Morphological characterization of Sesame (Sesamum indicum L.) Germplasm genotypes with DUS descriptors


ABSTRACT
The varietal characterization, varietal identification and genetic purity assessment is utmost important for field functionaries, Certification Officers, Seed Production Officers and Seed Growers for maintaining quality of the seed. In present investigation an attempt was made to characterize fifty-six sesame genotypes comprised of fifty advanced breeding lines and six checks using plant morphological traits developed for DUS guidelines. The DUS guidelines for sesame were available in the schedule released by Protection of Plant Varieties and Farmers, Rights Authority (PPV & FRA). The fifty-six sesame genotypes were characterized with twenty morphological characters including both qualitative and quantitative characters. Morphological characters have been widely used for descriptive purposes and are commonly used to distinguish plant varieties. Use of morphological descriptors in sequential fashion is useful and convenient to discriminate different varieties. These differences in morphological traits were useful in identification of individual sesame genotypes.	Comment by brij bihari pandey: In abstract don’t use any abbreviation, please write in full 
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1. 



2. INTRODUCTION	Comment by brij bihari pandey: The scientific statements need to be furnished with relevant references.
Sesame (Sesamum indicum L.) (2n = 26) also known as Til or Gingelly. Sesame thought to have originated in Indian sub-continent, is considered to be the oldest oilseed crop known to man and is now grown in many parts of the world. Sesame seed is an important source of edible oil and is also widely used as a spice. Sesame the ‘queen of oil seeds’ is known for its high oil content (50-60%) and quality (Johnson et al., 1979) belongs to Pedaliaceae family. There are also intermediate seed-colored varieties varying from red to rose or from brown to grey. The brown seeds are mainly used for crushing. The white seeded variety has desirable taste and is therefore primarily used for making sweets and confectionary products.	Comment by brij bihari pandey: Provide supportive reference as evidence 
Generally, the quality of seed is estimated by varietal purity, including physical and genetic. A variety/cultivar is an assemblage of cultivated plants that is clearly distinguished by any character (morphological, physiological, cytological, chemical or others) and which when reproduced (sexually or asexually) retains its distinguishing characters (Bhoot et al., 2019). Practically, a variety must show, Distinct, Uniform and Stable (DUS) variations in the characters that are adopted for use in varietal identification. To achieve this mission, seed certification schemes have been 

launched to ensure cultivars identity and purity in the marketplace. Certification of identity has relied primarily on morphology. (Singh, 2001) and (Bhoot et al., 2019). To meet the need for seed certification and to obtain optimum yield, the seed material should be of high quality, i.e., the seed should be genetically and physically pure. The production of quality seed involves a number of multiplication stages. But many factors play an important role in affecting the quality of the seed, such as cross-pollination, admixture, and genetic drift as affected by drought, frost, temperature, soil chemical reaction, and seed-borne diseases. In order to maintain the required genetic purity standards in the seed fields, field inspection, seed and seedling inspection and grow out test are required (Bhoot et al., 2019).
In order to introduce a new plant variety to the markets commercially, it is necessary to register the newly bred variety, which relies upon the results of DUS (distinctness, uniformity and stability) tests for a new genotype to be registered as a commercial variety; it needs to be distinct from all other released varieties, uniform and stable for morphological and other evaluated traits (Lombard et al., 2000 and Tommasini et al., 2003). Therefore, DUS test has been established to be the foundation of plant variety protection and also to identify a new variety from reference collection (Kwon et al., 2005). The current system of DUS testing has come across several significant shortcomings. The varieties to be assessed are increasing in number where their variability reduces, and the reference collections are expanding because of their internationalization, both of which results in dramatic increase in expenses associated with these methods. There are a number of sesame germplasm collections currently under production whose identity and distinctiveness need to be established by various approaches. The plant varieties must fulfill the distinctiveness, uniformity, and stability (DUS) criteria for protection under the PPV and FR Act and hence there is a need to characterize sesame varieties according to DUS test guidelines for sesame prescribed by the PPV and FR authority. Plant morphological characters have been recognized as universally undisputed descriptors in sequential fashion, which is useful and convenient to discriminate the different varieties. Keeping this in view, the study was taken up with the objective to determine the relative extent of distinctiveness, uniformity, and stability of different morphological DUS descriptors in 56 sesame genotypes for their protection under the PPV and FR Act. 
3. MATERIALS AND METHODS:
The total of 20 agro-morphological and quality traits were studied for 56 genotypes (50 advanced breeding lines and six checks) were evaluated in unreplicated augmented block design (Federer, 1956) at All India Co-ordinated Research Project on Sesame, RARS, Jagtial during late kharif 2019. Each genotype was sown in a row of 3 m length with spacing of 30 × 10 cm. All the recommended crop production practices were followed to raise healthy crop. The basal dose of 40:20:20 NPK Kg/ha was applied at the time of sowing and remaining 25 kg of nitrogen was applied 30 days after sowing as top dressing. Protective irrigations were provided whenever necessary. Necessary plant protection measures were taken to control pest and disease.  as per the DUS testing guidelines of sesame based on PPV & FRA guidelines. The data was collected on 20 DUS testing traits at different growth stages of the crop. Currently, the documentation and characterization of plant genetic resources has assumed grant significance especially for the germplasm collections and notified/extant cultivars that are in active commerce in different parts of India. Immense attention is being paid towards comprehensive characterization and identification of these resources. Standard criteria for grant of protection, based on morphological DUS criteria (Distinctiveness, Uniformity and Stability) are indispensable in this endeavor.	Comment by brij bihari pandey: You are using 56 different genotypes, are these genotypes similar in phenology? What are the six checks? On what basis you select these genotypes? Are the genotypes adapted to different agro-ecological zones in India? Please provide such type of information


