
Frontiers in Sustainable Food Systems 01 frontiersin.org

Agronomic biofortification of 
basmati rice (Oryza sativa L.) 
through iron and boron under 
varying seedling densities
Pradeep Rajput 1*, Adesh Singh 2, Ravindra Kumar Rajput 3, 
Rajan Bhatt 4*, Saud Alamri 5*, Pradeep Kr. Kanaujiya 6 and 
Sandip Kumar Gautam 7

1 School of Agriculture, ITM University, Gwalior, India, 2 Department of Agronomy, Sardar Vallabhbhai 
Patel University of Agriculture and Technology, Meerut, India, 3 Krishi Vigyan Kendra, UP Pandit Deen 
Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan Sansthan (DUVASU), 
Mathura, India, 4 PAU-Krishi Vigyan Kendra Amritsar, Punjab, India, 5 Department of Botany and 
Microbiology, College of Science, King Saud University, Riyadh, Saudi Arabia, 6 School of Agriculture, 
ITM University, Gwalior, India, 7 Chhatrapati Shahu Ji Maharaj University, Kanpur, India

At present, we have adequate production of rice to fulfill the needs of humans. 
Now it is time to produce biofortified rice, whose grains contain enough amounts 
of nutrients like iron and boron. Two field experiments were carried out in Kharif 
2019 and 2020 at Meerut (Uttar Pradesh), India, to find the effect of iron and 
boron nutrition on rice with different planting densities. The main plot treatment 
consists of three planting densities, and the subplot treatment consists of five 
foliar applications of micronutrients. They were tested in a split-plot design (SPD) 
with three replications. The results revealed that the rice transplanted with one 
seedling/hill gave the highest iron and boron content in grains and/or the crop 
fortified with iron and boron at 0.1 and 0.04% applied at the maximum tillering 
(MT) and panicle initiation (PI) stages of rice, respectively. The higher values of 
yield-contributing characters such as effective tillers/m2, panicle length (cm), 
grain weight/panicle (g), and test weight (g), as well as quality parameters such 
as nutrient content in grain (mg/kg), volume expansion ratio, protein content 
in grains (%), and amylose content (%) of rice were noticed in one seedling/hill 
except effective tillers/m2 during the first and second years. Application of Fe 
and B at the MT and PI stages of rice improved almost all the yield attributes and 
quality parameters. Planting density of two and three seedlings/hill was recorded 
at par values of grain yield, followed by one seedling/hill. Rice transplanted with 
three seedlings/hill obtained an average of 10.1 and 10.6% more grain yield than 
one seedling/hill during the first and second years, respectively. However, the 
application of Fe at 0.1% and B at 0.04% during both stages through foliar spray 
resulted in the highest seed yield and showed parity with the application of iron 
at 0.1% at the MT stage and boron at 0.04% at the PI stage. Economics revealed 
that the planting density of three seedlings/hill gave the maximum net returns 
of 61,585 and 66,752 ₹/ha with a benefit–cost ratio of 2.12 and 2.19 during 2019 
and 2020, respectively. Furthermore, the highest net returns (62,188 and 67,938 
₹/ha) and benefit–cost ratio (2.15 and 2.23) were observed from the treatment 
of iron at 0.1% and boron at 0.04% at the MT and PI stages during the first and 
second years, respectively.
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1 Introduction

Rice is a major cereal crop that is grown as a staple food by 
millions of people around the world. Worldwide, rice is cultivated in 
an area of about 167.1 million hectares, with a periodic production of 
about 782.0 metric tons and a productivity of 4,679 kg/hectare. About 
90 percent of the entire rice grown in the world is produced and 
consumed in the Asian region. It accounts for 43 percent of India’s 
total food grain production and 55 percent of its cereal production. In 
India, rice is grown on an area of about 43.8 million hectares, 
producing 118.9 million tons with an average productivity of 
2,715 kg/ha.

