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Rice (Oryza sativa) is a staple food crop for more than half of the world's population, and its
cultivation is crucial for food security, particularly in Asia. Zinc (Zn) is a crucial micronutrient for
optimal rice growth, yet its deficiency, particularly in nutrient-poor soils, poses a significant
challenge to achieving high yields. A field experiment was conducted in Rautahat, Nepal, to assess
the impact of different zinc fertilizer application methods on the growth and yield of spring rice
(Oryza sativa L. var. Hardinath Hybrid-1) with the aim of identifying the most effective zinc
application strategy for enhancing rice production. In this experiment, significant variation was
observed with various methods of zinc application on the growth and yield of spring rice. The results
showed that treatment with combined soil application and foliar spray produced the highest plant
height (97.11 cm) and the greatest number of tillers per hill (19.58). Similar treatment had the
longest panicle length (26.50 cm) while the control had the shortest panicle length (23.2750 cm).
From the field experiment with different treatments, soil application and foliar spray recorded the
highest thousand grain weight (21.50 g), grain yield (6.41 ton/ha), and straw yield (15.53 ton/ha).
Foliar spray also showed strong performance across most parameters, ranking second in terms of
plant height, grain yield, and straw yield, highlighting its potential as a supplementary application
method. The results suggest that a combination of soil application and foliar spray is the most
effective zinc fertilization strategy for improving the growth and yield of spring rice, as it enhances
nutrient use efficiency by ensuring both immediate uptake and sustained availability. This
integrated approach offers a promising solution for addressing zinc deficiencies in rice fields,
leading to better crop performance and increased food production.
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Introduction

Agriculture remains the backbone of Nepal’s economy,
with 67% of the population, equating to 19,477,955 people,
engaged in farming, according to the 2021/22 census. Rice
is Nepal’s primary staple crop in terms of both production
and consumption, followed by maize and wheat. It supplies
40% of daily caloric intake and 23% of protein in the
Nepali diet, making up 20% of the Agriculture Gross
Domestic Product (AGDP) and over 7% of the total GDP
(Joshi & Upadhaya, 2020). As 0f 2021/22, Nepal cultivates
rice on 1,477,378 hectares, with an average productivity of
3.47 tons per hectare, producing approximately 5,130,625
tons of paddy (MoALD, 2023). In Nepal, spring rice is
grown on 108,607 hectares, with an average yield of 4.67
tons per hectare (MoALD, 2023). Spring rice varieties
include five released varieties (Hardinath-1, Hardinath-3,
Hardinath Hybrid-1, Hardinath Hybrid-3, Chaite-5) and
two promising varieties (IR-1008 and PR 126) (Parajuli et
al., 2022).

This work is licensed under Creative Commons Attribution 4.0 International License

Though Nepal's Terai area is known as the "food basket
of Nepal," low productivity and insufficient rice output
have led to major issues with food security, as the country's
population is growing not in line with its rice output. In
Rautahat district, there is a significant discrepancy between
the prospective yield of rice varieties with an experimental
yield of 6.7 t/ha, the achievable output of 5.2 t/ha (on-farm
yield with improved seed), and the national production of
2.6 t/ha (MoALD, 2023).

Farmers' failure to apply the recommended dose of zinc
fertilizer negatively impacts the growth, development, and
yield potential of spring rice crops. Its deficiency can lead
to khaira disease, stunted growth, reduced tillering,
delayed maturity, and decreased grain quality in rice plants.
(Zn) is an essential micronutrient for plant growth, playing
a crucial role in various physiological functions, such as
enzyme activation, protein synthesis, and hormone
regulation (Rudani et al., 2018).
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Materials and Methods

The research was conducted in Garuda, Rautahat of
Madhesh Province, under the supervision of the PMAMP-
PIU, Paddy seed zone. The experiment was laid out in a
single factorial Randomized Complete Block Design
(RCBD) with four replications and 5 treatments. The
variety of spring rice used in the experiment is Hardinath
hybrid-1. This variety has a maturity period of 121 days
with a productivity of 6.47 mt/ha and is recommended for
terai, inner terai, and riverside areas from sea level up to
1000 masl.

Zinc was applied using zinc sulfate heptahydrate
(ZnSO4-7TH20) through different application methods
according to the treatment structure. Zinc was applied at a
rate of 3 kg ZnSO4-7H20 ha™. For soil application, zinc
was incorporated into the soil during final land preparation.
Foliar application of zinc was carried out at the tillering
stage using a 0.5% ZnSO. solution (equivalent to 5 g
ZnSO4 L' of water). The selected zinc rate and application
timing were based on national fertilizer recommendations
and the critical zinc demand stage of rice under Terai
conditions.

