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Characterization and identification of rice landraces 

through chemical tests 

 
K Sivaranjani, K Raja, S Sundareswaran and D Kumaresan 

 
Abstract 
Varietal characterization and identification are very important for maintaining genetic purity of the 

varieties during seed production, maintenance and conservation. Since now-a-days traditional rice 

varieties are gaining momentum, the study on varietal characterization were carried out in rice seeds 

using different chemical tests. In which, 50 varieties of rice landraces were characterized using phenol, 

modified phenol, ferrous sulphate, sodium hydroxide and potassium hydroxide tests. The results 

indicated that the phenol and modified phenol tests showed more colour variations viz., no colour, light 

brown, brown, dark brown and black. The varieties such as Kattuyaanam, Poovan samba and Sorna 

masuri showed greater response to phenol test with dark brown colour and the varieties viz., 

Karunkuruvai, Idly and Kullankar changed to black colour. Modified phenol test was used for further 

subgrouping of varieties which showed different colour reactions in some varieties viz., Navara, Karukka, 

Kuzhiyadichan etc. Ferrous sulphate test classifies the varieties into four groups viz., no colour, dark grey 

streaks, brown streaks and brown spots. Varieties viz., Thulasi vaasanai, Sivan samba and Sorna had dark 

grey streaks; Nootripathu, Kothamalli samba and Seeraga samba showed brown streaks; and Norungan, 

Mysore malli, Poovan samba showed brown spots. Similarly, NaOH and KOH tests grouped the varieties 

into four categories namely light yellow, yellow, pale red and red and the varieties like Salem sanna, 

Illuppaipoo samba and Sivan samba showed yellow colour and Kothamalli samba, Nootripathu and 

Poongar recorded with red colour. Also, the NaOH and KOH tests can be used very well for 

distinguishing the red rice varieties from white rice varieties. Therefore, a complementary set of these 

chemical tests can be used for varietal identification of landraces. 
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Introduction 

Rice is the food source for people in many parts of the world especially Asia and Sub-Saharan 

Africa. It is cultivated over an area of 162.06 million hectares with the production of 700 

million tonnes of raw rice and 470 million tonnes of milled rice [1]. Also, it is the most 

consumed crop in the world which accounts about 108 million tonnes [2]. India is the second 

largest producer of rice in the world which accounts an area of 43.8 million hectares and 

production of 101.98 million tonnes during 2019-2020. The average productivity of rice in 

India is 2,700 kg/ha [3]. China is the leading country with more rice production and export 

followed by India, Bangladesh and Indonesia.  

Traditional rice varieties are gaining importance in the last decade and it is cultivated by a 

large number of farmers. They are noted for their health benefits and the ability to withstand 

environmental stresses. Also, resistant hybrids for stress conditions were developed by 

transferring genes from various land races. In addition, the landraces possess high nutritional 

value and are used to cure diabetes, blood pressure and obesity. They also contain anti 

carcinogenic properties [4], anti-neurodegenerative activity [5] and contain powerful antioxidants 

such as tocopherols, tocotrienols, polyphenols, flavonoids, oryzenols and vitamin C which also 

plays a vital role for protection against chronic diseases [6] and scavenging activity more than 

the hybrids and white rice varieties [7]. 

With increased awareness among the people, the need to supply good quality seed increases 

and the best way to maintain seed quality is by maintaining the genetic purity. The first step in 

maintaining genetic purity is varietal identification that can be done by many ways viz., 

morphological, chemical and molecular methods. Conventional method of varietal 

identification through grow out test takes more time which also dependent on environment 

factors and therefore, this alone is not enough to identify the varieties [8]. Molecular methods 

have been used to characterize the varieties as they are independent of environment [9-11]. 

However, these methods require high skill and are more expensive.  
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Biochemical methods depend highly on the cell constituents 
and plant development and it varies with time [8]. While, 
chemical methods have been used to identify the varieties and 
the results can be obtained in a fair short span of time. 
Chemical tests such as Phenol, modified phenol, NaOH and 
KOH tests have been used to characterize 155 rice germplasm 
accessions [19]. Mathad et al, [20] used ferrous sulphate test for 
determining genetic purity in pigeon pea. Similarly, NaOH 
and KOH tests were used for identification of white and red 
rice cultivars [14, 17-19]. Therefore, an experiment was 
conducted to characterize and identify 50 traditional rice 
varieties using chemical tests. 