Nowadays, we  need methods of crop production that are 
eco-friendly, cost-effective, and require fewer inputs, like reducing the 
number of seedlings. What we have to do is change the number of 
scattered plants without peeping into other operations and artistic 
practices. Both qualitatively and quantitatively, values are affected by 
the number of seedlings/hill. The optimal planting hill ensures the 
stores grow both in their elevated and underground corridors through 
effective appliances of solar energy, water, and nutrients. All of these 
factors can be skillfully employed, and if proper care is taken, they will 
eventually form a cushion crop product. The number of seedlings/hill 
was an important aspect as it told the optimum population/unit area, 
proper use of sunlight, photosynthesis, respiration, and nutrients, 
which finally told the yield attributes and yield of rice (Barua 
et al., 2014).

Densely populated rice fields have greater inter-specific 
competition between plants, sometimes resulting in gradual shading 
and accommodation, hence increasing the production of straw rather 
than grain. For the purpose of delivering targeted micronutrients to 
populations that do not have or do not have access to differentiated 
diets and other interventions such as fortified foods and 
supplementation, biofortification of rice is intended to be a sustainable, 
cost-effective, and food-based method of delivering these 
micronutrients. Food security goes beyond hunger—it includes 
having consistent access to food that is not only safe but also nutritious 
and economical. About 1.3 billion people are affected by moderate 
conditions of nutritional insecurity all over the world because they do 
not have access to food that is both safe and nutritious. This is despite 
the fact that the number of people suffering from hunger around the 
world has surpassed 820 million. More than half of the world’s 
population, as well as many who live in poverty, rely on rice crops for 
their daily calories because they cannot access nutritious foods like 
fruits, vegetables, meat, and dairy—or they cannot afford them.

As a result, malnutrition is a real problem, causing immediate and 
long-term health problems including depression, cardiac complaints, 
diabetes, and putrefaction. People in both developed and developing 
countries suffer from mineral deficiencies. In addition, approximately 
one-third of the world’s population is at high risk due to the 
consumption of low-nutrient diets (Stein, 2010). At present, 
considering that we have enough rice for consumption, the time has 
come to cultivate high-quality rice, the grains of which contain an 
adequate quantity of nutrients such as iron and vitamin 
B. Micronutrient deficiencies are becoming more prevalent in some 
countries. This global extreme in micronutrient deficiency is the result 
of insufficient food systems that do not deliver adequate amounts of 
micronutrients to meet the nutritional supplies of individuals and 
their nutritional status. Biofortification has been planned as an 

indispensable long-term approach to enriching mineral nutrition 
(Zhu et al., 2007).

2 Materials and methods

2.1 Site of experiment

The field experiment was carried out at the Crop Research Centre 
(CRC), located on the Main Campus of Sardar Vallabhbhai Patel 
University of Agriculture and Technology in Meerut, Uttar Pradesh, 
India. The site is situated at 29° 13′ 96″ N latitude and 77° 68′ 43″ E 
longitude, with an elevation of 237 m above mean sea level. The 
experimental area has a uniform topography and an effective drainage 
system. The texture of the soil was sandy loam, exhibiting a slightly 
alkaline pH (8.67). It was characterized by low levels of organic carbon 
(0.323%) and available nitrogen (190.4 kg/ha) and boron (1.57 kg/ha), 
but moderate levels of available phosphorus (13.3 kg/ha) and 
potassium (163.7 kg/ha). Additionally, the soil contained high levels 
of available iron (41.7 kg/ha).

