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Abstract 

 

Biofortification of rice through gamma radiation-induce mutagenesis in rice is a well-established approach to achieve sustainable 

development goals (SDG) 2, SDG 3 and SDG 12. Hence, this approach is considered as effective for both improving the yield and 

nutritional value of rice. In this regard, a field study was carried out for screening of stable rice mutants for their potential to accumulate 

high Zn concentrations and performed better yield. To obtain 40 stable rice mutants, 06 rice genotypes (Shua-92, Shadab, NIA-Mehran, 

IR-8, Sarshar and Shandar) were exposed to gamma rays doses of 100, 150, 200 and 250. The irradiated seeds were sown under the 

field conditions to obtain potential mutants. The soil used in the study was heavy in texture, calcareous and alkaline in nature, deficient 

in organic matter and DTPA extractable Zn. The experiment was laid out following RCBD with three replications, and each plot 

measuring of 8.0 m2 (4m × 2m).  Results revealed that grain yield varied from 3.58±0.11 to 9.75±0.13 kg plot-1, Zn concentration 

12±0.13 to 38±0.05 mg kg-1while Fe concentration ranged from 3.0±0.11 to 71±0.16 mg kg-1. Phytic acid (PA) varied from 8±0.12 to 

15±0.21 mg g-1. Moreover, findings of the AMMI biplot revealed that grain yield and phytic acid exhibited higher interaction, whereas 

Zn showed relatively stable. Keeping in view the goal of biofortification in rice, best mutants based on multi-trait selection were M24 

(Shua-200-4) which was very consistent across traits, M30 (Shadab-200-1-1) was stable and in good micronutrients, M35 (IR8-200-1) 

with strong Fe and stable, M10 (Shandar-200-4) had good Zn and yield stability and M22 (Shua-100-8) with yield stability and 

acceptable micronutrients. These findings suggest that both stable and specifically adapted mutants should be considered for breeding 

programs depending on target environments and nutritional traits. 
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Introduction 

 
Rice (Oryza sativa L.) is one of the important staple 

food crops worldwide that provides major sources of 
calories to over half of the world population especially in 
Asia and some parts of Africa. In addition to its caloric value, 
rice is the basis of food security and rural economies in most 
developing economies (Pechdin & Naruepatr, 2025; Tang et 
al., 2023; Mughal & Fontan Sers, 2020). Nevertheless, 
processed rice grains naturally contain low concentrations of 
various essential micronutrients, in particular, iron (Fe) and 
zinc (Zn), which are crucial in human health and 
development (Kumaravel & Srividya, 2025; Kong et al., 
2022). These low levels of these micronutrients are also a 
contributing factor in the hidden hunger from of chronic 
micronutrient malnutrition affecting over two billion 
individuals globally (Wairich et al., 2022). The most 
common nutritional disorder in the world is iron deficiency 
which causes anemia, impaired mental performance, fatigue 
and poor immunity (Auerbach et al., 2025). Zinc deficiency 
also causes retarded development, late wound healing as 
well as predisposition to infections (Hussain & Mushtaq, 
2025). This is especially acute among the rice-eating 
populations, where rice supplies 50-80 percent of daily 
energy but a relatively small proportion of micronutrients 
necessary to the body (Wairich et al., 2022). Consequently, 
fortification of rice grains with Fe and Zn is a vital measure 

that is necessary to control micronutrient malnutrition in 
third world countries.  

To deal with this challenge, biofortification, which is 

an effort for increasing the nutrient densities (minerals) in 

rice grains, using plant breeding, biotechnology or 

agronomic methods, has been put into the limelight around 

the world (Rashid et al., 2025). It has been identified as one 

of the most viable and sustainable ways of reducing hidden 

hunger (Bouis & Saltzman, 2017). Biofortification of rice 

can be done by (i) traditional breeding, where a breeder 

uses existing genetic variation, (ii) induced mutagenesis to 

create new alleles, (iii) molecular breeding or marker-

assisted selection, and (iv) transgenic or genome-editing of 

metal transporters or storage proteins (Azeem et al., 2025; 

Sandeep & Godi, 2023). Although Fe and Zn play an 

essential role in human diet, their bioavailability in rice is 

poor because phytic acid (myo-inositol hexakisphosphate), 

a significant storage form of phosphorus in cereal grains, 

exists (Takai et al., 2025). Phytic acid binds divalent cation 

(e.g., Fe2+, Zn2+, Ca2+), and causes insoluble phytate salts 

which are not readily absorbed in the human intestine 

(Rahman et al., 2025). The concentrations of phytic acid in 

rice grains are high thereby greatly lowering the nutritional 

value of the crop despite the good levels of total Fe and Zn 

concentrations in conventional growing rice varieties 

(Jangra & Tiwari, 2025; Raboy, 2020). 

mailto:murtazanifa@gmail.com


GHULAM MURTAZA KALERI ET AL., 2 

The dilemma of breeders is to increase Fe and Zn levels 

and at the same time decrease phytic acid levels, a 

complicated issue since these two characteristics tend to be 

interdependent (Nguyen et al., 2025). As an illustration low-

phytate mutations can have an influence in seed development 

and germination, whereas high-Zn traits may be associated 

with yield penalties (Rohaeni et al., 2023; Khan et al., 2019). 

