application. A significantly higher seed yield of 1667 kg ha-1 was recorded with irrigation at 0.8 IW/CPE compared to 0.6 (1454 kg ha-1) and 0.4 IW/CPE ratio (927 kg ha-1). Application of 60 kg P2O5 ha-1 recorded a significantly higher seed yield (1443 kg ha-1) than that of 40 kg P2O5 ha-1 (1292 kg ha-1) but was not significantly influenced by a higher level of phosphorus application (80 kg P2O5 ha-1). At 0.8 and 0.6 IW/CPE levels of irrigation, seed yields increased significantly with increase in P levels whereas at 0.4 IW/CPE, the response was observed only up to 60 kg P2O5 ha-1. Maximum seed yield was obtained with 60 or 80 kg P2O5 at 0.8 IW/CPE level of irrigation.

Key words: Safflower, phosphorus, irrigation.

INTRODUCTION

Safflower is one of the important oilseed crops grown in rabi season under residual moisture conditions with poor management practices which are the main factors responsible for poor production in this crop. With irrigation, safflower yields can be increased to the tune of 3 to 4 times as compared to that of average yields under rainfed conditions. To increase the productivity, it is necessary to provide an adequate quantity of water at the right time coupled with an optimum quantity of fertilizer. In view of this an experiment was conducted to study the effect of irrigation and P nutrition on yield of safflower 

MATERIALS AND METHODS

A field experiment was conducted at Research farm of Directorate of Oilseeds Research during rabi season. The soil was sandy loam containing 145, 8.9 and 312 kg ha-1 of available N, P2O5 and K2O respectively. The treatments consisted of three irrigation regimes (0.4, 0.6, 0.8 IW/CPE ratio) and three phosphorus levels (40, 60 and 80 kg P2O5 kg ha-1). A split plot design with four replications was used keeping irrigation levels in the main plot and P levels in the subplots of 40 m2. Safflower variety A1 was sown during third week of October and harvested in last week of February. Crop was sown in rows 45 cm apart and after 20 days thinned to keep one plant at 20 cm. The N and K were supplied as per recommended level (40: 20 kg ha-1). Nitrogen was applied in two equal splits. Irrigation was given to the field immediately after sowing and life irrigation was given 8 DAS to all the treatments. Irrigation scheduling was based on climatological approach. When cumulative evaporation reached the level of 125, 83.3 and 62.5 mm, irrigation (5 cm depth) was applied in 0.4, 0.6, 0.8 IW/CPE ratios respectively. During the crop season 5 mm of rainfall was received. Field water use efficiency (WUE) was calculated with the formula given by Singh and Sinha (1977). Phosphorous use efficiency (PUE) was calculated as kilogram of seed produced per kg of phosphorous applied.
RESULTS AND DISCUSSION

The effect of irrigation and phosphorus nutrition on yield and yield contributes were presented in Table 1.

Effect of Irrigation

Increase in water supply (0.8 IW/CPE) resulted in significantly higher yield contributes (number of capitula, capitula and seed weight of secondary and tertiary branches, total weight of capitula, seed and plant weight) than that of 0.6 and 0.4 IW/CPE. This effect may be attributed to high moisture content resulting in greater absorption of water and nutrients by plants. Weight per capitula and seed of primary branches were not significantly influenced due to varied amounts of irrigation. The seed yield was significantly higher when the crop was components irrigated at 0.8 IW/CPE than that of 0.6 and 0.4 IW/CPE, but the significant differences were not observed components between 0.4 and 0.6 IW/CPE. The higher seed yield produced by the increase in the amount of irrigation, was due to an increase in the number of capitula and in the weight of capitula and seed. A significant response of safflower to irrigation was reported in clay soil by Patel and Patel (1993) and Nimje (1991) and in sandy loams by Kumar (1991). At all levels of P, yield and yield components were increased with an increase in the amount of irrigation water applied. Oil content was not significantly influenced by irrigation. A similar observation was made by Singh et al. (1995).

