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ABSTRACT

Rice is a staple cereal crop that helps food security and overcomes nutrition problems. The application of synthetic nitrogen (N)
fertilizers results in the improvement of nutrient concentration. Therefore, iron (Fe) biofortification in rice can be improved by
altering Fe application methods under different N levels. We made a comprehensive assessment on this, analyzing Fe
concentration in the root, shoot and grain of the Super Basmati cultivar raised under two N levels (80 kg h-1 and 160 kg h-1) with
Fe applied through the soil and/or foliar supply at different growth stages. The results showed that agronomic traits such as plant
height, chlorophyll contents, number of productive tillers, panicle length, number of spikelets per panicle, 100-grain weight, grain
yield, biological yield, and harvest index were significantly influenced by Fe application methods and N levels. Soil + Foliar
application of Fe at 80 kg ha-1 of N level had maximum biological yield (18.70 g/pot), grain yield (7.31 g/pot), and harvest index
(60.87%). Results revealed that iron concentration was significantly influenced by Fe application methods under different N
levels, and their interaction showed significant influence. The highest values of Fe concentration in the shoot (300.50 ppm), root
(446.63 ppm), and grain (141.13 ppm) were observed under 80 kg ha-1 N application. Results suggest that Fe biofortification has
the potential to improve the Fe content in rice grain by various application methods with optimal N availability.

Keywords: rice, iron, grain yield, harvest index

H3BOJ

[luprHay je jefiHa OJ OCHOBHHUX XXHMTapHIia Koja JONMPHUHOCH CHUTYPHOCTH XpaHe U INpeBasuJlaXKeky MpobJieMa C UCXPaHOM.
[IpuMeHoM Bemrtaukux a3oTHux (N) hyGpuBa nmo6ospiiaBa ce KOHIEHTpalyja xpaHuBa. Ctora ce 6uopopTudUKalija NUpUHYA
reoxbhem (Fe) moxxe nmo6ospIIaTi pasJMuYUTUM HauMHUMA TpuMeHe Fe mpu pasanyutum fgo3ama N. CopoBesid cMo cBE0GYXBaTHO
HCTPaXXMBame 0 TOMe, aHAJIM30M KOHLeHTpauuje Fe y kopeHy, ctab/puuu u 3pHy copTe Cynep BacMartu rajeHe y3 ynorpe6y e
nose N (80 kg h-1 u 160 kg h-1) u npumeny Fe nmytem 3emsbuiITa 1/1in $GoIMjapHOM NIPUXPAHOM Y Pa3JUYUTUM dpa3ama pacra.
PesyusrtaTy cy nokasajy fia Cy arpoHOMCKe 0COOHHe — BUCHHA GUJbKE, Cafipkaj X10poduia, 6poj NpoJyKTUBHUX 60KOPa, AyKUHA
MeTJMLe, 6poj kiacuha y MeTsuiy, Maca 100 3pHa, IpUHOC 3pHA, 6UOJIOIKY IPUHOC U XKeTBEHU UHJeKC — OUJle N0/, 3Ha4ajHUM
yTulajeM HauMHA npuMeHe Fe u gosza N. 3emsbuiiHa + ¢osujapHa npuMmena Fe npu konunenTtpauuju N 80 kg ha-1 pana je
MakcHMaJaH 6uoJiomky npuHoc (18,70 g/cakcuju), npuHoc 3pHa (7,31 g/cakcuju) U xkeTBeHU UHAeKC (60,87%). Pesyatatu cy
NoKasa/y /ia je KOHLeHTpaluja reoxkha 6ua NMoj 3HA4YajHUM yTHLajeM HauuMHA npuMeHe Fe mpu pasauuuTuM fposama N, a
IbMX0Ba MHTepaKIMja je okasasa 3HavajaH yTunaj. Hajsehe BpeaHocTu koHueHTpanyje Fe y crabmunu (300,50 ppm), kopeHy
(446,63 ppm) u 3pHy (141,13 ppm) yTBpbeHe cy npu fo3u N 80 kg ha-1. PesysntaTu ykasyjy Ha To jja 6uodpopTudukanuja Fe
Mo3Ke Jia mo6osbliia cafpxaj Fe y 3pHy nupruH4ya KopuinhemeM pa3/IMYUTHX HAUYKMHA HheroBe NpUMeHe y yCJ0BUMa ONTHUMaJHe
npuctynadyHocTy N.

