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Abstract

Afield experiment was conducted during the kharif season (June—August) of 2023 to assess the effect of solo and combined foliar application
of micronutrients on growth, yield, and soil nutrient status of rice (Oryza sativa L.). Eight treatments i.e., T,: Control RDF, T,: RDF+Foliar
application of Zinc 0.5% at 30 DAT, T,: RDF+Foliar application of Zinc 0.5% at 60 DAT, T,: RDF+Foliar application of Iron 1.0% at 30 DAT, T_:
RDF+Foliar application of Iron 1.0% at 60 DAT), T.: RDF+Foliar application of Zinc 0.5% and Iron 1.0% at 30 DAT, T_: RDF+Foliar application
of Zinc 0.5% and Iron 1.0% at 60 DAT, T,: RDF+Foliar application of Zinc 0.5% and Iron 1.0% at 30 and 60 DAT, were taken in RBD with three
replications. Results indicated that combined foliar application of zinc and iron significantly improved growth, yield, and soil nutrient status
of rice compared to the control and individual applications. Treatment Tg recorded the highest grain yield (590 kg ha™!), straw yield (89.3 q
ha?), and biological yield (147.3 g ha). Soil available nitrogen, phosphorus, potassium, zinc, and iron were also significantly higher under
Ts. The study concludes that foliar application of Zn and Fe at critical growth stages, along with soil application of RDF, was an effective
strategy for enhancing rice productivity and improving soil fertility.
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1. Introduction improved crop management practices that enhance plant
growth under limited resources (Stanslaus, 2025). Continuous
increases in productivity since the Green Revolution have

39‘5_% of cereal produc.tion ir.1 '”‘?“a- India_pro.duces 275.68  rosultedinthe gradual depletion of soil micronutrient reserves
million tons of food grains, with rice contributing 110.15 mt (Ouma et al., 2024). Deficiency of even a single essential
(Anonymous, 2026). However, only about 59% of consumer . i-ronutrient such as B. Cu. Fe. Mn. Mo. Ni. Zn. or Cl can

demand is met through domestic production, resulting  gjgnificantly reduce crop yield. Often, yield reduction due
in a considerable gap, that is bridged through imports 15 micronutrient deficiency occurs before visible symptoms
(Anonymous, 2026). In 2022, approximately 9.2 mt of milled appear (Das, 2014); however, farmers generally apply
rice were imported at a cost of $3.9 billion (Anonymous, 2026).  micronutrients only after symptoms are observed. Among
The World Health Organization highlights that sustainable  mjcronutrients, zinc (Zn) and iron (Fe) are of global importance
agriculture is essential for ensuring proper nutrition and  due to their role in plant growth, yield formation, and human
human health (Athar et al., 2020). Rice cultivation is highly  nutrition (Thompson et al., 2022). Studies have shown that
water-intensive, causing depletion of water resources in major  zinc fertilization improves dry matter production and grain
rice-growing countries, particularly India and China. Rice is yield of rice (Syed et al., 2016; Shivay et al., 2015). Adequate
cultivated through broadcasting, dibbling, or transplanting  availability of Zn and Fe is necessary for improved crop growth
methods (Zhao et al., 2026). Among these, the System of and productivity (Ramanjaneyulu et al., 2021). Micronutrient
Rice Intensification (SRI) has emerged as an efficient and  deficiencies, referred to as “hidden hunger,” affect nearly two
sustainable methodology aimed at increasing rice yield while  billion people worldwide and contribute to diet-related health
reducing water use and environmental impacts. SRl promotes  problems (Prom-u-thai et al., 2020). Application of iron and
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Rice accounts for about 59.5% of food grain production and



