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Chia (Salvia hispanica L.) has emerged as a high-value crop in Bangladesh. Its productivity is
highly dependent on balanced macro- and micronutrient management. To assess the combined
effects of N, P, K, Zn, B, and Si on the productivity of chia, a field experiment was conducted in
the Old Brahmaputra Floodplain area. The experiment comprised eight treatments viz. N-P-K-Zn—
B @ 90-60-75-4-2 kg/ha (F1, recommended dose), F1+ 13.26 kg/ha Si (F2), N-P-K-Zn-B @ 90—
120-75-4-2 kg/ha (Fs), Fs+ 13.26 kg/ha Si (Fs), N-P-K-Zn-B @ 90-60-150-4-2 kg/ha (Fs), Fs
+ 13.26 kg/ha Si (Fs), N-P-K-Zn-B @ 90-120-150-4-2 kg/ha (F7), and F7 + 13.26 kg/ha Si (Fs).
The experiment was conducted in a randomized complete block design (RCBD) with three
replications. Fertilizer treatments significantly influenced plant height and branches plant?. The
tallest plants (126.54 cm) and the highest number of branches plant™ (13) were recorded under Fe.
Although inflorescence number and length were not significantly affected, seeds inflorescence* and
thousand-seed weight responded markedly to nutrient combinations. The highest seeds
inflorescence™ (474) and seed yield (1.09 t ha't) were obtained from F., while elevated P without
Si resulted in the lowest yield (0.68 t ha') from Fs. Stover yield was maximized under the
recommended N-P-K-Zn-B dose, whereas biological yield increased under K- and Si-enriched
treatment. Harvest index followed a similar trend, indicating improved assimilate partitioning under
Si-enriched balanced fertilization. Therefore, N-P-K-Zn-B @ 90-60-75-4-2 kg/ha, respectively
supplemented with Si @ 13.26 kg/ha can be considered an effective nutrient management approach
for improving chia productivity under Old Brahmaputra Floodplain soils.
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Chia (Salvia hispanica L.) has gained global
recognition for its exceptional nutritional and functional
properties (Grancieri et al.,, 2019; Valdivia-Lopez &
Tecante, 2015). With increasing consumer demand for
healthy and functional foods, its cultivation has expanded
beyond Latin America to Africa and Asia (Sosa et al.,
2016). Chia is also recommended as an alternative oilseed
crop in sustainable agricultural systems due to its
adaptability to arid and semi-arid environments (Peiretti &
Gai, 2009). The seeds are rich in a-linolenic acid (omega-
3 fatty acid), comprising about 60% of total fatty acids, and
contain approximately 20% linoleic acid (omega-6)
(Ayerza, 2013). They also provide substantial amounts of
oil (25-40%), protein (15-25%), carbohydrates (26-41%),
dietary fiber (18-30%), minerals, vitamins, and

antioxidants (Coorey et al., 2012; Ixtaina et al., 2008;
Zanqui et al., 2015).

Recently, chia cultivation in Bangladesh has attracted
attention due to its high nutritional value, growing market
demand, and potential for cropping system diversification
(Shorna et al., 2024). It is increasingly cultivated as a
profitable winter-season crop in floodplain and well-
drained soils (Rahman et al., 2023). However, lodging has
emerged as a major constraint, particularly under high
fertility and irrigated conditions (Njoka et al., 2024).
Excess nitrogen application often stimulates vegetative
growth, which can weaken stem strength and reduce
overall plant stability. When such growth coincides with
heavy rainfall and strong winds during the reproductive
stage, plants become more prone to lodging, ultimately
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leading to yield losses and a decline in seed quality (Yadav
etal., 2024).

Balanced nutrient management is therefore critical.
Nitrogen, phosphorus, and potassium regulate key
physiological processes, including protein synthesis,
energy transfer, and enzyme activation (Barker & Bryson,
2016; Khan et al., 2023; Li et al., 2024). Micronutrients
such as zinc and boron are essential for enzymatic activity,
pollen viability, and seed development (Marschner, 2012;
Zheng et al., 2019). Silicon, enhances stem strength,
nutrient uptake, and stress tolerance, thereby reducing
lodging risk and improving yield stability (Ali & Bijay-
Singh, 2025; Bhardwaj et al., 2023). However, limited
studies have been conducted on the combined effects of
macro- and micronutrients on chia in Bangladesh.
Therefore, this study aims to evaluate different fertilizer
combinations on the growth and yield of chia in the Old
Brahmaputra Floodplain soils.

