


Yield Performance and Traits Analysis of selected Rice Genotypes under Rainfed Condition


Abstract
Rice (Oryza sativa L.) is a plant which belongs to Gramineae, the family of grasses also called Poaceae family. The genus Oryza that includes two cultivated species and about 20 other wild species. The most important cereals of human nutrition. Plant Materials For this experiment we have taken 100 different rice varieties and germplasm from the bulk of 400 rice super core group of Plant Molecular Biology and Biotechnology Department used for Rice Genome Project. Material were sown in field under rainfed condition. 18 agronomic traits for these plants were investigated. The Grain yield (g/ The highest grain yield (g) was recorded in Surmatia (250.00 g/m2) followed by IBD-1 (234.00 g/m2) and lowest was recorded in WR 41 (18.75 g/m2). The standard deviation and coefficient of variation was 48.27 and 57.48% respectively. The diversity among rice population can be used to study the variant for rainfed condition the best genotype having the better resistivity as well as ability to higher yield under rainfed condition. This study will help in future for high yielding genotypes can be use as donor for yield.
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 1. Introduction 
 Rice (Oryza sativa L.) is a plant which belongs to Graminea, the family of grasses also called Poaceae family. The genus Oryza that includes two cultivated species and about 20 other wild species.  It is one among the world’s two cultivated species of rice, Asian cultivated rice (Oryza sativa) grown worldwide and African cultivated rice (Oryza glaberrima) grown in several parts of West Africa, are the most important cereals of human nutrition (Subudhi & Baisakha 2011). Rice (Oryza sativa) is the world’s most important staple food crop grown across the world and about 90% of the worlds rice production is reported in Asia. The area under rice production is 161.29 million hectares and gives 498.40 million metric tons in world and in India 43.50 million hectares area produced 115 million metric tons of rice (FAO, 2019). Chhattisgarh produced 100.35 tons of rice (India stat, 2019-20).
“Chhattisgarh” is famous as Rice bowl of India, because rice is grown in the maximum land area. The diversity of rice in Chhattisgarh is proof of this statement. In the Kharif season the Chhattisgarh state rice covers the maximum and pays significantly to the “national rice production”. The state relies on monsoons with annual rainfall of 1200-1600 millimeters. (Ogunbayo et al., 2005 and Barry et al., 2007). Within O. sativa, five sub-populations (tropical japonica, temperate japonica, aromatic, aus and indica) have been identified using SSR and SNP markers. Out of these, the tropical japonica, temperate japonica and aromatic sub-populations cluster within the japonica group, and the indica and aus sub-populations cluster within the indica group (Garris et al., 2005). 
The morphology, physiology, agronomy, genetic and biochemistry of O. sativa have been intensely studied over a long time. More than 40,000 varieties of rice had been reported worldwide (Gopalan et al., 2008).  Higher yielding varieties have been extensively adopted and they have enabled to achieve sustained self- sufficiency in food in many countries in Asia. Rice is grown under four ecosystems in India irrigated, rainfed lowland rainfed upland, and flood prone. Near about 55% of the rice area is rainfed and distribution wise 80% of the rainfed rice areas are in Eastern India (Sharma and Pillaiyar 2010).