4. RESULTS AND DISCUSSION


In the present experiment, advanced breeding lines (50) and six checks were characterized using twenty traits viz., days to 50% flowering, flower petal colour, flower petal hairiness, plant height of the main stem, plant branching pattern, plant branching habit, stem hairiness, leaf lobes, leaf size, leaf serration of margin, capsule shape, capsule arrangement, capsule hairiness, locule number/capsule, capsule number per leaf axil, capsule length, days to maturity, seed coat colour, 1000 seed weight and oil content developed for DUS guidelines. The DUS guidelines for sesame are available in the schedule released by the Protection of Plant Varieties and Farmers Rights Authority (PPV & FRA). The fifty-six genotypes, including six checks, were characterized with twenty morphological characters, including both qualitative and quantitative characters. The results are presented in Table (1).
Based on days to 50 percent flowering, the genotypes were grouped as early (45 days) with twenty-two genotypes. Among these four genotypes were recorded medium flowering (36 -45 days) and fifty-two were late flowering (>45 days). Three groups were made based on the petal color of the flower. All the genotypes observed to be in light purple-colored flowers . Variation was observed among genotypes for flower petal hairiness, and based on this, genotypes were classified into two groups. 37 genotypes were sparse, while 19 genotypes were dense types (Figure 1). Similar findings and grouping of genotypes based on days to 50% flowering and petal hairiness characters were made by Bhoot et al., 2019. The height of the main stem is one of the important characteristics that help in differentiating the genotypes as medium and tall. The sesame genotypes exhibited variability in height of main stem. Based on this variation, all genotypes under study were grouped into the medium (75-125 cm) category. Based on the number of primary branches per plant, the genotypes were grouped as Forty-eight genotypes showed medium (2.1 to 4) branching habit, and eight showed profuse 

