Estimation of Performance of Yield, its Attributes and Quality Traits in Kodo Millet (Paspalum scrobiculatum L.)
Abstract
In present investigation, 30 genotypes of kodo millet were characterized at both morphological and quality level to identify the predominant genotypes in terms of yield and its attributing traits along with nutrient content. Kodo millet is valued for its nutritional richness and stress tolerance, offering an affordable source of protein, minerals, and vitamins. It contains essential nutrients like 9.8g protein, 3.6g fat, 35mg calcium, and 1.7mg iron per 100g. Its high fiber and low glycaemic index make it beneficial for managing diabetes and cardiovascular health. The observations for various quantitative traits were recorded along with estimation of protein, fat, calcium and iron content. Among the kodo millet genotypes studied, DK-164, DK-152, DK-157 and DK-156 were found to possess desirable mean performance. Hence these genotypes are identified as potential genotypes for use in breeding programme for the development of high yielding nutritionally superior kodo millet varieties.
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Introduction
Kodo millet (Paspalum scrobiculatum L.) is a small grained cereal belonging to family Poaceae (Gramineae). It is a tetraploid (2n=4x=40) crop species (Burton, 1940). Kodo millet is also known as varagu, kodo, haraka, arakalu, ditch millet, rice grass, cow grass, native paspalum, or Indian crown grass. Kodo millet is gaining importance due to dual reasons like nutritional properties and stress tolerance (Kumar et al., 2016). It provides low priced protein, minerals and vitamins in form of sustainable food (Yadava et al., 2006).
The Kodo millet contains 9.8g protein, 3.6g fat, 3.3g ash, 5.2g crude fibre, 66.6g carbohydrate, 353 kcal energy, 35 mg calcium, 1.7 mg iron, 0.15 mg thiamin, 0.09 mg riboflavin and 2.0 mg niacin (Hulse et al., 1980). It also contains water soluble fibre and this property may be utilized for maintaining or lowering blood glucose response among diabetic and cardiovascular disease patients, glycemic load (GL) representing both quality and quantity of carbohydrate in a food and allows comparison of the likely glycemic effect of realistic portion of the different foods and low glycemic index foods like kodo, have been shown to improve the glucose tolerance in both healthy and diabetic subjects (Riccardi et al., 2008). 

Common breeding technique used in kodo millet is selection of elite genotypes. An exploitation of the available genetic resources will results in boosting the productivity of kodo millet. Presence of high amount of variability for desired traits enables the plant breeder to achieve goal of crop improvement either by selecting elite genotypes or by recombination breeding between different genotypes by the process of hybridization followed by selection. Keeping above importance in view, this study has been undertaken to determine the superior genotypes in terms of yield along with nutrition content.
Materials and Methods 
The field experiment was conducted at Hill Millet Research Station, Navsari Agricultural University, Waghai, Dist.: The Dangs.  The place is geographically situated at a cross section of latitude of 20.77' N and longitude of 73.50' E and an altitude of 122.11 meters above mean sea level. The Dang district has semi arid climate with three distinguished season i.e. Kharif (June to September), Winter (October to January) and Summer (February to May). This area falls under South Gujarat Heavy Rainfall Zone, Agro Ecological Situation-I and the rainfall of this region is normally received from June to September. Most of the precipitation is received through south-west monsoon, concentrating in the months of July and August. For this study, thirty genotypes (Including Local & National Checks) of kodo millet obtained from Hill Millet Research Station, Navsari Agricultural University, Waghai, Dist: Dang, Gujarat (Table-1) were used, which were characterized for 13 quantitative characters based on the descriptors of Paspalum scrobiculatum (IBPGR, 1983). The experiment was laid out in randomized block design (RBD) with three replications in kharif-2019. Each entry was presented by a single-row plot of forty plants, spaced at 22.5 x 7.5 cm. All recommended agronomic practices along with plant protection measures were followed uniformly and timely.

