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ABSTRACT

Background and Objective: Consumption of coloured rice has been associated with decreased risk of
many diseases and may exert positive effects on human health in the presence of anthocyanin and
micronutrients. This experiment was carried out for genetic analysis of agronomic traits, anthocyanin and
micronutrients (Zn, Fe) content of rice. Materials and Methods: Five coloured pericarp rice genotypes
were included in a field experiment for eleven agronomic traits and lab tests for three nutrients
measurement. The anthocyanin content of rice grain was determined by the HPLC method and
micronutrient (Zn, Fe) content was determined by Atomic Absorption Spectrophotometer (AAS) method.
Results: The results revealed that the highest grains per panicle (302) and grain yield per plant
(60 g) were observed in the genotype RS 31. Genotype RS 17 showed the highest anthocyanin content
(570 mg/100 g). The RS 17 and RS 54 have high Zn content with higher Fe content. Total tillers per plant
exhibit a high phenotypic and genotypic coefficient of variation followed by anthocyanin content, grain
yield per plant, grains per panicle, filled grain per panicle, zinc content and plant height. Iron content
showed a moderate coefficient of variation. Grain yield per plant was positively and significantly correlated
with effective tillers per plant, panicle length, days to maturity and grains per panicle and positively
correlated with anthocyanin content. A significant positive correlation was found between Zn and
anthocyanin content. Path coefficient analysis showed that a positive direct effect was observed of grains
per panicle (4.576), Zn content (1.977), anthocyanin content (0.746) and effective tillers per plant (0.318)
on grain yield per plant. Conclusion: Among the studied rice genotypes RS 17 and RS 31 have been
selected as promising with high grain yield and nutritional quality that would be given positive health
effects and also a prerequisite towards improving nutritional enrich rice varieties.

KEYWORDS
Variability, genetic analysis, anthocyanin, micronutrients, correlation, path analysis

Copyright © 2023 Zahir Ullah et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
the original work is properly cited.

INTRODUCTION

More than two billion people in the globe suffer from micronutrient deficits for a lack of vital vitamins and
minerals in their diet'. The Fe and Zn deficits are the most worldwide micronutrient malnutrition,
predominant in resource-poor countries where there is a substantial dietary reliance on staple food crops®.
Rice (Oryza sativa L.) is the major source of calorie intake for about half of the world's population.
Micronutrients are mandatory to convey several metabolic and functional progressions in the human
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body. The Zn is necessary as a cofactor in more than 300 enzymes playing critical essential roles but Fe
acts as a vital element of haemoglobin and myoglobin®*. In the past decade, plentiful interest was
manifested in evolving varieties of rice with improved micronutrient content of Fe and Zn to increase the
nutritional quality of grain. Black rice contains a higher amount of phenolic compounds as compared to
white rice>. Red and purple pericarp rice varieties exhibited more total phenolics, flavonoids and
antioxidant activity as compared to white and brown varieties®’. Black rice is accumulated of anthocyanin
(cyanidin-3-glucoside) which is the highest among all of the studied coloured grains®. Cyanidin-3-
glucoside showed an inhibitory effect on cancer cell spread® and reduced the risk of atherosclerosis™.
Anthocyanin efficiently reduces the total cholesterol, low-density cholesterol and total triacylglycerol in
the body".

Biologically fortification of nutrients is a genetic methodology to overcome malnutrition and the
development of new cultivars with eminent content of micronutrients using conventional breeding and
biotechnological approaches'. Other than agronomical practices, attention has been given to increasing
Zn and Fe content in rice grain which includes a selection of genotypes with high content of
micronutrients, breeding micronutrient-efficient crop that produces high yields and accumulation of more
micronutrients from soil and increasing bio-available Zn and Fe™. Knowledge about genotypic variability
and genetic relationships among breeding materials could be an invaluable aid in crop improvement
strategies.

A four times difference in levels of Fe and Zn content among rice genotypes proposes a possible upsurge
in the content of these micronutrients in rice grains with genetic technology®. The contents of Fe and Zn
in grains of traditional rice cultivars were significantly higher than those in improved cultivars'™. In this
situation, the current research was undertaken to carry out, 1: Estimate genetic variability for anthocyanin,
Zn and Fe content in grains (brown rice) of different rice genotypes, 2: To analyze the correlation between
anthocyanin, Zn, Fe and grain yield and 3: Selection of genotypes for high anthocyanin, Zn and Fe content.