Effect of phosphorus

An increase in phosphorus level from 40 to 60 kg ha-1, produced a significant increase in yield components (number of capitula, capitula and seed weight of secondary and tertiary branches, total weight of capitula, seed and plant weight). Application of P beyond 60 kg ha-1 did not have any considerable advantage. Seed yield was significantly influenced by to P application. The seed yield increase due to 80 kg P2O5 ha-1 application was 18 and 6% more than that of 40 and 60 kg ha-1, respectively. This might be due to the improvement in plant growth by P application leading to higher photosynthetic activity and translocation of photosynthates to the sink which consequently resulted in a better development of yield components and, finally, in a higher seed yield (Singh and Singh, 1989).

Interaction effect between irrigation and P application on seed yield was found to be significant (Table 2). At all the levels of irrigation, yield increased with increase in P application. At 0.8 and 0.6 IW/CPE levels of irrigation, seed yields increased significantly with increase in P levels whereas at 0.4 IW/CPE, the response was observed only up to 60 kg P2O5 ha-1. The lack of response of the crop to higher levels of phosphorus application could be due to moisture stress in the root zone. Maximum yield was recorded with irrigation at 0.8 IW/CPE and 60 or 80 kg P2O5 application. Oil content was not significantly influenced by phosphorus application.
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Table 2. Effects of levels of irrigation and phosphorus on seed yield, field water use efficiency and phosphorus use efficiency

	Irrigation (IW/CPE)
	Seed yield

(kg ha-1)
	Water use efficiency

(kg ha-1 mm-1)
	Phosphorus use efficiency

(kg ha-1 kg-1 P2O5)

	
	Phosphorus (kg ha-1)
	Phosphorus (kg ha-1)
	Phosphorus (kg ha-1)

	
	40
	60
	80
	mean
	40
	60
	80
	mean
	40
	60
	80
	mean

	0.4
	790
	996
	995
	927
	15.8
	19.9
	19.9
	18.5
	20
	17
	12
	16

	0.6
	1148
	1516
	1700
	1455
	7.7
	10.1
	11.3
	9.7
	29
	25
	21
	25

	0.8
	1292
	1816
	1894
	1667
	6.5
	9.1
	9.5
	8.4
	32
	30
	24
	29

	mean
	1077
	1443
	1546
	
	10.0
	13.0
	13.6
	
	27
	24
	19
	


Field water Use Efficiency (FWUE)

The effect of irrigation regimes and phosphorus application on field water use efficiency is given in Table 2. The total quantity of water applied in irrigation regimes based on IW/CPE ratios, 0.4, 0.6 and 0.8 were 50, 150 and 200 mm, respectively. With the increase in the amount of water applied the FWUE decreased. Irrigation scheduling at 0.4 IW/CPE used water more efficiently confirming the observations of Singh and Singh (1989) and Patel and Patel (1996), who reported that FWUE was increased with the decrease in irrigation level. FWUE was increased with increasing rates of P. This might be due to better root growth resulting in improved moisture utilization. A similar finding was also reported by Singh and Singh (1989). 

Phosphorus Use Efficiency (PUE)

The effect of irrigation and phosphorus on PUE is presented in Table 2. Scheduling irrigation from 0.4 to 0.8 IW/CPE improved the PUE. This indicates that an increase in the amount of water applied resulted in better crop growth and that the crop used the phosphorus more efficiently. With an increase in phosphorus level, PUE decreased. 

When the crop received irrigation at 0.8 IW/CPE and P2O5 application of 60 kg ha-1 in sandy loam soil, recorded maximum levels of yield and yield components.
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SAFFLOWER SEED QUALITY RESPONSE TO SOWING DATE AND HEAD POSITION

Uslu, N.

