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application. with ROKO nano DAP and ROKO nano-urea applications (T4) achieved green and dry

ha™'), and dry leaf yield (1,361.72 kg ha!), which were comparable to those of the standard
fertilizer treatment. In the 2,400 m? plots, the treatment combining reduced NPK fertilizer

leaf yields of 9,764.23 and 1,855.20 kg ha™!, respectively, which were statistically similar to
the standard fertilizer treatment. This pilot study demonstrated that ROKO nano DAP
and ROKO nano-urea can complement the reduced rates of conventional NPK fertilizer
without significant yield penalties in tobacco production. However, further research
needs to be conducted in the three tobacco ecological zones to conclude the research while
considering the determination of leaf reducing sugars, grade index, and nicotine, but also
to assess the soil fertility status before and after the trials for determining the contributing
factors to tobacco growth, yield and quality in response to basal granular and nano foliar
fertilizers to provide conclusive results regarding the effectiveness of these fertilizer types.

1. Introduction

Nitrogen (N) is one of the most essential nutrients for formation, and overall plant metabolism [1-4].
crop growth and productivity, playing a critical role However, low nitrogen use efficiency (NUE) remains
in photosynthesis, protein synthesis, chlorophyll a major challenge in modern agriculture, with a
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substantial proportion of applied nitrogen fertilizers
lost through volatilization, leaching, denitrification,
and runoff [5-7]. Conventional nitrogen fertilizers,
particularly urea and NPK (nitrogen, phosphorous
and potassium), have been extensively used
worldwide to sustain crop production and meet
increasing food and industrial crop demands [8-13].
Despite their effectiveness, excessive reliance on
conventional fertilizers has resulted in several
environmental and economic concerns, including
nitrate contamination of groundwater, greenhouse
gas emissions, soil degradation, and increased
production costs [14-19]. Furthermore, the global
fertilizer market has recently experienced severe
instability due to geopolitical conflicts, such as the
Russia - Ukraine war and tensions involving the
United States and Iran, which have disrupted
fertilizer supply chains and increased fertilizer prices
globally [20-23]. These challenges necessitate the
development of alternative nutrient management
strategies that enhance fertilizer efficiency while
reducing production costs and environmental impact.

Nanotechnology has recently emerged as a promising
approach for improving nutrient management in
agriculture. Nanomaterials are generally defined as
materials possessing at least one dimension between
1 and 100 nm. Their unique physicochemical
properties, including high surface area, enhanced
reactivity, and controlled release characteristics, have
enabled their application in crop nutrition through the
[24-27].
fertilizers are considered “smart fertilizers” because

development of nano-fertilizers Nano
they facilitate targeted and gradual nutrient release,
thereby improving nutrient uptake efficiency and
minimizing nutrient losses. Unlike conventional
fertilizers, which often leach into the environment and
cause degradation, nano-fertilizers have been
reported to improve soil physicochemical properties,
enhance nutrient availability, reduce toxicity to soil
environmental

microorganisms, and mitigate

pollution associated with excessive fertilizer
application [28-31].

Nano-urea and nano DAP represent promising
nutrient management innovations with the potential
to enhance nitrogen and phosphorus use efficiency

nano-urea [32-33]. Nano-urea is a liquid fertilizer

containing nanoscale nitrogen particles designed to
provide nitrogen directly through foliar absorption. A
500 mL bottle of nano-urea containing 40,000 mgL!
nitrogen can partially substitute conventional urea
while achieving higher nutrient use efficiency [34].
Conventional urea generally exhibits only 30 - 40%
nitrogen recovery efficiency, whereas nano-urea has
demonstrated efficiency levels exceeding 80% due to
reduced nutrient losses and improved foliar
absorption [28]. Field evaluations conducted on more
than 11,000 farmers’ fields across different crops,
including rice and wheat, reported average yield
increases of approximately 8% following nano-urea
application [16, 35, 36].

Several studies have shown that, the agronomic and
environmental benefits of nano-fertilizers [31, 37-40].
Alimohammadi et al. [40] reported that nano nitrogen
fertilizers significantly reduced nitrate leaching while
improving sugar production in sugarcane. Similarly,
Hoque and Khan [41] observed that combining 50%
conventional urea with three foliar sprays of nano-
urea produced superior potato growth, chlorophyll
content, starch accumulation, and tuber yield
compared with conventional fertilization practices.
Their findings further indicated that nano-urea
reduced chemical fertilizer use by 50% while
maintaining crop productivity. In another study,
Kumar et al. [16] demonstrated that the application of
75% recommended nitrogen through prilled urea
supplemented with nano-urea and nano-zinc sprays
produced yields comparable to the full recommended
nitrogen dose in cereal crops. Upadhyay et al. [5]
further concluded that integrating nano-urea with
reduced conventional nitrogen fertilization represents
viable and

an economically environmentally

sustainable nutrient management strategy.