Yield is one of the most important and complex traits in rice. It is both regulated by genes known as quantitative trait loci and influenced by external environmental factors In rice, yield is determined by indirect traits like plant height, growth period, tillering ability, panicle length, seed length, seed setting rate and grains per panicle as well as direct traits like panicle number per unit area and or per plant, filled grains per panicle and 1000 grain-weight (Moldenhauer and Nathan, 2004; Sakamoto and Matsuoka, 2008). The stagnating yield of rice varieties and climate change-related risks are major concerns for world food security. It is estimated that the world needs to produce 40% more rice to feed the population by 2025 (FAO, 2002). To a farmer’s eyes, a drought-resistant cultivar is one that yields better than any other available cultivar, particularly under water-limited conditions (Blum 2006). 
The “green revolution “in rice improvement has beneficial many farmers in irrigated rice production but has had limited impact on rainfed production (Evenson and gulling, 2003). Even through the region receives good rainfall yield losses caused by drought every year reach 2.9 million tons annually (Widawsky and O 'Toole, 1990). The large and variable area under rice cultivation as well as different methods of rice cultivation (direct seeded upland, transplanted lowland) make the crop unique in terms of its inherent variability available for tolerance of drought compared with other cereals (Kumar et al., 2014). Approximately 70% of rice over in Chhattisgarh is depend rainfed at different stage often cause substantial loss in productivity. The loses due to drought have been reported by Verulkar et al., (2010)
In rice grain yield depends on various growth and component traits, and is the final outcome of a combination of different yield components, such as the number of panicles per plant and number of fertile grains per panicle. The total number of tillers includes both productive and non-productive tillers. The number of productive tillers determines the number of panicles that eventually affects the yield and total production of the crop. Number of spikelet’s per panicle (TSP) is highly associated with number of grains per panicle (GPP), which is a very important component of yield. These traits have been frequently studied because of their importance in rice genetic improvement with the advent of the molecular markers (Xiao et al., 1996)
 Breeding drought-tolerant rice has always been a tough challenge for plant breeders. The use of grain yield as a selection criterion has proved to be a boon in this area of research. Several rice varieties have been released in South and Southeast Asia in recent years. These varieties have shown higher grain yield under drought while maintaining yield potential equal to or more than that of commercial checks in different target environments. However, breeding for drought resistance has been slow. In addition to drought tolerance being a complex trait, it is reported to be controlled by several genes each with small effects, and significant genotype x environment interactions (G×E) under stress (Dixit et al., 2014) Drought is the most important factor affecting crop production, and it is becoming a major issue in many regions of the world. Rice (Oryza sativa L.) is an aquatic crop that needs a lot of water for the better growth and yield so, it is susceptible to water stress (Ramchander et al., 2016). According to FAO statistics, in entire world the percentage of land area affected by drought are more than doubled since 1970s to early 2000. Drought affects more than half of the world's rice production, according to estimates.
2. Material and methods
2.1 Field sites, phenotyping
The experiments for the present study were conducted during 2020-2021 in the Agriculture Research cum Instructional farm and Department of Plant Molecular Biology and Biotechnology, College of Agriculture, IGKV, Raipur, India (210 16’ N and 810 36’ E at altitude of 289.6 meter above sea level). 
2.2 Planting Material 
	Plant Materials For this experiment we have taken 100 different rice varieties and germplasm from the bulk of 400 rice super core group of Plant Molecular Biology and Biotechnology Department used for Rice Genome Project.
Table. 1: Details of 100 Rice varieties and germplasm used in the study
	SN
	Group
	Name of Variety
	SN
	Group
	Name of Variety