Consequently, there is need to find genotypes or mutants that 

can be agronomical stable yet attain desirable micronutrient 

and anti-nutrient contents. Stable rice mutants have proven to 

have some potential in uncovering genes that control mineral 

accumulation and storage (Devi et al., 2025). Qamar et al., 

(2019), used induced mutagenesis, interbreeding and marker-

assisted selection to develop and characterize low-phytate 

Basmati rice mutants and proved the possibility of integrating 

classical and molecular breeding techniques. On the same 

note, (Khan et al., 2019) mapped quantitative trait loci (QTLs) 

in low phytic acid content rice mutants, which determine 

genomic regions that can be employed in marker-assisted 

introgression process (Kumar et al., 2025; Sahu et al., 2024). 

Further, Rohaeni et al., (2023) reported that biofortified rice 

lines with Fe and Zn tend to have lower phytic acid levels, and 

this leads to the increased bioavailability of the minerals and 

no significant yield loss. In addition to this, the high-Zn 

density and low-phytate features have been reported to 

significantly improve the bioavailability of Zn in rice grains 

when paired with the high-Zn density traits (Kaur et al., 2025; 

Wang et al., 2021). These results highlight the viability of 

producing nutritionally improved rice by incorporating 

strategic application of natural or induced genetic variation 

and field testing.  

The current study is designed with the hypothesis that 

gamma radiation brings genetic change (mutation) in rice 

plants. The efforts has made to explore positive mutation in 

rice with aiming to screen out a group of stable rice mutants 

for low phytate which is gap in research and high Zn and Fe 

bioavailability in natural field conditions to test the agronomic 

performance and nutrition composition. Mutation (irradiation) 

breeding is more effective than other biofortification 

approaches to overcome Zn malnutrition in large population 

especially in rural areas without using additional inputs. This 

research will focus on selection of potential mutant lines with 

better yield potential and enhanced Fe and Zn concentrations 

and lower phytic acid content. 

 

Materials and Methods 

 

Soil physico-chemical characteristics of experimental 

site: The experiment was done in silty clay loam that was 

described as having the soil texture, non-saline EC1:2.5 

(0.68±0.18 dSm-1) and alkaline in nature (pH 7.48±0.21), 

respectively. The chemical properties refers to poor 

fertility conditions, which was indicated by a low organic 

matter content 0.68%, and a low total nitrogen content 

0.028% (Khoshnaw & Esmail., 2020). The AB-DTPA 

method of (Estefan et al., 2013) was followed using an 

atomic absorption spectrophotometer (AAS), and the soil 

was deficient in AB-DTPA extractable phosphorous (5.92 

mg kg-1) and zinc (0.48 mg kg-1), potassium was within 

physiologically acceptable limits (158 mg kg-1). 

Experimental site, design and crop husbandry: A field 

trial was conducted at the experimental farm of Nuclear 

Institute of Agriculture (NIA), Tandojam (250, 26’0” N 

Latitude and 680 32’0 E Longitude), Sindh Pakistan, during 

the Kharif season of 2022. The randomized complete block 

design (RCBD) was arranged by keeping replications in 

block variable with three replications. Forty stable rice 

mutants produced from 6 parents (Shua-92, Shadab, NIA-

Mehran, IR-8, Sarshar and Shandar) were irradiated with 

100, 150, 200 and 250 Gy doses of Gamma rays (Table 1). 

 
Table 1. List of selected rice mutants. 

M1 NIA-MEHRAN-100-1 M21 SHUA-100-5 

M2 NIA-MEHRAN-100-2 M22 SHUA-100-8 

M3 NIA-MEHRAN-100-4 M23 SHUA-200-2 

M4 NIA-MEHRAN-200-2 M24 SHUA-200-4 

M5 NIA-MEHRAN-200-4 M25 SHADAB-100-1 

M6 SHANDAR-100-2 M26 SHADAB-100-3 

M7 SHANDAR-100-3 M27 NIA-19/A-100-1 

M8 SHANDAR-100-5 M28 NIA-19/A-200-1 

M9 SHANDAR-200-1 M29 NIA-19/A-200-2 

M10 SHANDAR-200-4 M30 SHADAB-200-1-1 

M11 SHANDAR-200-5 M31 SHADAB-200-1-2 

M12 SARSHAR-100-3 M32 SHANDAR-200-2/B 

M13 SARSHAR-200-1 M33 SHANDAR-200-3 

M14 SARSHAR-200-2 M34 NIA-19/A-150-1 

M15 SARSHAR-200-3 M35 IR8-200-1 

M16 SARSHAR-200-4 M36 NIA-625-150-1-2 

M17 SARSHAR-200-5 M37 OD-16/B-2-2(OD-17) 

M18 SARSHAR-200-8 M38 NIA-105 

M19 SARSHAR-200-9 M39 OD-10/B-2-1 (V6) 

M20 SHUA-100-3 M40 OD-16/B-2-1(OD-26) 

 

