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Abstract: The popular varieties such as Navara, Parimala Sanna, Bahurupi, Sugandhi, and Indrani are commonly cultivated in Andhra 
Pradesh.  Traditionally germinated red, black and brownrice has been used in Asian traditional medicine for centuries. Hence the present 
study is aimed to find out the metabolites from selected varieties by using standard methods. Qualitative analysis revealed the presence of a 
greater number of metabolites from aqueous extracts. The quantitative analysis highlighted the significant levels of flavonoids, proteins, 
carbohydrates, ascorbic acidand fatty acids from Parimala Sanna and Navara varieties. The GCMS analysis of Parimala Sanna aqueous 
extract revealed that the presence of 1,2,2-trichloroethane, 1,1-difluoro ethane, 1,2,5-oxadiazole, 4 methyl 4-pentane 2-one, formic acid, ethyl 
ester, 3-hydroxy-2 butanone with higher percentage. ICP OES analysis showed that the Sugandhi variety isricher in Iron, Sodium, Potassium, 
Sulphur and Copper than that of other varieties. This study will be helpful for isolation and identification of active principles from these rice 
varieties.
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Oryza sativa (Poaceae) is the most widely consumed 

staple food for a large part of world human populations in 

Asia. Traditional colored rice varieties are particularly known 

for their high dietary fiber, starch, flavonoids, phenols, and 

other beneficial compounds, that are believed to contribute to 

reducing the incidence of non-communicable diseases such 

as cardiovascular disease, diabetes, cancer, and stroke 

(Bhattacharyya and Roy 2018). De- husked rice has higher 

protein, fiber, minerals, and vitamins compared to non-

medicinal varieties. It is well-suited for use in traditional 

Ayurvedic therapy and is known for facilitating the transfer of 

bioactive compounds from medicinal herbs and maintaining 

heat during topical body massage (Deepa et al., 2007).  

Paddy is cultivated in an area of about 155 million 

hectares with a production of about 596 million tonnes that 

provides 22 per cent of the world's supply of calories and 17% 

of the proteins. India ranks second in production with 131 

million tonnes of paddy next to China with average yield per 

hectare whereas, India extends from 8 to 35°N latitude and 

from sea level to as high as 3000 meters. Rice is a short-day 

plant that needs a hot, humid climate and an assured supply 

of water. The average temperature required throughout the 

life period of the crop ranges from 21 to 37°c. The crop 

requires a high temperature for blooming, in the range of 26.5 

to 29.5°C at the time of tillering than ripening. Soils having 

good water retention capacity with a good amount of clay and 

organic matter are ideal for rice cultivation. Clay or clay loams 

are most suited for rice cultivation, such soils are capable of 

holding water for long and sustain crops. Rice being a semi-

aquatic crop grows best under submerged conditions. Rice 

plants are able to tolerate a wide range of soil reactions, but it 

does have a preference for acidic soils. It grows well in soils 

having a pH range between 5.5 and 6.5. It can be grown on 

alkali soils also, after treating them with gypsum (Ranking 

analytics 2024). Cultivars with growth duration of 150 to 210 

days are usually photoperiod sensitive and planted in the 

deep water areas. Temperate day length are two 

environmental factors affecting the development of the rice 

plant that can be divided into three phases. Rice grains have 

been acquiring more attention from nutritionists, consumers, 

and health consultants in the past few years due to their 

greater importance in their biological activity, nutritional 

value, and substantial impact on human health. Due to its 

higher digestibility, nutritional quality, potential health, and 

biological activity, rice is categorized as the queen of cereal 

(Verma et al., 2017). Moreover, a large percentage of the 

Asian population heavily relies on rice as their primary energy 

source of food, mainly carbohydrates and a small amount of 

protein, recent studies have highlighted the nutritional value 

of rice protein (Juliano1985 and Chaudhary and Tran 2001). 

The traditional varieties are a viable source of various 

agricultural properties as well as sources of many bioactive 

non-vital nutrients such as vitamin D, calcium, thiamine, 

riboflavin, glutamic acids, and high in fiber (Bhat and Riar 

2015; Verma et al., 2020). Inductively Coupled Plasma 

Optical Emission Spectroscopy (ICP-OES) is an analytical 

technique used to determine nutritional elements in a sample 

(Bulska and Wagner 2016).



