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Abstract
Iron and zinc are the most essential micronutrients required for growth and development of all organisms 
including human beings. The deficiency disorders of Fe and Zn constitute a major health concern around the 
globe. This is majorly affecting rural populations residing in developing countries with minimum purchasing 
power and access to a diverse diet. Biofortification; the enrichment of staple food crops with bioavailable 
micronutrients or vitamins in the edible grains, provides a potential sustainable solution towards such issues. 
Utilization of rice as a platform for the delivery of Fe and Zn through bio fortification could greatly impact the 
livelihood of people dependent on rice-based agro-food systems globally. In this study, 100 rice genotypes 
from different mapping populations were analyzed for grain iron and zinc through the non-destructive 
method, energy-dispersive X-ray fluorescence spectrophotometry for 3 seasons. Considerable variation was 
observed in the micronutrient density among the germplasm assessed. Iron concentration varied from 1.6 to 
15.2 ppm whereas zinc concentration ranged from 6.2 to 33.2 ppm in brown rice samples and 10 genotypes 
N22, 148S, 61-1B, 70S, 196M, 24K, 105B, 88B, 132Z and 185M with high grain iron and zinc concentration 
were identified, which have the potential to be used in rice improvement.
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Introduction
Rice is one of the most important staple foods 
that supports the livelihood for nearly half of the 
world’s population and more than 3.5 billion people 
depends on rice for more than 20% of their daily 
calories (Global Rice Science Partnership (GRiSP), 
2013). An estimated 486.96 million metric tons of 
rice was consumed globally during 2018/2019 and 
a further increase is predicted (Rice consumption 
worldwide, Statista 2019). More than 90% of the 
rice was produced and consumed by the Asian 
countries (USDA 2019). India is the second largest 
producer of rice with an annual production of 116.5 
million metric tons for 2018-2019. Globally, Fe and 
Zn deficiency is widespread particularly in rural and 
developing regions where people consume cereal-

based diets and have less opportunities for diet 
diversification; however, its presence is also detected 
in prosperous areas where diets are unbalanced, 
contributing to ‘hidden hunger’ (Roohani et. al., 
2013). It is estimated that micronutrient deficiencies 
affect approximately 1.6 billion people globally, 
particularly children, pregnant and lactating women, 
in low and middle-income countries. Because of its 
high consumption, rice constitutes an ideal vehicle 
for delivering micronutrients such as Fe and Zn, at 
a large scale. And it is necessary to improve both 
Fe and Zn concentrations and their bioavailability 
in rice grain to overcome these deficiency disorders 
of the populations dependent on rice as their staple 
food. Hence bio fortification is considered as the most 
sustainable and cost effective approach to develop 
micronutrient dense cereals crops. 
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The pre-requisite for initiating a programme to 
develop micronutrient rich genotypes, is to screen 
the available germplasm and to identify the source 
of the genetic variation for the target trait which can 
be used further for developing crosses, detecting 
genetic variation, improved lines, molecular 
markers and to understand the basic mechanisms of 
micronutrient enhancement. Selecting genotypes 
with high efficiency of Fe and Zn accumulation in 
the endosperm and their bioavailability from existing 
germplasm collection may be an efficient and reliable 
way to deliver Fe nutrition benefits to farmers and 
local population (Prom-u-thai et.al, 2006). Cheng 
et. al., (2009) screened 113 rice landraces from 12 
provinces of China. They reported that japonica 
rice had higher Fe than that of indica rice varieties 
in brown rice samples. 11,400 rice samples of brown 
and milled rice were evaluated for Fe and Zn during 
2006-2008 by Martinez et. al., (2010). They found 
that brown rice had 10-11 ppm Fe and 20-25 ppm 
Zn while milled rice had 2-3 ppm Fe and 16-17 ppm 
Zn. Anuradha et.al, (2012) screened 126 rice lines 
including cultivars and wild accessions and showed 
that wild rice accessions have higher grain Fe and Zn 
concentration in brown rice samples. Both wild rice 
and deep water rices are known to be sources of high 
Fe and Zn (Sarla et. al, 2012). 