The selection of mutants was based on low phytate, high 

Zn and Fe content with high yield performances. The area of 

experimental plot for each rice mutant was 8.0 m2 (4m × 2m) 

with 20 cm plant × plant space was maintained. Randomly 3 

plants were selected from each plot for the agronomic 

recordings and chemical analysis. Triple superphosphate 

was utilized as phosphorous (60 kg P2O5 ha-1) and sulfate of 

potash was used as the potassium source (50 kg K2O ha-1) at 

transplanting time (Panhwar et al., 2024). The Zn (8 kg ha-

1) was used in the form of Zingro fertilizer after 20 days of 

transplanting to reduce the antagonistic interactions between 

the utilized phosphorous and zinc. Urea as a source of N, 

applied at transplanting, tillering and at the phase of panicle 

initiation. The experimental field was cleared and smoothed 

to maintain the uniform distribution of irrigation water, 

maintaining favorable environment for early seedling 

establishment and ongoing growth (Abbas et al., 2024). The 

crop was left to grow till full maturity and harvested after 

turning panicles into yellow showing physiologically 

mature. The fully matured plants of each experimental plot 

were harvested carefully with assurance of error-free yield 

recording and successive analysis. 
 

Growth, yield parameters and nutrient analysis: For 

the agronomic data and chemical analysis, 3 rice mutant 

plants from each plot were randomly selected. The height 

of the plant was measured by using the meter rod from the 

base of the stem up to the tip of the panicle of the tallest 

culm and the panicle length was measured from the node 

to tip of topmost branch. The counting of tillers hill-1 was 
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made to determine the performance of tillers and yield 

potential (Siddiqui et al., 2025). To find out the grain yield 

of each mutant plot, the grain weight of randomly 3 plants 

was also combined. A random sample of a hundred grains 

of each rice mutant plot was weighed on top loading 

digital balance with high accuracy (Akchaya et al., 2025). 

After dehusking the rice grains were oven-dried at 70 ̊C 

for 48 hours to reduce the variability due to moisture. The 

oven-dried grains were ground to fine powder using 

stainless-steel grinder for chemical analysis (Abbas et al., 

2024). To determine the zinc and iron content the ground 

grain sample was digested using perchloric and nitric acids 

(wet digestion) utilizing an atomic absorption 

spectrophotometer (AAS) (Estefan et al., 2013). 

Concentration of phytic acid (PA) was determined 

utilizing the method of Haug & Lantzsch (1983), also 

mentioned by (Siddiqui et al., 2025). The precision and 

reproducibility of the results were guaranteed by 

minimization of experimental error using systematic 

sampling and standardized analytical techniques. 

 

Statistical analysis 

 
The data were recorded in triplicate and to analysis of 

variance (ANOVA) was done using Analytical Software 
Statistix® Version 10.0, Tallahassee, FL, USA. Biplots 
were prepared by using software Meta-R and Microsoft 
Excel (365 version).   

 

Results and Discussion 

 
Soil physico-chemical properties before transplanting 
rice: The physico-chemical properties of soil were 
determined before transplanting rice. Soil samples taken at 
the depth of 0-20 cm revealed that soil was heavy in texture 
(Clay loam), non-saline (EC1:2.5 0.68±0.18 dSm-1), alkaline 
(pH 7.48±0.21), deficient in organic matter (0.68%±0.08), 
calcareous (6.87%±0.21) in nature and deficient in AB-
DTPA extractable Zn (0.62 mg kg-1±0.023), respectively.  
 

Growth and yield attributes: The application of gamma 

rays (100, 150, 200 and 250 Gy) on seeds of 6 rice varieties 

(Shua-92, Shadab, NIA-Mehran, IR-8, Sarshar and 

Shandar) created significantly high mutation in different 

agronomic and yield traits. This diversification in breeding 

material helped in selection of potential mutants for zinc 

biofortification and yield traits.  
The data regarding agronomic attributes is given in the 

tables 2 and 3. The different doses of gamma radiation 
affected the plant height, the maximum height recorded in 
mutants M2 (140±1.70 cm), M26 (138±3.78 cm) and M6 
(136±1.16 cm), However, lowest height was recorded in 
mutant M33 (103±1.28 cm). Number of tillers per hill was 
also significantly affected by gamma rays’ application, the 
highest tiller numbers per hill was observed in mutants 
M17 (23±1.72) and M3 (22±1.53), while the least in M27 
(12±1.73). All the genotypes showed variable significant 
mutation in thousand grain weight and a key grain yield 
trait. The highest thousand grain weight was depicted by 
the mutants M37 (30±0.18 g), M13 (29±0.42 g) and M27 
(29±0.32 g). Biological yield is one of the important 
attributes of any successful and best performing varieties 
which is probably contributed by plant height and tiller 
numbers. The highest biomass yield of 36±0.27 kg plot-1 

was displayed by mutant M16, followed by mutant M15 
(35±0.16 kg plot-1), however, the least biomass was 
produced by mutant M40 (17±0.17 kg plot-1).  The most 
important attribute amongst all the traits is grain yield 
(Table 2). End users are mainly interested in the paddy 
harvest of varieties, this trait is given in the (Table 3). The 
highest values (9.75±0.13 kg plot-1) were shown by mutant 
M39 followed by M38 (9±0.02 kg plot-1) and M13 
(8.2±0.04 kg plot-1), while the least performance was 
showed by mutant M30 (3.58±0.11 kg plot-1). 
 