Ksby4He peun: nupuHay, reoxie, IpUHOC 3pHA, )KETBEHU UHJEKC.

1. Introduction

Iron (Fe) is vital for all living things, including
plants. Plants require Fe for cellular respiration, oxygen
transport, intermediate metabolism, DNA stability and
repair, and photosynthesis, among other things (Rout
and Sahoo, 2015). Despite Fe abundance in the earth's
crust, it is one of the least available elements for plants
growing in aerobic soils with neutral to basic pH.
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Because alkaline soils cover approximately 30% of the
world's land, there is a need for bioavailable Fe for
plant fitness. As a result, Fe deficiency is a major
constraint on crop productivity and quality, which has
an influence on human health via the food chain,
particularly for people whose diets rely heavily on
plant-based foods (Abadia et al,, 2011). Fe deficiency in
humans causes major health consequences, including
anemia, which affects billions of people worldwide
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(McLean et al, 2009). In impoverished countries,
cereal-based foods are a staple of the diet, yet they have
low Fe content and bioavailability (Cakmak, 2008;
Gibson et al, 2010). As a result, increasing the
concentration and bioavailability of Fe in cereal grains
is a major issue and a top research priority (Bouis and
Welch, 2010).

Enhancement (biofortification) of food crops with
micronutrients by using agricultural methods is one of
the most widely employed solutions for reducing the
prevalence of Fe deficiency in human populations
(Cakmak and Kutman, 2018; Birol and Bouis, 2019).
Agronomic biofortification (e.g., fertilizer treatments) is
the complementary and cost-effective agricultural
approach to address this problem (Zhang et al.,, 2018).
Fe is essential for the biofortification of grains because
half of the world’s population is fed on Fe deficient
cereals (Welch and Graham, 2004). In agronomic
practices, fertilizer is directly added to the soil or
applied as foliar while breeding techniques need a long
period of experimentation. Therefore, the agronomic
process can be used as an immediate source for
enhancing the concentration of Fe in crops. Fe can be
applied to the rice crop through soil application, foliar
application and soil plus foliar application (Fageria et
al, 2009). Different Fe application practices can be
used in the rice crop growing areas which largely
depend upon the social and economic conditions (Zuo
and Zhang, 2011). Along with the Fe application, the
plant nitrogen (N) status is a crucial driver in grain Fe
enrichment (Singh et al,, 2018). The remobilization of N
and Fe from the vegetative tissue and transfer into the
seed is maintained by the same genetic pathways,
resulting in a positive relationship between grain Fe

Table 1.

and N contents (Uauy et al,, 2006; BoSkovi¢-Rakocevié
et al, 2018). Increased soil N treatment dramatically
increased shoot and grain Fe concentrations in field
and greenhouse trials (Cakmak et al,, 2010; Kutman et
al,, 2010; Shi et al,, 2010). Foliar urea spraying boosted
grain Fe levels in a similar way (Kutman et al.,, 2010).

Rice is a staple food for almost half of the world's
population, providing 21% of their energy and protein
requirements. Rice is grown and consumed across
South, Southeast, and East Asia, which accounts for
around 62.5 percent of the global human population.
Rice grains typically have low levels of micronutrients
and do not provide enough amounts of these
micronutrients to humans (Naeem et al, 2021). The
purpose of this study was to see how soil and foliar
applied Fe fertilizers affected the yield and Fe content
of rice cultivated in soils with varying levels of
nitrogen.

2. Materials and methods

2.1. Experimental site, planting material and
experimental design

The experiment was carried out to evaluate the
influence of nitrogen on iron enrichment in rice (Oryza
sativa L.) at Field Allelopathy Laboratory, Agronomy
Research farm, University of Agriculture, Faisalabad,
Pakistan. Rice cultivar Super Basmati was used as the
experimental material in this study and its seeds were
obtained from Rice Research Institute, Ayub
Agriculture Research Institute, Faisalabad, Pakistan.