2.2 Climate and weather conditions

Meerut lies within the semi-arid and sub-tropical climatic zones, 
characterized by scorching hot and arid summers and chilly winters. 
A distinctive trait of this climate is moderate rainfall and significant 
temperature fluctuations. The average annual rainfall in Meerut is 
733 mm, with approximately 80–90% occurring between June and 
September. The data reveal that during the years 2019 and 2020, the 
average maximum weekly temperature ranged from 28.1°C to 28.4°C 
in the second week of November, peaking at 42.3°C in the first week 
of June, with a slight decrease to 38.1°C in the second week of June. 
Meanwhile, the average minimum weekly temperature fluctuated 
between 14.2°C and 11.3°C in the second week of November, rising 
to 26.4°C and 24.2°C in the first week of June, respectively. The mean 
weekly relative humidity ranged from 71.0 to 70.7% at its lowest to 
95.8 to 86.7% at its highest during the years 2019 and 2020, 
respectively. Additionally, the total rainfall received during the crop 
periods was 587.6 mm and 377.7 mm in 2019 and 2020, respectively. 
Wind velocity varied significantly, with speeds ranging from 0.50 km/h 
in the second week of September to 19.10 km/h in the first week of 
June during the first year, and from 1.10 km/h in the first week of 
November to 6.90 km/h in the first week of June during the second 
year (Figures 1, 2).

2.3 Description of treatments

The experiment employed a split-plot design (SPD) comprising 
three replicates and 15 treatment combinations. The main plot 
treatments involved three planting densities: one, two, and three 
seedlings/hill. The subplot treatments encompassed five foliar 
applications of micronutrients (Fe and B), specifically: control (MN0), 
iron 0.1% and boron 0.04% at the maximum tillering (MT) stage 
(MN1), iron 0.1% and boron 0.04% at the panicle initiation (PI) stage 
(MN2), iron 0.1% at the MT stage and boron 0.04% at the PI stage 
(MN3), and iron 0.1% and boron 0.04% at both stages (MN4). A total 
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volume of 400 and 600 liters of water was utilized for foliar spraying 
of FeSO4 and was soluble at the maximum tillering and panicle 
initiating stages, respectively, in both years. For neutralizing the acidic 
effect of sulfate ions, 0.25% of Ca (OH)2 was used.

2.4 Cultural practices

High-quality, robust, and vigorous seeds were chosen for 
sowing. Subsequently, the seeds underwent a soaking process in 

FIGURE 1

Weekly weather parameters during 2019 at the experiment location.

FIGURE 2

Weekly weather parameters during 2020 at the experiment location.
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water for 24 h, followed by an incubation period of 48 h within a 
moist gunny bag to facilitate sprouting. The sprouted seeds were 
spread in the puddled seed beds in rows, 10 cm apart, manually on 
23 and 27 June during 2019 and 2020, respectively. Adequate care 
was taken for water, nutrients, weeding, etc., and thus seedlings 
were raised for up to 25 days in the nursery. Following this, 
seedlings aged 25 days were manually transplanted on 22 July 
2019, and 18 July 2020, on a puddled soil with a spacing of 
20 cm × 15 cm.

2.5 Management of fertilizers and crops

The recommended nitrogen rate of 100 kg/ha was applied in 
three equal splits: at the time of transplanting (during the last 
puddling), maximum tillering, and at the panicle initiation stage 
of the crop, utilizing urea (46% N). Phosphorus and potassium 
were administered at the time of the last puddling, following the 
recommended doses of 60 kg P2O5 and 40 kg K2O per hectare, 
respectively, in the form of DAP (18:46 N:P2O5) and MOP (60% 
K2O). Additionally, 5 kg of zinc per hectare through zinc sulfate 
monohydrate (ZnSO4.H2O, 33% Zn) was applied at the time of 
transplanting. Pretilachlor 30% EC herbicide, at 0.75 kg/ha, was 
applied 2 days after transplanting.

2.6 Harvesting and threshing

The crop reached full physiological maturity before 
harvesting. Initially, a section measuring 0.45 m in length 
along both sides of the rows and two border rows (0.40 m) on 
each side of the experimental plots were harvested and set 
aside. Subsequently, the crop from the remaining plot area was 
harvested and subjected to sun drying. Harvesting occurred 
during the first week of November 2019 and the last week of 
October 2020. Each harvested portion from the net plot was 
bundled, tagged, and prepared for threshing. The grain weight was 
measured at 14% moisture content after threshing, cleaning, and 
drying. The grain, straw, and biological yield were quantified in 
quintals per hectare.