Medicinal rice like Njavara contains high levels of 

minerals and carbohydrates and is used in treating various 

diseases such as arthritis, muscle wasting, and neurological 

disorders. Phytochemicals are bioactive compounds with 

antioxidant properties that are essential for safeguarding the 

body from diseases by delaying or inhibiting cellular damage. 

Medicinal plants also exhibit significant antioxidant potential 

due to their diverse phytoconstituents. In contrast, concerns 

have been raised about the potential negative health effects 

of synthetic antioxidants, leading to strict restrictions on their 

use. As a result, there is a growing trend to replace synthetic 

antioxidants with naturally occurring ones (Ankanna and 

Sav i thramma 2011) .  R ice  bran  have  severa l  

pharmacological  activities including immunomodulatory, 

antidiabetic, anti-inflammatory, antioxidant, anticancer, 

card iovascu lar  pro tect ive,  ant i -hyper l ip idemic,  

hepatoprotective, nephroprotective, and antimicrobial, 

making them potential components to act as a nutraceutical 

with therapeutic value (Sen et al., 2020).Gas 

chromatography-mass spectroscopy (GC-MS) is a 

combined analytical technique used to determine and 

identify compounds present in a plant sample (Uma and 

Balasubramaniam 2012). It plays an essential role in the 

phytochemical analysis and chemotaxonomic studies of 

medicinal plants containing biologically active compounds 

(Hethelyi et al., 1987). Furthermore, phytochemical 

compounds tend to accumulate in the pericarp and bran of 

the rice kernel. Studies have shown that rice varieties with 

color pigments, such as black rice, are rich in anthocyanin 

and other polyphenolic compounds (Muntana and Prasong 

2014). The Indian Materia Medica, an Ayurvedic treatise, 

mentions several medicinal rice varieties in India, 

highlighting the need to document and conduct research on 

these Rice varieties (Das and Oudhia 2003). The scientific 

data on the nutritional and medicinal properties of popular 

rice varieties in India, such as Navara, Parimala Sanna, 

Bahurupi, Sugandhi, and Indrani, are scanty. Therefore, the 

present study aimed to screen primary and secondary 

metabolites in these rice varieties were carried out by using 

standard methods both qualitative and quantitatively.

MATERIAL AND METHODS

Procurement of raw materials:  The study included five 

representative rice varieties (Fig. 1), procured from diverse 

regions of India. Navara rice was cultivated in Kerala, while 

the other varieties Parimala Sanna, Bahurupi, Sugandhi and 

Indrani were obtained from farmers in Andhra Pradesh.

Sample Preparation: The samples were carefully cleaned 

to eliminate small sand particles and impurities before being 

ground into a fine powder. This powder was then sifted 

 

Sugandhi

 

Indrani

 

Navara

Parimala SannaBahurupi

Fig. 1. Selected rice varieties 

through a 0.5 mm metallic mesh to obtain a crude fine powder 

suitable for phytochemical screening using standard 

chemical tests and nutritional properties were estimated by 

ICP OES method and GCMS.

Extraction: Extractions were carried out using polar solvents 

such as water and methanol, as well as nonpolar solvents 

including benzene and hexane. For aqueous extraction, 5g of 

each rice powder was dissolved in 100 ml of distilled water 

and boiled in a water bath for 30 minutes. The mixture was 

filtered, and the filtrate was stored for further processing. The 

remaining solvents were used for extraction by macerating 

5g of each powder with 100 ml of each solvent for 24 hrs, 

followed by filtration and storage (Peeriga and Banoth 2016 

and De Silva et al., 2017).

Phytochemical Screening

Metabolite name Reference 

Carbohydrates McCready et al., 1950

Sugars Duboise et al., 1956

Lipids Jayaraman 1981

Proteins Lowry et al., 1951

Tannins Van-Burden and Robinson 1981

Saponin Obadoni and Ochuko 2002

Lignin Gibbs 1974

Tannins Trease and Evans 1985

Anthocyanins Paris and Moyse 1969

Leucoanthocyanins Paris and Moyse 1969 

Flavonoids Peach and Tracey 1956

Steroids Gibbs 1974

Tannins Trease and Evans 1985

Glycosides Harborne 1973

Alkaloids Gibbs 1974

Phenols Gibbs 1974

Emodines Harborne 1973

Ascorbic acid                    Fujita et al., 1935
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Bahurupi Parimala Sanna Sugandhi Indrani Navara