Turkish Atomic Energy Authority,

Ankara Nuclear Research Center in Agriculture and Animal Science

06983 Saray, Ankara-Turkey

ABSTRACT
Safflower is an important source of a nutritionally valuable edible oil. Various factors, such as genotype, location and agronomic practices, influence the seed and oil quality of safflower. The purpose of this study was to determine the response of safflower seed quality to sowing date and head position. Three safflower cultivars (5-38, 5-118 and 5-154) were sown during two growing seasons in November and April as winter and spring seedings. In the laboratory, the heads on the plant were classified in three groups: head of main stem (HMS), head of primary branches (HPB) and head of secondary branches (HSB). November sowing produced higher values of heads per plant (9.5) seeds per head (37.7) seed oil percentage (38.28%) and seed yield per plant (33.75 g/plant) compared to April sowing (2.2 heads/plant, 27.5 seeds/head, 35.93% and 8.30 g/plant, respectively). HMS and HPB gave larger seeds than the HSB. Seeds of the HMS and HPB had a higher oil content in comparison to the seeds of HSB (37.25%, 38.23% and 35.83%, respectively). 

INTRODUCTION

Safflower is consideed to be a source of the highest quality vegetable oils (Kaffka et al., 2001). The composition and quality of safflower seeds are influenced by many factors such as genotype, location, agronomic practices, maturity and post-harvest practices (Nagaraj, 1993 and Nagaraj and Reddy, 1997). Mehta et al. (1979) studied the influence of the primary and secondary branch contribution to 100 seed weight, oil and protein content of safflower. Cazzato et al. (1997) investigated the effects of seeding date, supplementary irrigation and cultivars on number of heads per plant, number of seeds per plant, 100 seed weight and head sterility according to the head position.

This paper reports the effects of sowing date and head position on head and seed traits of the safflower.

MATERIALS AND METHODS
The field experiment was conducted at the Ankara Nuclear Research Center in Agriculture and Animal Science located 30 km west of Ankara (Turkey). The soil was of a heavy texture, slightly alkaline, low in organic matter and total nitrogen and also low in extractable phosphorous. 

The experiment was arranged in a randomized complete block, split plot design with three replications. Main plots were sowing dates and subplots were cultivars. Three local safflower cultivars, 5-38 (spineless), 5-118 (spineless) and 5-154 (spiny) were sown on 2 November and 24 April as winter and spring seedings. The total rain-falls were 330 mm for winter sowing (between 2 November and 15 August) and 68.5 mm for spring sowing (between 24 April and 15 August). Each plot consisted of 6 rows, 4 m long. At harvest, 10 plants were taken from each plot to the laboratory to group the heads by their position on the plant as heads of main stem (HMS), head of primary branches (HPB) and heads of secondary branches (HSB).

After the heads on plant had been counted, they were removed from plants and head diameters were measured. Seeds were manually shelled from the heads, counted for seed number in each head and for 100-seed weight and determined seed yield of the single plants. On a sample of seeds per head position, the seed oil content was determined after extraction by the Soxhlet method.

Laboratory data that included the head position were statistically analyzed based on a combined cultivar split-plot ANOVA.

RESULTS

Sowing Date Effect

The sowing time affected significantly (P<0.05) the number of heads and the seed oil content. Plants in the November sowing produced more heads and more seed oil content in comparison to April sowing. Although values of head diameter and number of seeds per head were higher (23.6 mm and 37.7 seeds/head, respectively) for November sowing, they were not different statistically (Table 1).  

	Table 1. Influence of sowing date treatment on safflower head and seed characteristics (Values are averaged over the three cultivars).

	Sowing time
	No. of head

(plant-1)
	Head diam.

(mm)
	No. of seeds

(head-1)
	Seed weight

(g/head)
	100 seed weight
	Seed oil

(%)

	November
	9.5
	23.6
	37.7
	1.38
	3.63
	38.28

	April
	2.2
	20.5
	27.5
	1.04
	3.65
	35.93

	LSD (0.05)
	4.9
	NS
	NS
	NS
	NS
	1.72

	        (0.01)
	11.3
	NS
	NS
	NS
	NS
	3.98


Head Position Effect

The head position affected significantly (P<0.01) all the traits under investigation, except the seed oil content. As a trait of the safflower plant, the number of heads on the main stem is always one. However, the numbers of heads for the primary and secondary branches were found to be 7.7 and 8.8 heads/plant. On the other hand, head diameter and seed characteristics values decreased for HSB. The heads on the secondary branches were smaller, had a lower number of seeds per head, lower seed weight per head and lower 100 seed weight. Analyzing the three categories of plant heads, a decreasing number of seeds were observed shifting from the main head (39.8 seeds/head) to primary (37.4 seeds/head) and secondary heads (20.6 seeds/heads). However, no significant differences between head positions were found for seed oil content (Table 2). 