At the physiological and molecular levels, nano-
fertilizers have also shown positive effects on plant
growth and stress tolerance [42-44]. Jangir et al. [45]
reported that plants treated with nano-urea exhibited
increased expression of genes associated with
nitrogen assimilation, photosynthesis, growth, and
stress tolerance compared with conventional urea-
treated plants. The foliar application of nano-
fertilizers has also been shown to improve seedling
vigor and vegetative growth in tobacco [46].
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Moreover, the sequential application of nano DAP
and nano-urea enhanced crop growth and quality
traits compared with conventional fertilizer programs
[47]. These findings collectively suggest that nano-
fertilizers can improve nutrient-use efficiency,
maintain crop productivity under reduced fertilizer
inputs, and contribute to environmentally sustainable

agricultural systems.

Flue-cured tobacco (Nicotiana tabacum L.) is a high-
value commercial crop that requires substantial
nutrient inputs, particularly nitrogen and potassium,
to achieve optimal leaf yield and quality [48]. In many
Tanzanian tobacco-growing regions, conventional
fertilization programs rely heavily on the basal
application of NPK (10:18:24) compound fertilizers
ten bags per hectare, followed by topdressing with
two and a half bags of calcium ammonium nitrate
(CAN) [49]. Although these fertilization regimes
support satisfactory crop performance and quality,
they contribute significantly to production costs,
especially under conditions of escalating fertilizer
prices and unstable global fertilizer supply. Therefore,
improving nutrient-use efficiency through innovative
fertilizer technologies may provide opportunities to
without

reduce fertilizer inputs compromising

tobacco productivity and quality.

Despite the increasing body of evidence supporting
the effectiveness of nano-fertilizers in various crops,
limited information is available regarding the
combined use of ROKO nano DAP and ROKO nano-
urea in flue-cured tobacco production systems as new
products in Tanzania. In particular, little is known
about their potential to partially substitute
conventional basal and top-dressing fertilizers under
field conditions while maintaining the same
agronomic performance. Therefore, this pilot study
aimed to evaluate the effects of ROKO nano DAP and
ROKO nano-urea foliar application combined with

reduced rates of conventional NPK (10:18:24) fertilizer

on the growth, yield, and quality of flue-cured tobacco.

We also aimed to assess whether nano-fertilizers can
reduce fertilizer input requirements and production
costs for tobacco growers while maintaining crop
performance under current global fertilizer supply
challenges.

2. Materials and methods

2.1. Study area and experimental materials

The current standard fertilization practice in Tanzania
consist of the basal application of NPK (10:18:24) at 30
g plant™? 7 days after transplanting (DAT), followed
by top-dressing with CAN (27% N) at 8 g plant™ at 21
DAT. The current standard fertilization practice was
compared with a reduced conventional standard
fertilizer treatment comprising NPK (10:18:24) at 15 g
plant? supplemented with foliar ROKO Nano DAP
and ROKO nano-urea applications. This study was
conducted to assess whether ROKO nano foliar
fertilizers can reduce fertilizer input requirements and
production costs for tobacco growers while
maintaining crop performance under current global
fertilizer supply challenges. Field experiments were
conducted during the 2025-26 cropping season at
Tumbi, a site in Tabora Region, Tanzania, located 1151
m above of the sea level (m.a.s.1.). The site experiences
average annual temperature of 27°C and an average
annual rainfall of approximately 950 mm. A flue-
cured tobacco variety, Nicotiana tabacum L. cv. K326,
sourced from the Tobacco Research Institute of
Tanzania (TORITA), was used in these experiments.
Seeds were sown in seedbeds at Tumbi-Tabora. A
seedbed measuring 1.5 m x 20 m was established,
applied with 5 kg of N1oP1sK fertilizer. The NioP1sKas
fertilizer contained 10% N, 18% P20s, 24% K20, 0.5%
MgO, 3% CaO, 7% S and 0.012% B. Seedlings were
hardened for two weeks before transplanting to the
field. Mature seedlings were transplanted 60 days
after sowing at a spacing of 1.2 m between ridges and

0.50 m between plants.