Paletal, 2026

zinc enhances their concentration in rice grains and increases
overall yield. These micronutrients may act as limiting factors
even in the absence of visible deficiency symptoms. According
to the law of maximum yield, crop response improves as each
limiting factor is corrected, emphasizing the importance of
balanced nutrient management. Zinc and iron deficiencies
affect more than half of the world’s population, impairing
growth, development, and immune system function (Sidhu
et al., 2020). With increasing intensification of agriculture,
micronutrient management has become increasingly
important and farmers aiming for higher yields and quality
must focus on iron and zinc nutrition (Rao et al., 2019). Zinc
is essential for auxin synthesis, protein production, seed
development, and proper crop maturation, thereby improving
yield and quality (Ashis et al., 2021). Iron plays a key role in
chlorophyll activation and in the synthesis of proteins such as
cytochromes involved in plant metabolism (Yadav et al., 2022).
Improved agricultural practices focusing on nutritional balance
further enhance productivity (Mauriya et al., 2024). Combined
application of macro and micronutrients improves yield and
crop quality (Venkatesh et al., 2021). Although iron and zinc
deficiencies are difficult to correct through soil application,
foliar application offers a rapid and effective alternative.
Therefore, the present study aimed to evaluate the effect of
foliar application of zinc and iron on the growth and yield of
rice under the SRI System.

2. Materials and Methods

Field experiment was conducted during the kharif season
(June—August) of 2023 at the research block of Amar Singh
College, Lakhaoti (Bulandshahr), U.P. The experiment was
laid out in a Randomized Block Design (RBD) keeping eight
treatments i.e. T.: Control, T,: RDF+Foliar application of Zn
0.5% at 30 DAT, T,: RDF+Foliar application of Zn 0.5% at 60 DAT,
T,: RDF+Foliar application of Fe 1.0% at 30 DAT, T.: RDF+Foliar
application of Fe 1.0% at 60 DAT, T,: RDF+Foliar application of
Zn 0.5% and Fe 1.0% at 30 DAT, T_: RDF+Foliar application of
Zn 0.5% and Fe 1.0% at 60 DAT, T.: RDF+Foliar application of
Zn 0.5% and Fe 1.0% at 30 and 60 DAT and three replications.
Twenty-five-day-old seedlings of rice variety PB1509 were
transplanted at a spacing of 25 cm between rows and 25 cm
within rows. Rice was fertilized with 120 kg N, 60 kg P,O,,
40 kg K,0 ha* through urea (46% N) as a source of nitrogen,
di-ammonium phosphate (DAP) as a source of Phosphorus,
and muriate of potash (60% K,O) as a source of potassium,
respectively. Full dose of Phosphorus and potassium and half
dose of nitrogen was applied as a basal dose. The remaining
half of the nitrogen was applied in two equal split doses at
tillering and stem elongation stage. Foliar application of zinc
sulphate as a source of zinc and ferrous sulphate as a source
of iron were applied in different doses at 30, 60, and 90 days.
Observations recorded on leaf area index, panicle length (cm),
number of empty grains, number of filled grains, test weight
(g), grainyield, straw yield, biological yield, and Harvest Index.
W
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The data were collected on five randomly selected plants the
data were subjected to statistical analysis.

2.1. Soil characteristics

A composite soil sample from a depth of 15 cm, representing
the soil of the experimental plot, was collected. The collected
sample was subjected to chemical analysis to check initial
nutrient status of soil (Table 1). Composite soil sample was
subjected to mechanical analysis that showed the soil is sandy
loam with 66.5% sand, 12,4% silt and 20.4% clay.

Table 1: Initial nutrient status of soil

Particulars Value
pH 7.4

EC (ds m?) 0.61
Organic carbon (%) 0.38
Available N (kg ha) 179.1
Available P (kg ha) 8.8

Available K (kg ha) 147.3
Available Zn (ppm) 1.56
Available Fe (ppm) 3.75
Bulk Density (g cc?) 1.28

After harvesting of the crop, soil samples were collected from
each plot then subjected to laboratory analysis following
standard procedures after sample processing. The soil samples
were analyzed for pH and EC in 1:2 soil-water suspension
(Jackson, 1973). The organic carbon content was determined
by procedure outlined by Walkley and Black, 1934. Available
nitrogen in soil was estimated by alkaline KMnO, method.
Available phosphorus in soil was estimated by the procedure
outlined by Olsen et al., 1954. Available K in soil was estimated
by the producer outlined by Hanway and Heidal, 1952,
using flame photometer. Available zinc and iron in soil was
extracted by DTPA reagent and estimated by atomic absorption
spectrophotometer as outlined by Lindsay and Norwell (1978).

3. Results and Discussion

In the present study, foliar application of zinc (Zn) and iron
(Fe) exhibited a significant impact on the growth and yield
attributes of rice as well as soil health.