	Table 2. Influence of head position on safflower head and seed characteristics (Values are averaged over the three cultivars).

	Head position
	No. of head

(plant-1)
	Head diam.

(mm)
	No. of seeds

(head-1)
	Seed weight

(g/head)
	100 seed weight (g)
	Seed oil

(%)

	HMS
	1.0
	24.5
	39.8
	1.56
	3.96
	37.25

	HPB
	7.7
	23.4
	37.4
	1.41
	3.77
	38.23

	HSB
	8.8
	18.2
	20.6
	0.66
	3.19
	35.83

	LSD (0.05)
	2.1
	1.2
	5.0
	0.21
	0.24
	NS

	        (0.01)
	3.1
	1.7
	7.3
	0.30
	0.34
	NS


Combining effects

A significant combining effect of the sowing date and head position was found for head number (P<0.01), head diameter (P<0.01), seed weight per head (P<0.05), 100 seed weight (P<0.05) and oil content (P<0.05). However, this effect was not found to be statistically different for the seed number per head, although there was a great variation between the values. While the HSB in the November sowing produced maximum number of heads per plant (17.0), for the HPB this number was maximum in the April sowing (4.9 heads/plant). The other measured parameters decreased gradually toward heads on the secondary branches both November and April sowings (Table 3).

	Table 3. Influence of sowing date and head position on safflower head and seed characteristics (Values are averaged over the three cultivars).

	Head position
	No. of head

(plant-1)
	Head diam.

(mm)
	No. Of seeds

(head-1)
	Seed weight

(g/head)
	100 seed weight (g)
	Seed oil

(%)

	November
	
	
	
	
	
	

	HMS
	1.0
	25.4
	43.2
	1.67
	3.88
	36.40

	HPB
	10.4
	24.0
	40.9
	1.47
	3.61
	39.36

	HSB
	17.0
	21.4
	29.1
	0.98
	3.40
	39.06

	April
	
	
	
	
	
	

	HMS
	1.0
	24.5
	39.8
	1.56
	3.96
	37.25

	HPB
	7.7
	23.4
	37.4
	1.41
	3.77
	38.23

	HSB
	8.8
	18.2
	20.6
	0.66
	3.19
	35.83

	LSD (0.05)
	2.1
	1.2
	5.0
	0.21
	0.24
	NS

	        (0.01)
	3.1
	1.7
	7.3
	0.30
	0.34
	NS


The primary and secondary branches on the plant produced a similar amount of seed in the November sowing (15.49 g and 16.59 g).  However, the HPB gave the highest seed yield (6.56 g) when the plants were sown in April. In this sowing period, the plants produced a few secondary branches with small heads (15.0 mm, Table 3) which resulted in a low amount of seed, 0.29 g (Table 4).

DISCUSSION
The response of safflower seed quality to the sowing date was found to be not statistically significant, except for the oil content. However, the main head and the heads on the primary branches produced larger seeds than the heads on the secondary branches. Increased quality of the main and primary head seed may be associated with a greater weight per seed compared with seed from the other head position. A lower number of seeds in secondary heads may be related to a high percentage of sterility. Cazzato et al. (1997) noted this negative association. According to the researchers this situation is not only genetically controlled but also greatly affected by environmental conditions. Therefore, the head position will be an important consideration in estimating the safflower seed quality.