	1
	PMBB
	Annada
	51
	PMBB
	Sehra dabri

	2
	PMBB
	Abhaya
	52
	PMBB
	Tarunbhog

	3
	PMBB
	Azucena
	53
	PMBB
	Chapti Gurmatia

	4
	PMBB
	ARB6
	54
	PMBB
	Kalam Gurmatia (3053)

	5
	PMBB
	Bamleshwari
	55
	PMBB
	Srikamal

	6
	PMBB
	Buddha
	56
	PMBB
	Elayachi

	7
	PMBB
	Bakal
	57
	PMBB
	Bisni-I

	8
	PMBB
	Bhatapool
	58
	PMBB
	CGZR-1

	9
	PMBB
	Batroo
	59
	PMBB
	Basmati 370

	10
	PMBB
	CT 9993
	60
	PMBB
	Kalamata

	11
	PMBB
	Cross 116
	61
	PMBB
	Jhilli

	12
	PMBB
	Deshi Lal Dhan
	62
	PMBB
	Ramjiyawan

	13
	PMBB
	Dagad Deshi
	63
	PMBB
	RKVY-104

	14
	PMBB
	IR 62266
	64
	PMBB
	BAM 5926

	15
	PMBB
	IR 36
	65
	PMBB
	Moroberekan

	16
	PMBB
	IR42253
	66
	PMBB
	Naginna 22

	17
	PMBB
	IR64
	67
	PMBB
	GP-145-42

	18
	PMBB
	IR 55419-04
	68
	PMBB
	GP-145-43

	19
	PMBB
	Kranti
	69
	PMBB
	Kalokuchi

	20
	PMBB
	Lalmat
	70
	PMBB
	Shenong

	21
	PMBB
	Laloo-14
	71
	PMBB
	IR-55419

	22
	PMBB
	Mahamaya
	72
	PMBB
	R-RF-75

	23
	PMBB
	Samleshwari
	73
	RG 1
	Kadam Phool

	24
	PMBB
	Swarna
	74
	RG 2
	Ama Jhopa

	25
	PMBB
	Vandana
	75
	RG 3
	Koudi Dhull

	26
	PMBB
	IBD-1
	76
	RG 4
	Chhind Guchchhi

	27
	PMBB
	Danteshwari
	77
	RG 5
	Nariyal Phool

	28
	PMBB
	Poornima
	78
	RG 6
	Ama Ruthi

	29
	PMBB
	Sahabhagi Dhan
	79
	RG 7
	Khajur Jhopa

	30
	PMBB
	MTU 10106
	80
	RG 8
	Naykain Jhaba

	31
	PMBB
	Aganni
	81
	RG 9
	Ram Laxman

	32
	PMBB
	Karma masuri
	82
	RG 10
	Do Dana

	33
	PMBB
	Safri 17
	83
	RG 11
	Pankhi

	34
	PMBB
	Dubraj
	84
	RG 12
	Sua Pankhi

	35
	PMBB
	BPT 5204 (Improved)
	85
	RG 13
	Maina Gali

	36
	PMBB
	Jitpiti
	86
	RG 14
	Parewa

	37
	PMBB
	PR 122
	87
	RG 56
	Chini Kapoor

	38
	PMBB
	WR 32
	88
	RG 16
	Pakshi Raj

	39
	PMBB
	WR 36
	89
	MED 4551
	Surmatia

	40
	PMBB
	WR 41
	90
	RG 18
	Parmal

	41
	PMBB
	WR 99
	91
	RG 19
	Dokra Mechha

	42
	PMBB
	WR 116
	92
	RG 65
	Jai Gundi

	43
	PMBB
	E-1702
	93
	RG 21
	Khatia Pati

	44
	PMBB
	Maheshwari
	94
	RG 66
	Tulsi Prasad

	45
	PMBB
	Durgeshwari
	95
	RG 26
	CR-1014

	46
	PMBB
	Shymala
	96
	RG 24
	Anterved

	47
	PMBB
	Rajeshwari
	97
	RG 95
	Layacha

	48
	PMBB
	Chandrahasini
	98
	RG 26
	Tulsi Manjari

	49
	PMBB
	Jaldubi
	99
	RG 27
	Kera Ghul

	50
	PMBB
	Indira Sugandhit Dhan 1
	100
	RG28
	Kubri Mohar



2.3 Planting Methods and Phenotyping
Material were sown in field under rainfed condition in RBD with 2 replications of each. Each genotype was sown 2 rows of 2.4-meter length. 18 agronomic traits for these plants were investigated. Days of 50% flowering, Plant Height (cm), Flag leaf length (cm) Flag leaf width (cm) Panicle Length (cm) Total panicle, Total spikelet’s per panicle, Number of Filled Grains, Number of Unfilled Grain, Fertility Percentage (%), Sterility percentage (%), 100 Grains weight (g), grains length, grain width (mm), rice length (mm), rice width (mm), Biological yield (g/m2),  Grain yield (g/m2).
3. Results and Discussion 
3.1 Phenotypic data
The plants grown and the data of days of 50% flowering (DFF), Plant Height (PH), Panicle length (PL), etc were recorded. The variations among the germplasm indicates the genotypic variation for the various traits, Mean and variability parameters for 18 yield-related traits of hundred rice germplasm accessions are presented.
[bookmark: _Hlk48050237] 	Days of 50% flowering the range for days to 50% flowering varied from 70.00 days (Vandana) to 111.00 days (Tulsi Manjari) with the overall mean of 90.63 days. Four categories for days to 50% flowering were reported i.e. early (91- 90 days), medium (91-110days), late (111-130days) and very late (> 131days) the standard deviation was 11.62 and coefficient of variation was 12.82%. Plant Height (cm) the range varied from 59.00 cm (Karma Masuri) to 133.16 cm (Kalanamak) with the overall mean of 96.73 cm. The standard deviation    of was 17.61 and coefficient of variation was 18.21%. Flag leaf length (cm) the range for varied from 15.2 cm (Jitpiti) to 36.77 cm (Anterved) with the overall mean of 24.15 cm. The standard deviation of was 4.90 and coefficient of variation was 20.31%.  Flag leaf width (cm) the range varied from 0.55 cm (Poornima) to 1.83 cm (Bisni) with the overall mean of 1.15 cm. the standard deviation was 0.24 and coefficient of variation 21.21%.