Meteorological conditions of the experimental site in the 2017 crop growing season.

Months Average Rainfall Relative humidity Average wind
temperature (°C) (mm) (%) speed (Km/h)
June 34.4 19.9 38.9 6.3
July 32 193.5 59.6 6.2
August 311 48.1 62.2 4.2
September 31 12 53.6 3.5
October 26.7 22.2 51.3 3.6
November 20.1 0 60.1 2.6
December 16.4 0 68.7 2.8
2.2. Soil analysis of Basal fertilizers, 1100 mg P205 (diammonium
phosphate, DAP), and 600 mg K20 (sulfate of potash,
The physicochemical properties of the SOP) per pot, were applied at the time of seedling

experimental soil were analyzed by using the method
described by Homer and Pratt (1961). The soil was
sandy loamy, containing sand (33.78%) and silt
(34.12%), and having pH 8.2, EC 0.23 dSm-1, available
nitrogen 0.049%, available potassium 177 ppm,
available phosphorus 5.9 ppm, and available iron 1.95

2.3. Crop husbandry and treatment application
Thirty-day-old rice seedlings were manually

transplanted into pots during the mid-week of August
2017; each pot was filled with 6 kg of soil. The full dose
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transplant. The treatments consisted of two factors,
nitrogen, and iron. Urea was used for N source and two
levels of N (80 kg ha't, 120 kg ha') were applied. Iron
sulfate was used for Fe source and four Fe application
methods (Control, Soil application, Foliar application,
Soil + Foliar application) were used. The N was applied
in split doses (3 splits; first dose at transplanting of rice
and second dose divided into two equal parts and
applied at tillering and panicle initiation stage). Iron
sulfate at the rate of 25 kg ha-1 was applied to the soil at
the time of transplanting rice as soil application. For
foliar application, 12 ml iron sulfate solution was
sprayed at panicle initiation of rice. A combination of
both soil and foliar application of iron sulfate was also
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applied. The crop was harvested in the mid-week of
November and samples were packed into separate
plastic bags of each pot.

2.4. Data collection

From each pot, three plants were selected after
two weeks of transplanting and their height (cm) was
measured with a measuring scale and the plant height
(cm) was measured at the stage of maturity. At
maturity, the chlorophyll contents of the flag leaf were
measured with a spade meter. The number of tillers
was counted from each pot at physiological maturity.
Three panicles were selected from each plant and their
length was measured with a measuring scale and also
the number of spikelets and number of grains were
counted from each panicle. After threshing, 100-grain
weight was measured in grams by using an electrical
balance. Rice crop was harvested with the standard
procedure at maturity. The harvested crop was tied
with thread and left for sun drying. When the plant was
fully dried, the biological yield was recorded by using
the electrical balance in grams (g) per pot. Grain yields
were recorded on a dry weight basis. Grains were
harvested from each pot and dried at an optimum
temperature (60°C). Then, the grain was cooled at
room temperature and weighted by using the electrical
balance. Averaged grain yield was calculated after
harvesting. The harvest index was calculated by using
the following equation:

Harvest index % = Grain yield / Biological yield x
100

2.5. Sampling and Fe determination analysis

Samples of rice shoot, root and grains were dried
at 70 °C using an oven. Dried samples were ground into

fine powder by using a grinder. Samples (0.25 g) of
oven-dried plant material (root, shoot and grains)
powder were taken and transferred into 100 mL
digestion flasks, followed by the addition of 2.5 mL of
bi-acid mixture (HNO3-HClO4) with a 2:1 ratio (Jones
and Case 1990). After 24 hours, the mixture of samples
was digested at 150°C on hot plate for 30 minutes.
After the digestion procedure, the sample-containing
flasks were cooled down for a few minutes and then
distilled water was added to acquire the desired
volume (25 mL). Then, these digestion samples were
filtered by using Whatman filter paper No. 42 and kept
in airtight plastic bottles. After completing the above-
mentioned procedure, the atomic absorption
spectrophotometer (Hitachi Polarized Zeeman AAS, Z-
8200, Japan) was used to determine Fe concentration
in the digested samples by following the conditions
explained in AOAC (1990).