The benefit-to-cost ratio was computed using the 
following formula:

2.7 Grain quality analysis

An estimation of Fe was done on an atomic absorption 
spectrophotometer (AAS) using an iron cathode. Wet digestion 
using a di-acid mixture (HClO4 + HNO3, 4:10) was followed for the 
digestion of the plant sample for determining the B and iron in the 
plant sample, and estimation of B in grains and straw was done by 
the Azomethine H method. Azomethine H forms a colored complex 
with H3BO4 in aqueous media, and finally, the boron was 
determined by using the spectrophotometer. To compute the 
protein content in rice grains, the nitrogen percentage in the grains 

was multiplied by a factor of 5.95 (Prasad et al., 2006). Thus, the 
formula used was: grain protein content (%) = nitrogen content in 
grains (%) × 5.95. For determining the volume expansion ratio, the 
standard method was used (Verghese, 1950; Murthy and 
Govindaswamy, 1967). At first, 5 g of milled rice grains were 
submerged in 15 mL of water for 15 min in a centrifuge tube, with 
the initial measurement of rice volume taken using the volume 
displacement technique. Then, for cooking, the tubes were 
positioned in a pressure cooker, and the cooked rice was strained 
on filter paper to remove excess water. Finally, the volumes of 
cooked rice grains were determined using the water displacement 
method. The volume expansion ratio was then calculated using the 
following formula:

 
Volume expansion ratio

Volume of cooked rice ml

Volume of 
=

( )
uuncooked rice ml( )

×100

A 1 g portion of milled rice grains underwent gentle crushing 
and fine powdering with a glass pestle and mortar. The powdered 
samples were then stored to attain a consistent moisture level of 
12%. Following this, a precise 100 mg sample was weighed using 
an electronic balance and transferred into a 100 mL volumetric 
flask. Ten milliliters of freshly prepared 1 N NaOH solution was 
carefully pipetted into the conical flask to immerse the flour, 
allowing it to form a clump, followed by the addition of 1 mL of 
distilled ethanol and mixing thoroughly. After undergoing 
gelatinization for an hour, the sample suspension was heated for 
10 min in a boiling water bath. Subsequently, the volume was 
adjusted to 100 mL by adding distilled water. After thorough 
shaking, a 2.5 mL aliquot was pipetted into a 50 mL volumetric 
flask, followed by the addition of approximately 20 mL of water. 
Three drops of phenolphthalein indicator were introduced and 
mixed well. After that, the substance was acidified by adding 
0.1 N HCl drop by drop until the pink tint was almost completely 
gone. Following that, 1 mL of iodine reagent was added in order 
to produce a blue color, and the volume was brought up to 
50 mL. A spectrophotometer was employed to measure 
absorbance at a wavelength of 590 nm. To construct a standard 
curve, absorbance values of known quantities of pure amylose 
were utilized as reference points. The amylose content in the 
sample was then calculated using the standard curve generated 
from pure amylose (ranging from 0.2 to 1.0 mg) against a blank, 
which involved diluting 1 mL of iodine reagent to  
50 mL with distilled water (Thimmaiah, 1999). Absorbance 
corresponds to 2.5 mL of test solution = ‘x’ mg amylose in 
test solution.

 
100

2 5
100mL amylose= ×

X
.

%

2.8 Statistical analysis

Statistical analysis was investigated by the OPSTAT program. The 
significance of differences between treatment means was indomitable 
using the least significant difference (LSD) values at the 5% 
significance level.
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3 Results

3.1 Yield attributes of rice

Data reveal that the yield attributes of each treatment were higher 
in the second year than the first year (Table 1). Significantly longest 
panicle (27.5 and 28.0 cm), higher grain weight/panicle (1.70 and 
1.80 g), and test weight (25.8 and 26.3 g) were recorded with one 
seedling/hill, while the highest number of productive tillers/m2 were 
found in three seedlings/hill during the first and second years of the 
experiment (Table 1).