Panicle Length (cm) highest was found 26.52 cm in (Budha) and lowest 14.07 cm (Laloo-14) with the overall mean of 19.45 cm. The standard deviation was 2.41 and coefficient of variation was 12.41%. total Panicle the total number of panicles in rainfed condition ranged from 205.00 (IBD-1) to 25.00 per (Bisni-1) with the overall mean 89.39. The standard deviation was 35.96 and coefficient of variation was 40.34%.  Total number of spiklets per panicle ranged from 94.90 (Mahamaya) to 35.30 per panicle (WR-41) with the overall mean 57.30. The standard deviation was 14.00 and coefficient of variation was 24.40%.
Number of filled grains ranged from 76.90 (Mahamaya) to 24.20 (Dokra mecha) with the overall mean 42.87 The standard deviation was 11.96 and coefficient of variation was 27.91%. number of Unfilled grains number of unfilled grains ranged from 22.10 (Vandana) to 6.80 (WR-41) with the overall mean 14.42. The standard deviation was 3.03 and coefficient of variation was 21.02%, respectively in rainfed condition Spikelets Fertility Percentage (%) the Spikelet’s fertility percentage ranged from 84.80% (Dagad deshi) to 59.37 (Abhaya) with the overall mean 74.28% The standard deviation was 4.48 and coefficient of variation was 6.01%. Spikelet’s Steritility percentage (%) the Spikelets Sterility percentage in ranged from 40.63% (Abhaya) to 15.20% (Dagaddeshi) with the overall mean 25.64%. The standard deviation was 4.46 and coefficient of variation was 17.40%.
 Hundred grains weight (g) ranged from 3.21 g (Bakal) to 1.08 g (Tarunbhog) with the overall average weight of 2.35g. The standard deviation was 0.42 and coefficient of variation was 17.89%. Grain length (mm) the highest in ranged from 23.60 mm (Dokra Mecha) to 10.80 mm (Kadam Phool) with the over-all average mean 15.93 mm, standard deviation and coefficient of variation was 1.99 and 12.49 %, respectively.
Grain width (mm) the highest ranged from 6.80 mm (Amaruthi) to 3.60 mm (Lalmati) with the overall mean 5.06 mm. The standard deviation and coefficient variation were 0.59 and 11.69 %, respectively. Rice length (mm) the ranged from 18.00 mm (Dokra Mecha) to 7.60 mm (Keraghul) with the overall mean 12.59. The standard deviation and coefficient of variation was 1.71 and 13.58 %, respectively. Rice width (mm) the highest ranged from 5.20 mm (Amaruthi) to 2.80 mm (Anterved) with the overall mean 3.84 mm. The standard deviation and coefficient of variation was 0.53 and 13.82% respectively.
Biological yield (g/m2) the mean performance of biological yield was 385.26 g/plot. The maximum biological yield was recorded in Surmatia (1169.27 g/m2) followed by Bam-5926 (933.33 g/m2) and minimum ware recorded in Bisni (51.56 g/m2). The standard deviation and coefficient variation were 182.04 and 49.22% respectively.  
Grain yield (g/m2) the range for grain yield g/m2 varied from 250.00 g/m2 to 18.75 g/m2 with the mean value of 87.48 g/m2. The highest grain yield (g) was recorded in Surmatia (250.00 g/m2) followed by IBD-1 (234.00 g/m2). The minimum grain yield (g) was recorded in WR 41 (18.75 g/m2). The standard deviation and coefficient of variation was 48.27 and 57.48% respectively.