Micronutrient content can be estimated by both 
destructive and nondestructive methods. Perl’s Prussian 
blue and DTZ staining method are standardized for 
Fe and Zn estimation to conduct the initial screening 
of genotypes. Although these methods are simple and 
inexpensive they are qualitative instead of quantitative 
in nature (Velu et al, 2008). Accurate estimation 
of Fe and Zn concentration is normally achieved 
through inductively coupled plasma-optical emission 
spectrophotometry (ICPOES) or atomic absorption 
spectroscopy (AAS) (Choi et al, 2007). Estimation 
of grain micronutrients using non-destructive energy 
dispersive X-ray fluorescence (ED – XRF) machine is 
also very useful and efficient rapid screening method 

to select high grain Fe and Zn lines from large number 
of samples and further these values may be confirmed 
with destructive methods. Georgia et.al, (2017) 
demonstrated the application of ED-XRF for high 
throughput screening of Fe and Zn concentration in 
common bean, maize and cowpea and its advantages 
in bio fortification breeding programmes. Maganti 
et. al (2020) studied the variation of grain Fe and Zn 
concentration in 159 rice germplasm of both brown 
and polished rice samples using XRF and observed a 
positive correlation between the two micronutrients. 
Takahashi et. al, (2009) revealed that Fe is most 
abundant in the embryo and in the aleurone layer 
while Zn has been localized in the endosperm of rice 
by X-ray micro fluorescence imaging. Screening of Fe 
and Zn concentration using EDXRF is a convenient 
and cost effective method in bio fortification breeding 
programs (Paldridge et. al, 2012).  The objectives 
of the present study were to screen rice germplasm 
for iron and zinc concentration in brown rice using 
EDXRF method and to identify lines with high Fe and 
Zn which can be further utilized in bio fortification 
programmes.

Materials and Methods
Plant material: A set of 100 rice genotypes were 
grown during 3 seasons - one wet season (Kharif 
2015) and two dry seasons (Rabi 2016 and Rabi 2017) 
at IIRR farm, Hyderabad, India. (17.530N latitude and 
78.270 E longitude, 545 MSL, with mean temperature 
of 31.20C and mean annual precipitation of 988.3 
mm). Randomized Complete Block Design (RCBD) 
with two replications was followed to conduct the 
experiments. The 100 rice genotypes included N22 and 
mutants (4), BPT x O. rufipogon (WR119) BILs (30), 
Swarna x O.nivara (IRGC818489(S) and 81832(K)) 
BILs (19) and BCRILs of 233K x 24K  (5), KMR3 x 
O.rufipogon (WR120) BILs (29), Madhukar x Swarna 
RILs (5) and Jalmagna x Swarna RILs (5). At the time 
of transplanting, soil pH was in the range of 8.52 to 
8.57, while soil iron and zinc concentrations were 
2.74 to 3.48 ppm and 3.55 to 3.66 ppm respectively. 
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Iron and Zinc Concentration: Iron and zinc 
concentration in brown rice samples was estimated 
using non-destructive, energy-dispersive X-ray 
fluorescence spectrometry (EDXRF) instrument 
(model X-Supreme 8000; Oxford Instruments plc, 
Abingdon, UK) at IIRR, Hyderabad. 10g of well dried 
paddy sample from each genotype was de husked 
using non-metallic de-husker (Krishi international 
810 de-husker) having roller made of polymer to 
avoid iron and zinc contamination. De-husked rice 
was cleaned by removing broken grains and debris 
and 5g of each sample was weighed and transferred to 

sample cups. The sample cups were gently shaken for 
uniform distribution of samples and kept for analysis. 
Concentration of Fe/ Zn was expressed in microgram/
gram (μg/g) or parts per million (ppm) grains.

Results and Discussion
The mean grain iron concentration of 3 seasons ranged 
from 1.6 to 15.2 ppm and most of the genotypes (67) 
showed 10 to 12 ppm Fe. The mean zinc concentration 
in 3 seasons varied between 6.2 and 33.2 ppm, 50 
genotypes showed 20 to 25 ppm Zn (Table 1). The 
mean value of iron in 100 genotypes was 9.7 ppm and 

Table 1: Mean grain Fe and Zn concentration in 100 rice genotypes for 3 seasons

S No. Genotype Zn (ppm) Fe (ppm) S no. Genotype Zn (ppm) Fe  (ppm)