Details of Experiment
e Experimental design: Single-factor RCBD
e Research duration: 5 months (March 2024 — July
2024)
No. of treatments: 5
No. of replications: 4
Dimension of each plot: 3m*2m
No. of seedlings per hill: 2-3
Spacing between replications/blocks: 1m
Spacing between treatments/plots: 1m

Statistical Analysis

Data were subjected to analysis of variance (ANOVA)
using RStudio. Treatment means were compared using the
LSD test at 5% level of significance (p < 0.05).

Seed Bed Preparation

A dry nursery bed measuring 2m x 1m was prepared.
Healthy seeds were soaked for 24 hours and treated with
Bavistin at the rate of 2 gm/kg of seed before sowing. The
seedlings were uprooted at 30 days after sowing (DAS) and
transplanted with a spacing of 20cm x 20cm.

Field Preparation

The main field was prepared by puddling, and 20 plots
were created, each measuring 3m x 2m. The required dose
of fertilizers @120:40:40 kg NPK/ha, 3kg Zinc/ha, and
lkg/ha Boron for the plots was supplied through the
application of urea (46% N), DAP (18% N and 46% P205),
MOP (60% K20), and Zinc heptahydrate (21% Zn). One-
third of nitrogen and a full dose of phosphorus, potash,
zinc, and borax were applied as a basal dose at the time of
final land preparation. Remaining two-third dose of the
nitrogen was applied at the tillering stage and panicle
initiation stage in equal splits as top dressing.

Cultural Practices
Irrigation was supplied using a water pump at critical
growth stages: vegetative, panicle initiation, and grain

filling stage. Manual weeding was conducted at 30 days
after transplanting (DAT) and 60 DAT. The crops were
manually harvested around 90 DAT at 1 square meter at
the center of each plot. After two days of sun drying,
manual threshing was done. Then the straw and grain
weight of each treatment was taken by using an electronic
balance at 14% seed moisture content.

Table 1. Details of treatments used in the study of different
methods of zinc fertilizer application on growth and
development of spring rice in Rautahat, Nepal, 2024.

Symbols Treatments
Tl Control (Zn)
T2 Seedling root dip
T3 Soil application of Zn
T4 Foliar spray
T5 Soil application + Foliar spray

Tz 75 T3 T

3 T1 T4 s 16m

T4 T2 T1 T3

Figure 1. Layout of the experimental plots

Growth Parameters

Plant height (cm)

The plant height of randomly selected 10 plants was
measured at an interval of 15 days, starting from 30 DAT
to 90 DAT. The vertical distance from the base of the main
tiller of the selected plant to its top was taken as plant
height and was expressed in cm.

Number of tillers per hill

Numbers of tillers per hill was counted from 10 hills at
an interval of 15 days, starting from 30 DAT to 90 DAT.

Yield And Yield Attributing Parameters

Panicle length(cm)

The randomly selected 10 panicles from each hill were
measured for panicle length, and the values were recorded
in cm.

Thousand grain weight (TGW)

A thousand grains were separated from the bulk of the
net plot for each plot and weighed with a portable
electronic balance to obtain the thousand-grain weight.

Grain and straw yield

The crop from the net plot was harvested to record the
grain and straw yield. The crop was dried, threshed,
cleaned, and again sun-dried, and the final weight was
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taken with the help of an electronic balance. Moisture in
grains of each plot was measured with the help of a digital
moisture meter, and grain yield (GY) was calculated using
the following formula (Karki et al., 2018).

_ (100-MC)x plot yield (kg) x 10000 (m2)
GY (kg/ha) (100-14) x net plot area (m2)

where MC is the moisture content in percent of the
grains. The straw yield was obtained by weighing the
threshed straw of the net plot.

Harvest index (HI) was computed by dividing grain
yield by the total dry matter yield as per the following
formula. To obtain the harvest index, grain and straw yield
were calculated at the same moisture level (Amanullah &
Inamullah, 2016).

Grain Yield (Economic Yield)
Total biomass yield (grain yield +straw yield)

HI% =

Data Entry and Analysis

The recorded data were systematically arranged in MS
Excel (version 2021), which was used for simple statistical
analysis, construction of graphs, and tables. The compiled
data were subjected to Analysis of Variance (ANOVA) at
5% significance level using R-studio software (4.4.1).
Mean separation and comparison were done by using
Duncan’s Multiple Range Test (DMRT) at 5% level of
significance.