branching habit. Similar findings and grouping of genotypes based on stem morphological characters were made by Bhoot et al., 2019 and Parameshwarappa et al. (2008) in sesame.
Based on branching pattern, the genotypes were grouped as basal branching (21 genotypes) and top branching (35 genotypes) Based on hairiness of stem, the genotypes were grouped as sparse (35 genotypes) and dense (21 genotypes) stem hairiness. Based on lobes of leaf, among fifty-six genotypes, nineteen were slightly lobed and thirty-seven were deeply lobed. The study of the length of the leaf revealed that sesame genotypes can be classified into three categories. The fourteen genotypes had small leaves, twenty-nine had medium leaf size, and thirteen had large leaf size. Differences were also found in the serration margin of the leaf; 35 genotypes showed weak and the remaining 21 genotypes showed strong margins. 
The study of hairiness of capsules revealed that sesame genotypes can be classified into three categories. The eleven genotypes had absent hairiness, 29 genotypes observed as sparse, and the remaining sixteen genotypes recorded as dense hairiness types. No variation was found among the genotypes for the number of locules per capsule; all genotypes had four locules per capsule (Figure 5 and Table 1). Three groups were made based on the shape of the capsule. Out of 56 genotypes, while forty-nine genotypes were broad oblong in shape, six genotypes were narrow oblong in shape, and one genotype is in tapered shape. The study of the number of capsules per leaf axil genotypes was grouped into two classes. The 55 genotypes had one, and the remaining One genotype showed more than one capsule per leaf axil (Figure 5 and Table 1). Differences were also observed in the arrangement of the capsule; 24 genotypes were found alternate, 31 genotypes were found opposite, and the remaining one genotype was found in a cluster type. Three groups were made based on the length of the capsule. Out of 56 genotypes, 32 genotypes showed medium (< 1.5 cm), 23 genotypes observed long (1.5-2.5 cm) length of capsule, and one genotype showed short capsule length. Based on capsule shape, genotypes were categorized in three groups: forty-nine genotypes were broad oblong in shape, six genotypes were in narrow oblong in shape, and one genotype is in tapered shape.
Two groups were made based on days to maturity: twenty-two genotypes showed late (86-95 days) and thirty-four genotypes showed very late (>95 days) in days to maturity. On the basis of seed coat color, germplasm was categorized into three groups. Forty-nine were having white seed coat color, six were dark brown seeded, and one was black seeded. Genotypes were grouped into three groups on the basis of 1000 seed weight. Seven genotypes had low 1000 seed weight, forty-seven were having medium, and two recorded high 1000 seed weight. Genotypes were classified as two groups based on oil content. Out of 56 genotypes, forty-five genotypes recorded low oil content while eleven recorded medium oil content. It is concluded among the entire characters studied that seed coat color, capsule arrangement, capsule length, capsule shape, capsule hairiness, and leaf size show maximum variation as they are polymorphic. These results are in agreement with Singh et al. (2017). Out of twenty morphological, visually assessed DUS descriptors studied, three were found to be monomorphic, while ten were dimorphic, and the remaining characters were polymorphic, which were useful for varietal identification. These results are in agreement with Rajitha et al. (2019). From the study, we can easily identify different sesame genotypes and can use these characters as an identification key.








Table. 1. Categorization of 56 sesame genotypes

	S.No.
	Character
	Number of genotypes
	Percentage of genotypes (%)

	1.
	Days to 50% flowering
	
	

	
	Early (<36)
	0
	0.00

	
	Medium (36-45)
	4
	7.14

	
	Late (>45)
	52
	92.85

	2.
	Petal colour
	
	

	
	White
	0
	0.00

	
	Light purple
	56
	100

	
	Dark purple
	0
	        0

	3.
	Petal hairiness
	
	

	
	Absent
	0
	0.00

	
	Sparse
	37
	66.07

	
	Dense
	19
	33.92

	4.
	Plant height (cm)
	
	

	
	Short (<75)
	0
	0.00

	
	Medium (75-125)
	56
	100

	
	Tall (>125)
	0
	0.00

	5.
	Plant branching
	
	

	
	Absent (0)
	0
	0.00

	
	Few (1-2)
	0
	0.00

	
	Medium (2-4)
	48
	85.71

	
	Profuse (>4)
	8
	14.28

	6.
	Branching pattern
	
	

	
	Basal
	21
	37.50

	
	Top
	35
	62.50

	7.
	Stem hairiness
	
	

	
	Absent
	0
	0.00

	
	Sparse
	35
	62.50

	
	Dense
	21
	37.50

	8.
	Leaf lobes
	
	

	
	Slightly lobed
	19
	33.92

	
	Deeply lobed
	37
	66.07

	9.
	Leaf size
	
	

	
	Small
	14
	25.00

	
	Medium
	29
	51.78

	
	Large
	13
	23.21

	10.
	Leaf serration
	
	

	
	Weak
	35
	62.50

	
	Strong
	21
	37.50

	11.
	Capsule hairiness
	
	

	
	Absent
	11
	19.64

	
	Sparse
	29
	51.78

	
	Dense
	16
	28.57

	12.
	Locule number per capsule
	
	

	
	Four
	56
	100

	
	Six
	0
	0.00

	
	Eight
	0
	0.00

	13.
	Capsule shape
	
	

	
	Tapered
	1
	1.78

	
	Narrow oblong
	6
	10.71

	
	Broad oblong
	49
	87.50

	
	Square
	0
	0.00

	14.
	Capsule number per leaf axil
	
	