 

Materials and Methods 

Collection of seeds 
Seeds of 50 traditional rice varieties as listed in table 1 were 
collected from farmer’s holdings of various parts of Tamil 
Nadu viz., Cuddalore, Thanjavur, Nagapattinam, Tirunelveli, 
Madurai and Kanyakumari districts. The experiment was 
conducted in the Department of Seed Science and 
Technology, Tamil Nadu Agricultural University, 
Coimbatore, India during 2019-21. The collected seeds were 
multiplied and purified in the field by removing the off-type 
plants based on plant and seed morphological traits. Then, the 
genetically pure seeds were used for characterization along 
with the basic seed materials collected from farmers for 
identification of other distinguishable varietal seeds. The 
chemical tests viz., phenol, modified phenol, ferrous sulphate, 
sodium hydroxide and potassium hydroxide tests were used to 
characterize the seeds.  
 

Phenol test 
Twenty-five seeds of each variety in three replications were 
presoaked in Petriplates containing double distilled water for 
24 h and the presoaked seeds were transferred to Petriplates 
containing Whatman No. 1 filter paper saturated with 1% 
phenol solution for 24 h. After that, the change in seed testa 
and glume colour was recorded and the varieties were 
grouped into light brown, brown, dark brown and black. 
Royal Horticultural Society (RHS) colour chart was used for 
further classification of varieties based on colour intensity. In 
which, light brown colour was grouped into N199D grey 
brown group, brown into 200D brown group, dark brown into 
200A and 200B, black into 202A black [14]. 
 

Modified phenol test 
Twenty-five seeds of each variety in three replications were 
presoaked in 0.5% FeSO4 for 24 h and then, the seeds were 
soaked in 1% phenol solution for another 24 h. After 
completion of the test period, change in testa colour was 

recorded as per the procedure followed in phenol test [14]. 
 

Sodium hydroxide (NaOH) test 
Twenty-five seeds of each variety in three replications were 
soaked in 10 ml of 5% NaOH solution for 1 h in test tubes at 
room temperature. Then, the seeds were grouped into 
different categories based on the change in NaOH solution to 
light yellow, yellow, pale red and red [14]. 
 

Potassium hydroxide (KOH) test  
Twenty-five seeds of each land races in three replications 
were soaked in test tubes containing 10 ml of 5% KOH 
solution for 1 h at room temperature. Then, the seeds were 
classified based on the change in colour of the solution into 
light yellow, yellow, pale red and red [19]. 
 

Ferrous sulphate (FeSO4) test 
Seeds of landraces were soaked in 1.5% FeSO4 for 4 h under 
room temperature. Then, the excess moisture was removed 
and the change in seed testa colour was recorded as dark grey 
streaks, brown streaks and brown spots [20]. 
 

Statistical analysis 
The varieties that are mentioned in Table 1 were analyzed 
using cluster analysis in Minitab applying ward’s method 
which groups the varieties using Euclidean distance in 
similarity matrix [21]. 

 

Results and Discussion 
Characterization traditional rice varieties by chemical tests 
showed that the phenol test categorized the 50 landraces into 
five major groups based on colour reaction of the testa such as 
no colour change, light brown (RHS: N199A), brown (RHS: 
200 C & D), dark brown (RHS: 200 A & B) and black colour 
(RHS: 202 A). Among the 50 varieties, no colour change was 
noticed in 10 varieties, light brown colour in 8 varieties, 
brown in 13 varieties, dark brown in 15 varieties and black in 
4 varieties (Table 1). Majority of varieties viz., Kattuyaanam, 
Chithiraikar, Vaasanai seeraga samba and Mysore malli 
exhibited dark brown colour followed by Mattaikar, Samba 
Mosanam, Nootripathu, Kothamalli samba with brown colour. 
Black colour was noticed in Karunkuruvai, Idly and kullankar 
(Figure 1a). Similarly, the modified phenol test has showed 
colour variations same as that of phenol test except 13 
varieties viz., Seeraga samba, Sorna, Poongar, Vellaikavuni, 
Milagu samba, Navara, Karukka, Vaasanai seeraga samba, 
Kuzhiyadichan, Paalthondi and Mottakkur which showed 
different colours than the phenol test (Figure 1b). Similar kind 
of results due to chemical tests for varietal identification was 
obtained earlier by many workers in rice [14, 16-19, 21-23]. 

 
Table 1: Effect of chemical tests on variations in seed colour of traditional rice varieties. 