Results And Discussion

The application of different zinc fertilizer treatments
had a significant effect on the plant height of rice at various
stages of growth. At 30 DAT, the highest plant height of
48.80 cm was recorded in T3 (Soil application), which was
significantly higher than T1 (Control) at 46.47 cm, T4
(Foliar spray) at 47.00 cm, and T5 (Soil application +
Foliar spray) at 47.50 cm, though T5 and T4 were
statistically similar to each other. At 45 DAT, T5 (Soil
application + Foliar spray) recorded the tallest plants at
57.13 cm, which was significantly higher than T1 (Control)
at 53.15 cm. At 60 DAT, TS5 (Soil application + Foliar
spray) recorded the maximum plant height of 78.48 cm,
which was significantly higher than all other treatments,
followed by T4 (Foliar spray) at 77.12 cm, and T2 (Root
dipping) at 76.70 cm. T1 (Control) had the shortest plants
at 75.40 cm. At 75 DAT and 90 DAT, T5 (Soil application
+ Foliar spray) continued to show the highest plant heights,
with 87.58 cm and 97.11 cm, respectively. T1 (Control)
consistently showed the lowest plant height at both stages,
with 83.80 cm at 75 DAT and 89.92 cm at 90 DAT.

Studies have shown that zinc plays a critical role in
plant growth and development, particularly in enzyme
activation and protein synthesis, which may explain the
positive response in plant height (Cakmak, 2008). Previous
research has demonstrated that the combined application of
zinc through both soil and foliar methods is more effective
than individual treatments.

Table 2. Effect of different zinc fertilizer application methods on plant height (cm) of rice in Rautahat, 2024

Treatment 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT

Control 46.47°¢ 53.15¢ 75.404 83.80° 89.92¢
Root dipping 48.13% 54.71° 76.70° 85.48°¢ 92.22¢
Soil application 48.80° 56.16* 76.120° 84.92¢ 90.72¢
Foliar spray 47.00% 56.26° 77.12° 86.10° 94.25°
Soil application + Foliar spray 47.502b¢ 57.132 78.48* 87.58* 97.11*
F_test * skskosk skskok skskok skoksk

SEm (%) 0.497 0.333 0.166 0.127 0.253
LSD 1.532 1.027 0.512 0.393 0.781
CV (%) 2.09 1.20 0.44 0.30 0.55

Grand mean 47.58 55.48 76.76 85.58 92.84

Note: LSD: least significant differences, SEm (+): Standard error of the mean, CV: Coefficient of variation, DAT: Days after transplantation, Treatment
means separated by DMRT and columns represented with the same letter (s) are non-significant at 5% level of significance, significance codes ***at

p<0.001; **at p<0.01; *at p<0.05.

Table 3. Effect of different zinc fertilizer application methods on panicle length (cm) and thousand grain weight (gm) of

rice in Rautahat, 2024

Treatment Panicle length 75 Panicle length 90 Thousand grain weight 90
DAT DAT DAT
Control 22.037¢ 23.2754 19.25¢
Root dipping 23.450°¢ 24.350¢ 20.75°
Soil application 22.675% 23.862% 19.75¢
Foliar spray 24.287° 25.325% 20.75°
Soil application + Foliar spray 25.287° 26.50° 21.50?
F_test * sdekk skskosk
SEm () 0.254 0.207 0.241
LSD 0.7837 0.639 0.744
CV (%) 2.160 1.684 2.367
Grand mean 23.5475 24.6625 20.4

Note: LSD: least significant differences, SEm (+): Standard error of the mean, CV: Coefficient of variation, DAT: Days after transplantation, Treatment
means separated by DMRT and columns represented with the same letter (s) are non-significant at 5% level of significance, significance codes ***at

p<0.001; **at p<0.01; *at p<0.05.
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Table 4. Effect of different zinc fertilizer application methods on number of tillers per hill of rice in Rautahat, 2024

Treatment 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT
Control 7.303b¢ 13.05¢ 16.62¢ 17.90¢ 17.90¢
Root dipping 7.802 13.77¢ 17.50° 18.62b 18.62b¢
Soil application 7.75% 13.72¢ 17.02¢ 18.27¢ 19.27¢
Foliar spray 7.02¢ 14.60° 17.77° 18.95° 18.92°
Soil application + Foliar spray 7.15b 15.207 18.207 19.57% 19.57¢
F_test * skeskosk skeskosk skeskosk sk
SEm (+) 0.194 0.147 0.905 0.133 0.151
LSD 0.600 0.453 0.278 0.410 0.466
CV (%) 5.26 2.09 1.03 1.42 1.62
Grand mean 7.40 14.07 17.42 18.66 18.66

Note: LSD: least significant differences, SEm (£): Standard error of the mean, CV: Coefficient of variation, DAT: Days after transplantation, Treatment
means separated by DMRT and columns represented with the same letter (s) are non-significant at 5% level of significance, significance codes ***at

p<0.001; **at p<0.01; *at p<0.05.