	
	One
	55
	98.21

	
	More than one
	1
	1.78

	15.
	Capsule arrangement
	
	

	
	Alternate
	24
	42.85

	
	Opposite
	31
	55.35

	
	Cluster
	1
	1.78

	16.
	Capsule length (cm)
	
	

	
	Short (<1.5)
	1
	1.78

	
	Medium (1.5-2.5)
	32
	57.14

	
	Long (>2.5)
	29
	51.78

	17.
	Days to maturity
	
	

	
	Early (<75)
	0
	0.00

	
	Medium (76-85)
	0
	0.00

	
	Late (86-95)
	24
	39.28

	
	Very late (>95)
	34
	60.71

	18.
	Seed coat colour
	
	

	
	White
	49
	87.50

	
	Grey
	0
	0.00

	
	Light brown
	0
	0.00

	
	Dark brown
	6
	7.57

	
	Black
	1
	1.78

	19.
	1000 seed weight (g)
	
	

	
	Low (<2.5)
	7
	12.50

	
	Medium (2.5-3.0)
	47
	83.92

	
	High (3.1-3.5)
	2
	3.57

	
	Very high (>3.5)
	0
	0.00

	20.
	Oil content (%)
	
	

	
	Low (<45)
	45
	80.35

	
	Medium (45-50)
	11
	19.64

	
	High (>50)
	0
	0.00

















	FIG 1. Pie chart showing days to 50% flowering

















	FIG 2. Pie chart showing petal colour distribution












		FIG 3. Pie chart showing petal hairiness
















		FIG 4. Pie chart showing plant height















                          FIG 5. Pie chart showing plant branching













                      FIG 6. Pie chart showing branching pattern

















                    FIG 7. Pie chart showing leaf lobes
















                   FIG 8. Pie chart showing stem hairness


















                FIG 9. Pie chart showing leaf separation
















FIG 10. Pie chart showing capsule hairness
                  FIG 10.














FIG 11. Pie chart showing leaf size
                  FIG 11.










FIG 12. Pie chart showing capsule shape
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FIG 13. Pie chart showing capsule number per leaf axil
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FIG 14. Pie chart showing capsule arrangement

                   












FIG 15. Pie chart showing locule number per capsule
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FIG 16. Pie chart showing capsule length
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FIG 17. Pie chart showing days to maturity
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FIG 18. Pie chart showing seed coat color




                   












FIG 19. Pie chart showing seed weight


                   
















FIG 20. Pie chart showing oil content
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Early (	<	36)	Medium (36-45)	Late (	>	45)	0	7.1400000000000019E-2	0.92849999999999999	


White	Light purple	Dark purple	0	100	0	


Absent	Sparse	Dense	0	66.069999999999993	33.92	


Short (	<	75)	Medium (75-125)	Tall (	>	125)	0	100	0	



Absent (0)	Few (1-2)	Medium (2-4)	Profuse (	>	4)	0	0	85.710000000000022	14.28	


Basal	Top	37.5	62.5	


Slightly lobed	Deeply lobed	33.92	66.069999999999993	


Absent	Sparse	Dense	0	62.5	37.5	


Weak	Strong	62.5	37.5	


Absent	Sparse	Dense	19.64	51.78	28.57	

LEAF SIZE 

Small	Medium	Large	25	51.78	23.21	

CAPSULE SHAPE 

Tapered	Narrow oblong	Broad oblong	Square	1.78	10.71	87.5	0	


Four	Six	Eight	100	0	0	

CAPSULE NUMBER PER LEAF AXIL 

One	More than one	98.210000000000022	1.78	

CAPSULE ARRANGEMENT 

Alternate	Opposite	Cluster	42.85	55.35	1.78	


Short (	<	1.5)	Medium (1.5-2.5)	Long (	>	2.5)	1.78	57.14	51.78	


Early (	<	75)	Medium (76-85)	Late (86-95)	Very late (	>	95)	0	0	39.28	60.71	

SEED COAT COLOUR 

White	Grey	Light brown	Dark brown	Black	87.5	0	0	7.57	1.78	


Low (	<	2.5)	Medium (2.5-3.0)	High (3.1-3.5)	Very high (	>	3.5)	12.5	83.92	3.57	0	


Low (	<	45)	Medium (45-50)	High (	>	50)	80.349999999999994	19.64	0	