The seeds of the main stem and primary branches had a higher oil content than those from secondary branches, but there was no significant difference between them. Similar results have been reported earlier regarding oil content (Mehta et al., 1979). These workers found that seed from the main stem had highest oil (30 %) followed by primary (29.6 %) and secondary branches (28.7 %).
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OPTIMAL SOWING DATE FOR RAINFED SAFFLOWER IN THE HIGH ELEVATION BEKAA VALLEY OF LEBANON

Yau, S.K.

Faculty of Agricultural and Food Sciences

American University of Beirut

P.O. Box 11-236, Beirut, Lebanon

ABSTRACT
Little research on safflower cultural practices such as the sowing date, which usually has a large influence on crop yield, has been conducted in West Asia and North Africa. The present study aimed to find the optimal sowing time for rainfed safflower in the high elevation Bekaa Valley of Lebanon. The 2-years field trials were planted at the Agricultural Research and Education Center (AREC) in a semi-arid area of the Bekaa. There were five sowing dates from November to March. Compared to the February and March sowing, safflower seed and straw yield increased significantly by sowing in the fall or winter. However, the mean yield did not differ significantly between the November, December, and January planting. Such findings suggested that Lebanese farmers need to drop their traditional way of spring sowing safflower. This study also showed the advantage of safflower, i.e., it has a relatively wide optimal date of planting.

Key words: Carthamus tinctorius, date of flowering, oil crop, semi-arid areas.
INTRODUCTION

Most countries in West Asia and North Africa, including Lebanon, have a critical and growing shortage of edible vegetable oils, which are healthier and cheaper than animal fats. The demand for vegetable oil, both from the shift in consumer behavior, and from population growth has been met nearly in total by imports. This drains the countries’ money reserves. Farmers should be encouraged to grow oil-seed crops as a remedy.

Safflower, which is an oil-seed crop, can be a profitable crop in the Bekaa of Lebanon. In 1997/98 and 1998/99, the author found that one of the five safflower varieties tested, PI 301055 (from Turkey), had a similar mean seed yield to barley (1900 vs. 1990 kg/ha), which is known to give the highest seed yield under rainfed conditions in the area. Coupled with the relatively higher price of safflower seed in the world market, growing safflower is expected to give much higher economic returns than barley (Yau, 1999). Other reasons to support safflower growing in Lebanon were presented by Yau et al. (1999).

However, besides developing high yielding safflower lines, more knowledge on safflower cultivation may be required to attract farmers to grow the crop. The sowing date usually has a large influence on yield, because it affects the crop’s growing period. In semi-arid areas, there is the need to keep a balance between the amount of vegetative growth and the limited soil moisture to optimize grain yield. In earlier days, sowing safflower in the spring coupled with irrigation was the normal practice in Lebanon (Worzella et al., 1964; Nasr et al., 1978). Nevertheless, as the rains usually start coming in November and the rainfall reaches the maximum in February, spring planting appears to be not making the best use of the available rainfall. Besides, with increasing economic and social costs of irrigation, growing safflower under irrigation may not be rewarding. In chickpea, recent results show tremendous yield increases by winter sowing over the traditional spring sowing (Singh et al., 1997). Studies on whether winter sowing has a similar yield advantage over spring sowing are needed for safflower.

Sowing date of safflower was studied by ICARDA using different varieties (Beg and Pala, 1997). It was found that safflower was drought, cold, and frost tolerant even under the fall planting. However, no research has been conducted on safflower production under rainfed conditions in Lebanon. The objective of the present research was to find the optimal sowing time for safflower in a semi-arid area of the Bekaa Valley in Lebanon. 

MATERIALS AND METHODS 

Field experiments were conducted under rain-fed conditions at the Agricultural Research and Educational Centre of the American University of Beirut in 1999/00 and 2000/01. The Centre (33( 56’ N, 36( 05’ E) is located at 995 m above sea level in the semi-arid northern Bekaa Valley, which has a Mediterranean type of climate. The long-term annual precipitation is 513 mm, 58% of which falls in December, January and February. The long-term mean annual temperature is 13.9 (C. The frost-free period lasts from mid-April to mid-November. The soil is an alkaline (pH 8.0), clayey, Vertic Xerochrept formed from fine textured alluvium derived from limestone (Ryan et al., 1980). 