 

S. No. Varieties Phenol test Modified phenol test FeSO4 test NaOH test KOH test 

1. Thulasi vasanai No colour No colour Dark grey Light yellow Light yellow 

2. Salem sanna No colour No colour Brown streaks Yellow Yellow 

3. Thanga samba No colour No colour Dark grey Yellow Light yellow 

4. Illuppaipoo samba No colour No colour No colour Yellow Yellow 

5. Sivan samba No colour No colour Dark grey Yellow Light yellow 

6. Kaalabadh No colour No colour No colour Yellow Yellow 

7. Sembuli samba No colour No colour Brown streaks Yellow Light yellow 

8. Seeraga samba No colour Brown Brown streaks Light yellow Light yellow 

9. Kudhiraivaali samba No colour No colour Dark grey Pale red Pale red 

10. Kallundrikar Brown Brown Brown streaks Red Yellow 

11. Sorna Brown Light brown Dark grey Light yellow Light yellow 

12. Kothamalli samba Brown Brown Brown streaks Red Red 

13. Nootripathu Brown Brown Brown streaks Red Red 
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14. Poongar Brown Dark brown Brown streaks Red Pale red 

15. Samba mosanam Brown Brown Brown spots Light yellow Red 

16. Maranel Brown Brown Dark grey Light yellow Light yellow 

17. Kallurundaikar Brown Brown Brown streaks Light yellow Pale red 

18. Thengaipoo samba Brown Brown Dark grey Light yellow Light yellow 

19. Kallukar Light brown Light brown Dark grey Yellow Light yellow 

20. Vellai kavuni Light brown Brown Brown streaks Light yellow Light yellow 

21. Anaikomban Light brown Light brown Dark grey Pale red Pale red 

22. Rajamannar Light brown Light brown Dark grey Red Red 

23. Kalanamak Light brown Light brown Dark grey Red Pale red 

24. Poovan samba Dark brown Dark brown Brown spots Red Pale red 

25. Mappillai samba Brown Brown Brown streaks Red Yellow 

26. Kattuyanam Dark brown Dark brown Brown streaks Red Red 

27. Milagu samba Dark brown Black Dark grey Yellow Light yellow 

28. Kattanur Dark brown Brown Dark grey Pale red Pale red 

29. Kuruvai kalangium Dark brown Brown Brown streaks Red Red 

30. Sorna masuri Dark brown Dark brown Brown streaks Pale red Light yellow 

31. Navara Dark brown Black Dark grey Yellow Yellow 

32. Karukka Dark brown Brown Brown streaks Red Pale red 

33. Vaasanai seeraga samba Dark brown Brown Brown streaks Red Pale red 

34. Mysore malli Dark brown Brown Brown spots Yellow Pale red 

35. Kuzhiyadichan Dark brown Brown Brown streaks Pale red Red 

36. Norungan Dark brown Dark brown Brown spots Pale red Light yellow 

37. Chithiraikar Dark brown Dark brown Brown streaks Red Red 

38. Paalthondi Dark brown Brown Dark grey Red Red 

39. Mattaikar Brown Brown Dark grey Red Red 

40. Mottakur Brown Light brown Dark grey Red Red 

41. Karunkuruvai Black Black No colour Red Red 

42. Karuppu kavuni Black Black No colour Red Red 

43. Idly Black Black No colour PR Red 

44. Kullankar Black Black No colour Red Red 

45. Muthuvellai Dark brown Dark brown Brown spots Light yellow Light yellow 

46. Vadakathi samba Brown Brown Dark grey Red Light yellow 

47. Ponmani samba Light brown Light brown Dark grey Light yellow Light yellow 

48. Rangoon samba Dark brown Dark brown No colour Red Light yellow 

49. Manjal ponni Light brown Light brown Dark grey Yellow Yellow 

50. Thooyamalli No colour No colour Dark grey Light yellow Light yellow 

 

 
 

Fig 1a: Phenol test 

 

 
 

 
 

Fig 1b: Modified phenol test 

 

 

http://www.thepharmajournal.com/


 

~ 30 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

      
 

Fig 1c: Ferrous sulphate test 

 

  
 

Fig 1d: NaOH test 

 

  
 

Fig 1e: KOH test 

 

  
 

  
 

http://www.thepharmajournal.com/


 

~ 31 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

 
 

Fig 1: Response of traditional rice varieties to different chemical tests. 
 

 
 

Fig 2: Dendrogram shows clustering of varieties at 86% dissimilarity matrix.

 

 
 

Fig 3: Identification of off-types using phenol test. 
 

Phenol test is an index of polyphenol activity and it is 

associated with intra-varietal diversity. The melanin is formed 

by the oxidation of phenol via orthoquinones and 

hydroquinones and is controlled by single gene localized in 

the seed coat [16]. The aleurone layer is also reported to be 

involved in the synthesis of oxidase enzymes like laccase, 

tyrosinase, monophenol oxidase, polyphenol oxidase and 

horse-radish peroxidase, which catalyzes to form a colour 

reaction [24, 25]. Among them, polyphenol oxidase (PPO) is one 

of the enzymes that are involved in oxidation of phenol and 

formation of brown coloured pigment called melanin [26, 27]. 

Polyphenol oxidases avail molecular oxygen, which 

undergoes hydroxylation and dehydrogenation of phenolic 

compounds to form reactive o-quinones. These o-quinones 
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alkylate nucleophilic groups and self-polymerize to form 

melanin polymers [28]. 