3.1. Effect on growth attributes

Growth attributes, viz. plant height, leaf area index, and
number of tillers, and yield attributes, viz. panicle length,
number of empty grains, and number of filled grains, were
significantly affected by Zn and Fe application (Table 2 and
Table 3).

The leaf area index at 30 DAT was found significantly higher
under the effect of T, (RDF+Foliar application of Zn 0.5% and
Fe 1.0% at 60 DAT), which was at par with T, (RDF+Foliar
application of Zn 0.5% at 60 DAT), T, (RDF+Foliar application
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Table 2: Effect of foliar application of zinc and iron on growth
attributes of rice crop

Treatments Plant height Leaf area Number of
(cm) index (cm) tillers
T, 107.5 3.0 15.4
T, 102.8 33 20.3
T, 100.8 35 15.9
T, 104.4 3.2 18.6
T, 105.6 3.6 21.3
T, 105.2 4.3 18.5
T, 103.4 4.2 19.2
T, 110.5 4.5 21
SEmz 4.52 0.276 11
CD (p=0.05) NS 0.846 34

of Fe 1.0% at 30 DAT), T, (RDF+Foliar application of Fe 1.0%
at 60 DAT), T, (RDF+Foliar application of Zn 0.5% and Fe
1.0% at 30 DAT) and T, (RDF+Foliar application of Zn 0.5%
and Fe 1.0% at 30 and 60 DAT). The panicle length after
harvesting was found significantly higher under the effect of
T, (RDF+Foliar application of Zinc 0.5% and Fe 1.0% at 30 and
60 DAT), while the minimum panicle length was recorded
under T, (Control). The number of filled grains per panicle was
found significantly higher under the effect of T, (RDF+Foliar
application of Zinc 0.5% and Fe 1.0% at 30 and 60 DAT). The
lowest straw yield was recorded under T_ (Control). The test
weight after harvesting was found significantly higher under
the effect of T, (RDF+Foliar application of Fe 1.0% at 60 DAT),
which was at par to T, (RDF+Foliar application of Zn 0.5%
at 30 DAT) and T, (RDF+Foliar application of Zn 0.5% and Fe
1.0% at 30 and 60 DAT). The lowest test weight was recorded
under T, (RDF+Foliar application of Zn 0.5% at 30 DAT). The
improvement in crop growth in rice might had caused by an

adequate supply of zinc, which in turn might had increased
the availability and uptake of other essential nutrients. Foliar
application significantly increased the concentration of Zn
and Fe in rice seed, both in paddy and other crops. Similar
results were also found in the previous studies, wherein
foliar Zn application increased the Zn concentration in seed
up to three times more than no Zn application (Zaman et al.,
2018). Zinc played a significant role in mitigating water stress
by influencing physiological and molecular mechanisms such
as abscisic acid-regulated stomatal behavior and improved
antioxidant defense systems. This further improved the yield
of crop. Similar results were also found by Sattar et al., 2022.
Zn and Fe also play very important role in regulating many
cellular process like chlorophyll synthesis and deficiency of
these nutrients further lead to decreased cellular metabolism
which affect plant yield (Shoormij et al., 2022).

3.2. Effect on yield studies
3.3. Effect on soil nutrient status

The effect of foliar application of micronutrients on soil quality
is presented in table 4. Treatment T, showed significantly
higher organic carbon content (0.38 %), which was 22.5%
higher than the control. Similarly, available nitrogen (N) was
also found significantly higher under T, (155.3 kg ha), while
lower available N was recorded under T, (control). Available
phosphorus (P) in the soil after harvesting was found to be
significantly higher under T, (RDF+Foliar application of Zinc
0.5% and Fe 1.0% at 30 and 60 DAT), which was at par with
T, (RDF+Foliar application of Zn 0.5% and Fe 1.0% at 30 DAT)
and T, (RDF+Foliar application of Zn 0.5% and Fe 1.0% at 60
DAT). The lowest available phosphorus was recorded under T,
(Control). Available potassium (K) in the soil after harvesting
was found significantly higher under the effect of T,, which
wasatpartoT, T, T, and T.. The lowest available potassium
was recorded under T, (Control).