1 N-22 30.3 14.1 51 14K 21.3 12.5

2 NH787 13.4 7.2 52 7K 20.8 11.2

3 NH59 16.8 2.6 53 233K 14.2 3.8

4 NH686 15.2 12 54 24K 24.8 9.2

5 BPT5204 17.3 7.6 55 132Z 24.3 13

6 105B 24.43 12.63 56 127Z 23.4 11.2

7 88B 24.40 10.70 57 133Z 21.3 10

8 27B 23.87 12.47 58 314Z 21.3 9.7

9 161B 23.17 10.60 59 515Z 12.8 2.7

10 16-1B 22.90 12.40 60 KMR3 13.4 7.7

11 61-1B 26.73 12.17 61 50-7 6.2 1.8

12 34B 22.63 11.43 62 50-13 11.3 1.6

13 26B 22.57 11.87 63 86-18 14.2 6.8

14 76B 22.53 11.17 64 363-12 24.2 10.3

15 55B 22.17 9.83 65 90-5 17.8 6.8

16 69B 22.17 11.77 66 12-38 18.8 9.8

17 33B 22.17 11.83 67 377-24 10.5 8.3

18 71B 22.13 12.23 68 363-5 13 7.3

19 83B 21.87 10.60 69 13-5 18.5 11.3

20 77B 21.80 10.97 70 10-3 17.6 11

21 4B 20.53 11.67 71 86-1 21.4 10.3
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S No. Genotype Zn (ppm) Fe (ppm) S no. Genotype Zn (ppm) Fe  (ppm)

22 78B 20.50 10.63 72 50 20.2 8.3

23 41B 20.50 11.70 73 381 16 8.4

24 32B 20.47 10.63 74 14 23.2 12.2

25 30B 20.43 11.57 75 495 18 8.8

26 16B 20.43 11.63 76 463 19.5 10.2

27 28B 20.40 11.47 77 407 18.8 9

28 98B 17.73 9.83 78 473 18 8.8

29 122B 17.77 10.20 79 410 11.8 9.7

30 51B 19.80 10.23 80 213 21.2 8.8

31 21B 17.80 12.00 81 198 23.6 11.8

32 112B 17.93 10.10 82 117 17.3 8.3

33 14B 17.93 12.47 83 109 16.8 8

34 148B 18.00 10.87 84 458 22.1 10.3

35 154B 17.60 9.73 85 431 21.1 15.2

36 Swarna 18.2 8.8 86 501 21.8 9.4

37 14S 20 11.5 87 40 18.3 9.9

38 166S 10.8 4.9 88 194 22.6 11.1

39 75S 23.2 11.8 89 Madhukar 24.3 11.2

40 70S 25.4 12.3 90 185M 33.2 3.5

41 148S 27.5 12.2 91 140M 21.3 7.2

42 228S 15.6 8.7 92 166M 21 4.9

43 166-30S 14.2 6.8 93 176M 23.2 7.7

44 166S 11.5 5.2 94 196M 25.2 10.1

45 14-3S 12.6 9.1 95 Jalmagna 20.1 9.3

46 248S 14.8 8.8 96 421J 22.3 8.3

47 65S 15.2 10 97 287J 20.9 10.2

48 250K 23.2 10.2 98 43J 19.7 9.7

49 3K 22.2 10.8 99 284J 18.5 10.1

50 236K 20.2 13.2 100 281J 18.4 10

*N22 mutants-1to 4; BPT BILs – 5 to 35; Swarna BILs -36 to 54; 233K x 24K BCRILs-55 to 59; KMR3 BILs -60 to 88;
Madhukar x Swarna RILs-89 to 94; Jalmagna x Swarna RILs- 95 to 100;
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that of zinc was 19.6 ppm (Table 2 & Figure 1). The 
lowest concentration of iron was observed in IL 50- 
13 with 1.6 ppm and that of zinc in IL 50-7 with 6.2 
ppm while the highest grain Fe and Zn concentrations 
were observed in IL 431 with 15.2 ppm and 185M 
with 33.2 ppm respectively. The results showed a 
significant genetic diversity or variation in the existing 
rice germplasm. Ten genotypes - N22, 148S, 61-1B, 
70S, 196M, 24K, 105B, 88B, 132Z and 185M had 
high grain zinc concentration of > 24 ppm. Among 
these 10 genotypes except 185M and 24K, all the 
other lines also showed high grain Fe concentration 
(> 10 ppm). Most of the lines with high Fe (> 10 ppm) 
also had high Zn (> 20 ppm) concentration, however 
high Zn lines did not always have high Fe. Gautami 
et al (unpublished) observed similar results in in 136 
Backcross Introgression Lines (BILs) from the cross 
of BPT5204 x O. rufipogon.