2.2. Field trial and experimental design

The experiments were conducted wusing a
(RCBD)

consisting of five fertilizer treatments replicated three

Randomized Complete Block Design
times at each site location. Two independent field
trials were established: a small plot trial (6 m x 6 m) in
loamy sand soil and a large-scale plot trial (100 m x 24
m) in loamy sand soil consisting of 1000 plants per
plot. The standard NioP1sKos fertilizer as similar to that
used in the seedbed, was also used for the field trial
and had additional of 0.5% MgQO, 3% CaO, 7% S and
0.012% B. The ROKO nano DAP contained 8% N and
16% P and ROKO nano-urea contained 46% N.

Page | 167

https://doi.org/10.58985/jafsb.2026.v04i02.101



J. Agric. Food Sci. Biotechnol. 4(2), 165-177, 2026

Jacob Bulenga Lisuma et al., 2026

2.2.1. First field trial of 6 m by 6 m plot

Treatment descriptions

Treatment 1 (T1): ROKO nano DAP was applied as a
drench at a rate of 30 mL per plant prepared by mixing
4 mL of ROKO nano DAP in 1 L of water and applied
at 3 days after treatment (DAT). At7 DAT, areduced
rate of NPK (10:18:24) fertilizer was applied at 15
g/plant. Foliar ROKO nano-urea applications were
carried out at 21, 35, and 49 DAT.

Treatment 2 (T2): Treatment similar to T1, except that
no NPK fertilizer was applied. ROKO nano DAP was
instead applied as a foliar spray at 7 DAT followed by
foliar ROKO nano-urea applications at 21, 35, and 49
DAT.

Treatment 3 (T3): NPK (10:18:24) fertilizer was applied
at 15 g per plant at 7 DAT, followed by foliar ROKO
nano-urea application at 21, 35, and 49 DAT.

Treatment 4 (T4): Unfertilized control.

Treatment 5 (T5): Standard fertilizer treatment
consisting of 30 g NPK (10:18:24) per plant applied
basally at 7 DAT, followed by 8 g CAN (27% N) per
plant applied as topdressing at 21 DAT.

2.2.2 Second field trial of 100 m x 24 m plot

Treatments descriptions

Treatment 1 (T1): ROKO nano DAP drench was
applied at 30 mL per plant at 3 DAT. Foliar ROKO
nano DAP was applied at 14 DAT, followed by foliar
ROKO nano-urea applications at 28 and 35 DAT.
Nano- fertilizers were prepared by mixing 64 mL of
nano-fertilizer in 16 L of water.

Treatment 2 (T2): NPK (10:18:24) fertilizer was applied
at 15 g per plant at 7 DAT followed by foliar ROKO
nano DAP application at 14 DAT and foliar ROKO
nano-urea applications at 35 and 49 DAT.

Treatment 3 (T3):
consisting of 30 g NPK (10:18:24) per plant applied at
7 DAT, followed by 8 g CAN (27% N) per plant at 21
DAT.

Treatment 4 (T4): NPK (10:18:24) fertilizer was applied
at 15 g per plant at 7 DAT, followed by foliar ROKO
nano DAP at 21 DAT and foliar ROKO nano-urea at
42 DAT.

Treatment 5 (T5): Unfertilized control.

Standard fertilizer treatment

2.3. Determination of leaf length, width, and area
A mature middle leaf was sampled from plants

located within the three inner rows of each plot,
resulting in nine sampled plants per plot. Leaf length
and width were measured using a measuring tape.

The leaf area was determined using the following
equation:

Leaf Area = Leaf Length x Leaf Width x 0.64 (1)

Where, 0.64 represents the correction coefficient factor
for tobacco leaves.

2.4. Leaf harvesting

Leaves were harvested weekly according to the
ripening stage. Weights of the fresh green leaves were
measured using a digital balance immediately after
harvesting. The harvested leaves were then cured in
curing barns for seven days. After curing, the dry leaf
weight was recorded using a digital weighing scale.

2.5. Statistical analysis

Data collected on leaf length, width, area, green leaf
weight, and cured leaf weight were subjected to
statistical analysis using the Statistica software
package version 8.0. Analysis of variance (ANOVA)
was performed under the Randomized Complete
Block Design (RCBD) model to determine treatment
effects. Fertilizer treatments were considered as the
main experimental factor. Mean separation was
conducted using Fisher’s significant difference test at
a significance level at p < 0.05. Highly significant
differences were considered at p < 0.001.

3. Results

3.1. Impact of nano-fertilizer on tobacco leaf yields in the
first field 6 m x 6 m plot

The effects of fertilizer treatments on leaf length, leaf
width, and leaf area in the 36 m? plots (sandy soil) are
presented in Table 1. The unfertilized treatment (T4)
and treatment T2, which received ROKO nano DAP
foliar application at 7 DAT followed by ROKO nano-
urea foliar applications at 21, 35, and 49 DAT,
recorded the lowest values for leaf length, width, and

area.