Materials and Methods

Experimental Site

The experiment was conducted at a site situated at
24.75° N latitude and 90.42° E longitude, with an altitude
of 18 m above sea level, under the Old Brahmaputra
Floodplain area of Bangladesh. The experimental soil
belonged to a non-calcareous dark grey floodplain, as
classified by the UNDP and FAO (1988). Soil from the
experimental plots was collected from the Agronomy Field
Laboratory, Bangladesh  Agricultural  University,
Mymensingh at 0-15 cm depth to determine morphological
characteristics, physical properties, and chemical
composition. The soil was slightly alkaline, with a pH of
7.2, and contained moderate levels of organic matter
(2.18%) and organic carbon (1.17%). It contained 0.11%
total nitrogen, 1.93 ppm available phosphorus, and 0.19
meqg/100 g exchangeable potassium. The sulfur, boron, and
zinc levels were 3.77 ppm, 0.59 ppm, and 0.48 ppm,
respectively, indicating moderate fertility. The site has a
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subtropical climate, characterized by high temperatures
and humidity (Figure 1).

Experimental Details

The experiment aimed to evaluate the growth and yield
of chia under different levels of fertilizer treatment using a
randomized complete block design (RCBD) with three
replications. The experiment consisted of eight fertilizer
treatments: N-P-K-Zn-B @ 90-60-75-4-2 kg/ha (Fi,
recommended dose/control), F1 + 13.26 kg/ha Si (F2), N—
P-K-Zn-B @ 90-120-75-4-2 kg/ha (Fs3), F3+ 13.26 kg/ha
Si (F4), N-P-K-Zn-B @ 90-60-150-4-2 kg/ha (Fs), Fs+
13.26 kg/ha Si (Fs), N-P-K-Zn-B @ 90-120-150-4-2
kg/ha (F7), and F7 + 13.26 kg/ha Si (Fs). The N, P, K, Zn,
B, and Si were applied in the form of urea, triple super
phosphate (TSP), muriate of potash (MoP), zinc sulphate,
boric acid, and silicon dioxide, respectively. The study
comprised a total of 24 units plots, measuring 6.0 m? (3.0
m x 2.0 m), with 1.0 m spacing between adjacent blocks
and 0.5 m spacing between plots. The experimental field
was prepared through four successive rounds of deep and
cross ploughing, followed by leveling and thorough weed
removal to ensure a uniform seedbed for planting. After the
final land preparation and immediately prior to sowing,
except urea other fertilizers were applied according to the
respective treatment. Urea was applied in three split doses
to enhance nitrogen use efficiency and synchronize
nutrient availability with crop demand. First one was at
sowing (0 DAS), and second was at 25 days after sowing
(DAS), and the last one was at 50 DAS. BARI Chia-1 seeds
were sown on November 8, 2023, maintaining a row-to-
row spacing of 30 cm and a plant-to-plant spacing of 15 cm
across all experimental plots. Manual weeding was
performed at 25 and 40 days after sowing (DAS). To
maintain optimal soil moisture conditions and support
proper crop growth and development, a single
supplemental irrigation was applied at 22 DAS. The crop
was harvested on March 12, 2024, when the purple
inflorescences of chia had begun to dry and most of the
petals had senesced.
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Figure 1. Meteorological data for November 2023 to March 2024 of the experimental site
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Data Collection

Morphological and yield attributes

Prior to harvest, five plants, excluding border plants,
were randomly selected from each unit plot and uprooted
to collect growth data. For each unit plot, plant height,
number of main branches plant?, and number of
inflorescences plant® were determined as the means of
observations from the five sampled plants. Inflorescence
length was measured in five plants per unit plot from the
first node to the tip of the inflorescence, and the mean value
was expressed in centimeters (cm).

After harvest, crops from each unit plot were bundled
separately, properly labeled, and transported to the rooftop
of the field laboratory for drying. The harvested plants and
flower heads were air-dried for two days to reduce their
moisture content. The seeds were then separated by placing
paper bags beneath the flower heads and gently shaking
them. Seed and stover yields from each unit plot were
recorded separately and converted to tons hectare™ (t hal).
From the seed lot obtained from the sampled plants of each
unit plot, 1000 clean and fully dried seeds were manually
counted and weighed using an electronic balance, and the
weight was expressed in grams (g). The remaining seeds
from each unit plot were sun-dried to a constant weight and
subsequently weighed using an electronic balance to
determine the total seed yield. The harvested plant residues
were sun-dried, after which the stover yield was measured
and converted to t ha. The sum of the seed and stover
yields was considered the biological yield, and the harvest
index was expressed as the ratio of the economic yield
(seed yield) to the biological yield. The biological yield and
harvest index were calculated using the following
formulas:

Biological yield = Seed yield + Stover yield

GrainYield o
Biological Yield

Harvest Index (%) = 100

Statistical Analysis

The collected data were statistically analyzed through
ANOVA using the statistical software R (version 4.4.2).
The ANOVA assumptions were tested using the Shapiro—

Table 1. Influence of fertilizer on growth traits of chia plant

Wilk test for normality. The DMRT test was applied at 5%
level of significance for comparing the treatment means, as
outlined by Gomez and Gomez (1984).

Results

Influence of Fertilizer on Growth Traits of Chia Plant

The effect of fertilizer on chia plant height varied
significantly (P < 0.001) at 50 and 70 DAS, and a
significant variation (P < 0.01) was observed at harvest
(Table 1). At 50 DAS, the maximum plant height (82.00
cm) was recorded under Fs + 13.26 kg/ha Si (Fs), which
was statistically similar to N-P-K-Zn-B @ 90-60-75-4-2
kg/ha (recommended dose) (F1). The minimum plant
height (68.11 cm) was observed under N-P-K-Zn-B @ 90-
60-150-4-2 kg/ha (Fs), followed by N-P-K-Zn-B @ 90-
120-75-4-2 kg/ha (Fs), and F1 + 13.26 kg/ha Si (F2). At 70
DAS, the tallest plants (122.20 cm) were produced by Fs +
13.26 kg/ha Si (Fs), which remained statistically at par with
N-P-K-Zn-B @ 90-60-75-4-2 kg/ha (F1). The shortest plant
(107.89 cm) was recorded under F3 + 13.26 kg/ha Si (Fa).
At harvest, the plant height ranged from 112.05 to 126.54
cm. The tallest plant was observed in Fs + 13.26 kg/ha Si
(Fe), whereas the lowest value was recorded under Fs +
13.26 kg/ha Si (Fa).

The number of branches plant? at 50 days after sowing
was not significantly affected (NS) by fertilizer treatments
(Table 1). Numerically, higher branch numbers were
recorded under N-P-K-Zn-B @ 90-60-75-4-2 kg/ha (F1), F1
+ 13.26 kg/ha Si (Fy), Fz + 13.26 kg/ha Si (Fs) and Fs +
13.26 kg/ha Si (Fe). At 70 DAS, the number of branches
plant® differed highly significantly (P < 0.001) among
treatments (Table 1). The maximum number of branches
plant?* (12) was recorded under F; + 13.26 kg/ha Si (F>), Fs
+ 13.26 kg/ha Si (F4) and Fs+ 13.26 kg/ha Si (Fe), while
the minimum number (10) was observed under N-P-K-Zn-
B @ 90-120-75-4-2 kg/ha (F3) and N-P-K-Zn-B @ 90-120-
150-4-2 kg/ha (F7). At harvest, the fertilizer treatments had
a highly significant effect (P < 0.001) on the number of
branches plant*(Table 1). The highest number of branches
plant? (13) was obtained under Fs + 13.26 kg/ha Si (Fe),
whereas the lowest one (11) was recorded under N-P-K-
Zn-B treatments without Si (F1, Fs, Fs, and F7).

Treatment Plant height (cm) Branches plant? (no.)
50 DAS 70 DAS At harvest 50 DAS 70 DAS At harvest

F1 81.44+0.30a 120.44+1.14a 124.55+4.08ab 11.00+0.58 11.00+£0.64b  11.00+0.36¢
F2 70.00+0.26¢ 111.67+0.88d 117.49+3.98cd 11.00+£1.06 12.00£0.70a  12.00+0.27b
Fs 69.67+0.75¢c  113.22+2.19%bcd  115.69+2.11cd 10.00+1.46 10.00+0.33c  10.00+0.78c
Fa 74.03+0.93b 107.89x0.77e 112.05+4.37d 11.00+0.89 12.00+0.31a  12.00+0.52b
Fs 68.11+1.06c  112.00%£1.33cd  118.97+3.29bcd 10.00+0.37 11.00+0.05b  11.00£0.35c
Fe 82.00+2.40a 122.20+1.57a 126.54+6.56a 11.00+£1.39 12.00+0.44a  13.00+0.82a
Fs 72.71+£0.83b  115.2043.25bc  119.95+3.68abc 10.00+0.48 10.00+£0.36c  11.00+0.14c
Fs 73.89+2.66b 116.20+2.14b 119.53+3.20d 10.00+1.12 11.00+0.74b  12.00+0.81b
Slg Level *kk *** ** NS *kk *kk