Anuradha et.al, (2012) screened 126 accessions of rice 
germplasm in brown rice samples for grain Fe and Zn 
using Atomic Absorption Spectrophotometer (AAS). 
Two popular varieties BPT5204, Swarna, the drought 
and heat tolerant line Nagina22 and deep water rice 
varieties Madhukar and Jalmagna were common with 
this study. When compared, these lines had different 
grain Fe and Zn concentration in the two studies. In 
our study, the grain Fe and Zn concentration in these 
five lines BPT5204, Swarna, Nagina22, Madhukar 
and Jalmagna was 7.6ppm, 17.6ppm; 8.8ppm, 
18.2ppm; 14.1ppm, 30.3ppm; 11.2ppm, 24.3 ppm; 
and 9.3ppm, 20.1 ppm respectively while the grain Fe 
and Zn concentration of these lines reported in their 
study was 13.4ppm, 47.8ppm; 32.1ppm, 58.2ppm; 
30.3ppm, 43.2ppm; 12.4ppm, 51ppm and 11.5ppm, 
42.2ppm respectively. Analysis of grain Fe and 
Zn concentration using AAS which is a destructive 
method requires extensive preanalysis preparation of 

Table 2 Descriptive statistics of grain Fe and Zn in 100 rice genotypes for 3 seasons

Variable Samples Min Max Mean Range
Vari-
ance

Std_
Dev

SE_
Mean

Skew
ness

Kurt
osis

Fe-Kharif_2015 100 1.4 15.0 9.4 13.6 6.5 2.56 0.25 -1.13 1.69
Zn-Kharif_2015 100 5.6 33.2 18.8 27.6 20.6 4.53 0.45 -0.01 0.61
Fe-Rabi_2016 100 1.6 15.3 9.8 13.7 7.5 2.74 0.27 -1.02 1.17
Zn-Rabi_2016 100 6.2 33.3 19.8 27.1 20.7 4.55 0.45 -0.21 0.68
Fe-Rabi_2017 100 1.8 15.3 9.8 13.5 6.9 2.64 0.26 -1.06 1.47
Zn-Rabi_2017 100 6.8 33.1 20.4 26.3 21.5 4.64 0.46 -0.28 0.40

Figure1: Frequency distribution of grain Fe and Zn concentration in 100 rice genotypes
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samples such as drying, cleaning, grinding, weighing, 
digestion and dilution compared to EDXRF method. 
Previous reports also suggest that the micronutrient 
concentration values obtained from AAS analysis were 
higher compared to EDXRF analysis (Singh et. al., 
2017). ILs 185M (IET23814), 51B (IET24775), 24K 
(IET22624), 233K (IET25459), 515Z (IET27998), 
61-1B (IET28715), 83B (IET28695), 88B (28706) 
were entered in AICRIP Bio fortification trials and 
their respective overall mean Fe and Zn values were 
3.3, 31.69 ppm; 4.0, 19.9 ppm; 2.29, 18.7 ppm; 1.6, 
18.13 ppm; 3.7, 18.7 ppm; 4.0, 20.19 ppm; 3.2, 19.6 
ppm in polished samples across different locations of 
India (Figure 2). IL185M showed the highest overall 
mean value of 31.69 ppm zinc in polished samples 
out of 45 entries across 17 locations in AICRIP 2014. 
Bioavailability studies using the in vitro Caco-2 

cell system at National Institute of Nutrition, India 
showed that in the presence of ascorbic acid, Fe was 
two times and Zn was three times more bioavailable 
in 185M than in its parent Swarna (Raghu et.al, 
2019). Recently, 185M was reported to show 22.6 to 
40.07 ppm Zn in brown rice and showed the highest 
mean of 30.62 ppm Zn among 68 entries studied 
at 6 locations in 3 years (Naik et.al, 2020). IL51B 
with high Zn in unpolished rice was evaluated under 
AICRIP- Bio fortification trial for 4 years 2014-2017. 
In these trials, 51B showed high grain zinc (19.1ppm) 
in polished rice consistently compared to the two 
check rice varieties Kalanamak and Chittimuthyalu 
measured using XRF. 