The standard treatment (T5), which received NPK
fertilizer at 30 g plant™ at 7 DAT followed by CAN (27%
N) at 8 g/plant at 21 DAT, significantly improved leaf
length (34.74 + 1.29 cm), leaf width (13.49 + 0.49 cm),
and leaf area (298.37 + 22.07 ¢cm?). However, these
values were significantly lower than those obtained in
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Table 1. Impact of ROKO nano DAP and ROKO nano-urea application on tobacco leaf length, width and areaina 6 m x 6 m

plot.
Treatments Leaf length (cm) Leaf width (cm) Leaf area (cm?)
T1 3DAT 30 mls drench ROKO nano DAP, 7DAT NPK
; 4241+2.02a 16.95+0.81 a 458.21 +42.65 a
15g, 21,35 & 49 DAT ROKO nano-urea foliar
T2 7DAT ROKO nano DAP foliar, 21, 35 & 49 DAT
) 32.07 £3.62 ¢ 12.53+1.42 ¢ 261.51 +55.29 ¢
ROKO nano-urea foliar
T3 7DAT NPK 15g/plant, 21, 35 & 49 DAT ROKO
. 39.98 +2.64 ab 16.32+1.16 ab 417.94 +57.73 ab
nano-urea foliar
T4 No fertilizer 31.71+1.37 ¢ 12.57+0.80 ¢ 24533 +27.78 ¢
T5 standard 7DAT NPK 30g/plant, 21 DAT CAN 27%
34.74 +1.29 bc 13.49 + 0.49 be 298.37 +22.07 be
N 8g/plant
One-WAY ANOVA F-statistics
Treatment (T) 4.14* 4.52* 5.23**

treatment T3, where plants received NPK at 15 g
plant? at 7 DAT followed by ROKO nano-urea foliar
applications at 21, 35, and 49 DAT, resulting in leaf
length, width, and area of 39.98 +2.64 cm, 16.32 + 1.16
cm, and 417.94 + 57.73 cm?, respectively.

Treatment T3 did not differ significantly from
treatment T1, which received 30 mL ROKO nano DAP
through drenching at 3 DAT, followed by NPK at 15
g/plant at 7 DAT and ROKO nano-urea foliar
applications at 21, 35, and 49 DAT. Treatment T1
produced the highest leaf length (42.41 +2.02 cm), leaf
width (16.95 + 0.81 cm), and leaf area (458.21 + 42.65

cm?).

The effects of the fertilizer treatments on green and
dry leaf yields in the 36 m? plots are presented in Table
2. The unfertilized treatment (T4) produced the lowest
green leaf yield (2250.14 + 189.54 kg ha™') and dry leaf
yield (510.02 + 37.90 kg ha™). These values did not
differ significantly from those of treatment T2, which
received ROKO nano DAP foliar application at 7 DAT
followed by ROKO nano-urea foliar applications at 21,
35, and 49 DAT, producing green and dry leaf yields
of 3803.43 +729.38 kg ha' and 760.68 + 145.87 kg ha™,
respectively.

Significantly higher green and dry leaf yields were
recorded in the treatments of T5, T3, and T1. The
standard treatment (T5), consisting of NPK at 30 g
plant? applied at 7 DAT followed by CAN (27% N) at
8 g/plant at 21 DAT, produced green and dry leaf
yields of 6843.21 + 1060.45 kg ha™ and 1368.64 + 292.09
kg ha™, respectively. Similarly, treatment T3, which

received NPK at 15 g/plant at 7 DAT, followed by
ROKO nano-urea foliar applications at 21, 35, and 49
DAT, produced green and dry leaf yields of 6684.34 +
493.52 kg ha™' and 1336.87 + 98.70 kg ha™?, respectively.
Treatment T1, which involved 30 mL ROKO nano
DAP drenching at 3 DAT, followed by NPK at 15
g/plant at 7 DAT and ROKO nano-urea foliar
applications at 21, 35, and 49 DAT, produced green
and dry leaf yields of 6808.60 + 980.97 kg ha and
1361.72 + 196.19 kg ha™l, respectively.

3.2. Impact of nano-fertilizer on tobacco leaf yields in the
second field 100 m x 24 m plot

The results for leaf length, width, and area in the 2,400
m? plots are presented in Table 3. No significant
differences were observed among the treatments T1,
T2, and unfertilized control (T5). Treatment T1
received ROKO nano-DAP through drenching at 3
DAT, followed by ROKO nano DAP foliar application
at 14 DAT and ROKO nano-urea foliar applications at
35 and 42 DAT, respectively. Treatment T2 received
reduced NPK fertilizer at 15 g plant? at 7 DAT,
followed by ROKO nano DAP foliar application at 14
DAT and ROKO nano-urea foliar applications at 35
and 49 DAT.