A M B H A M B H A M B H A M B H A M B H

Carbohydrates + - - - + + - - + + + - + + - - + + - -

Proteins + + + - + + + - + + + - + + + - + + + -

Reducing sugars + + + - + + - - + + - - + + - - + + - -

Fats + - + - + - - + + - - - + - + - + - - -

Alkaloids + + - - + + + + - + + + + + + + + + + +

Flavonoids + + - - + + - - - + + - - - + - + + - -

Tannins - - - + - - + + - - + + - - - + - - - +

Glycosides + - + - + + + - - + + - + - + - + + + -

Saponins - - - - - - - - - - - - - - - - - - - -

Coumarins + - - - + + - - + - - - + - - - + - - -

Terpenoids - - - - - - - - - - - - - - - - - - - -

Steroids - - - - - - - - - - - - - - - - - - - -

Ascorbic acid + + - - + + - - + + - - + + - - + + - -

Table 1. Preliminary screening of phyto-metabolites from selected rice varieties 

A=Aqueous, M=Methanol, B= Benzene, H= Hexane; '+' indicates Presence, '-'Indicates Absence 

Screening for metabolites from selected rice varieties: 

This was done as per standard procedure (Table 1).

Statistical analysis: Statistical analysis was performed 

using KyPlot version 2.0 beta 15 (32 bit). 

RESULTS AND DISCUSSION 

 The phytochemical study of different rice varieties 

revealed that the aqueous extract of all rice grain varieties 

contained a greater number of compounds, primary 

metabolic compounds like carbohydrates, proteins, reducing 

sugars, ascorbic acid and fatty acids; and secondary 

metabolites like alkaloids, flavonoids, glycosides, 

terpenoids, steroids, tannins, and coumarins (Table 1). The 

hexane extract showing fewer compounds compared to 

methanol and benzene. The methanolic extracts showed 

moderate primary and secondary compounds in Parimala 

Sanna and Sugandhi, whereas, Navara showed more 

compounds but Indrani and Bahurupi having fewer 

compounds. Benzene extracts of all varieties possess 

proteins and Bahurupi showed carbohydrates, fatty acids 

and reducing sugars but Indrani had fatty acids only. In 

addition to primary metabolites alkaloids, tannins and 

glycosides presence in Parimala Sanna whereas Sugandhi 

and Indrani indicated almost equal compounds but Navara 

revealed lower compounds. Hexane extracts ofall varieties 

contained tannins and alkaloids but in addition to these, 

Parimala Sannahad fatty acids. 

The aqueous extracts showed more solubility of 

secondary metabolites than other solvents such as 

methanol, benzene and hexane. Among all tested varieties 

Navara and Parimala Sanna have a greater number of 

secondary metabolites followed by Sugandhi, Bahurupi and 

Indrani. Primary metabolites like proteins, reducing sugars 

and carbohydrates were present in a greater number of 

solvents. Whole grain rice has a rich nutritional profile and 

medicinal properties (Carlos et al., 2007) and plays a crucial 

role in human health and provides numerous health benefits 

(Valarmathi et al., 2014).

 Parimala Sanna hashigher content of flavonoids, 

carbohydrates and ascorbic acid than the other varieties 

(Table 2) andSugandhi only high protein content. The 

nutrients and phytochemicals present in rice bran are 

comparable to those found in other whole grain cereals like 

corn, oat and wheat, providing disease protection and 

immune system support (Baris and Yilmaz 2011). Certain 

traditional rice varieties such as Kattuyanam, Mapillai 

Samba, Navara, Karunguruvai, Kavuni, Kichadi Samba, 

Illupaipoo Samba, Kalana Mak, Karudan Samba and 

Seeraga Samba can help treat various human ailments and 

beneficial physiological changes in the body (Kowsalya et al., 

2022). Many rice varieties are used in medical purposes such 

as atropine as anticholinergic and morphine as analgesic. A 

small amount of alkaloids is present in black rice while it is 

completely absent in Gobindobhog rice (Bhattacharyya and 

Roy 2018). The bran and germ regions of rice are the 

nutrient-dense whereas outer layers and sprouting parts of 

the grain are rich in antioxidants, phytochemicals and other 

beneficial compounds (Ghasemzadeh  2018). The bioactive 

compounds concentrated in the bran regions of rice have 

numerous health benefits, including reducing inflammation 

412 Kumari et al



and improving cardiovascular health (Penny et al., 2002).   