2.5. Statistical analysis

The data of observed parameters were
subjected to analysis of variance (ANOVA)
corresponding with the two factorial randomized
complete block design (RCBD) using the procedure of
Steel et al (1997). The statistical software Statistix 8.1
(Analytical, Tallahassee, FL, USA) was used to perform
the analysis, and the treatment means were compared
by using the least significant difference (LSD) test at
5% probability level.

3. Results

Results showed that the management of N
application and Fe significantly influenced the yield and
yield contributing traits of rice along with the
enhancement of Fe concentration (Table 2).

Table 2.

Statistical summary of rice traits under various Fe application methods and N levels.
Traits Nitrogen (N) | Iron (Fe) N x Fe
Plant height * ok NS
Chlorophyll contents ok * NS
Number of productive tillers per plant * ok NS
Panicle length NS ok NS
Number of spikelets per panicle * * NS
100-grain weight ek ok NS
Grain yield per pot ok ok ok
Biological yield per pot ek ok ok

kskok kk kskok

Harvest index

Iron concentration in the root
Iron concentration in the shoot
Iron concentration in the grain

kkk

kkk

NS= Non-significant; *= Significant at P<0.05; **= Significant at P <0.01; ***= Significant at P <0.001

3.1. Plant growth

Analysis of variance results showed that rice traits
such as plant height, chlorophyll contents and number
of productive tillers per plant were significantly
influenced by the application of N and Fe, but the
interaction between them was non-significant (Table
2). Results indicated that N application at 80 kg ha-1
was the best combination with the different Fe

41

application methods (Table 3). Maximum plant height
(105.42 cm) was observed in the Foliar application of
Fe under 80 kg N ha'l, while minimum plant height
(83.67 cm) was observed in control treatment under 80
kg N ha-1 (Table 3.a). Similarly, the highest chlorophyll
content (49.33) was obtained in the Foliar application
of Fe under 80 kg N ha-1 (Table 3.b). In the case of
number of productive tillers per plant, the highest
number (3.50) was observed in the Soil application of
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Fe under 80 kg N ha'l, while the minimum number
(1.58) was observed in control under 160 kg N ha-l

(Table 3.c).

E?f:ii o3f various Fe application methods on growth-related traits in rice under two N levels in the soil.
Treatments N levels (kg ha-1) Mean
80 160
a. Plant height (cm)
Control 74.17 93.17 83.67D
Soil application Fe 104.75 88.83 96.79 C
Foliar application Fe 105.42 97.92 101.67 A
Soil + Foliar application Fe 102.33 95.83 99.08 B
Mean 96.67 A 93.94B
b. Chlorophyll contents (SPAD value)
Control 48.38 45.45 46912 C
Soil application Fe 48.15 46.89 47.521B
Foliar application Fe 49.33 48.62 48971 A
Soil + Foliar application Fe 48.48 45.35 46912 C
Mean 48.58 A 46.58 B
c. Number of productive tillers per plant
Control 1.92 1.58 1.75D
Soil application Fe 3.50 2.92 3.21A
Foliar application Fe 3.17 2.59 2.88C
Soil + Foliar application Fe 3.27 2.75 296B
Mean 294 A 246B

Means with different letters are significantly different (P<0.05).

3.2. Yield-related traits

Analysis of variance results showed that rice traits
such as panicle length, number of spikelets per panicle
and 100-grain weight were significantly influenced by
N and Fe application, but the interaction between them
was non-significant (Table 2). The highest values for
panicle length (22.90 cm) and 100-grain weight (2.08
g) were shown by 80 kg ha-1 N application in the
combination with the Soil + Foliar application of Fe
(Table 4.a, 4.c), while for number of spikelets per
panicle the highest value (7.38) was observed under

Table 4.

160 kg hal N application in combination with the Soil +
Foliar application of Fe (Table 4.b).