MATERIALS AND METHODS

The experiment was conducted at the research field of Bangladesh Institute of Research and Training on
Applied Nutrition (BIRTAN), regional station, Noakhali, Bangladesh during the Aman season of 2021. A
total of five Aman rice genotypes were collected from different locations in Bangladesh (Table 1). The
experiment was conducted in a randomized complete block design with three replications. A plot
consisting of six rows 5 m long by 1.2 m wide (6 m?) with a spacing of 0.2 m between rows and 0.15 m
between plants were used. Twenty five days old seedlings were planted in the main field. As
recommended, agronomic and plant protection measures were followed during the crop period. Data on
grain yield and other important agronomic traits were collected on a plot and individual plant basis.
Observations were recorded on the following attributes viz: Days to first flowering, days to 50% flowering,
days to maturity, plant height (cm), number of tillers per plant, number of effective tillers per plant, panicle
length (cm), grains per panicle, filled grains per panicle, unfilled grain per panicle and grain yield per plant
(g) at appropriate stages of crop. The Zn, Fe and anthocyanin content were measured after harvest from
brown rice in Waffen Research Laboratories, Tejgaon, Dhaka, Bangladesh. The estimated field data was
accumulated through mean values of three replications of each genotype. The OPSTAT ' research software
was used to calculate the analysis of variance, different genetic parameters, character association and path
coefficient analysis.

Table 1: List of genotypes studied in the experiment

Code Paddy colour Pericarp colour
RS17 Black Black
RS31 White Red

RS45 White Red

RS47 White Red

RS 54 Black Red
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Anthocyanin content: The anthocyanin content was measured through the High-Pressure Liquid
Chromatographic (HPLC) method. The calculated anthocyanin pigment concentration was expressed as
cyanidin-3-glucoside equivalents. The total anthocyanin content is calculated using the following
formula':

A xMW xDF x10?
ex|

Total anthocyanin (mg kg™) =
Where:
A = (A520 nm-A700 nm), pH 1.0-4.5
MW = Molecular weight (cyanidin-3-glucoside)

DF = Dilution factor

I = Path length in cm

€ = Molar extinction coefficients

1000 = Factor for conversion from g to mg

Fe and Zn content analysis: Micronutrients (Fe and Zn) content from all studied genotypes was measured
through atomic absorption spectrophotometer (AAS) at Waffen Research Laboratories, Tejgaon, Dhaka,
Bangladesh. Rice seeds were dehusked quietly by using a palm dehusker. Zinc and iron content
measurement was denoted in mg/100 g. A minimum of two replications from each of the cultivars were
analyzed for the two micronutrients. The average value of the two replicates is calculated.

Statistical analysis: The analysis of variance (mean sum of a square), mean performance, genetic
variability, correlation and path analysis were analysed through computer software OPSTAT and Microsoft
Excel 2010. The means were compared with Duncan’s Multiple Range Test (DMRT) at a 5% level of
probability.

RESULTS AND DISCUSSION

Morphological mean performance: A wide range of variability was observed among the studied five rice
genotypes for ten morphological and three nutritional traits (Table 2). Significant genetic variation was
found for all the characters except effective tillers per plant and unfilled grains per panicle revealed by the
genotypes designated that the effectiveness of the selection of these traits. The highest effective tillers
per plant were observed in genotype RS 31 (34.33) which was statistically dissimilar and followed by RS
47 (20.00) (Table 3). Grains per panicle are an important trait of rice. The highest grains per panicle and
filled grains per panicle were observed in the genotype RS 31 (302 and 288.33) which was statistically
similar to RS 45 (272 and 270). The highest grain yield per plant was observed in RS 31 (60 g) which was
statistically dissimilar and followed by RS 17 (39 g).