The standard treatment (T3), which received the full
NPK rate of 30 g plant™ at 7 DAT, followed by top-
dressing with CAN (27% N) at 8 g/plant produced
significantly greater leaf length (55.61 + 1.74 cm), leaf
width (26.23 + 0.82 cm), and leaf area 0f927.65 + 58.30
cm? (Fig 1). This was followed by treatment T4 (Fig 2),
which received reduced NPK fertilizer at 15 g plant™
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Table 2. Impact of ROKO nano DAP and ROKO nano-urea application on tobacco green leaf and dry leaf yield in a

6 m x 6 m plot.

Treatments Green leaf (kg/ha) Dry leaf (kg/ha)
T1 3DAT 30 mls drench ROKO nano DAP, 7DAT NPK
: 6808.60 + 980.97 a 1361.72 +196.19 a
15g, 21,35 & 49 DAT ROKO nano-urea foliar
T2 7DAT ROKO nano DAP foliar, 21, 35 & 49 DAT
. 3803.43 +729.38 b 760.68 +145.87 b
ROKO nano-urea foliar
T3 7DAT NPK 15g/plant, 21, 35 & 49 DAT ROKO nano-
. 6684.34 +493.52 a 1336.87 +98.70 a
urea foliar
T4 No fertilizer 2550.14 +189.54 b 510.02 +37.90 b
T5 standard 7DAT NPK 30g/plant, 21 DAT CAN 27% N
6843.21 +1060.45 a 1368.64 +292.09 a
8g/plant
One-WAY ANOVA F-statistics
Treatment (T) 4.14* 4.52*

Table 3. Impact of ROKO nano DAP and ROKO nano-urea application on tobacco leaf length, width and area in

100 m x 24 m plot.

Treatments

Leaf length (cm)

Leaf width (cm) Leaf area (cm?)

T1 3DAT 30 mls drench ROKO nano DAP, 14DAT

ROKO nano DAP foliar, 35 & 42DAT ROKO nano- 3748 +1.14 ¢ 14.41 +0.51 cd 343.63 +22.85 ¢
urea foliar
T2 7DAT NPK 15g/plant, 14DAT ROKO nano DAP

. . 37.64+1.25c¢ 15.01+0.43 ¢ 359.35+22.38 ¢
foliar, 35 & 49 DAT ROKO nano-urea foliar
T3 standard 7DAT NPK 30g/plant, 21 DAT CAN

55.61+1.74 a 2623+0.82a 927.65 +58.30 a

27% N 8g/plant
T4 7DAT NPK 15g/plant, 21 DAT ROKO Nano DAP

) . 49.66+1.66 b 22.40+0.78 b 707.63 +48.38 b
foliar, 42 DAT ROKO nano-urea foliar
T5 unfertilized 33.71+0.85¢ 12.57+0.34d 269.47 +14.34 ¢
One-WAY ANOVA F-statistics
Treatment (T) 46.13*** 91.72* 57.58***

at 7 DAT, followed by ROKO nano DAP foliar
application at 21 DAT and ROKO nano-urea foliar
application at 42 DAT. Treatment T4 recorded leaf
length, width, and area values of 49.66 + 1.66 cm, 22.40
+0.78 cm, and 707.63 + 48.38 cm?, respectively.

Table 4 presents the green and dry leaf yields from the
2,400 m? plot (1000 plant per plot). The unfertilized
treatment recorded the lowest green leaf yield
(3930.36 + 285.35 kg ha') and dry leaf yield (707.46 +
51.36 kg ha™). Treatment T2, which received NPK at
15 g plant™ at 7 DAT, followed by ROKO nano DAP
foliar application at 14 DAT and ROKO nano-urea
foliar applications at 35 and 49 DAT, produced green
and dry leaf yields of 6306.24 + 1.30 kg ha and
1240.22 +21.01 kg ha™, respectively. These yields were
those

significantly lower than obtained from

treatment T1, which involved ROKO nano DAP
drenching at 3 DAT, followed by ROKO nano DAP
foliar application at 14 DAT and ROKO nano-urea
foliar applications at 35 and 42 DAT. Treatment T1
produced green and dry leaf yields of 8383.35 + 1.28
kg ha™! and 1505.40 + 0.23 kg ha™?, respectively.