Grain yield per pot, biological yield per pot and
harvest index were significantly influenced by N and Fe
management, and the interaction between them was
also significant (Table 2). The highest grain yield per
pot and harvest index (7.31 g, 60.87%, respectively)
were recorded in the Soil + Foliar application of Fe
under 80 kg ha! N application (Table 4.d, 4.f). In the
case of biological yield per pot, the maximum value
(18.73 g) was obtained for the Foliar application of Fe
under 80 kg ha'1 N application (Table 4.e).

Effect of various Fe application methods on yield-related traits in rice under two N levels in the soil.

Treatments N levels (kg ha1) Mean
80 160
a. Panicle length (cm)

Control 15.10 16.70 15.92C
Soil application Fe 21.40 18.60 20.00B
Foliar application Fe 20.70 21.40 21.04A
Soil + Foliar application Fe 22.90 20.50 21.71A

Mean 20.01A 19.32B
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b. Number of spikelets per panicle

Control 5.96 521 5.58C
Soil application Fe 6.42 6.46 6.44 B
Foliar application Fe 6.08 6.79 6.44 B
Soil + Foliar application Fe 7.21 7.38 7.29A
Mean 6.42B 6.46 A
c. 100-grain weight (g)
Control 1.80 1.66 1.73 B
Soil application Fe 1.89 1.65 1.77B
Foliar application Fe 2.06 1.84 195A
Soil + Foliar application Fe 2.08 1.76 192A
Mean 1.96 A 1.73B
d. Grainyield per pot (g)
Control 542d 554d 548D
Soil application Fe 6.34 bc 5.55d 5.94 C
Foliar application Fe 6.71b 6.41 bc 6.56 B
Soil + Foliar application Fe 7.31a 6.18 ¢ 6.74 A
Mean 6.44 A 592B
e. Biological yield per pot (g)
Control 12.61b 11.92b 12.26 C
Soil application Fe 1246 b 12.20b 12.33C
Foliar application Fe 18.73 a 12.76 b 15.74 A
Soil + Foliar application Fe 1830 a 10.15¢ 14.22B
Mean 18.30 A 10.15B
f. Harvestindex (%)
Control 46.64 bc 43.58 cd 45.11BC
Soil application Fe 50.68b 35.77 e 43.23C
Foliar application Fe 5092b 45.38 bc 48.15 AB
Soil + Foliar application Fe 60.87 a 39.93 de 50.40 A
Mean 52.28A 41.16 B

Means with different letters are significantly different (P< 0.05).

3.3. Fe concentration in the root, shoot and
grain

Results showed that iron concentration in the
shoot, root and grain was significantly influenced by N
and Fe management and the interaction between them
was also significant (Table 2). The highest Fe
concentration in the shoot and root was observed in
the Soil + Foliar application of Fe under 80 kg hal N
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application (300.50, 393.44 ppm, respectively), while
minimum concentration was recorded in control under
160 kg ha-1 N application (128.31, 313.75 ppm,
respectively). The maximum grain Fe concentration
(141.13 ppm) was recorded in the Soil + Foliar
application of Fe under 80 kg ha1 N application and the
least (58.63 ppm) was observed in control under 160
kg ha1 N application (Table 4).
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Flg?fl;i(te :f various Fe application methods on Fe concentration in the root, shoot and grain of rice under two N levels in
the soil.
Treatments N levels (kg ha'1) Mean
80 160
a. Iron concentration in the root
Control 356.75 ¢ 313.75e 335.25D
Soil application Fe 383.75b 338.25d 361.00C
Foliar application Fe 446.63 a 32292e 384.77 B
Soil + Foliar application Fe 393.44b 388.75a 391.09A
Mean 395.14 A 34092 B
b. Iron concentration in the shoot
Control 152.16d 12831e 140.24 C
Soil application Fe 228.00b 194.75 ¢ 211.38B
Foliar application Fe 23594 b 201.13 ¢ 218.54 B
Soil + Foliar application Fe 300.50 a 235.13b 267.82A
Mean 229.15A 189.83 B
c. Iron concentration in the grain
Control 67.81e 58.63f 63.22C
Soil application Fe 112.50b 98.17 ¢ 105.33 B
Foliar application Fe 141.50 a 86.00d 113.75A
Soil + Foliar application Fe 140.13 a 81.94d 111.03A
Mean 11548 A 81.85B

Means with different letters are significantly different (P<0.05).