Fageria et al. (2002) found that soil application ensures
that the plant has access to zinc throughout its life cycle,
while foliar application provides a rapid response by
delivering zinc directly to the leaves, enhancing
photosynthesis and growth. This validates the current
experiment's finding that the "Soil application + Foliar
spray" treatment (T5) resulted in the highest plant height
across all growth stages.

The number of tillers per hill was significantly affected
by different zinc fertilizer treatments at various growth
stages. At 30 DAT, the highest number of tillers (7.80) was
observed in T2 (Root dipping), which was significantly
higher than T4 (Foliar spray) at 7.02 tillers, but similar to
T3 (Soil application) with 7.75 tillers and TS5 (Soil
application + Foliar spray) with 7.15 tillers. T1 (Control)
had a tiller number of 7.30, which was statistically similar
to other treatments except T4. At 45 DAT, the highest
number of tillers (15.20) was recorded in TS5 (Soil
application + Foliar spray), which was significantly higher
than all other treatments. T4 (Foliar spray) showed 14.60
tillers, which was significantly higher than T1 (Control) at
13.05 tillers, T2 (Root dipping) at 13.77 tillers, and T3
(Soil application) at 13.72 tillers. By 60 DAT, T5 (Soil
application + Foliar spray) continued to have the highest
number of tillers (18.20), followed by T4 (Foliar spray)
with 17.77 tillers, and T2 (Root dipping) with 17.50 tillers.
T1 (Control) had the lowest number of tillers at 16.62. At
75 DAT and 90 DAT, T5 (Soil application + Foliar spray)
still showed the highest number of tillers, reaching 19.57
tillers at both stages. T4 (Foliar spray) followed closely
behind, while T1 (Control) consistently had the lowest
tiller numbers at 17.90 tillers for both stages.

The combined application of soil and foliar zinc (T5)
resulted in the highest number of tillers per hill across all
growth stages. This suggests that the combination of these
two methods provides a more balanced and sustained
supply of zinc, enhancing plant growth. Zinc's critical role
in regulating plant enzyme activity and metabolic functions
leads to improved nutrient absorption and tillering. These
findings align with previous research indicating that zinc
application, especially through combined methods,
significantly enhances rice tiller production (Cakmak,
2008; Rehman et al., 2012) and found in accordance with
Ghoneim (2016), Dutta and Rahman (2011) that zinc plays
an important role in increasing the number of tillers.

The panicle length of rice plants was significantly
influenced by different zinc fertilizer treatments at both 75
and 90 DAT. At 75 DAT, the longest panicle length
(25.287 cm) was recorded in treatment 5 (Soil application
+ Foliar spray), which was significantly higher than all
other treatments. Treatment 4 (Foliar spray) also exhibited
a comparatively high panicle length of 24.287 cm, while
treatment 2 (Root dipping) showed 23.450 cm, followed by
T3 (Soil application) with 22.675 cm. The control
treatment (T1) had the shortest panicle length, recording
22.037 cm. A similar trend was observed at 90 DAT, where
treatment 5 again showed the longest panicles (26.500 cm),
followed by T4 (25.325 cm) and T2 (24.350 cm). The
control treatment (23.275 cm) remained the lowest,
indicating a clear benefit of zinc supplementation on
panicle development. The significant difference in panicle
length across treatments highlights the importance of zinc
in panicle growth. Treatment 5 (Soil application + Foliar
spray) resulted in the longest panicles, likely due to the
combined effect of soil and foliar zinc applications
providing a continuous and balanced supply of this
essential micronutrient. Zinc plays a key role in the
synthesis of auxin and other growth hormones, which
promote cell division and elongation during the
reproductive stage, leading to longer panicles (Zinc in Soils
and Crop Nutrition, 2008). Longer panicles are associated
with a higher number of spikelets per panicle, directly
influencing grain yield. The control treatment, with no zinc
supplementation, had the shortest panicles, emphasizing
the role of zinc in optimizing panicle length and yield
potential (Yagya et al., 2023). Rahman et al., (2011) found
that applying zinc plays a key role in increasing panicle
length. Sudha & Stalin, (2015) reported that zinc
application significantly boosts panicle length, with soil
application being the most effective method, followed by
foliar spraying.