The standard treatment (T3), which received NPK at
30 g plant™ at 7 DAT, followed by CAN (27% N) at 8
g/plant at 21 DAT, produced the highest green leaf
yield (10105.35 + 332.99 kg ha) and dry leaf yield
(1885.22 + 54.78 kg ha™). However, these yields did
not differ significantly from those obtained in
treatment T4, which received NPK at 15 g plant™ at 7
DAT followed by ROKO nano DAP foliar application
at 21 DAT and ROKO nano-urea foliar application at
42 DAT. Treatment T4 produced green and dry leaf
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Figure 1. T3 Treatment of Ulyaudusi 1000 plants/plot.

Figure 2. T4 Treatment of Ulyaudusi 1000 plants/plot.

Table 4. Impact of ROKO nano DAP and ROKO nano-urea application on tobacco green leaf and dry leaf yield in

100 m x 24 m plot.
Treatments Green leaf (kg/ha) Dry leaf (kg/ha)
T13DAT 30 mls d h ROKO DAP, 14DAT ROKO
s drene nano ) 8383.35+1.28 b 1505.40 +0.23 b
nano DAP foliar, 35 & 42 DAT ROKO nano-urea foliar
T2 7DAT NPK 15g/plant, 14DAT ROKO nano DAP foliar, 35 & 6306.24 +1.30 124092 + 91.01
49 DAT ROKO nano-urea foliar SRELIUC ceEaie
T3 standard 7DAT NPK 30g/plant, 21 DAT CAN 27% N
10105.35 +332.99 a 1885.22 +54.78 a
8g/plant
T4 7DAT NPK 15g/plant, 21 DAT ROKO nano DAP foliar,
. 976423 +2.44 a 1855.20 +56.39 a
42DAT ROKO nano-urea foliar
T5 unfertilized 3930.36 +285.35 d 707.46 +51.36 d
One-WAY ANOVA F-statistics
Treatment (T) 173.14*** 128.42%**

yields of 9764.23 + 2.44 kg ha™! and 1855.20 + 56.39 kg
ha!, respectively.

4. Discussion

4.1. Impact of nano fertilizer on tobacco leaf yields in the
first field 6 m x 6 m plot

The combined application of reduced basal NPK
fertilizer with foliar ROKO nano DAP and ROKO

nano urea improved tobacco leaf growth and yield
compared to the unfertilized control and treatments
that received nano-fertilizers. In the sandy soil area
with a plot size of 36 m?, treatment T1, which received
30 mL ROKO nano DAP through drenching at 3 DAT
followed by NPK at 15 g/plant at 7 DAT and ROKO
nano-urea foliar sprays at 21, 35, and 49 DAT,
produced the highest leaf length (42.41 +2.02 cm), leaf
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width (16.95 + 0.81 cm), and leaf area (458.21 + 42.65
cm?), as presented in Table 1. These values were
statistically comparable to treatment T3, which
received NPK at 15 g/plant followed by ROKO nano
urea foliar application, with leaf length, width, and
area of 39.98 + 2.64 cm, 16.32 + 1.16 cm, and 417.94 +
57.73 cm?, respectively (Table 1). In contrast, treatment
T2, which received ROKO nano DAP and ROKO
nano-urea foliar applications without basal granular
fertilizer, and the unfertilized treatment (T4) recorded
the lowest values for leaf growth parameters. This
suggests that the dilution of nano- fertilizers resulted
in an insufficient nutrient supply during early crop
establishment. Thus, the dilution rate of 4 mL of
ROKO nano DAP and ROKO nano-urea per L of
water may not be adequate for tobacco crops, hence a
lower dilution rate of nano-fertilizers should be
considered in the future.

The poor performance observed when ROKO nano
DAP was applied alone through drenching at 3 DAT
may be attributed to the limited root establishment
immediately after transplanting, which could reduce
nutrient absorption efficiency. Similarly, the foliar
application of ROKO nano DAP within two weeks
after transplanting was less effective because tobacco
plants had insufficient leaf surface area and lower
physiological demand at this stage for phosphorus
and nitrogen. Therefore, the results indicate that
ROKO nano DAP improved growth when applied
three weeks after transplanting, whereas ROKO nano-
urea showed growth improvement during the rapid
vegetative growth stage between five and seven
weeks after transplanting (Tables 1 and 2). Nitrogen is
critically required during this period to support
chlorophyll formation, leaf expansion,
photosynthesis, and nicotine synthesis in tobacco
leaves. However, the dilution rate of 4 mL used for
both ROKO nano DAP and ROKO nano-urea per L of
water could be considered increased to bring effective

results as tobacco crop is a heavy feeder of nutrients.