Traditional rice contains a range of bioactive compounds, 

which are present in small quantities in various fractions of 

the grain. These bioactive compounds exhibit diverse 

biological activities (Rondanelli et al., 2019).

Sugandhi showed a greater number of nutritional 

properties like iron, sodium, potassium, sulphur and copper 

than the other varieties, but Navara recorded higher volume 

of phosphorus and in than the other varieties. Rice is a good 

source of essential minerals that contains significant 

amounts of magnesium, phosphorus and calcium as well as 

trace elements like iron, zinc, copper and manganese 

(Verma et al., 2017 and 2020). Traditional rice is an 

essentialnutritiousfood and is an excellent source of vitamin-

D, calcium, thiamine, riboflavin, glutamic acid and fibre (Bhat 

and Riar, 2015). The rice bran contains a range of nutrients, 

including vitamin B9, essential amino acids and 

micronutrients (Goffman and Bergman 2004). The GCMS 

analysis revealed that a total 60 compounds were identified 

in aqueous extract of Parimala Sanna (Table 3). Among 

these 1,2,2-trichloroethane, 1,1-difluoro ethane, 1,2,5-

oxadiazole, 4 methyl 4-pentane 2-one, formic acid, ethyl 

ester, 3-hydroxy-2 butanone showed higher percentage. 

Chandra Sekar and Bhagavathy (2023) reported the same 

results in Rice varieties like Karuppu kavuni, Mappillai 

samba and Seeraga samba of south India. ICP-OES 

analysis revealed that, among all rice varieties, Sugandhi are 

rich iron, sodium, potassium, sulphur and copper (Table 4). 

Valarmathi et al. (2014) reported the same results in Kavuni 

Compounds Flavonoids Proteins Carbohydrates Lipids Ascorbic acid

Bahurupi 0.12±0.01 0.8±0.14 18.8±0.63 0.12±0.1 6.5±0.20

ParimalaSanna 0.13±0.01 1.33±0.04 20.6±0.18 0.01±0.01 6.5±0.06

Sugandhi 0.02±0.01 1.75±0.30 11.11±0.52 0.05±0.02 0.43±0.04

Indrani 0.10±0.01 1.2±0.02 9.7±0.42 0.06±0.01 13±0.20

Navara 0.02±0.01 0.84±0.01 20.2±0.17 0.05±0.01 6.5±0.12

Table 2. Quantitative estimation of metabolites from selected rice varieties

± indicates the SE of three samples

Name of the compound RT Area % MF MW (g/mol) Biological activity

1,2,2 trichloroethane 4.29 1.16 C HC F2 13 2 168 Anesthetic, Analgesic, Sedative

2,2- dimethoxy propane 4.29 1.16 C H F2 4 2 64.05 Analgesic, Sedative

1,2,5 oxadiazole 3.77 0.59 C H N O2 2 2 70 Anti-inflammatory, Anti-bacterial, Anti-viral, Anti-cancer

4 methyl 1,4 pentane 2 one 3.63 0.69 C H O6 10 98 Anti-inflammatory, Anti-bacterial, Anti-cancer, Antioxidant

Formic acid 3.25 0.77 C H O3 4 2 72 Anti-inflammatory, Anti-bacterial, Antiseptic, Antifungal

Ethyl ester (Ethyl acetate) 3.25 0.77 H COOR5 88.12 Analgesic, Antioxidant

3 hydroxy 2 butanone 3.09 0.75 C H O4 8 2 88 Anti-inflammatory, Anti-bacterial, Antifungal

Table 3. GCMS analysis compounds in Parimala Sanna rice

RT: Retention time, MF: Molecular formula,MW: Molecular weight

in traditional rice variety of Tamil Nadu. These findings are in 

line with previous reports that emphasize differences in the 

activities of extracts obtained from the same plant using 

different solvents.

CONCLUSION 

Rice varieties of Parimala Sanna and Sugandhi have 

many bioactive compounds that may help to regain immune 

power and maintain various metabolic reactions inside the 

body to dominate over a wide range of stress generated 

ailments due to their free radicals. Results indicate that the 

presence of various types of phytochemicals in aqueous 

extracts. Water is the best solvent for nutritional and 

pharmaceutical preparations from rice varieties.