The observations for different quantitative traits [days to 50 per cent flowering, plant height at maturity (cm), tillers per plant, grains per panicle, panicle length (cm), grain yield per plant (g), straw yield per plant (g), days to maturity and thousand seed weight (g)] were recorded at different stages on five randomly selected competitive plants of each genotype in each replication as per the standard descriptors.
For nutritional quality analysis, the whole grain samples from randomly selected plants were used, the nitrogen content was determined using micro-kjeldhal procedure (Jackson, 1967) and the percentage of protein was calculated using the factor 6.25. The seed fat was isolated from each sample by petroleum ether method whereas, Calcium content of seed was determined by Versenate method (Jackson, 1978) and Fe content by Atomic Absorption Spectrometric (ASS) method (Extraction with DTPA) given by Lindsay and Norvell (1978).  
Results and Discussion
Yield and its attributes are being quantitative characters are controlled by polygene showing continuous variation and they and are much influenced by environment. Mean is the measure of central tendency. Allard, (1960) suggested that the selection should be applied mainly in the lines exhibiting high mean and variability [16]. According to Finker et al. (1973), crosses or families with the highest mean could be effectively utilized to identify the superior segregates. The mean performance served as a primary criterion for selecting desirable plants reported by Kumar et al. (1979). A consideration to the effect that the genotypes with high per se performance would be useful in breeding work, led to the identification of a good number of potential genotypes.
Mean value analyzed for thirteen quantitative traits viz., days to 50% flowering, plant height at maturity (cm), tillers per plant, grains per panicle, panicle length, grain yield per plant (g), straw yield per plant (g), days to maturity, 1000 seed weight (g), protein content (%), fat content (%), Ca content (%) and Fe content (%) in 30 different genotypes and results are presented in Table-3. 
Significant mean sum of square values for all the traits for all the genotypes studied evidenced presence of sufficient variability in material under study. Thus, selection can be effective due to presence of adequate genetic variability among the individual in a population, as it is crucial to a plant breeder for commencing any breeding programme. Similar findings were noted by Subramanian et al. (2010) and Nirubana et al. (2017) in kodo millet, Patel et al. in little millet (2017) and Patil et al., in different Small Millets (2018).
Among the 30 genotypes of kodo millet, the variation in days to 50% flowering ranged between 71.33 days to 83.67 days. The genotypes DK-156, DK-170, DK-172 and TNAU-86(NC) were found to be early in flowering (71.33 days) and DK-165 (83.67 days) was late to flower. Twenty four genotypes were significantly earlier than grand mean. On the basis of days to maturity, the earliest genotype (DK-156) matured at 103.33 days whereas, the late genotype (DK-165) matured at 117.67 days with an average maturity days of 108.79 days. As far as plant height at maturity is concerned, the tallest genotype DK-150 had plant height of 91.67 cm whereas; the dwarf genotype GPU-K-3(LC) was measured 71.00 cm. The average value for plant height at maturity was 77.96 cm.
Productive tillers per plant was highest in the cultivars DK-151 and DK-163 (4.00) and lowest in DK-161 (2.90). The general mean for this trait was 3.47. Seven genotypes registered significantly a greater number of productive tillers over the general mean. The general mean for the trait, grains per panicle was 137.70. The highest grains per panicle was observed in DK-170 (158.33) and the lowest for DK-161 (115.67). Six genotypes significantly exceeded the general mean for the trait grains per panicle. Maximum length of panicle was observed in the genotype DK-151 (6.98) and the lowest for DK-157 (4.17). A total of eleven genotypes significantly exceeded the general mean.
The spectrum of variation for the economically important character, grain yield per plant has been found between the lower and upper limit of 10.56 g and 22.77 g, respectively. The DK-164 (22.77 g) was found to be the highest yielder while DK-159 (10.56 g) was found to be the lowest yielder with a mean value of 15.45 g. Six genotypes significantly exceeded the general mean for the trait grain yield per plant. Fodder yield was highest in DK-162 (19.22 g) while DK-156 (11.74 g) was found to be the lowest yielder with a mean value of 15.49 g. Five genotypes found to significantly superior over general mean for this trait. Value for 1000 grain weight ranged from 2.85 g (DK-171) to 5.78 g (DK-174). The general mean for this trait was   4.62 g. Eleven genotypes recorded significantly higher grain weight over the general mean.
Protein content in the grains was the highest in DK-161 (9.75 %) and as the least in DK-124 (8.38 %). The general mean was 9.20 per cent. Six genotypes significantly exceeded the general mean. The genotype TNAU-86 (0.85 %) recorded the lowest fat content and the highest was found in DK-166 (3.92 %) The general mean was 2.13 per cent. Twelve genotypes had significantly higher fat content. Among the genotypes, seventeen were recorded significantly higher Ca content over general mean and the variation ranged from 0.022 per cent (22.33 mg/100g) in DK-168 and DK-171 to 0.041 per cent (41.33 mg/100g) in GPU-K-3 with mean of 0.0317 per cent (31.70  mg/100g). Whereas, Fe content ranged from 0.0014 per cent (1.35 mg/100g) in GK-2 to 0.0094 per cent (9.39 mg/100g) in DK-141 with mean of 0.0042 per cent (4.2 mg/100g). Thirteen genotypes found to be significantly superior over general mean. 
Among 30 genotypes tested, DK-156 showed earliness in flowering and plant height (short plant stature) coupled with higher Ca and Fe content as compared to the general mean. Similar reports for earliness in flowering were made by Sreeja et al. (2014) in kodo millet. Also by Patel et al. in little millet (2018). Hence, selection of such traits can be considered as useful in the breeding programmes for developing a short stature plant type with short duration and high Ca and Fe containing genotypes. Highest grain yield per plant coupled with maximum panicle length, Fat content and Fe content were exhibited in DK-164. In general, genotypes DK-164, DK-152 and DK-157 were identified as elite genotypes for improving yield along with good nutritional quality. The genotypes DK-161 showed maximum yield and 1000 grain weight along with high Protein, Fat, Ca and Fe content, so they can be considered for developing nutritionally superior genotypes with high yield in Kodo millet.
Conclusion