Mineral nutrients (Zn and Fe) and phytic acid: The 
results of this study regarding mineral nutrients zinc (Zn) 
and iron (Fe) are likely to be involved in designing superior 
nutritional varieties of rice, which are equipped in 
supporting biofortification initiatives and solving the 
regional problem of micronutrient (Zn & Fe) malnutrition. 
The data is reported in (Table 3. The different doses of 
gamma radiation significantly affected the mineral nutrient 
densities of rice genotypes, maximum Zn content was 
recorded in mutants M13 (38±0.05 mg kg-1), followed by 
M2 (34±0.35 mg kg-1) and M8 (34±0.12 mg kg-1), while 
the least Zn were observed by mutant M17 (12±0.16 mg 
kg-1), respectively. Iron the most important component of 
human hemoglobin was also significantly affected by 
gamma rays’ application. The highest Fe content of rice 
grain was observed in mutants M4 (71±0.67 mg kg-1) 
followed by M27 (69±1.17 mg kg-1), while the least Fe 
content reported in mutant M31 (31±0.11 mg kg-1), 
respectively. Phytic acid is also known as phytate, this 
parameter is crucial factor mineral digestibility in human 
intestine. Variation in Phytic acid in different mutants was 
noted after radiation bombardment of different doses. The 
highest phytic acid showed by mutant M33 (15±0.21 mg g-

1) followed by M30 (14±0.12 mg g-1), however, the least 
phytate content illustrated by mutant M17 (8±0.12 mg g-1).  
 

Additive main effects and multiplicative interaction 

(AMMI): According to AMMI analysis the environment 

is one of the dominating sources of variation in yield 

attributes (grain yield) and mineral and anti-mineral 

contents (Zn, Fe and phytic acid), which contributes larger 

sum of squares significant F-value, whereas genotype 

effects are also highly significant among 40 rice mutants 

under study. The mutants with environment interaction was 

significant, indicating differential genotypic variation and 

response to varied environmental conditions which in turn 

justify the use of AMMI modeling. 
Based on AMMI biplot interpretation, genotypes 

located near the origin with favorable positioning were 
considered stable and high performing genotypes. For 
grain yield, mutants M11, M24, and M22 were identified 
as superior (Fig. 1). Zinc content showed stability across 
genotypes, with M19 and M10 performing consistently 
(Fig. 2). Iron content highlighted M35 and M13 as stable 
performers (Fig. 3), while low and stable phytic acid 
content was observed in M39 and M30 (Fig. 4). Multi-trait 
evaluation identified M24, M30, and M35 as promising 
candidates for biofortification programs. Each AMMI 
biplot showed X-axis (IPCA1 / Factor 1) depicted major 
portion of GE interaction, Y-axis (IPCA2 / Factor 2) 
pertained secondary interaction, points (M1–M40) showed 
genotypes (mutants), polygon (dashed blue) were 
identified as vertex genotypes (most responsive/extreme) 
and green vectors mentioned the environments or repeats.  
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Table 2. Agronomic parameters of selected rice mutants. 

Mutant  

No. 

Plant height 

(cm) 
Tillers hill-1 

Thousand grain weight  

(g) 

Biological yield plot-1  

(kg) 