Nutrients mg/ Kg dry wt

Sodium (Na) 1.34

Potassium (K) 1.44

Phosphorus (P) 0.26

Sulfur (S) 0.04

Calcium (Ca) 0.19

Magnesium (Mg) 0.03

Copper (Cu) 24.5

Manganese (Mn) 54.3

Iron (Fe) 172.5

Zinc (Zn) 33.9

Table 4. ICP-OES identification of nutrient components in 
Parimala Sanna

413Analysis of Secondary Metabolites from Traditional Rice Varieties



REFERENCES
Ankanna S and Savithramma N 2011. Quantitative analysis of some 

secondary metabolites of ROXB. An  Shorea tumbuggaiah 
endemic, endangered & globally threatened medicinal tree 
species.   (10):  3582-3584.Journal of Pharmacy Research 4

Baris T N and Yilmaz N 2011. Gamma Oryzanol content, Phenolic 
acid profiles and antioxidant activity of rice milling fractions. 
European Food Research Technology 233: 577-585.

Bhat F and Riar CS 2015. Health benefits of traditional rice varieties 
of temperate regions. Medicinal and Aromatic Plants Research 
Journals 4(3). DoI: 4172/2167-0412-1000098.

Bhattacharyya and Roy 2018. Qualitative and Quantitative 
assessment of bioactive Phytochemicals in Gobindobhog and 
black Rice, cultivated in West Bengal, India. International 
Journal of Pharmaceutical Sciences and Research 9 (9): 3845-
3851.

Bulska E and Wagner B 2016. Quantitative aspects of inductively 
coupled plasma mass spectrometry. Philosophical Transactions 
of the Royal Society 374(2079): 20150369.

Carlos A, Grace G, Mercedes BM,  Hevia P and Victor CG  2007. 
Correlation of tocopherol, tocotrienol, ɤ-oryzanol and total 
polyphenol content in rice bran with different antioxidant capacity 
assays.  (4):1228-1232.  Food Chemistry 102

Chandra Sekar G and Bhagavathy S 2023. Comparative GC-MS, 
Phyto-chemical analysis and free radical scavenging activities of 
South Indian Rice Varieties. HSOA Journal of plant science 
current research.  DOI: 10.24966/PSCR-3743/100024.

Chaudhary RC and Tran DV 2001. Specialty rice of the world: A 
prologue, pp 3-14. In: Chaudary RC and Tran D V 2001 (eds). 
Speciality rices of the world: Breeding, Production and 
Marketing. Science Publishers, Food and Agricultural 
Organization of the United Nations, Enfield, NH, Rome.

Das GK and Qudhia P 2011. Rice as medicinal plant in Ghhatiisgarh 
(India) : A Survey, pp 204-205.  (3). Agricultural Science Digest 21

De Silva, GO, Abeysundara AT and Aponso MMW 2017.  Extraction 
methods, qualitative and quantitative techniques for screening 
of phytochemicals from plants. American Journal of Essential 
Oils and Natural Products 5(2):  29-32. 

Deepa G, Vasudeva Singh, K. Akhilender Naidu 2007. Nutrient 
composition and physicochemical properties of Indian medicinal 
rice Njavara;  : 165-171.Food Chemistry 106

Duboise M, Gills KA, Hamilton Jk, Rebars PA and Smith F 1956. 
Colorimetric Method for determination of sugar and related 
substances. : 350-351.Analytical Chemistry 28

Fujita A and Ebihara T 1937. Comparison of methods for the 
determination of ascorbic acid.  : 172-181.Biochem. Ztschr 290

Ghasemzadeh AM, Karbalaji T and Rahmat A 2018. Phytochemical 
constituents, antioxidant activity and anti-proliferative properties 
of black, red and brown Rice bran.  Chemistry Central Journal 12:
17-103.

Gibbs RD 1974 1, McGill . Chemotaxonomy of flowering plants 
Queen's University press, Montreal and London.

Goffman FD and Bergman CJ  2004. Rice kernel phenolic content 
and its relationship with anti radical efficiency. Journal of the 
Science Food 84:  1235-1240.

Harborne JB 1973. Phytochemical methods: A Guide to Modern 
techniques of Plant analysis, Chapman and Hill,London, UK. 
https:// doi.org/10.1007/978-94-009-5570-7.