Available zinc of the soil after harvesting was found significantly

Table 3: Effect of foliar application of zinc and iron on yield attributes and yield

Treatments Yield attributes Yield studies
Panicle length Number of Test weight  Grainyield Straw yield Biological yield H.I.
(cm) filled grains (g) (kg hat) (tha?) (tha?) (%)
T, 22.9 75.3 19.3 455.0 6.26 11.8 26.4
T, 25.7 80.8 18.6 476.0 6.80 12.0 32.8
T, 28.4 82.8 20.0 501.0 7.35 11.9 34.5
T, 29.6 84.6 21.6 515.0 7.93 13.3 37.2
T, 31.3 86.9 23.6 539.0 8.24 13.1 35.2
T, 30.2 88.5 213 561.0 8.33 133 37.7
T, 30.6 92.7 21.0 538.0 8.47 13.0 37.7
T, 31.4 100.6 233 590.0 8.93 14.7 39.1
SEmz+ 0.91 1.456 0.6 0.971 0.515 2.97 1.373
CD (p=0.05) 2.788 4.46 2.0 2.97 1.579 9.107 4.204
w
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Table 4: Effect of foliar application of zinc and iron on soil quality after harvest of rice

Treatments Organic Carbon Available N Available P Available K Available zinc  Available Iron
(%) (kg ha') (kg ha) (kg ha) (ppm) (ppm)
T, 0.31 136.3 13.6 220.6 1.58 3.8
T, 0.33 138.6 12.7 225.8 1.62 4.2
T, 0.34 144.5 11.8 228.3 1.61 4.8
T, 0.35 145.8 16.4 234.7 1.65 4.5
T, 0.35 146.7 17.1 237.1 1.72 4.3
T, 0.36 150.2 17.9 238.2 1.89 5.9
T, 0.36 153.2 18.6 241.8 1.97 6.3
T, 0.38 155.3 19.5 242.5 2.02 6.4
SEmzt 0.005 0.432 0.611 2.899 0.057 0.164
CD (p=0.05) 0.015 1.324 1.872 8.878 0.174 0.502

higher under the effect of T, (2.02 ppm), which was at par with
T, (1.89 ppm) and T, (1.97 ppm). The lowest available zinc
was recorded under T, (1.58 ppm). Available iron in soil after
harvesting was found to be significantly higher under T, (6.4
ppm), which was at par with T_ (5.9 ppm) and T, (6.3 ppm).
The lowest available zinc was recorded under T_ (3.8 ppm).

Application of Zn and Fe significantly increased nitrogen and
potassium content in soil compared to the control. This may
had attributed to the combined effect of macronutrients and
micronutrients. Due to the antagonistic interaction of Zn and P,
treatments with foliar application zinc exhibited comparatively
lower phosphorus availability in soil. These findings were in
agreement with those reported by Wahane et al. (2022).
Increase in N and K contents with foliar application of Zinc
0.5% and Fe 1.0% at 30 and 60 DAT might be due to higher
microbial activity in those plots in comparison to the control,
which further led to significant mineralization of applied and
inherent nutrients, as well as due to the synergistic effect
of Zn on nitrogen content in the soil. The application of iron
significantly increased the available N content in soil due to
its synergistic effect on soil nitrogen content. Some nitrogen
as amino acids in soil, which further increased the nitrogen
content of the soil. These findings were also aligned with the
study done by Daphade et al. (2019). The higher Zn content
of the soil in the zinc-enriched treatments was ascribed to
the varying zinc fertilizer amounts, which may have added
more Zn to the soil pool. The application of iron in the form
of iron sulfate topically resulted in increased iron availability.
Similar results were also found by Zaman et al. (2018), and
Liu et al. (2023).

4. Conclusion

The combined foliar application of ZnSO,+FeSO, in treatment
T, (RDF+Foliar application of Zn 0.5% and Fe 1.0% at 30 and
60 DAT)was an effective practice for enhancing rice growth,
yield, yield attributing parameters and soil nutrient status
such as available N, P, K, Zn and Fe. These parameters showed
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significantly higher responses under the effect of foliar spray of
Zn and Fe. However, as the conclusion is drawn from a one-year
experiment, further multi-season and multi-location studies
are required before making generalized recommendations.
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