M1 111 ± 1.57 g-k 13 ± 1.00 a-c 26 ± 0.47 c-h 29 ± 0.08 g-l 

M2 140 ± 1.70 a 20 ± 1.36 a-c 23 ± 0.28 j-o 28 ± 0.17 i-n 

M3 105 ± 1.20 jk 22 ± 1.53 ab 27 ± 0.45 b-f 28 ± 0.67 k-p 

M4 108 ± 1.79 i-k 14 ± 1.26 a-c 28 ± 0.57 a-c 30 ± 1.15 f-j 

M5 105 ± 1.35 jk 19 ± 0.55 a-c 21 ± 0.49 op 30 ± 0.43 f-j 

M6 136 ± 1.16 ab 16 ± 1.16 a-c 22 ± 0.50 n-p 28 ± 0.35 j-o 

M7 107 ± 0.79 jk 16 ± 0.58 a-c 26 ±0.15 c-h 30 ± 0.23 g-k 

M8 112 ± 2.33 f-k 18 ± 0.87 a-c 27 ± 0.18 a-e 27 ± 0.27 k-p 

M9 129 ± 2.89 a-c 17 ± 1.58 a-c 22 ± 0.50 op 34 ± 0.14 a-c 

M10 106 ± 1.24 jk 19 ± 2.37 a-c 25 ± 0.28 f-k 31 ± 0.26 e-h 

M11 113 ± 2.73 e-k 15 ± 1.86 a-c 24 ± 0.24 h-n 26 ± 0.15 p-r 

M12 108 ± 1.59 i-k 20 ± 2.11 a-c 23 ± 0.11 k-p 27 ± 0.13 l-q 

M13 116 ± 0.86 d-j 16 ± 1.77 a-c 29 ± 0.20 a 33 ± 0.08 c-e 

M14 115 ± 3.11 e-k 17 ± 2.03 a-c 22 ± 0.39 op 28 ± 0.14 j-o 

M15 128 ± 2.15 a-d 14 ± 0.93 a-c 22 ± 0.43 n-p 35 ± 0.16 a-c 

M16 121 ± 1.30 c-h 20 ± 1.50 a-c 25 ± 0.17 f-m 36 ± 0.27 a 

M17 124 ± 1.03 b-f 23 ± 1.72 a 21 ± 0.2 1p 35 ± 0.22 ab 

M18 125 ± 1.16 b-e 19 ± 2.27 a-c 21 ± 0.24 op 32 ± 0.10 d-f 

M19 113 ± 1.72 e-k 14 ± 1.00 a-c 28 ± 0.40 a-d 25 ± 0.09 qr 

M20 107 ± 1.59 jk 17 ± 1.96 a-c 25 ± 0.14 f-k 26 ± 0.09 n-q 

M21 115 ± 1.96 e-k 14 ± 0.75 a-c 27 ± 0.12 b-f 29 ± 0.25 h-l 

M22 115 ± 1.62 e-k 19 ± 1.93 a-c 25 ± 0.24 e-j 29 ± 0.09 g-l 

M23 122 ± 2.67 c-g 18 ± 2.76 a-c 29 ± 0.42 ab 30 ± 0.33 f-j 

M24 113 ± 1.84 e-k 13 ± 1.61 a-c 27 ± 0.12 a-e 29 ± 0.12 i-m 

M25 109 ±3.48 h-k 16 ± 2.15 a-c 26 ± 0.14 d-h 24 ± 0.20 rs 

M26 122 ± 2.45 c-g 19 ± 1.08 a-c 23 ± 0.23 i-o 27 ± 0.33 k-p 

M27 122 ± 5.28 c-g 12 ± 0.73 c 29 ± 0.32 ab 31 ± 0.08 e-g 

M28 138 ± 3.78 a 16 ± 1.96 a-c 25 ± 0.08 f-l 33 ± 0.16 b-d 

M29 116 ± 3.20 e-k 20 ± 1.50 a-c 23 ± 0.34 l-p 30 ± 0.15 g-l 

M30 109 ± 2.66 h-k 18 ± 1.81 a-c 26 ± 0.36 e-i 29 ± 0.20 g-l 

M31 113 ± 1.79 e-k 13 ± 0.81 a-c 27 ± 0.29 b-g 30 ± 0.24 f-j 

M32 108 ± 1.93 i-k 15 ± 0.71 a-c 26 ± 0.14 e-j 27 ± 0.10 m-q 

M33 103 ± 1.28 k 12 ± 1.33 c 22 ± 0.09 m-p 25 ± 0.14 qr 

M34 115 ± 2.58 e-k 14 ± 0.66 a-c 24 ± 0.23 g-m 30 ± 0.22 f-i 

M35 108 ± 1.12 i-k 13 ± 0.60 bc 27 ± 0.37 b-f 26 ± 0.17 o-r 

M36 136 ± 3.73 ab 14 ± 2.38 a-c 26 ± 0.25 c-h 29 ± 0.14 g-l 

M37 113 ± 2.63 e-k 16 ± 2.18 a-c 30 ± 0.1 8a 23 ± 0.14 s 

M38 109 ± 1.33 h-k 20 ± 1.96 a-c 29 ± 0.38 ab 25 ± 0.15 p-r 

M39 120 ± 0.80 c-i 19 ± 0.84 a-c 27 ± 0.19 a-e 25 ± 0.26 p-r 

M40 114 ± 1.59 e-k 14 ± 1.74 a-c 29 ± 0.17 a 17 ± 0.14 t 

 

The grain yield of genotypes for the AMMI depicted 

that IPCA1 explains 53.94%, IPCA2 explains 46.06% that 

is strong GE interaction captured, mutants like M3, M26, 

M38 lie far from origin which depicted the highly 

interactive (unstable), mutants near origin (e.g., M11, M24, 

M22) were displayed stable yield performers and polygon 

vertices (e.g., M3, M6, M21, M26) showed specifically 

adapted genotypes (Fig. 1). The AMMI for Zn described 

that IPCA1 was 62.2%, IPCA2 was 37.8%, and many 

mutants clustered near origin and had less GE interaction. 

Some mutants (e.g., 3, 16) far from origin and were 

considered as Zn-responsive but unstable (Fig. 2). The 

AMMI for iron content in rice grains showed IPCA1 was 

65.17%, and IPCA 2 was 34.83% (Fig. 3). Greater 

dispersal observed compared to Zn which was higher GE 

interaction. Mutants like M3 and M37 were vertex 

genotypes and showed as highly responsive, however, 

some stable mutants M13 and M35 were near to center. 

Phytic acid is anti-nutritional organic ligand, hence the 

AMMI for phytic acid content in rice grains showed IPCA1 

of 62.24%, and IPCA 2 was 37.76% (Fig. 4). Greater 

spread depicted the strong GE interaction. Mutants like M1 

and M38 were highly interactive mutants and mutants M39 

and M30 were observed near to origin. 
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Table 3. Grain yield, mineral nutrient (Zn & Fe) contents and phytic acid of selected rice mutants. 

Mutant  

No. 