Nutritional parameter: The level of anthocyanin in rice genotypes was measured through the HPLC
method. Previously, there are observed many research findings on anthocyanin content in rice'®.
Anthocyanin levels were effect by a colour difference of rice and stated that black rice is concentrated of
higher anthocyanin levels'™.

The highest level of anthocyanin was observed in genotype RS 17 (570 mg/100 g) as significantly
compared to other genotypes (Table 3). This was in harmony with the findings of the statement of the rice
colour which demonstrate blackish-dark purple as the result of high anthocyanin concentration. The
minimum anthocyanin content value was revealed in RS 47 (97.3 mg/100 g). Anthocyanin found in black
rice exists in aleuron and endosperm layers. Anthocyanin produces comparatively large amounts in these
layers, to facilitate the morphology of the rice appears blackish purple. The anthocyanin colorants in black
rice have an inhibitor effect that has enormous benefits on human health which are useful for preventing
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Table 4: Assessment of genetic parameters for different quantitative and qualitative traits in rice genotypes

Parameters PCV GCV ECV h*b GA (5%) GAP (mean (%))
DFF 13.77 13.74 0.85 99.61 31.36 28.26
D50F 12.97 12.73 2.50 96.29 30.29 25.73
DM 7.02 7.01 0.42 99.64 20.82 14.41
PH (cm) 25.16 24.39 6.18 93.97 66.44 48.71
TPP 102.86 101.68 15.55 97.72 84.07 207.05
ETP 40.76 27.68 29.93 46.10 8.44 38.71
PL (cm) 13.99 10.18 9.59 52.94 3.76 15.25
GPP 35.49 33.98 10.24 91.67 152.28 67.02
FGP 3597 34.92 8.61 94.27 154.60 69.85
UFGP 89.21 52.65 72.02 34.83 4.35 64.00
Zn (mg/100 g) 28.60 28.37 3.65 98.37 0.69 57.96
Fe (mg/100 g) 17.45 16.74 491 92.09 0.87 33.10
An (mg/100 g) 95.59 95.56 2.40 99.94 415.58 196.80
GYP (g) 30.79 30.42 4.79 97.58 26.70 61.90

PCV: Phenotypic coefficients of variations, GCV: Genotypic coefficients of variations, ECV: Environmental coefficients of variations,
h?b: Heritability in a broad sense, GA (5%): Genetic advance in five percent, GAP (mean (%)): Genetic advance in percent of the mean,
DFF: Days to first flowering, D50F: Days to 50% flowering, DM: Days to maturity, PH (cm): Plant height, TPP: Tillers per plant,
ETP: Effective tillers per plant, PL (cm): Panicle length, GPP: Grains per panicle, FGP: Filled grains per panicle, UFGP: Unfilled grains
per panicle, Zn (mg/100 g): Zinc, Fe (mg/100 g): Iron, An (mg/100 g): Anthocyanin and GYP (g): Grain yield per plant

the pulverization of arteries®. Black rice contains more active flavonoids compound compared to white
rice. Consequently, the colour alteration of rice can be used as a reference to the projection of the
anthocyanin content in rice?’?. It is recognized that the pigment can decrease the risk of oxidative
damage from low-density lipoprotein in humans. In addition, the pigment in black rice can reduce the
construction of nitric oxide synthase in macrophage cells which serves to prevent DNA damage.

The variation in grain Zn content ranged from 0.87 mg/100 g (RS 470) to 1.63 mg/100 g (RS 54) with an
average value of 1.19. Variations in grain Fe content ranged from 2.28 mg/100 g (RS 310) to
3.38 mg/100 g (RS 45) with an average value of 2.62. The RS 17 and RS 54 have comparatively high Zn
content with higher Fe content of rice.