4. Discussion

Iron is an important mineral for human health. Its
content in rice is lowered more than any other mineral
as a result of post-harvest processing. Paddy (raw rice)
has 38 parts per million of iron, which is decreased to
8.8 parts per million in brown rice after processing and
to 4.1 parts per million in milled rice (Dexter, 1998). In
another study, iron concentration in brown rice was
lowered from 19 ppm to roughly 4 ppm in polished
grains (a 4.75-fold drop) (Masuda et al, 2009). Iron
biofortification for milled rice was created in response
to the apparent loss of iron in consumable rice grain.

4.1. Plant growth

In the current study, we found that Fe application
under nitrogen management promotes the plant height
and chlorophyll contents. Because Fe is involved in the
photosynthetic activity, it helps to improve plant height
(Rout and Sahoo, 2015). Moreover, nitrogen supply at a
critical point enhances vegetative growth, cell
elongation and cell division, and eventually improves
plant height (Beres et al,, 2019). Iron plays a vital role
in enzyme activity, the synthesis of chlorophyll, the
chlorophyll contents of the chloroplast, and the
maintenance of chloroplast function and structure
(Eskandari, 2011; Yadegari 2014; Rout and Sahoo,
2015; Sherefu and Zewide, 2021). The application of
nitrogen enhanced ATP synthesis, chlorophyll contents,
amino acid, and nucleic acid in rice (Ali et al,, 2000).
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Optimum application of nitrogen is very important for
the enhancement of the leaf area index of rice, which
results in improved chlorophyll a and chlorophyll b
contents in the chloroplast (Nasser, 2002).

The soil application of Fe significantly influences
the productive number of tillers in rice. Our findings
were identical with the findings of Singh and Singh et
al. (2018), who concluded that the application of Fe at
the initial stage of growth significantly influenced the
productive tillers. Optimum application of nitrogen
fertilizer enhances the micronutrient uptake in plants
and helps to improve the productive number of tillers
along with other yield contributing traits (Zhang et al.,
2020). In the current study, almost all observed traits
decreased under 160 kg N ha'1 as compared to 80 kg N
ha'l, indicating that excessive application of nitrogen
fertilizer adversely affects rice quality and production
(Rahman and Zhang, 2018).

4.2. Yield-related traits

Grain yield represents the economic yield of rice
crop. It is considered to be an important yield
contributing parameter in rice which determines the
yield potential of rice crop. It is the final product of
different mechanisms in which physiological and
morphological processes are included during plant
growth and development. Both Fe and N are the most
important nutrients for the growth and development of
crop. Increasing N supply usually improves vegetative
growth through enhanced plant N status; Fe is a
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necessary element involved in enzyme activity, and its
effect on plant pigments ultimately increased grain
yield (Singh et al.,, 2018). Fageria et al. (2009) reported
that the soil plus foliar application of Fe is a more
effective method, which is used to enhance plant yield
and yield-related parameters.

In the current study, the rice crop showed positive
responses along with both Fe and N application. Panicle
length is an important morphological yield contributing
parameter which ultimately affects the number of
spikes per panicle and grain yield. Therefore, a large
panicle length brings a high grain yield. Panicle length
gives better performance by the application of
micronutrients. The increase in the content of critical
micronutrients can substantially increase the panicle
length, number of spikes per panicle and grain yield.
Both soil and foliar applied Fe significantly increased
the panicle length, number of spikes per panicle, 1000
grain weights, grain and straw yield, as well as its
concentration in the seed and straw (Singh and Singh,
2018; Zulfigar et al,, 2021). The application of N at
tillering stage significantly increased the panicle length
(Raza et al,, 2003). Optimal N application is important
for highest productivity (Gul et al, 2021). Ali et al.
(2000) observed that the morphological parameter was
significantly affected by the N application such as
number of spikelets per panicle, grain yield, and panicle
length.

Fe application increased the 100-grain weight of
rice because of the high concentration of Fe moving in
the phloem system through the root, shoot, stem and
developing grain. The maximum grain yield, number of
spikelets per panicle and 100-grain weight with
increasing N supply at 80 kg N ha-! with either of the Fe
application methods used were also evident in the
present study. N is the most important element
involved in the process of photosynthesis and it
ultimately promotes 100-grain weight (Stangoulis and
Knez, 2022).