Grain yield plot-1 

(kg) 

Zinc content  

(mg kg-1) 

Iron content  

(mg kg-1) 

Phytic acid 

(mg g-1) 

M1 8.01 ± 0.09 b-d 23 ± 0.12 j-l 25 ± 0.33 m-o 12 ± 0.16 f-k 

M2 6.00 ± 0.10 h-n 34 ± 0.35 b 64 ± 0.64 b 12 ± 0.18 e-k 

M3 5.56 ± 0.28 j-p 31 ± 0.10 cd 43 ± 0.87 f 13 ± 0.39 b-d 

M4 6.85 ± 0.17 e-i 26 ± 0.21 i 71 ± 0.67 a 13 ± 0.21 b-e 

M5 5.65 ± 0.18 j-p 29 ± 0.11ef 58 ± 0.53 c 15 ± 0.13 ab 

M6 6.60 ± 0.26 f-j 22 ± 0.27 k-m 14 ± 0.38 rs 13 ± 0.19 c-h 

M7 7.00 ± 0.18 d-h 30 ± 0.15 de 54 ± 0.45 cd 14 ± 0.13 a-c 

M8 6.15 ± 0.16 g-m 34 ± 0.12 b 38 ± 0.23 gh 11 ± 0.26 g-m 

M9 8.03 ± 0.06 b-d 27 ± 0.12 gh 36 ± 0.25 g-i 15 ± 0.40 a 

M10 7.15 ± 0.13 c-g 22 ± 0.10 l-n 39 ± 0.37 g 11 ± 0.14 g-l 

M11 5.10 ± 0.07 m-q 23 ± 0.21 j-l 65 ± 0.21 b 13 ± 0.30 b-f 

M12 6.20 ± 0.07 g-l 20 ± 0.05 op 30 ± 0.22 kl 11 ± 0.15 g-l 

M13 8.20 ± 0.04 bc 38 ± 0.05 a 53 ± 0.16 d 11 ± 0.11 g-m 

M14 4.45 ± 0.06 q-s 22 ± 0.05 l-n 28 ± 0.24 lm 14 ± 0.28 ab 

M15 6.35 ± 0.12 g-l 19 ± 0.13 q-r 35 ± 0.34 h-j 11 ± 0.17 j-o 

M16 7.20 ± 0.22 c-g 13 ± 0.51 u 19 ± 0.44 pq 9 ± 0.34 o-q 

M17 7.10 ± 0.11 d-g 12 ± 0.16 u 32 ± 0.30 jk 8 ± 0.12 q 

M18 8.03 ± 0.09 b-d 22 ± 0.07 l-n 24 ± 0.29 no 11 ± 0.18 g-m 

M19 4.90 ± 0.03 o-q 22 ± 0.16 k-m 38 ± 0.13 g-i 12 ± 0.09 d-j 

M20 6.75 ± 0.08 e-i 19 ± 0.05 p-r 25 ± 0.07 mn 13 ± 0.25 c-g 

M21 6.82 ± 0.19 e-i 22 ± 0.22 kl 25 ± 0.38 mn 9 ± 0.17 m-q 

M22 7.80 ± 0.07 c-e 21 ± 0.09 m-o 19 ± 0.26 pq 10 ± 0.10 l-q 

M23 7.60 ± 0.28 c-f 18 ± 0.21 r-t 35 ± 0.89 h-j 10 ± 0.25 k-p 

M24 5.50 ± 0.04 k-q 18 ± 0.08 rs 16 ± 0.29 qr 10 ± 0.07 k-p 

M25 3.75 ± 0.07 rs 17 ± 0.11 t 32 ± 0.42 jk 11 ± 0.17 g-l 

M26 5.55 ± 0.20 j-p 28 ± 0.14 fg 48 ± 0.75 e 9 ± 0.16 n-q 

M27 6.55 ± 0.19 f-k 28 ± 0.21 g 69 ± 1.17 a 11 ± 0.26 i-n 

M28 6.85 ± 0.14 e-i 19 ± 0.09 rs 35 ± 0.51 ij 8 ± 0.08 q 

M29 4.65 ± 0.11 p-r 28 ± 0.09 g 47 ± 0.29 ef 13 ± 0.12 b-f 

M30 3.58 ± 0.11 s 29 ± 0.15 ef 24 ± 0.25 no 14 ± 0.12 b-d 

M31 5.90 ± 0.24 i-o 20 ± 0.19 o-q 3 ± 0.11 v 11 ± 0.09 g-l 

M32 6.20 ± 0.04 g-l 26 ± 0.15 hi 32 ± 0.23 jk 11 ± 0.23 j-o 

M33 6.00 ± 0.09 h-n 37 ± 0.26 a 46 ± 0.51 ef 15 ± 0.21 a 

M34 6.60 ± 0.11 f-j 17 ± 0.09 t 15 ± 0.36 r 12 ± 0.30 d-j 

M35 5.31 ± 0.06 l-q 21 ± 0.07 no 28 ± 0.15 lm 12 ± 0.08 e-k 

M36 5.83 ± 0.09 i-o 24 ± 0.16 j 22 ± 0.35 op 11 ± 0.23 g-m 

M37 6.77 ± 0.10 e-i 23 ± 0.09 jk 13 ± 0.28 rs 11 ± 0.26 j-n 

M38 9.02 ± 0.14 ab 30 ± 0.08 e 11 ± 0.82 st 11 ± 0.52 h-n 

M39 9.75 ± 0.13 a 17 ± 0.19 st 7 ± 0.16 u 9 ± 0.07 pq 

M40 5.02 ± 0.12 n-q 32 ± 0.11 c 10 ± 0.21 tu 12 ± 0.15 d-i 
 

Discussion 

 