Crops fortified with Fe and B had a significant effect on all the 
yield attributes except the length of the panicle (Table 1). A higher 
number of productive tillers (433 and 437), grain weight/panicle (1.61 
and 1.77 g), panicle length (27.5 and 28.2 cm), and test weight (26.2 
and 26.5) were found in the treatment and foliar application of iron 
and boron at MT and PI stages (MN4) over control (MN0) during the 
first and second years, respectively.

3.2 Grain yield

Economic yield was significantly higher at three seedlings/hill as 
compared to one and two seedlings/hill. in account of more tillering 
causative to the maximum biomass and effective tillers/m2 during 
both years. However, rice transplanted with three seedlings/hill 
obtained an average of 10.1 and 10.6% more grain yield than the one 
seedling/hill during the first and second years, respectively. The crop 
fortified with iron and boron had a higher economic yield with the 
treatment of MN4, while the lowest was found in control (MN0) during 
both years. Moreover, the treatment MN4 produced 1.0, 2.4, 7.7, and 
9.6% higher grain yield/ha than MN3 and control (MN0) during the 
first and second years, respectively (Table 2).

3.3 Economics

The rice crop grown with two seedlings/hill fetched 7,988 and 
8,458 more net returns/ha as compared to one seedling/hill during 
2019 and 2020, respectively. The B:C ratio did not show any 
significant variation during the first and second years. A higher B:C 
ratio of 2.16 and 2.23 was recorded in two seedlings/hill (Table 2). 
The slightly higher net profit/ha (₹ 61,999 and 66,797) was recorded 
with two seedlings/hill as compared to three seedlings/hill, which 
was mainly due to less expenditure incurred on seedlings and the 
cost of transplanting under two seedlings/hill. Similarly, net profit 
and the return/rupee invested were also higher with two seedlings/
hill than with three seedlings/hill. The higher gross and net returns/
ha were recorded with the foliar application of iron at 0.1% and 
boron at 0.04% at both stages. This treatment also gave additional 
net returns of ₹8,471 and 8,823/ha with a benefit–cost ratio of 2.15 
and 2.23 over unfertilized control during 2019 and 2020, 
respectively.

3.4 Concentration of iron and boron in 
grain

The maximum Fe (37.3 and 37.6 mg/kg) and B (36.6 and 37.2 mg/
kg) content in grain was observed under one seedling/hill (Table 3). 
Whereas, three seedlings/hill exhibited minimum nutrient content 
during the first and second years, respectively. Foliar application of 
micronutrients resulted in higher nutrient content in grain. As regards 
Fe and B nutrition, the highest Fe (38.9 and 39.0%) and B (36.0 and 
36.3 mg/kg) content in grains were recorded with foliar application of Fe 
and B at both stages (MN4) during the first and second years, respectively. 
Foliar-applied substances (Fe and B) can go into leaves either by 
penetration or via the stomatal pathway and enter directly into the plant.

TABLE 1 Effect of planting density and micronutrient application on yield attributes of basmati rice.

Treatment Productive tillers/m2 Panicle length (cm) Grains weight/panicle 
(g)

Test weight (g)

2019 2020 2019 2020 2019 2020 2019 2020

Seedling density

1 Seedling/hill 368 371 27.5 28.0 1.70 1.80 25.8 26.3

2 Seedlings/hill 413 416 26.8 27.6 1.54 1.63 24.8 25.4

3 Seedlings/hill 441 446 26.4 27.2 1.50 1.57 24.3 24.9

SEm± 10 8 0.3 0.1 0.02 0.04 0.3 0.2

C.D. (p = 0.05) 42 31 1.0 0.5 0.08 0.16 1.2 1.0

Micronutrient application (Fe and B)