Genetic variation: The phenotypic coefficient of variation (PCV) was higher than the corresponding
genotypic coefficient of variation (GCV) for all the studied characters and was presented in Table 4. The
environmental coefficient of variation (ECV) was less for the characters like days to first flowering, days
to maturity and anthocyanin signifying less effect of environment on these characters. Comparable
judgments were testified earlier?**. Among all the characters, tillers per plant (102.86 and 101.68)
displayed the highest PCV and GCV (>20%) followed by anthocyanin content (95.59 and 95.56), unfiled
grain per panicle (89.21 and 52.65), effective tillers per plant (40.76 and 27.68), filled grains per panicle
(35.97 and 34.92), grains per panicle (35.49 and 33.98), grain yield per plant (30.79 and 30.42) and Zn
content (28.60 and 28.37). The results were designated that the opportunity of genetic enhancement
through selection for these traits. Parallel outcomes were documented for grain yield per plant, total tillers
and the number of productive tillers per plant®®. Moderate variations of PCV and GCV (11-20%) were
recorded for grain Fe content, panicle length and days to flowering in studied rice genotypes. These
outcomes confirm the outcomes of Govindraj et al.*® for grain Fe content. The low magnitude of PCV and
GCV (<10%) was presented by days to maturity, reported beforehand®.

The measurement of difference does not give the full assessment of the heritable variant. It can be
originated with a better degree of correctness when heritability is coupled with a genetic advance. Great
heritability assessments alongside great genetic advances are more supportive in foretelling the
achievement beneath assortment than heritability appraisals only. Nonetheless, it is not essential that a
character presenting high heritability will also demonstrate high genetic advance®®. High heritability
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(>70%) was presented in anthocyanin content, days to maturity, days to flowering, Zn content, tillers per
plant, Fe content, filled grains per panicle and grains per panicle under this experiment. These outcomes
were dependable with the outcomes of moderate heritability (50-70%) was revealed by effective tillers per
plant, panicle length and unfilled grain per panicle. These outcomes were consistence with earlier
outcomes® for panicle length.

The high genetic advance as a percent of the mean (>20%) was observed for tillers per plant (207.06)
followed by anthocyanin percent (196.80), filled grains per panicle (69.85), grains per panicle (67.02),
unfilled grains per panicle (64.00), grain yield per plant (61.90), zinc content (57.96), plant height (48.71),
effective tiller per plant (38.71), iron content (33.10), days to first flowering (28.26) and days to first fruiting
(25.73). Modest genetic advance (10-20%) was noted for days to maturity (14.41) and panicle length
(15.25). These outcomes were in validation with outcomes examined by Tuwar et al** and for Zn and Fe
content’’. High heritability joined with high genetic advance as a percent of mean was documented for
Zn and Fe content.

Correlation studies: The relationship of yield with its constituent traits reproduces the nature of the
association between them. The association analysis assistances in inspecting the opportunity of improving
yield through an indirect selection of its component traits which are highly correlated. The highest positive
significant correlation was observed for grain yield per plant with effective tiller per plant (0.936** and
0.637**) followed by panicle length (0.804** and 0.607**), days to maturity (0.519* and 0.513*) and grains
per panicle (0.524* and 0.501*) at both genotypic and phenotypic levels (Table 5). These results were in
confirmation with results for tillers per plant and grains per panicle®. Effective tillers per plant had a
significant positive correlation with panicle length (0.900** and 0.576*), related to the outcome testified
researchers®>*. Therefore, selection for grain yield contributing traits like effective tillers per plant, panicle
length and grains per panicle is effective in the accumulation of the grain yield.

Association between zinc and iron contents with grain yield: There was a significant negative
correlation of grain yield with Fe content (-0.687** and -0.623**) and a negative correlation with
Zn (-0.061 and -0.057) at both genotypic and phenotypic levels, respectively (Table 5). Positively
correlation of grain yield with anthocyanin was observed (0.299 and 0.296) at both genotypic and
phenotypic levels. Zn content had a negative correlation with Fe (-0.362 and -0.344) while a positive
significant correlation with anthocyanin (0.489* and 0.485*) at both genotypic and phenotypic levels,
respectively. If we increased the Zn content in grain it also increased the anthocyanin content in rice grain.
These outcomes highlight the significance of genetic variation extant in existing genotypes to the
escalation of anthocyanin content in prevailing rice variations. The Fe content has a minor negative
correlation with anthocyanin (-0.012 and -0.011) at both phenotypic and genotypic levels. Additionally,
there is essential to monitor more genotypes obtainable as present outcomes are in confirmation with
prior intelligence® that some traditional/local landraces often demonstrate great genetic variation for
maximum micronutrients than improved varieties.