It was observed from the previous work and our results 
that Fe and Zn content values were not consistent. The 
values can vary with the sample lots even from same 
accession and also with the analytical method used 
for the estimation of grain Fe and Zn. The position of 
grain on the panicle may also significantly affect its 
Fe and Zn levels. Su et al., (2014) reported that the 
heavy-weight grains, located on primary rachis and top 
rachis had higher mineral concentrations compared to 
the small-weight grains located on secondary rachis 
and bottom rachis, regardless of rice genotypes.  
Variations in Fe and Zn values in different samples 
of the same accession can also arise due to presence 
or absence of embryo in grains, variations in time of 
harvest or different digestion or analytical methods. 
This variation in iron and zinc values is also due to 
homeostasis regulating their absorption, translocation, 
and transport within the plant system (Welch et.al, 
2004). The moisture content of grain samples also 
influences grain iron and zinc concentration in 
EDXRF analysis as the instrument underestimates the 
grain micronutrient concentration of the samples with 
high moisture and hence the samples should be well 
dried before analysis (Rao et.al, 2014). Another factor 
contributing to difference in iron and zinc values is 
the phloem sap loading and unloading rates within 
the reproductive organs. Different seed lots of the 
same accession had different Fe and Zn concentration 

Figure 2: Paddy and brown rice of elite lines 185M [IET 
23814] and 51B [IET24475] tested in AICRIP Bio fortification 
trials
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even though they were harvested from the same plot. 
Thus, there is a wide range of variation in Fe and Zn 
concentration and are not consistent quite akin to the 
yield trait. 

Soil properties also influence the grain Fe and Zn 
concentration. The pH, organic matter content and 
Fe/Zn levels of native soil showed significant effects 
on grain Fe and Zn content (Chandel et.al, 2010). 
Low soil pH and anaerobic conditions, as found in 
lowland rice fields, trigger the reduction of Fe3+ to 
Fe2+, which ultimately enhances Fe absorption (Zhai 
et. al, 2014). A relatively low concentration of ZnSO4 
· 7H2O added to Fe-AA (Amino acid) significantly 
increased Fe and Zn accumulation in rice grain. 
Foliar sprays of iron and zinc fertilizers are known 
to be an important agronomic practice to improve Fe 
and Zn concentrations in rice grain (Yuan et. al, 2013; 
Ram et. al., 2016). Younes et. al, (2016) studied the 
effect of bio fertilizers and foliar application of zinc 
on nutrient content of cultivated variety of wheat. 
Inoculation of plants with bio fertilizers and zinc, 
improved zinc content and yield in wheat under water-
limited condition as well as normal irrigation.. Fe 
concentration is known to vary with location but Zn 
values appear to be more consistent (Chandel et. al, 
2010). Also, the range of variation is much more for 
Fe concentration than for Zn. Environment, genotype 
and genotype × environment interaction significantly 
affected Fe concentration in rice grains (Suwarto, 
2011). While grain Fe content showed significant 
genotype × environment interaction effect, Zn content 
of brown rice was significantly influenced more by 
native soil properties (Chandel et. al, 2010; Suwarto, 
2011). Thus, in general grain zinc appears to be more 
consistent than grain Fe content. Sellappan et. al, 
(2009) suggested that the number of aleurone layers, 
size of the embryo and size of the caryopsis determine 
the quantity of important micronutrients such as 
iron, zinc in the grains. The high genetic correlation 
between grain characteristics and some mineral 
element contents can be used for indirect selection 
of grain characteristics for mineral element content 

in a breeding program (Zang et. al, 2005). All these 
factors influence the grain iron and zinc concentration 
in rice and might be responsible for the variations 
in the same genotype under different environmental 
conditions in different studies.

Conclusions
Ten high grain Fe and Zn lines - N22, 148S, 61-1B, 
70S, 196M, 24K, 105B, 88B, 132Z and 185M were 
identified among the germplasm screened using the 
nondestructive ED-XRF method. Lines with high 
Fe invariably had high zinc but not vice versa and 
is supported by our subsequent unpublished work 
on BILs derived from BPT5204 x O. rufipogon. 
Variability in grain Fe and Zn concentrations in the 
introgression lines derived from wild species and 
crosses with deep water rices offers scope for further 
enhancement of Fe and Zn. 
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