Thousand grain weight was significantly influenced by
the different zinc fertilizer treatments. The highest
thousand grain weight (21.50 g) was recorded in treatment
5 (Soil application + Foliar spray), which was significantly
higher than all other treatments. Treatments 2 (Root
dipping) and 4 (Foliar spray) both produced the second
highest grain weights of 20.75 g, which were significantly
higher than the control (T1) and treatment 3 (Soil
application), both of which had lower grain weights of
19.25 g and 19.75 g, respectively.
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Table 5. Effect of different zinc fertilizer application methods on grain yield, straw yield and harvest index of rice in
Rautahat, 2024

Treatment Grain yield (t/ha) Straw yield (t/ha) Harvest index

Control 4.484 11.35¢ 0.27
Root dipping 5.39° 13.37° 0.28
Soil application 4.80° 12.10¢ 0.28
Foliar spray 5.73° 14.42° 0.29
Soil application + Foliar spray 6.40° 15.522 0.30
F-test wk ok Ns
SEm (%) 0.1362 0.2638 0.0041
LSD 0.419 0.812 0.0126
CV (%) 5.076 3.950 2.857
Grand mean 5.366 13.355 0.2875

The superior thousand grain weight observed in
treatment 5 can be attributed to the enhanced availability
and uptake of zinc through both soil and foliar applications.
The combined application in T5 likely ensured that zinc
was available during critical stages of grain development,
resulting in heavier and more fully developed grains.

In contrast, the control treatment, which lacked zinc
supplementation, produced the lowest thousand grain
weight, further emphasizing the role of zinc in determining
grain size and weight. This is consistent with findings from
previous studies, where zinc deficiency was associated
with smaller grains and lower yields (Yakan et al., 2000).
The foliar spray (T4) and root dipping (T2) treatments also
showed improved grain weights compared to the control,
indicating that even single methods of zinc application can
enhance grain quality, though not as effectively as the
combined method in T5.

The grain yield and straw yield were significantly
influenced by different methods of zinc fertilizer
application. The Harvest Index (HI) was not significantly
influenced by different methods of zinc fertilizer
application. The highest grain yield was observed in
treatment 5 (Soil application + Foliar spray) with 6.40 t/ha,
followed by treatment 4 (Foliar spray) with 5.73 t/ha, and
treatment 2 (Root dipping) with 5.39 t/ha. The control and
soil application treatments produced the lowest yields of
4.48 t/ha and 4.80 t/ha, respectively. The combined soil
application plus foliar spray treatment recorded the highest
grain yield (6.41 t ha™'), significantly outperforming the
control and other zinc application methods (p < 0.05).
Similarly, straw yield was highest in treatment 5 (Soil
application + Foliar spray) with 15.52 t/ha, significantly
higher than other treatments. The harvest index, however,
was not significantly affected across treatments, ranging
between 0.28 and 0.2925.

These findings align with previous studies of Yagya et
al., (2023), where combined applications of zinc via soil
and foliar methods were shown to improve nutrient uptake,
leading to increased yield and biomass production.

The superior performance of combined soil and foliar
zinc application may be attributed to both immediate
nutrient uptake through leaves and sustained availability
from soil. Zinc plays a critical role in enzyme activation,
chlorophyll formation, and grain development, which
explains the significant improvement in yield attributes and
grain yield observed in this study.

Ty N1~ 1 o . . e L qe ~NT N N, 1 1

Conclusion

A study was conducted in Hardinath hybrid-1 spring
rice in Rautahat, Nepal, using five different zinc fertilizer
application treatments to investigate the effect of different
zinc fertilizer application methods on the performance of
spring rice. This study found that different zinc fertilizer
treatments had a notable impact on rice growth and yield,
with the combination of soil application and foliar spray
(T5) delivering the best results. This method led to
significant improvements in plant growth, including a
height of 97.11 cm, 19.57 tillers per hill, a panicle length
0f 26.50 cm, and a grain yield of 6.41 t/ha. Using both soil
and foliar zinc applications together proved to be the most
effective way to enhance nutrient absorption, strengthen
plant health, and increase overall productivity. These
results emphasize the crucial role of zinc fertilization,
especially in zinc-deficient areas like Rautahat, Nepal,
where proper application techniques can greatly improve
rice yields. Further research should focus on determining
the best zinc dosage and timing to ensure efficiency while
keeping costs manageable. Encouraging farmers to adopt
these methods is essential for boosting food security and
promoting sustainable farming practices.

Limitations and Future Research

The study was conducted at a single location during one
growing season, which may limit broader generalization.
Future studies should include multi-location trials,
optimization of zinc dosage, and long-term soil health
assessments to refine recommendations for farmers.
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