There were five sowing dates on a monthly basis from November to March. A randomized complete block design with three replicates was used. A small-plot seed drill was used to carry out sowing at a seeding rate of 25 kg/ha. A productive safflower accession, PI301055, was used in the study. A plot size of 14.4 m2 was adopted. 

Nitrogen at a rate of 60 kg/ha was broadcasted to all plots. Since the soil had Olsen-P >30 p.p.m., no phosphate fertilizer was applied. No other fertilizer was applied as levels of K, Mg, Ca, and micronutrients were adequate. Weeds were controlled by hand weeding in spring. 

Stand percentage, days to flowering, plant height, seed and straw yield, and 100-seed weight were recorded. Flowering date was taken when 50% of the plants had opened flowers. Plant height was taken near maturity. At maturity, plants from the middle section of the plots were cut at ground level by hand and weighed. A small-plot thresher was used for threshing. Straw yield was calculated from subtracting seed yield from biological yield. Harvest index was calculated as a percentage of seed over biological yield. 

The ANOVA directive of the GENSTAT package (GenStat 5 Committee, 1993) was used to perform the analysis of variance. Simple linear regression of seed and straw yield, date of flowering, and plant height on month of planting was also carried out.

The normal average winter temperatures prevailed in 1999-2000 (Fig. 1) and there were 51 below-freezing nights. The season started as late as December and had a precipitation 30% below average (366 mm). In 2000-2001, the first rain started in October, but the rainfall of the season was still below average (424 mm). The winter was relatively short and mild and there was no cold damage to the plants. By mid-March, early-sown plants started stem elongation, which occurs nearly one month earlier than in the last season. 

RESULTS

Compared to the Feb and Mar sowing, safflower yield increased significantly by sowing in the fall or winter. Mean seed and straw yield did not differ significantly between the Nov, Dec, and Jan planting (Table 1). There was a linear trend of declining yield with each month’s delay in planting (b= -162 kg/ha for seed yield, P=0.05; b= -610 kg/ha for straw yield; P=0.01). There was no significant sowing date by year interaction and year effect.

Table 1. Mean values of different safflower traits under five planting dates in 1999-00 and 2000-01

	Planting date
	Seed yield (kg/ha)
	Straw yield (kg/ha)
	Harvest index (%)
	Stand (%)
	Date of flowering (from May 31)
	Plant height (cm)

	Nov
	1380
	4970
	22
	85
	3
	94

	Dec
	1290
	4650
	24
	86
	5
	91

	Jan
	1280
	4280
	23
	86
	7
	83

	Feb
	850
	3110
	21
	85
	12
	72

	Mar
	790
	2690
	22
	73
	14
	74

	
	
	
	
	
	
	

	Mean
	1120
	3940
	22
	83
	8
	83

	Sig.
	1%
	0.1%
	n.s.
	n.s.
	0.1%
	0.1%

	LSD (5%)
	369
	692
	5.3
	14.3
	1.7
	8.1


Fig. 1. Average monthly minimum temperatures of the two seasons in comparison with the long-term average of 41 seasons (1956-57 to 1996-97).
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The sowing date did not have a significant effect on harvest index and stand. There were also no significant sowing date by year interaction and year effect. The mean harvest index was 22% and the mean stand was 83%. 

Sowing date affected date of flowering and plant height significantly. With every month’s delay in sowing, there was a delay in flowering (b=2.9 days, P=0.01) and a reduction in plant height (b= -5.9 cm, P=0.05). Sowing date by year interaction was insignificant for both traits. On average, flowering occurred 8 days later in 1999-00 than in 2000-01, but plant height difference between the two years was not significant.