The study revealed significant variability among 30 kodo millet genotypes for key quantitative traits, indicating good scope for selection. Genotypes DK-156, DK-161, and DK-164 showed superior performance for early maturity, yield, and nutritional quality. These genotypes can serve as valuable resources in breeding programs aimed at developing high-yielding, early-maturing, and nutrient-rich kodo millet varieties, enhancing both productivity and nutritional security.
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Table-1: Particulars of experimental material used for the study in kodo  millet.


	List of Genotypes:

	1.
	DK-124
	9.
	DK-164
	17.
	DK-166
	25.
	DK-172

	2.
	DK-141
	10.
	DK-140
	18.
	DK-168
	26.
	GPU-K-3 (LC)

	3.
	DK-150
	11.
	DK-158
	19.
	DK-173
	27.
	GK-2 (LC)

	4.
	DK-151
	12.
	DK-160
	20.
	DK-174
	28.
	GAK-3 (LC)

	5.
	DK-152
	13.
	DK-161
	21.
	DK-167
	29.
	TNAU-86 (NC)

	6.
	DK-156
	14.
	DK-162
	22.
	DK-169
	30.
	RK-390-25 (NC)

	7.
	DK-157
	15.
	DK-163
	23.
	DK-170
	
	

	8.
	DK-159
	16.
	DK-165
	24.
	DK-171
	
	


Table-2: Description of the traits studied in kodo millet.


	Sr. No.
	Trait
	Description

	1.
	Days to 50% flowering 
	Counted as days from sowing to 50% of the plants in flowering 

	2.
	Plant height at maturity (cm)
	Taken from base of the plant to tip of the panicle in the main tiller 

	3.
	Tillers per plant
	Counting the number of tillers present on main stem and branches

	4.
	Grains per panicle
	Total number of grains of panicle of five randomly selected plants of each line were counted at the time of harvest and average was worked out

	5.
	Panicle length (cm)
	Measured from base of the panicle to the tip of the panicle.

	6.
	Grain yield per plant (g)
	weight of total grain yield of tagged plants was recorded and the mean yield per plant was calculated

	7.
	Straw yield per plant (g)
	Straw from the selected plant was harvested, sun dried properly and weighed to get mean of five plants

	8.
	Days to maturity
	Counted as days taken from date of sowing to physiological maturity of plant

	9.
	1000 seed weight(g)
	Weight of 1000 random grains from total grain yield of tagged plants

	10.
	Protein content (%)
	The nitrogen content was determined using micro-kjeldhal procedure (Jackson, 1967) and the percentage of protein was calculated using the factor 6.25 

	11.
	Fat content (%)
	The seed fat was isolated from each sample by petroleum ether method.

	12.
	Ca content (%)
	Calcium content of seed was determined by Versenate method (Jackson, 1978)

	13.
	Fe content (%)
	Fe content was determined by Atomic Absorption Spectrometric (ASS) method (Extraction with DTPA) Lindsay and Norvell (1978)


Table-3: Mean performance of 30 kodo millet germplasms for 13 quantitative traits

	Sr.