The superior performance of T1 and T3 demonstrates
the importance of integrating nano-fertilizers with
basal NPK fertilizer. The application of NPK at 15 g
plant™ likely promoted early root establishment and
supplied essential macronutrients, including nitrogen
(N), phosphorus (P), potassium (K), calcium (Ca),

magnesium (Mg), sulphur (S), and boron (B), thereby
creating favorable physiological conditions for the
efficient utilization of foliar-applied nano nutrients.
Similar findings were reported by Daware et al. [50],
who observed that soybean treated with a
combination of conventional basal fertilizer and foliar
nano fertilizers produced significantly higher leaf
area, biomass accumulation, and growth compared
with nano fertilizer alone. Likewise, Reddy et al. [51]
reported that the integration of basal fertilizer with
nano-urea and nano DAP significantly improved the
growth and yield of transplanted rice compared with

the sole nano-fertilizer application.

The trends observed in leaf growth parameters were
reflected in green and dry leaf yields in the sandy soil
area with a plot size of 36 m? (Table 1). Treatment T1
produced green and dry leaf yields of 6808.60 + 980.97
kg ha™ and 1361.72 + 196.19 kg ha™, respectively,
whereas treatment T3 produced 6684.34 + 493.52 kg
ha and 1336.87 + 98.70 kg ha, respectively. These
yields were statistically similar to those of the
standard fertilizer treatment (T5), which recorded
green and dry leaf yields of 6843.21 + 1060.45 kg ha!
and 1368.64 = 292.09 kg ha™, respectively (Table 2).
However, the unfertilized treatment (T4) recorded the
lowest green and dry leaf yields of 2250.14 + 189.54 kg
ha and 510.02 + 3790 kg ha?, respectively.
Treatment T2, which relied only on ROKO nano DAP
and ROKO nano-urea foliar applications, also
produced relatively low yields of 3803.43 + 729.38 kg
ha green leaf and 760.68 + 145.87 kg ha™ dry leaf
(Table 3). These findings indicate that nano-fertilizers
alone cannot fully substitute basal granular fertilizers
under the conditions of this study.

The increased green and dry leaf yields observed in
T1 and T3 may be associated with improved nutrient-
use efficiency, enhanced photosynthetic activity, and
increased leaf expansion resulting from synchronized
nutrient availability during critical growth stages.
Nano fertilizers are known to provide nutrients in
smaller particle sizes with a greater surface area,
enhancing nutrient absorption and translocation
within plant tissues. Similar results were reported by
Ahari et al. [52], who found that the foliar application
fertilizer

of nano-urea combined with basal

significantly increased green fodder and dry matter
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yields in forage sorghum. Comparable improvements
in growth and yield due to nano-urea application
were also reported in pearl millet by Vegda et al. [53].

4.2. Impact of nano-fertilizer on tobacco leaf yields in the
second field 100 m x 24 m plot

In the 2,400 m? plots, treatment responses differed
slightly from those observed in the 36 m? ones. The
standard treatment (T3), which received NPK at 30 g
plant™ followed by CAN top-dressing, produced the
highest leaf length (55.61 + 1.74 cm), leaf width (26.23
+0.82 cm), and leaf area (927.65 + 58.30 cm?), as shown
in Table 3 and (Fig 1). However, treatment T4, which
received reduced NPK at 15 g/plant followed by
ROKO nano DAP and ROKO nano-urea foliar
applications, also produced relatively high leaf
growth values of 49.66 + 1.66 cm leaf length, 22.40 +
0.78 cm leaf width, and 707.63 + 48.38 cm? leaf area
(Fig 2). This suggests that the partial substitution of
conventional fertilizer with nano-fertilizers can
sustain satisfactory tobacco growth under field
conditions. However, these results suggest that the
dilution rate of ROKO nano DAP and ROKO nano-
urea should be above 4 mL per L of water to achieve
good growth results.

Similarly, the highest green and dry leaf yields in the
2,400 m? plots were obtained from the standard
treatment T3, with 10105.35 + 332.99 kg ha! green leaf
yield and 1885.22 + 54.78 kg ha™! dry leaf yield (Table
4). Nevertheless, treatment T4 achieved statistically
comparable yields of 9764.23 + 2.44 kg ha! green leaf
and 1855.20 + 56.39 kg ha! dry leaf, despite receiving
only half of the basal NPK rate. This demonstrates that
nano-fertilizers

can partially supplement the

conventional  fertilizer =~ requirements  without
significantly reducing tobacco productivity. Similar
observations were reported by Gousia et al. [54], who
found that foliar nano-urea combined with reduced
conventional fertilizer-maintained cotton

yield
comparable to the full recommended fertilizer dose.