DISCUSSION

This study clearly showed the huge yield advantage (>50%) of fall or early-winter sowing over spring sowing of safflower under semi-arid rainfed conditions. This result was similar to that found at a low altitude site in northern Syria (ICARDA, 1994), and suggested that Lebanese farmers need to change their traditional way of sowing safflower in the spring (Worzella et al., 1964; Nasr et al., 1978). As rains usually start coming in November and most of the annual precipitation falls in December, January, and February, spring planting is not making the best use of the available precipitation. Besides, with increasing economic and social costs of irrigation, it is doubtful that growing safflower under full irrigation will be rewarding. 

The finding that seed yield of the first three dates of planting was comparable confirmed the result of a study carried out in neighboring Syria (ICARDA, 1994). Such a finding clearly showed the advantage of safflower, i.e., unlike cereals or legumes, it has a wide optimal date of planting, allowing other crops to be planted first as well as preparation of a weed-free field. Besides, safflower usually matures after the wheat harvest is completed; consequently it does not clash with the main cereal crops for the use of harvesting equipment. 

Safflower is an under-utilized crop in Lebanon and in the world. By finding the optimal sowing time for the crop, the study raised the potential of making safflower a profitable crop in the Bekaa. 
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USEFULNESS OF PERlPHERAL PESTICIDAL APPLICATION FOR MANAGEMENT OF SAFFLOWER APHID (Uroleucon compositae Theobald)

Akashe, V.B., A.J. Patil, D.V. Indi and V.Y. Kankal

All India Coordinated Research Project on Oilseeds (Safflower)

Solapur-413 002, Maharashtra, India

ABSTRACT

The usefulness of the peripheral application of insecticides for aphid management in safflower was studied under field conditions during post-rainy seasons of 1998-99, 2000-2001 and 2001-2002. The peripheral application of insecticides, comprising spraying of 4 rows from each side of the field plot and 180 cm across the plot en both sides, was compared with the currently recommended complete coverage of the crop with neem seed kernel extract (NSKE) 5% followed by dimethoate 0.05% and an untreated control. The three years' pooled data indicated that the peripheral application of insecticides was equally effective as that of the complete coverage of the crop as revealed through the comparable aphid population, seed yield and the benefit: cost ratios.

INTRODUCTlON

Safflower (Carthamus tinctorius L.) is the most important Rabi oilseed crop of Maharashtra State. The area under safflower In India during 1999 to 2000 was 5.4 lakh hectares with the annual production of 2.7 lakh metric tonnes and productivity of 500 kg/ha. It occupied 2.96 lakh hectares in Maharashtra with the production of 1.22 lakh metric tonnes and productivity of 412 kg/ha. In Maharashtra, safflower is predominantly grown as a rainfed crop on the receding soil moisture conditions. However, the productivity of safflower In Maharashtra is low (412 kg/ha) due to the non-adoption of improved package of practices by the farmers. One of the major reasons for the low productivity of safflower is infestation by aphid (Uroleucon compositae Theobald). It has been reported to cause yield losses to the tune of 55 % (Karve et al., 1978), 35 to 72 % (Suryawanshl and Pawar, 1980),55.93 to 67.72 % (Basavana et al., 1981) and 37 to 74 % (Rathore, 1983 and Bhardwaj et al., 1990). A number of chemicals have been evolved for the control of safflower aphids (Shetgar et al., 1993. Makar et al,. 1994 and Ghorpade et al., 1994), which however, lead to pesticidal hazards and high cost of cash inputs. The aphid infestation on safflower starts from the border of the field and then they migrate throughout the field. The present investigation was, therefore, undertaken to compare the usefulness of peripheral/partial pesticidal application method with the presently recommended complete coverage of the crop with pesticidal spray/s with a view to reducing the cost of production of safflower.