 No.
	Genotypes
	DFF
	PH
	TPP
	GPP
	PL
	GY
	SY
	DM
	TSW
	Pro
(%)
	Fat
(%)
	Ca 

(%)
	Ca (mg/
100g)
	Fe

(%)
	Fe (mg/
100g)

	1
	DK-124
	72.33
	80.40
	3.83
	132.33
	5.18
	15.10
	15.16
	104.33
	4.32
	8.38
	1.52
	0.025
	25.33
	0.0078
	7.79

	2
	DK-141
	73.67
	79.67
	3.40
	141.67
	5.47
	18.14
	12.87
	107.33
	5.35
	8.96
	1.33
	0.033
	33.00
	0.0094
	9.39

	3
	DK-150
	80.67
	91.67
	3.20
	125.33
	4.69
	11.18
	12.52
	111.67
	5.07
	8.76
	2.72
	0.037
	36.67
	0.0085
	8.49

	4
	DK-151
	80.67
	79.47
	4.00
	153.33
	6.98
	18.60
	12.55
	113.67
	4.48
	8.65
	3.35
	0.024
	24.33
	0.0090
	9.00

	5
	DK-152
	74.00
	79.27
	3.30
	158.00
	5.38
	20.88
	16.35
	106.00
	4.36
	8.90
	0.95
	0.039
	39.00
	0.0069
	6.91

	6
	DK-156
	71.33
	76.67
	3.50
	137.00
	6.76
	14.14
	11.74
	103.33
	4.89
	9.43
	1.65
	0.041
	41.00
	0.0070
	6.99

	7
	DK-157
	74.00
	74.47
	3.90
	154.67
	4.17
	20.00
	17.36
	106.67
	5.43
	9.13
	1.33
	0.034
	33.67
	0.0043
	4.26

	8
	DK-159
	79.67
	74.60
	3.20
	144.67
	5.80
	10.56
	16.07
	110.33
	3.31
	9.55
	2.18
	0.023
	23.00
	0.0048
	4.77

	9
	DK-164
	79.67
	78.07
	3.40
	133.33
	6.86
	22.77
	13.41
	112.00
	4.85
	8.61
	3.45
	0.028
	28.33
	0.0058
	5.75

	10
	DK-140
	77.00
	76.40
	3.60
	132.33
	6.45
	13.61
	11.77
	108.00
	3.98
	8.85
	1.10
	0.034
	33.67
	0.0031
	3.09

	11
	DK-158
	72.33
	75.40
	3.70
	147.33
	6.21
	16.04
	13.08
	106.33
	4.23
	8.72
	3.08
	0.028
	28.33
	0.0031
	3.13

	12
	DK-160
	74.67
	74.80
	3.60
	144.67
	5.39
	14.43
	17.28
	107.00
	5.20
	9.21
	2.32
	0.029
	29.33
	0.0030
	3.02

	13
	DK-161
	74.33
	86.67
	2.90
	115.67
	6.50
	17.24
	12.26
	106.33
	5.42
	9.75
	3.17
	0.037
	37.33
	0.0044
	4.44

	14
	DK-162
	75.67
	74.73
	3.30
	128.67
	6.77
	11.49
	19.22
	110.67
	4.83
	9.60
	1.33
	0.033
	32.67
	0.0032
	3.15

	15
	DK-163
	77.33
	76.67
	4.00
	152.67
	5.81
	14.63
	16.48
	109.67
	4.64
	9.18
	2.27
	0.039
	39.33
	0.0032
	3.16

	16
	DK-165
	83.67
	84.00
	3.30
	120.67
	4.99
	12.80
	18.35
	117.67
	3.82
	9.38
	1.08
	0.034
	33.67
	0.0030
	3.03

	17
	DK-166
	76.33
	76.53
	3.10
	144.33
	6.17
	15.54
	16.19
	107.67
	5.20
	9.20
	3.92
	0.030
	30.00
	0.0044
	4.35

	18
	DK-168
	80.00
	82.73
	3.40
	137.67
	5.55
	13.44
	15.81
	112.00
	4.39
	9.32
	2.08
	0.022
	22.33
	0.0063
	6.26

	19
	DK-173
	75.33
	76.80
	3.50
	122.33
	6.13
	16.07
	15.49
	107.33
	5.38
	9.47
	1.55
	0.025
	25.33
	0.0050
	5.02

	20
	DK-174
	73.33
	74.27
	3.80
	144.33
	6.18
	15.35
	17.02
	106.67
	5.78
	9.73
	2.28
	0.033
	33.33
	0.0030
	2.99

	21
	DK-167
	75.00
	72.57
	3.20
	140.33
	5.67
	18.18
	17.77
	107.67
	4.31
	9.69
	1.58
	0.025
	25.33
	0.0027
	2.69

	22
	DK-169
	77.67
	78.93
	3.60
	147.00
	5.16
	14.35
	14.73
	110.67
	3.68
	9.02
	2.03
	0.036
	36.00
	0.0033
	3.29


Table-3: Mean performance of 30 kodo millet germplasms for 13 quantitative traits (Cont..)
	Sr.