Path-coefficient analysis: Path-coefficient analysis was conceded to recognize the direct and indirect
effects of unlike quantitative and nutritional traits on grain yield per plant (Table 6). Grains per panicle
(4.576) exhibited a maximum positive direct effect on grain yield per plant followed by Zn content (1.977).
Moderate to low positive direct effects estimated by anthocyanin content (0.746), effective tillers per plant
(0.318) and panicle length (0.167) on grain yield per plant. These outcomes are supported by prior
reports®**’ demonstrating that grains per panicle, grain Zn content, anthocyanin content and effective
tillers per plant can act as selection criteria simultaneously to escalate grain yield per plant. So, selection
based on other characteristics such as days to maturity and filled grain per panicle would be evidence
active to boost grain yield per plant and nutritional quality. These outcomes are supported by the
outcomes of Yuan et al.*® and Yaqoob et al.**.
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Table 5: Genotypic (rg) and phenotypic (rp) correlation coefficients of yield and yield related traits in T. Aman rice genotypes

Parameters DFF D50F DM PH (cm) TPP ETP PL (cm) GPP FGP Zn Fe An
D50F rg 0.964**

rp  0.934**
DM rg -0.674** -0.676**

rp -0.673** -0.675**
PH (cm) rg 0.082 0.076  0.577*
rp 0.079 0.076  0.554*

TPP rg -0.289 -0.288 -0.110 -0.682**
rp -0.286 -0.285 -0.109 -0.641**
ETP rg -0.264 -0269  0.067 0323 -0.020

rp -0.177 -0.183  0.050  0.278 0.093
PL (cm) rg -0.893** -0.902** 0.570* 0.196 -0.021  0.900**
rp  -0.650** -0.645** 0414  0.267 0.018 0.576*

GPP rg -0.933** -0.935** 0.575* 0.069 0.022 0.537* 1.065**
rp -0.895** -0.896** 0.558* 0.061 0.028 0.384 0.783**
FGP rg -0.943** -0.944** 0.600* 0.063 0.015  0.465 1.035** 0.999**
rp -0.917** -0.917** 0.588* 0.058 0.024 0.348 0.771**  0.997**
Zn rg 0714* -0.712** 0016  0.739** -0.547* -0.027 -0.522* -0.647** -0.648**
rp 0.709** -0.705** 0.017  0.703** -0.552* -0.098 -0.386 -0.615** -0.626**
Fe rg -0.260 -0.256  0.085 0234 -0412 -0.684** -0.078  0.286 0328 -0.362
rp -0.249 -0.245 0.073 0.173  -0.388 -0.453 0.049 0.232 0279 -0.344
An rg -0.218 -0.220  0.866** 0.789** -0.345 -0.161 0.108  0.120 0.150  0.489* -0.012

rp -0.217 -0.220  0.865** 0.763** -0.340 -0.108  0.086 0.119  0.148  0.485* -0.011
GYP (g) rg -0493* -0497* 0.519* 0382 0.302 0.936** 0.804** 0.524* 0.489* -0.061 -0.687** 0.299
rp -0.486* -0.493* 0.513* 0.381 0.297 0.637** 0.607** 0.501* 0472 -0.057 -0.623** 0.296
*Significance at a 5% level of significance, **Significance at a 1% level of significance, DFF: Days to first flowering, D50F: Days to 50%
flowering, DM: Days to maturity, PH (cm): Plant height, TPP: Tillers per plant, ETP: Effective tillers per plant, PL (cm): Panicle length,
GPP: Grains per panicle, FGP: Filled grains per panicle, UFGP: Unfilled grains per panicle, Zn (mg/100 g): Zinc, Fe (mg/100 g): Iron,
An (mg/100 g): Anthocyanin, GYP (g): Grain yield per plant

Table 6: Path coefficient analysis showing the direct (bold) and indirect effect of yield contributing traits on grain yield
Genotypic correlation