4.3. Fe concentration in the root, shoot and
grain

Foliar fertilizer application is commonly thought to
be a technique used to overcome low nutrient
concentrations in grains induced by mineral
immobilization in the soil (Fageria et al.,, 2009). Plants
absorb Fe through their leaves, and better absorption
should be possible at the site of use, in growing tissues
(Stangoulis and Knez, 2022). The transformation of
nutrients then happens via the phloem or xylem inside
the stem and leaf tissue (Wu et al, 2010), and
treatment during appropriate plant growth stages can
improve grain Fe content and yield under deficit
conditions (Farooq et al,, 2012; Kiran et al.,, 2021). The
use of animal dung and plant wastes to change the soil
characteristics has also been demonstrated to boost the
availability of Fe (Prasad et al, 2014). However, in
terms of increasing grain nutrient concentrations, foliar
application looks to be far more successful than non-
foliar, soil nutrient administration. The success of
unloading adequate amounts of fertilizer into grains is
determined by the time of foliar spray (Cakmak et al,,
2010). N enhanced the Fe concentration in plants
because N application increased shoot and root growth
and ultimately promoted the ability to absorb the
nutrients (Kutman et al,, 2010; Shi et al., 2010).
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With respect to shoot, root and grain Fe
concentration, the current study revealed that it was
significantly influenced by the application of Fe under
different N managements. The foliar application of Fe
enhances the nutritional value and Fe concentration in
grain and shoot parts (Aciksoz et al., 2011). The milk to
grain filling phases of crop development are most
effective  for biofortifying the grains with
micronutrients (Ramzan et al, 2020; Xia et al, 2020)
and this enrichment is primarily taken in the aleurone
and embryo (Cakmak et al, 2010). At the grain
maturation stage, the foliar application of fertilizer
appears to be most effective because at this stage
starch endosperm absorption capacity nears up to
three-fold (Aisbitt et al., 2008; Bhatt et al, 2020).
According to Das et al, (2019), a combination of soil
mineral application and foliar fertilization spray after
anthesis resulted in an opportune timing for enhancing
grain mineral concentration. Because grain nutrient
concentrations are intimately linked to the soil's
inherent Fe capacity, the adequate grain nutrient
concentrations require a sufficient amount of minerals
and water in the soil throughout the plant’s
reproductive stage (Cakmak and Kutman, 2018). Fe and
the soil's cation exchange capacity have an indirect
relationship (Yoo and James, 2002) corresponding with
the various genotypes (Kastori et al., 2021).

The application of nitrogen in the soil improves the
uptake of micronutrients in the root and shoot of rice,
which enhances the growth and metabolic processes
that occur within plants (Shi et al., 2010).

Increased nutritional deposition in grains is a
result of nitrogen application. The N status of a plant
regulates nutrient uptake, transport, and placement
within the plant tissue (Kumar et al,, 2021); thus, the
grain quality is strongly linked with the higher
availability of N in the late reproductive plant growth
stage. A relationship has been established between N
and phytosiderophore release, with increased N supply
being  particularly  beneficial in enhancing
phytosiderophore release from roots, as well as
improving Fe mobilization (Aciksoz et al.,, 2011; Shi et
al,, 2012). The presence of N promotes the activity of
nutrient transporter proteins, and also increases the
synthesis of long-distance transporter molecules
(Palmer and Guerinot, 2009).

5. Conclusions

Iron biofortification has the potential to improve
Fe content in the grain along with improving the grain
yield of rice. Maximum crop growth was noticed when
Fe was applied as foliar application under 80 kg N level
ha-1. The Fe application had a significant effect on plant
height, chlorophyll content, number of productive
tillers per plant, panicle length, 100-grain weight, grain
yield, biological yield, harvest index, shoot iron
concentration, root iron concentration and grain iron
concentration. Therefore, the foliar application of Fe
and 80 kg N level ha-1 resulted in optimum yield and
higher iron contents in the grain of rice.
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