Hethel Yi E, Tetenyi P, Dabi E and Danos B 1987. The role of mass 
spectroscopy in medicinal plant research. Biomedical and 
Environmental Mass Spectrometry 14 (11): 672-632.

Jayaraman J 1981. . Wilsey Laboratory manual in biochemistry
Eastern limited, New Delhi, p 96-97.

Juliano BO 1985. Criteria and Tests for Rice Grain Qualities, pp 443-
524 In:American Association of Cereal Chemists (2nd eds) Rice 
Chemistry and Technology. American Association of Cereal 
Chemists, USA. 

Kowsalya P, Sharanyakanth PS and Mahendran R 2022. Traditional 
rice varieties: A comprehensive review on its nutritional, 
medicinal, therapeutic and health benefit potential. Journal of 
Food Composition and Analysis 114: 104742.

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ 1951. Protein 
measurement with the Folin phenol reagent. Journal of 
Biological Chemistry 193: 265-275.

McCready RM, Guggoiz J, Silveria V and Owens HS 1950. 
Determination of starch and amylase in vegetables. Analytical 
Chemistry 22:1156-1158.

Muntana N and Prasong S 2010.  Study on total phenolic contents 
and their antioxidant activities of Thai white, red and black rice 
bran extracts. (4): Pakistan Journal of Biological Sciences 13
170-174.

Obadoni BO and Ochuko PO 2002. Phytochemical studies and 
comparative efficacy of crude extracts of some homeostatic 
plants in Edo and Delta states Of Nigeria. Global Journal of Pure 
and Applied Sciences 8: 203-208.

Paris R and Moyse H 1969, Precis . Paris; de matière medicinale
Masson.

Peach K and Tracey MV 1956  3, . Modern methods of plant analysis
Springer Verlag, Berlin.

Peeriga and Banoth 2016. Pharmacognostical investigation and 
preliminary Phytochemical screening of leaves of 
Pamburusmissionis.  (3): Journal of Comprehensive Pharmacy 3
85-90.

Penny MKE, Hecker KD, Andrea B, Stacie MC, Amy EB, Kirsten F Ht, 
Amy EG and Terry DE 2002. Bioactive compounds in foods: 
Their role in the prevention of Cardiovascular disease and 
cancer.  : 71-88.The American Journal of Medicine 113

Ranking analytics 2024, Agriculture victoria, Victoria State 
Government https://agriculture.vic.gov.au/crops-and-
horticulture/grains-pulses-and-cereals/crop-production

Rondanelli M, Faliva MA, Peroni G, Gasparri C, Perna S, Riva A, 
Petrangolini G and Tartara A 2021. Silicon: A neglected 
micronutrient essential for bone health. Experimental Biology 
and Medicine (Maywood) (13):1500-1511. 246

Sen S, Pratap K and Raja C 2020. Evaluation of hypolipidemic, 
antioxidant, atherogenic index and cardiac risk suppressing 
effects of unpolished maniki madhuri rice extract and HPLC 
analysis of phenolics compounds.  Journal of Cereal Science
108: 103581.

Trease GE and Evans WC 1985.  pp 419, 17 Pharmacognosy
edn.,Bahive Tinal, London.

Uma G and Balasubramaniam V 2012. GC-MS analysis of 
Nothapodytes  Mabberly leaves.  nimmoniana, Journal of 
Chemical and Pharmaceutical Research 4(9): 4417-4419.

Valarmathi R, Raveendran M, Robin S and Senthil N 2014. 
Unraveling the nutritional and therapeutic properties of Kavuni, a 
traditional rice variety of Tamil Nadu, Society for Plant 
Biochemistry and Biotechnology. DOI: 10.1007/s13562-014-
0274-6.

Verma DK and Srivastav PP 2020. Bioactive compounds of rice 
(Oryza sativa l.): Review on paradigm and its potential benefit in 
human health.   355-Trends in Food Science and Technology 97:
365.

Verma DK and Srivastav PP 2017. Proximate Composition, Mineral 
Content and Fatty Acids Analysis of Aromatic and Non-Aromatic 
Indian Rice: (1): 21-31.  Rice Science 24

Received 22 January, 2025; Accepted 28 March, 2025

414 Kumari et al