 No.
	Genotypes
	DFF
	PH
	TPP
	GPP
	PL
	GY
	SY
	DM
	TSW
	Pro
(%)
	Fat
(%)
	Ca 

(%)
	Ca (mg/
100g)
	Fe

(%)
	Fe (mg/
100g)

	23
	DK-170
	71.33
	76.10
	3.80
	158.33
	6.75
	15.31
	14.87
	105.67
	4.63
	9.27
	0.92
	0.028
	27.67
	0.0032
	3.19

	24
	DK-171
	79.00
	81.00
	2.97
	118.00
	6.81
	13.44
	15.67
	112.00
	2.85
	9.49
	1.92
	0.022
	22.33
	0.0023
	2.27

	25
	DK-172
	71.33
	76.17
	3.57
	124.67
	5.50
	14.42
	15.28
	105.33
	5.67
	9.61
	3.18
	0.033
	32.67
	0.0021
	2.07

	26
	GPU-K-3(LC)
	75.33
	71.00
	3.20
	126.00
	6.91
	15.60
	18.48
	108.67
	4.30
	8.79
	2.33
	0.041
	41.33
	0.0021
	2.09

	27
	GK-2(LC)
	75.00
	71.40
	3.40
	124.33
	6.69
	13.50
	17.48
	107.67
	5.30
	8.77
	1.67
	0.039
	39.33
	0.0014
	1.35

	28
	GAK-3(LC)
	77.00
	78.60
	3.80
	141.67
	5.06
	17.26
	17.35
	109.33
	4.69
	9.48
	3.13
	0.033
	33.00
	0.0022
	2.24

	29
	TNAU-86(NC)
	71.33
	83.53
	3.20
	145.67
	6.95
	16.63
	15.39
	109.67
	5.22
	9.74
	0.85
	0.033
	32.67
	0.0017
	1.67

	30
	RK-390-25(LC)
	74.00
	76.37
	3.53
	134.00
	5.78
	12.92
	16.85
	112.33
	2.98
	9.31
	3.68
	0.031
	31.00
	0.0016
	1.57

	
	Mean
	75.77
	77.96
	3.47
	137.70
	5.96
	15.45
	15.49
	108.79
	4.62
	9.20
	2.13
	0.032
	-
	0.004
	-

	
	SEm
	1.36
	2.23
	0.10
	3.36
	0.16
	0.76
	0.66
	1.23
	0.15
	0.14
	0.05
	0.00
	-
	0.00
	-

	
	CD (0.05)
	3.81
	6.33
	0.28
	9.51
	0.45
	2.14
	1.88
	3.47
	0.42
	0.39
	0.15
	0.00
	-
	0.00
	-

	
	Minimum
	71.33
	71.00
	2.90
	115.67
	4.17
	10.56
	11.74
	103.33
	2.85
	8.38
	0.85
	0.022
	-
	0.0014
	-

	
	Maximum
	83.67
	91.67
	4.00
	158.33
	6.98
	22.77
	19.22
	117.67
	5.78
	9.75
	3.92
	0.041
	-
	0.0094
	-


Note:-

Highest and lowest mean values are indicated in bold.

For the traits viz., Ca content and Fe content analysis is done on percent values. 
DFF - Days to 50% flowering; PH - Plant height at maturity (cm); TPP - Tillers per plant; GPP - Grains per panicle; PL - Panicle length (cm); GY - Grain yield per plant (g); SY - Straw yield per plant (g); DM - Days to maturity; TSW - 1000 seed weight (g); Pro - Protein content (%); Fat - Fat content (%); Ca (%) - Ca content (%); Ca (mg/100g) - Ca content (mg/100g); Fe (%) - Fe content (%); Fe (mg/100g) - Fe content (mg/100g)