Figure No. 1: Highest and lowest grain yield of selected traits

Figure No. 2: Highest and lowest grain wight of selected traits





Figure No. 3: Highest and lowest plant height of selected traits

Figure No. 4: Highest and lowest grain wight of selected traits






Table No. 2: Mean performance of eighteen yield related traits of rice germplasm accessions
	S.N.
	Traits
	Mean
	Maximum
	Minimum
	SD
	CV

	1. 
	DFF
	90.63
	111
	70
	11.62
	12.82

	2. 
	PH
	96.73
	133.17
	59.00
	17.61
	18.21

	3. 
	FLL
	24.15
	36.77
	15.20
	4.90
	20.31

	4. 
	FLW
	1.15
	1.83
	0.55
	0.24
	21.21

	5. 
	PL
	19.45
	26.52
	14.07
	2.41
	12.41

	6. 
	TP
	89.39
	205
	25.00
	35.96
	40.34

	7. 
	BY
	385.26
	1169.27
	51.56
	182.04
	49.22

	8. 
	GY
	87.48
	250
	18.75
	48.27
	57.48

	9. 
	TSP
	57.3
	94.90
	35.30
	14.00
	24.4

	10. 
	NFG
	42.87
	76.90
	24.2
	11.96
	27.91

	11. 
	NUG
	14.42
	22.10
	6.80
	3.03
	21.02

	12. 
	SP
	74.28
	84.80
	59.37
	4.48
	6.01

	13. 
	FP
	25.64
	40.63
	15.20
	4.46
	17.4

	14. 
	HGW
	2.35
	3.21
	1.080
	0.42
	17.89

	15. 
	GL
	15.90
	23.60
	10.80
	1.98
	12.49

	16. 
	GW
	5.06
	6.80
	3.60
	0.59
	11.69

	17. 
	RL
	12.59
	18.00
	7.60
	1.71
	13.58

	18. 
	RW
	3.84
	5.20
	2.80
	0.53
	13.82



DTF= Days to flowering; PH = plant height (cm); FLL = Leaf Length (cm); FLW = Leaf width (cm);  PL= Panicle Length (cm); TP= Total panicle;  NFG = Number of filled grains; NUG = Number of unfilled grains; TSP = Total Spikelets per panicle;  SFP=Spikelet fertility percentage; SSP= Spikelet sterility percentage; BY = Biological yield (g/m2); GY = Grain yield (g/m2)  HGW = Hundred grains weight (g ); GL = Grain Length (mm); GW = Grain Width (mm); RL = Rice Length (mm); RW= Rice Width (mm). SD= Standard Deviation, CV= Coefficient of Variation.
The Coefficient of variation and ranges for various traits clearly indicated the wide variations for yield and yield-related traits under rainfed condition, so there are some good drought-tolerant donor lines in the panel that can be used in drought breeding programs by combining both drought tolerance and high yield potential.  The range for grain yield (g/m2) varied from 250.00 g/m2 to 18.75 g/m2 with the mean value of 87.48 g/m2. The highest grain yield (g) was recorded in Surmatia (250.00 g/m2) followed by IBD-1 (234.37 g/m2), So these lines can be use as donor for future research of crop improvement.
The observations were recorded in all hundred lines of rice for phenotypic characterization including yield Assessment and genotyping. However, among a hundred lines, four lines do not germinate under rainfed condition. So, the yield and yield attributing traits were record for ninety-six lines and subjected to analysis. 
4. Conclusions
The diversity among rice population can be used to study the variant for rainfed condition the best genotype having the better resistivity as well as ability to higher yield under rainfed condition. Grain yield (g/m2) the range for grain yield g/m2 varied from 250.00 g/m2 to 18.75 g/m2 with the mean value of 87.48 g/m2. The highest grain yield (g) was recorded in Surmatia (250.00 g/m2) followed by IBD-1 (234.00 g/m2). The minimum grain yield (g) was recorded in WR 41 (18.75 g/m2). The standard deviation and coefficient of variation was 48.27 and 57.48% respectively. There are some good drought-tolerant donor lines in the panel that can be used in drought breeding programs by combining both drought tolerance and high yield potential. Various parameters including as water, temperature, and soil morphology can be considered in rice drought association research.
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Plant Height


IR 55419-04	jhilli	sehra dabri	Lalmati	Pankhi	95.67	133.16999999999999	64	85.67	111	


Total Panicle


MTU 10106	Bisni-1	IBD-1	PR 122	WR 99	180.5	25	205	53	109	


Grain Yield


Ramjiyawan	Durgeshwari	Surmatia	MTU 10106	WR 41	50	180.21	250	151.56	18.75	


Grain Weight


Annada	sehra dabri	PR 122	Buddha	Laloo-14	2.5299999999999998	1.08	2.0499999999999998	3.21	2.86	