In contrast, treatment T2 in the 2,400 m? (1000 plants
per plot) produced significantly lower green and dry
leaf yields (6306.24 + 1.30 kg ha™! and 1240.22 + 21.01
kg ha™!, respectively) compared with T1, despite
receiving similar foliar nano-fertilizer applications
(Table 4). The lower performance may be associated

with one of the treatment T2 having environmental

effects, particularly termite infestation observed in
one of the plot, which caused plant lodging and likely
reduced nutrient uptake efficiency and biomass
accumulation. Environmental and soil factors are
known to influence the efficiency of nano-fertilizers
because nutrient uptake depends on plant
physiological status, soil moisture, and root health
[55]. In addition, it was reported that the curing
tobacco under treatment T2 experienced challenges
due to the longer time required to cure the leaves. This
was attributed to the high inherent soil fertility in one
of the plots and the foliar application of tobacco at 49
weeks  after transplanting, which is not
recommended, as the nitrogen (N) levels in the leaves
could have been excessively high. Consequently, the
drying time of the tobacco leaves was prolonged, and
some leaves were lost due to their poor quality. The
soils used for the nano-fertilizer trials had good
fertility status based on the natural vegetation and soil
color. Our trial was a pilot study conducted in a single
season and in one location, we recommend further
trials to be carried out in purely sandy soils and to
initial status  before

determine the fertility

transplanting tobacco seedlings.

Overall, the present findings indicate that tobacco
seedlings require a moderate basal application of
granular NPK fertilizer to establish adequate crop
stands and support early physiological development.
Subsequent foliar application of ROKO nano DAP
and ROKO nano-urea during active vegetative
growth stages can effectively enhance leaf expansion,
biomass accumulation, and cured-leaf yield. The
results further suggest that nano-fertilizers are more
effective as supplements rather than complete
replacements for conventional fertilizers in tobacco
production systems. The current study recommends
further research across at least three tobacco-growing
ecological zones with different soil types to assess
additional parameters, such as tobacco leaf nutrient
concentrations, nutrient uptake, reducing sugar
content, nicotine content, and grade index. Soil
fertility status should also be determined before and
after research trials, as these important agronomic
parameters were not evaluated in the current study.
Assessing these parameters will provide a better
understanding the influence of nano-fertilizers on

Page | 173

https://doi.org/10.58985/jafsb.2026.v04i02.101



J. Agric. Food Sci. Biotechnol. 4(2), 165-177, 2026

Jacob Bulenga Lisuma et al., 2026

tobacco growth, yield, and leaf quality, thereby

enabling more comprehensive and conclusive

research findings.

5. Conclusions and recommendation

The study demonstrated that the integration of ROKO
nano DAP and ROKO nano-urea with reduced basal
NPK fertilizer improved tobacco leaf growth and
yield compared with unfertilized treatments and
nano- fertilizer application alone. In both the 36 m?
and 2400 m? plots, treatments combining basal NPK
with foliar nano fertilizers produced higher leaf
length, leaf width, leaf area, green leaf yield, and dry
leaf yield, with performances comparable to or
approaching the standard conventional fertilizer
treatment. The findings indicate that nano fertilizers
are more effective when used as supplements to basal
granular fertilizers rather than as complete substitutes,
particularly during critical vegetative growth stages.

A reduced basal NPK application of 15 g/plant
combined with a foliar application of ROKO nano
DAP and ROKO nano-urea is recommended for
tobacco production to improve nutrient-use efficiency
while maintaining satisfactory leaf yield and growth
performance. The foliar application of ROKO nano
DAP

transplantation,

is recommended from three weeks after
ROKO
application is most effective between the fifth and

whereas nano-urea
sixth  weeks after transplantation during rapid
vegetative growth. Thus, the foliar ROKO nano-
fertilizer should not be applied for more than 42
weeks after transplantation. A limitation of the
current study is that it was conducted at a single site
the
generalizability of the findings to different agro-

and for one season, which may limit
ecological conditions. In addition, soil fertility status
was not assessed before and after the trial, limiting the
ability to evaluate the effects of fertilizer treatments on
soil nutrient dynamics. Hence, further studies are
recommended across different agro-ecological zones
and seasons to validate the consistency of nano-
fertilizer performance under varying environmental
conditions, while also considering lower dilution
rates of ROKO nano DAP and ROKO nano-urea for
tobacco crops. Future studies should also include the

determination of tobacco leaf nutrient concentrations,

nutrient uptake, reducing sugars, nicotine content,
the
contributing to tobacco leaf growth, yield, and quality

and grade index to wunderstand factors
in response to granular and nano fertilizers. This
would provide more comprehensive and conclusive

results regarding the effectiveness of these fertilizers.
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