MN0 380 381 26.2 26.7 1.54 1.58 23.7 24.7

MN1 398 400 26.6 27.1 1.57 1.59 24.2 25.1

MN2 410 412 26.9 27.6 1.58 1.64 25.0 25.6

MN3 418 421 27.1 27.7 1.60 1.73 25.7 26.2

MN4 433 437 27.5 28.2 1.61 1.77 26.2 26.5

SEm± 8 10 0.6 0.4 0.05 0.03 0.3 0.3

C.D. (P = 0.05) 23 30 NS NS NS NS 0.9 1.0
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TABLE 3 Effect of planting density and micronutrient application on quality parameters of basmati rice.

Treatment Nutrient content in grain (mg/kg) Volume 
expansion ratio

Protein content in 
grains (%)

Amylose content 
(%)

Iron Boron

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

Seedling density

1 Seedling/hill 37.3 37.6 36.6 37.2 0.376 0.380 7.64 7.67 24.4 24.7

2 Seedlings/hill 33.6 33.7 32.5 32.5 0.364 0.368 7.57 7.60 23.6 23.8

3 Seedlings/hill 30.5 30.6 25.7 25.8 0.357 0.360 7.62 7.63 21.7 21.8

SEm± 1.2 1.2 1.3 1.2 0.005 0.006 0.05 0.16 0.2 0.3

C.D. (P = 0.05) 4.8 4.8 5.0 4.7 NS NS NS NS 0.9 1.3

Micronutrient application (Fe and B)

MN0 28.3 28.4 26.7 26.8 0.361 0.364 7.50 7.52 22.1 22.4

MN1 33.3 33.4 31.0 31.2 0.366 0.369 766 7.68 23.8 23.9

MN2 35.3 35.5 32.8 33.1 0.369 0.372 7.56 7.60 23.0 23.2

MN3 33.3 33.5 31.0 31.3 0.376 0.379 7.74 7.77 24.1 24.3

MN4 38.9 39.0 36.0 36.3 0.378 0.380 7.60 7.62 23.1 23.4

SEm± 1.2 1.1 1.3 1.1 0.007 0.006 0.18 0.16 0.3 0.32

C.D. (P = 0.05) 3.4 3.1 3.7 3.3 NS NS NS NS 1.0 0.9

3.5 Quality parameter

The maximum amylose content (24.4 and 24.7%) was recorded 
in one seedling/hill in comparison to three seedlings/hill (21.7 and 
21.8%) during 2019 and 2020, respectively (Table 3). There was no 
significant variation among different planting densities with regards 
to volume expansion ratio and protein content in grain (%) during 
the first and second years. A higher volume expansion ratio of 0.376 
and 0.380 and protein content in grains (7.64 and 7.67%) were 
recorded with one seedling/hill during the first and second years, 

respectively. A higher volume expansion ratio and protein content 
in grains (%) were recorded in one seedling/hill due to the higher 
nutrient contents of the grains. Micronutrients application, the 
highest volume expansion ratio of 0.378 and 0.380, amylose content 
(23.1 and 23.4), and protein content in grains (7.74 and 7.77%) 
were recorded with iron and boron applied at both stages (MN4), 
which was on par with MN3 during the first and second years, 
respectively.

Rice transplanted with one seedling/hill recorded higher kernel 
length (11.1 and 11.3 mm) and breadth (2.24 and 2.25 mm) during 

TABLE 2 Effect of planting density and micronutrient application on grain yield and the economics of basmati rice.