DFF D50F DM PH(cm) TPP ETP PL(cm) GPP FGP Zn Fe An with grain yield
DFF -0.640 -3.393 1309 -0.026 -0.004 -0.084 -0.149 -4.272 5502 1412 0.017 -0.162 -0.493*
D50F -0.640 -3.392 1.312 -0.024 -0.004 -0.085 -0.150 -4.278 5.508 1.406 0.016 -0.164 -0.497*
DM 0.432 2294 -1.941 -0.187 -0.001 0.021 0.095 2.630 -3.498 0.032 -0.005 0.646 0.519*
PH (cm) -0.052 -0.257 -1.120 -0.324 -0.011 0.102 0.032 0.314 -0367 1461 0.015 0.588 0.382
TPP 0.185 0976 0.213 0.221 0.016 -0.006 -0.003 0.101 -0.090 -1.082 0.027 -0.257 0.302
ETP 0.169 0912 -0.129 -0.104 -0.001 0.318 0.150 2459 -2.710 -0.053 0.045 -0.120 0.936**
PL (cm) 0.572 3.059 -1.106 -0.063 0.001 0.286 0.167 4.873 -6.039 -1.031 0.005 0.080 0.804**
GPP 0.598 3.171 -1.115 -0.022 0.001 0.171 0.177 4.576 -5.826 -1.278 -0.018 0.089 0.524*
FGP 0.604 3.203 -1.163 -0.020 -0.001 0.148 0.173 4.570 -5.834 -1.281 -0.021 0.112 0.489*%
Zn -0457 -2.414 -0.031 -0.239 -0.008 -0.008 -0.087 -2959 3.781 1.977 0.023 0.365 -0.061
Fe 0.166 0.869 -0.165 -0.075 -0.006 -0.217 -0.013 1.307 -1.912 -0.716 -0.066 -0.008 -0.687**
An 0.139 0.746 -1.681 -0.255 -0.005 -0.051 0.018 0.550 -0.875 0.966 0.001 0.746 0.299

*Significance at a 5% level of significance, **Significance at a 1% level of significance, Residual effect, R = 0.347, DFF: Days to first
flowering, D50F: Days to 50% flowering, DM: Days to maturity, PH (cm): Plant height, TPP: Tillers per plant, ETP: Effective tillers per
plant, PL (cm): Panicle length, GPP: Grains per panicle, FGP: Filled grains per panicle, UFGP: Unfilled grains per panicle,
Zn (mg/100 g): Zinc, Fe (mg/100 g): Iron and An (mg/100 g): Anthocyanin

Genetic variation was found among the studied genotypes for morphological traits including grain yield.
A significant variation of the genotypes for anthocyanin content in rice grain. A genetic variation was also
observed in rice grains for Zn and Fe content. Anthocyanin has a great impact on human health as an
antioxidant and prevents cell damage as a reference of many research findings. The Zn and Fe are
micronutrients that prevent our bodies from diseases. Anthocyanin, Zn and Fe content have high heritable
characteristics. So, can improve in the next filial generation after conventional breeding through
segregation. Anthocyanin percent can be increased with the increase of grain yield in rice because of the
positive correlation found. The Zn and anthocyanin can be increased simultaneously through genetic
improvement like breeding in grain due to a significant positive correlation among them.
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CONCLUSION

We can increase anthocyanin content in rice grain with increased Zn content because they are positively
correlated. Correlation and path coefficient analysis revealed that filled grains per panicle, effective tillers
per plant, Zn content and anthocyanin content were the most effective variables indicating the importance
of these traits as a selection criterion in Aman rice grain yield as well as nutritional enhancement.
Genotypes RS 17 and RS 31 have been selected as more promising with high grain yield and nutritional
quality.

SIGNIFICANCE STATEMENT

Due to a proper understanding of the genetic analysis of colored pericarp rice genotypes to formulate and
accelerate the conventional breeding programs, this study aimed to evaluate the extent of genetic
variability existing for agronomic and nutritional traits in five colored pericarp rice genotypes in
Bangladesh. Quantitative, qualitative and nutritional traits of plants and grains were assessed. Results
showed genetic variability agronomic and nutritional content of colored rice which assisted in classifying
the genotypes based on high grain yield with high anthocyanin as well as high Zn and Fe content in grain.
The variations recorded would assist the breeders in efficient selections for their breeding program.
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