The present study was conducted to explore potential 

rice mutants developed through mutation for Zn and Fe 

biofortification using different gamma radiation levels. This 

study is more helpful for achieving the food security, 

improved nutrition of human beings and sustainable 

agriculture to SDG 2 (Zero hunger). Mineral nutrients (Zn & 

Fe) are crucial for human health to meet requirement of SDG 

3 (Good health and wellbeing for all). Agriculture 

industry/sector is responsible to produce enough for human 

consumption for meeting SDG 12. Nuclear radiation is ideal 

source of mutation in rice, hence application of nuclear 

energy may be a vital source for creating ideal attributes or 

traits in rice genotypes such mineral (e.g. Zn, Fe) nutrient 

densities in grains, high yielding, better rice quality. This 

study showed variable impact and mutations in mutants for 

height, number of tillers, thousand grain weight, biomass 

yield and grain yield. Out of total (40) mutants 04 mutants 

showed lower height (<106cm), 30 mutants showed medium 

height (106 to 126 cm) and 06 mutants exhibited tall height 

(>126cm). Mutant M2 showed highest plant height and 

lowest by mutant M33 as mentioned in (Table 2). It was 

noticed that gamma radiation had great effects on rice 

growth, especially plant height, tillers, thousand grain 

weight biomass yield, grain yield and mineral nutrient 



GHULAM MURTAZA KALERI ET AL., 6 

contents. High radiation doses (200 Gy and 250 Gy) showed 

decreased germination with high mutation while low 

radiation doses (100 Gy and 150 Gy) exhibited the highest 

growth and height (43.9 cm, 59.4 cm) and high chlorophyll 

content observed during growth phase (Danu, et al., 2025). 

The long-term exposure caused DNA damage and oxidative 

stress (Choi et al., 2021). Also, high radiation doses (150 Gy 

and 200 Gy) affect rice plant tissues, thus inhibiting plant 

height, growth reduction, physiological imbalances such 

reduced chlorophyll (Dash & Kujur, 2024). Radiation doses 

showed highly significant mutation in tiller hill-1, 06 mutants 

contributed less tillers, 31 mutants contributed medium 

number of tillers, while 03 mutants exhibited high number 

of tillers. In this study mutants M17 illustrated maximum 

number of tillers (23±1.72) and M3 least (22±1.53). Danu et 

al., (2025) reported that gamma radiation significantly 

affected the tillers hill-1. In another study, Abdelnour-

Esquivel et al., (2020) showed that low doses of radiation 

could stimulate rice growth by increasing number of tillers. 

High radiation doses showed contrasting results to low 

radiation doses (Wahyudi & Indrawanis, 2025). The nuclear 

radiation brought mutation in chlorophyll content, growth 

and grain weight at low gamma radiation (Danu et al., 2025, 

Herlina & Julsento, 2024).  Biomass yield and grain yield of 

rice are important traits to improve livelihood of end users. 

Both the parameters were significantly affected by different 

radiation doses as illustrated by many mutants on the 

identified and selected in this study. Based on the findings 

of this study 05 mutants exhibited low biomass, 30 mutants 

exhibited medium and 05 mutants showed high. The highest 

biomass was produced by mutant M16 (36±0.27 kg plot-1), 

Grain yield of mutants revealed that 06 mutants illustrated 

low grain yield, 28 mutants produced medium and rest of 06 

mutants showed high grain yield, while the highest grain 

yield per plot was observed in mutant M39 (9.75±0.13 kg 

plot-1). Similar findings have been reported under low 

radiation (100 Gy and 150 Gy) showing positive mutation 

resulting in increased biomass yield, grain yield and 

physiological traits (Wahyudi & Indrawanis 2025, Herlina 

& Julsento, 2024, Abdelnour-Esquivel et al., 2020). 

The present study was conducted to explore rice 

mutants having capability of accumulating higher Zn and 

Fe densities in rice grains. The gamma irradiation created 

induced mutation in genomics of rice genotypes, mutants 

on the basis of ideal traits for higher accumulation of 

mineral nutrients (Zn & Fe) were selected. Realizing the 

highest and profound impact of micronutrient mineral in 

human health for overcoming the malnutrition, this proved 

worth significant tool for opening window of mineral 

biofortification (Zn and Fe) in rice. The phytate content of 

rice grain is considered as negative trait for biofortification; 

therefore, the selection criterion may be on basis of low 

phytate, high Zn, Fe contents and stability in yield. The 

mutant M13 had high Zn but moderate PA, while M17 had 

low PA but lower Zn. The combination of high Zn and low 

PA in M13 is more beneficial for human nutrition in 

comparison to combination of lower Zn and low PA (M17).  

Radiation doses created mutation in Zn contents. 