Treatment Grain Yield
(t/ha)

Gross return
(₹/ha)

Net return
(₹/ha)

B:C ratio

2019 2020 2019 2020 2019 2020 2019 2020

Seedling density

1 Seedling/hill 4.56 4.62 105,705 110,853 54,011 58,339 2.05 2.11

2 Seedlings/hill 4.97 5.04 115,523 121,123 61,999 66,797 2.16 2.23

3 Seedlings/hill 5.02 5.11 116,839 122,848 61,585 66,752 2.12 2.19

SEm± 0.08 0.07 1,548 1,572 1,548 1,572 0.03 0.03

C.D. (P = 0.05) 0.32 0.30 6,242 6,338 6,242 6,338 NS NS

Micronutrient application (Fe and B)

MN0 4.66 4.71 106,813 112,992 53,717 59,115 2.01 2.10

MN1 4.80 4.89 112,244 116,760 59,037 62,917 2.11 2.17

MN2 4.83 4.91 112,916 117,955 59,509 63,668 2.12 2.17

MN3 4.97 5.04 115,188 120,653 61,541 66,176 2.15 2.21

MN4 5.02 5.16 116,285 123,015 62,188 67,938 2.15 2.23

SEm± 0.06 0.05 1,220 974 1,220 974 0.02 0.02

C.D. (P = 0.05) 0.18 0.15 3,581 2,861 3,581 2,861 0.07 0.05
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2019 and 2020, respectively. Length and breadth ratio was higher in 
three seedlings/hill, followed by two seedlings/hill, during both years. 
It might be due to the higher nutrient contents of grains and straw and 
the more food material supplied by the plants.

4 Discussion

The data revealed that there was comparatively higher rice 
production in 2020 than in 2019, which might be due to favorable 
weather conditions and a low incidence of pests and diseases. 
Rainfall at the tillering and stem elongation stages positively 
impacts the rice plants, resulting in an increase in the rate of 
tillering, which ultimately improves rice production. Agronomic 
practices involving fertilizer application have been proposed as a 
promising approach to enhance both productivity and grain quality 
in rice cultivation. However, the effectiveness of this management 
strategy depends on several variables, including the type of rice 
variety, soil fertility, and the method employed for fertilizer 
application (Khampuang et al., 2021). In conductive environments, 
plant development relies not solely on photosynthesis, which limits 
grain size, but also on the compatibility between physiological sinks 
and sources, which influences grain weight. Improvement in yield 
attributes was probably due to proper utilization of all the available 
and terrestrial growth resources, which may be influenced by the 
good translocation of photosynthates to sink from the source, and 
finally expressed the maximum values of yield attributes under one 
seedling/hill (Islam et al., 2013; Rajput et al., 2020; Dhungana et al., 
2021). Crop fortified with Fe and B gave better results. It might 
be due to more growth and development of rice with better plant 
height and more periodic DMA and LAI. It also enhanced metabolic 
activity, which improved floral primordial development and the 
conversion of vegetative tillers into reproductive tillers. Boron plays 
a key role in the flowering and grain-setting processes in rice. Good 
seed setting, better pollination, reduced spike sterility, and increased 
grain formation were observed in various rice varieties due to boron 
nutrition (Aslam et al., 2002). A sufficient amount of iron in the soil 
provided different nutrient uptake, leading to enhanced plant 
growth and photosynthetic rates, thereby increasing the 
translocation of dry matter and ultimately boosting straw yield 
(Reddy et al., 2012; Kannan et al., 2015). The increased economic 
yield could be attributed to a higher number of effective tillers/m2, 
enhanced dry matter accumulation, and other yield-contributing 
factors (Table 1), in addition to the translocation of photosynthates 
toward the sink (Singh et  al., 2013; Negalur et  al., 2016; 
Promsomboon et al., 2019).