MATERIALS AND METHODS

A field experiment was carried out during the post-rainy seasons of 1998-99, 2000-2001 and 2001-2002 at All India Coordinated Research Project on Oilseeds (Safflower), Solapur (M.S.) India to know the efficacy of the peripheral pesticide application method so as to reduce the cost of application. Safflower cv. Bhima was sown every year during October in plots of 20 x 20 m at a spacing of 45 x 20 cm. These plots received three treatments viz., treated control i.e. complete coverage with NSKE 5% followed by dimethoate 0.05%, peripheral application i.e. spraying of 4 rows from each side of the plot and 180 cm across the plot on both ends and an untreated control. The first spray of 5% aqueous seed kerneI extract of neem (Azardirachta indica) was given within 7 days of first aphid occurrence which was followed by 0.05% dimethoate 30 EC spray 15 days thereafter. The neem seed kernel extract was prepared on w/v basis by overnight soaking of required quantity of finely ground powder of neem seed kernels (50 g/liter water) and spraying the same on the next day. A 0.2% of detergent powder was added in the spray solutions at the time of application as wetting and spreading agent.

The observations on the population of aphids on 5 cm apical twig par plant were recorded on 5 randomly selected plants from each treatment at fortnightly intervals. Seed yield (kg/ha) of each treatment was recorded at harvest. The means of aphid population and seed yields for three years were computed. The Benefit: Cost (B:C) ratio of each treatment was also worked out for comparison.

RESULTS AND DISCUSSION

The result on number of aphids per 5 cm apical twig, seed yield and benefit: cost ratio are presented in Table 1. The three years averages revealed notable differences in aphid population and seed yield as well.

Both pesticide treatments recorded a significantly lesser aphid population than the untreated control. The minimum aphid population of 11.36 aphids per 5 cm apical twig per plant was observed in the treatment of complete coverage. However, it was very closely followed by peripheral application (21.72 aphids/5 cm twig/plant). The untreated control, on the other hand, recorded the highest aphid population of 51.31 aphids/5 cm twig/plant.

The yield levels were low due to scanty rainfall during the years under investigation. However, both pesticide treatments gave a higher seed yield than the untreated control. The maximum seed yield of 628 kg/ha was realized from the treatment of complete coverage as per the recommended method. It was followed by the peripheral application method, which recorded the seed yield of 530 kg/ha. These two treatments were, however, very close to each other. The untreated control, on the other hand, recorded the seed yield of only 385 kg/ha.

The economics of the above treatments revealed that the treatment with fuIl coverage recorded the highest B:C ratio of 1.37 closely followed by peripheral application (1.28). The overall result, therefore, indicated that the peripheral spraying method was equally effective as that of complete coverage as per the present recommendation. This technology will certainly help to reduce the cost of plant protection in safflower with particular reference to management of safflower aphid in the drought prone areas and would be beneficial to the marginal farmers.
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		Average min. monthly temperatures at AREC in 1996/97to 1998/99 with the no. of frost days in each month
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				Max.		Min.		Avg.		Frost days		Max.		Min.				Frost days		Max.		Min.						Frost days

		Sep		30.2		13.3		21.9		0

		Oct		23.2		8.9		16.0		0		24.4		10.3		17.4		0		28.2		10.1		19.2		10.2		8.6

		Nov		19.3		5.3		12.2		0		18.6		6.3		12.5		0		21.7		5.8		13.8		4.9		4.7

		Dec		13.9		4.4		8.9		0		12.1		3.8		8.0		4		13.1		4.7		8.9		1.7		1.2

		Jan		12.3		1.0		6.6		10		9.8		0.5		5.2		11		10.4		1.7		6.1		0.2		-0.2

		Feb		11.9		-1.8		5.1		23		10.8		0.9		5.9		10		10.3		5.7		8.0		-0.1		0.2

		Mar		10.9		1.5		6.2		9		12.2		2.8		7.5		1		15.0		5.8		10.4		1.5		2.4

		Apr		15.8		4.6		9.8		4		22.4		7.6		15.0		0		23.5		8.7		16.1		7.7		5.3

		May		26.0		9.4		17.6		0		25.9		10.1		18.0		0		30.1		11.3		20.7		8.6		8.5

		June		28.4		12.2		20.3		0		29.9		12.1		21.0		0		31.1		10.8		21.0		13.0		11.6

		July		31.0		14.8		22.9		0								26

		Aug		29.9		12.9		21.2		0

				Last frost day was 17/4/97						46										Many missing data!
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