In addition, the colour formation in aleurone layer occurs by 

phenol oxidation in two reactions. In the first reaction, the 

aromatic ring of phenol can be hydroxylated to form catechols 

or quinols followed by the second reaction where the quinols 

or catechols undergo oxidation to form quinones [29]. Two 

major genes and their allelic interactions control this reaction, 

which is localized in rice seed aleurone layer. The ability of 

genotype to form colour depends on the tyrosinase activity, 

which is located at aleuronic layer [30]. Qian et al. [31] reported 

that major QTL (qPH-4a) i.e. responsible for phenol colour 

reaction is located on chromosome 4, which showed the total 

phenotypic variation as high as 94.6%. Also, two minor QTLs 

(qPH-1 and qPH-4b) located on chromosome 1 and 4 have 

account of total phenotypic variation of 14.9 and 29.5%, 

respectively. 

Ferrous sulphate test classifies the landraces into four groups 

as no colour change, presence of dark grey streaks, brown 

streaks and brown spots on the seed coat. The results 

indicated that 7 varieties showed no colour change, 20 

varieties had dark grey streaks, 19 varieties with brown 

streaks and 4 varieties with brown spots. The varieties viz., 

Sorna masuri, Navara, Thooya malli, Samba mosanam and 

Mappillai samba showed greater response by forming brown 

streaks and brown spots (Figure 1c). Similar results were 

obtained in rice [14, 23] and pigeon pea [20]. The presence of an 

enzyme system which causes colour change was utilized in 

rice by many workers in which, Saharan [14] have categorized 

33 genotypes and Nagendra et al. [21] characterized 23 

varieties. Similarly, Mathad et al. [20] studied the genetic 

purity determination in pigeon pea by using FeSO4 test. 

Sodium hydroxide test classified the varieties into four groups 

viz. light yellow, yellow, pale red and red. Of these varieties, 

11 varieties showed the colour change in the solution into 

light yellow, another 11 varieties with yellow, 7 varieties with 

pale red and remaining 21 varieties with red colour. Similar 

results were also observed by workers in rice varieties [14, 17-19, 

21-23]. Likewise, KOH test categorized the landraces into four 

groups as that of NaOH test (Table 1). In which, 19 varieties 

showed light yellow, 6 varieties displayed yellow colour, 10 

varieties showed pale red and the remaining 15 varieties 

changed to wine red. The results are in accordance with the 

earlier works carried out in rice [14, 17-19, 21-23, 32-33]. The colour 

change of solution may be influenced by the presence of 

pigments in red and brown kernelled varieties [21]. Thus, the 

red rice varieties can be easily identified from white rice 

varieties using NaOH and KOH tests. In this regard, the 

varieties viz, Karuppu kavuni, Kothamalli samba, 

Karunkuruvai, Nootripathu, Kattuyanam, Mattaikar, 

Mottakkur, Idly and Kullankar showed red colour and can 

easily be identified using NaOH and KOH tests (Figure 1d & 

1e). 

The results of the cluster analysis of traditional varieties for 

various chemical tests showed that there were two major 

clusters formed at 86% dissimilarity matrix. In which, cluster 

I contains 21 varieties and cluster II contains 29 varieties 

(Figure 2). Therefore, the varieties in a same cluster behave in 

a similar way to chemical tests and shows less variation 

among themselves and may be closely related. Similar kind of 

cluster analysis for grouping of rice varieties was also done in 

improved varieties [21]. 

The results of the cluster analysis of traditional varieties for 

various chemical tests showed that there were three major 

clusters formed at 47% similarity matrix. In which, cluster I 

contains 9 varieties and cluster II contains 12 varieties and 

cluster III groups 29 varieties (Table 1) (Figure 2). The inter 

cluster distance is maximum between cluster I and III 

(4.29628) followed by distance between cluster II and III 

(3.04418) and between I and II (2.61215). Therefore, the 

varieties in a same cluster behave in a similar way to chemical 

tests and shows less variation among themselves and may be 

closely related. The genotypes within a cluster show less 

variation between themselves than with other genotypes in 

another cluster. Similar kind of cluster analysis for grouping 

of rice varieties was also done in improved varieties [21]. 

 

Conclusion 

Fifty traditional rice varieties were characterized using 

chemical tests such as phenol, modified phenol, ferrous 

sulphate, NaOH and KOH tests and the results showed that 

individual chemical tests have limited value and when used in 

a complementary series or in conjunction, these tests can 

separate any number of varieties [33]. Moreover, these 

chemical tests are stable, rapid, easy and reliable while going 

for varietal identification and characterization in traditional 

rice varieties.  
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