The rice crop grown with two and three seedlings/hill fetched 
7,988 and 8,458 and 7,574 and 8,413 more net returns/ha as 
compared to one seedling/hill during 2019 and 2020, respectively. 
It might be due to reduced production cost and increased yield of 
the crop, which ultimately increased net return, whereas the lowest 
B:C ratio was observed in one seedling/hill. The slightly higher net 
profit/ha (₹ 61,999 and 66,797) was recorded with two seedlings/
hill than with three seedlings/hill, which was mainly due to less 
expenditure incurred on seedlings and the cost of transplanting 
under two seedlings/hill. Similarly, net profit and the return/rupee 

invested were also higher with two seedlings/hill than with three 
seedlings/hill (Bommayasamy and Durairaj, 2018; Devi et al., 2019). 
The highest gross and net returns/ha were recorded with the 
application of iron at 0.1% and boron at 0.04%. This treatment also 
gave an additional net return of ₹8,471 and 8,823/ha with a B:C 
ratio of 2.15 and 2.23 over unfertilized control during 2019 and 
2020, respectively. The increased grain yield resulting from iron 
nutrition primarily stemmed from enhanced crop growth, 
characterized by a greater number of productive tillers/m2, 
increased the filled grains per panicle, higher panicle weight, and 
1,000-grain weight, along with an augmented supply of 
photosynthates from source to sink (Yadav et al., 2013; Kumar et al., 
2015). Higher nutrient content (%) in grains and straw was recorded 
under one seedling/hill as compared to two and three seedlings/hill. 
Intense competition among plants for growth factors, including 
nutrients, under higher plant density and the dilution effect could 
have led to lower nitrogen (N), phosphorus (P), potassium (K), iron 
(Fe), and boron (B) content in sinks (Pradhan and Dixit, 2021). 
More nutrient content in grains and straw and their uptake were 
recorded due to the application of micronutrients iron and boron. 
As regards iron and boron nutrition, the highest iron and boron 
content in grain was recorded with foliar application of Fe and B 
nutrition during 2019 and 2020, respectively. Increased iron and 
boron concentrations in the grain could be attributed to greater 
transfer of these nutrients from the source to the sink (grain), 
particularly when higher doses of iron and boron were administered 
as foliar sprays during the later stages of growth (Kumar et al., 2018; 
Patel et al., 2019).

The quality of grains increased with the transplanting of one 
seedling/hill as compared to the two seedlings/hill. The protein 
content is influenced by the increased concentration of nitrogen 
in grains, which may have altered the proportion of grain 
constituents. Additionally, rice crops transplanted with one 
seedling/hill showed improvements in cooking qualities such as 
kernel elongation ratio upon cooking, bursting upon cooking, 
and alkaline spreading value. The enhancement in grain quality 
is credited to improved grain filling, facilitated by the planting 
density of rice (Jadhav et al., 2014). The highest volume expansion 
ratio, amylose content, and protein content in grains were 
recorded with iron and boron applied at both stages (MN4), 
which was on par with MN3 during 2019 and 2020, respectively. 
Boron supply improved cooking traits such as elongation ratio, 
bursting on cooking, and alkali spreading value in basmati rice. 
Adequate boron supply appears to be a prerequisite for obtaining 
optimum yields of good-quality basmati rice (Saleem et al., 2013; 
Rajput et  al., 2019). It is noteworthy to observe that in this 
investigation, the application of iron and boron led to an increase 
in the content of iron and boron in rice grain. Although the 
accumulation of B and Fe in grains was enhanced, it did not 
impact the number of fertilized or filled grains during 
development (Songsriin et  al., 2023). Therefore, the foliar 
application of B during the panicle initiation stage could be a 
factor in enhancing rice crop productivity. However, the optimal 
timing of application warrants thorough investigation in the 
future, along with a management strategy aimed at improving 
grain filling (Figure 3).
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5 Conclusion

On the basis of the research study, it was concluded that the 
transplanting of three seedlings/hill produced the highest grain yield, 
but quality parameters such as volume expansion ratio and protein 
content (%) in grains were recorded at higher values with one 
seedling/hill as compared to two seedlings/hill. However, crop 
fortified with iron 0.1% and boron 0.04% at the maximum tillering 
(MT) and panicle initiation (PI) stages produce biofortified grains and 
increase the quality and quantity of grains.
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