Categorization of Zn in rice grain revealed that 05 mutants 

illustrated low Zn (<16 mg kg-1), 29 mutants exhibited 

medium Zn (18 to 30 mg kg-1) and 06 mutants showed high 

Zn concentrations (>30 mg kg-1), rice mutant M13 revealed 

the highest Zn content (38±0.05 mg kg-1). Iron content of 

the rice grain varied significantly in rice mutants with 

application of different gamma levels. Seven mutants 

contained low Fe (<3 mg kg-1), 26 mutants displayed 

medium Fe (3 to 35 mg kg-1), while 07 mutants exhibited 

high Fe (>35 mg kg-1) content in rice grains. The mutant 

M4 (71±0.67 mg kg-1) was the best performer mutant in 

terms of Fe content. Zinc and Fe contents of rice grain are 

directly proportional to chlorophyll content, oxidative 

stress, DNA damage, and organic compounds in rice. 

Hence, low doses of gamma radiation (100 Gy and 150 Gy) 

created positive mutation for enhancing mineral nutrient 

content directly and indirectly in rice grains (Danu et al., 

2025; Wahyudi, & Indrawanis 2025; Herlina & Julsento, 

2024; Abdelnour-Esquivel, et al., 2020). Phytic acid an 

anti-mineral organic compound, which chelates mineral 

nutrients (Zn & Fe) in digestibility of human intestine. 

Variability in phytic acid contents of different mutants was 

noted due to different radiation doses. The 07 mutants 

showed low phytate (<10 mg g-1), 26 mutants exhibited 

medium phytate (10 to13 mg g-1) and 07 mutants illustrated 

high (>13 mg g-1) phytate content in rice grains. The 

highest phytic acid was showed by mutant M33 (15±0.21 

mg g-1). Application of low radiation doses (100 Gy and 

150 Gy) was used by Danu et al., (2025), Wahyudi, & 

Indrawanis (2025), Herlina & Julsento, (2024), Abdelnour-

Esquivel et al., (2020), they reported that high radiation 

doses (200 Gy and 250 Gy) showed positive mutation and 

reduced physiological traits and phytate content (Wahyudi, 

& Indrawanis 2025, Herlina & Julsento, 2024, Bughio et 

al., 2021, Abdelnour-Esquivel, et al., 2020).  

Additive Main effects and Multiplicative Interaction 

(AMMI) biplot interpretation revealed that grain yield 

showed substantial GE interaction, with IPCA1 

exhibiting 53.94% of variation. Mutants located near the 

origin showed stability, while those at polygon vertex 

exhibited specific adaptability and higher interaction. 

Best performers and stable 05 mutants were M11, M24, 

M22, M12 and M10 (Fig. 1). Zinc content exhibited 

moderate GE interaction, with most genotypes clustering 

near the origin, indicating relative stability across 

environments. Mutants M19, M10, M32, M25, and M5 

were revealed as best mutants on the basis of Zn content. 

Iron content was more environmentally sensitive 

compared to Zn (Fig.2). Therefore, selection based on 

stable plus moderately Fe content genotypes may be 

successful.  Best mutants based on Fe content were M15, 

M13, M16, M31 and M30, respectively (Fig. 3). Phytate 

content revealed the strong genotype × environment (GE) 

interaction, highlighting environmental sensitivity and 

need for careful selection of low phytate genotypes. Best 

low phytic acid (PA) mutants were M39, M30, M24, M35 

and M26 (Fig. 4). The following is the comparative 

interpretation of the mutants (Table 4). 

 

Limitations: The limitations of resources and lack of funds 

occurred during the study, and we were unable to conduct 

field experiments in different ecological zones of Pakistan. 

Due to limited resources, we planned study in single 

environment but in three locations of climatic conditions of 

Tando Jam. 
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Table 4. Comparative interpretation. 

Trait G × E interaction Stability Breeding implication 

Grain yield High Moderate Select stable and high yielding 

Zinc (Zn) Low-moderate High Broad adaptation possible 

Iron (Fe) Moderate-high Moderate Select environment-specific 

Phytic acid (PA) High Low Careful selection needed 

 

 
 

Fig. 1. AMMI biplot for grain yield performance of rice mutants. 

 
 

Fig. 2. AMMI biplot for Zn content of rice mutants. 
 

 
 

Fig. 3. AMMI biplot for Fe contents in rice grains. 

 

 
 

Fig. 4. AMMI biplot for phytic acid contents of rice mutants. 

Conclusion 

 
The findings of grain yield and phytic acid exhibited 

significant interaction while Zn content was observed 
stable trait in genotypes. Best performing rice mutant 
selected based on multi-traits was M24 (Shua-200-4) 
which was very consistent across traits. Mutant M30 
(Shadab-200-1-1) was stable and good in micronutrients, 
M35 (IR8-200-1) with strong Fe and stable in yield, M10 
(Shandar-200-4) with good Zn and yield stability and M22 
(Shua-100-8) with yield stability with acceptable 
micronutrients. These mutants are recommended on the 
basis of high Zn/Fe with low PA and yield stability. These 

findings suggest that both stable and specifically adapted 
mutants should be considered for breeding programs 
depending on target environments and nutritional traits. 
Moreover, potential molecular follow-up studies (marker-
assisted introgression, transporter gene analysis) are 
suggested to strengthen the breeding pipeline. 
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