CV (%) 1.89 1.62 3.05 8.87 4.55 4.59

Means with the same letter (s) or without letter in the same column do not differ significantly, whereas figures with dissimilar letter (s) differ significantly
as per DMRT. CV: Coefficient of Variation; *: significant at (P<0.05), **: significant at (P<0.01), ***: significant at (°P<0.001), NS: Non-Significant.
F1= N-P-K-Zn-B @ 90-60-75-4-2 kg/ha (Recommended dose), F,= F; + 13.26 kg/ha Si, Fs= N-P-K-Zn-B @ 90-120-75-4-2 kg/ha, F,=F;+ 13.26
kg/ha Si, Fs= N-P-K-Zn-B @ 90-60-150-4-2 kg/ha, Fs=Fs+ 13.26 kg/ha Si, F;= N-P-K-Zn-B @ 90-120-150-4-2 kg/ha, Fs= F;+ 13.26 kg/ha Si.
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Table 2. Influence of fertilizer on yield attributes, yield, and harvest index of chia

Treatments Inflorescence Length of Stover Biological
plant? (plant?) inflorescence (cm) yield (t/ha) yield (t/ha)
F1 27.00£1.12 22.77+£2.84 2.80£0.04a 3.63+0.07a
F. 30.00+0.18 24.21+1.66 2.53+0.03c 3.63+0.12a
Fs 25.00£1.34 22.31+£1.17 2.54+0.03c 3.23+£0.07b
Fa 28.00£2.74 24.16£3.21 2.34+0.02d 3.26x0.07b
Fs 26.00£3.00 22.73+1.02 2.51+0.03c 3.23+0.09b
Fe 28.00£2.00 23.96x1.04 2.75+0.01b 3.65+0.06a
F7 25.00£2.00 21.95+0.35 2.29+0.02¢ 3.03+0.04c
Fe 29.00£3.56 24.06£1.40 2.26+0.01e 3.12+0.05¢c
Sig. Level NS NS falaie Fhx
CcV 8.75 8.32 2.96 1.84

Means with the same letter (s) or without letter in the same column do not differ significantly, whereas figures with dissimilar letter (s) differ significantly
as per DMRT. CV: Coefficient of Variation; *: significant at (P<0.05), **: significant at (P<0.01), ***: significant at (°P<0.001), NS: Non-Significant.
Fi= N-P-K-Zn-B @ 90-60-75-4-2 kg/ha (Recommended dose), F,= F; + 13.26 kg/ha Si, F;= N-P-K-Zn-B @ 90-120-75-4-2 kg/ha, F,=F;+ 13.26
kg/ha Si, Fs= N-P-K-Zn-B @ 90-60-150-4-2 kg/ha, Fs=Fs+ 13.26 kg/ha Si, F;= N-P-K-Zn-B @ 90-120-150-4-2 kg/ha, Fs= F;+ 13.26 kg/ha Si.
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Figure 2: Effect of fertilizer management on number of seeds per inflorescence (A), weight of thousand seeds (B), seed
yield (C), and harvest index (D) of chia

Effect of Fertilizer on Yield Traits and Yield of Chia

The number of inflorescences plant™ and the length of
the inflorescence were not significantly affected (NS) by
the fertilizer treatments (Table 2). Numerically, the highest
number of inflorescence (30) was recorded under F; +
13.26 kg/ha Si (F2), whereas the lowest number (25) was
observed under N-P—-K-Zn-B @ 90-120-75-4-2 kg/ha (F3)
and N-P-K-Zn-B @ 90-120-150-4-2 kg/ha (F7).
However, numerically longer inflorescences (24.16 cm)
were recorded under F1 + 13.26 kg/ha Si (F2) and Fs+ 13.26
kg/ha Si (F4), while the shortest inflorescence length was
observed under N-P-K-Zn-B @ 90-120-150-4-2 kg/ha
(F). The number of seeds inflorescence? varied
significantly (P < 0.001) among the fertilizer treatments
(Figure 2). The maximum number of seeds inflorescence?
(474) was recorded under Fi + 13.26 kg/ha Si (F2),
followed by F3 + 13.26 kg/ha Si (F4). In contrast, the
minimum number of seeds inflorescence® (433) was
observed under N-P—-K-Zn-B @ 90-120-75-4-2 kg/ha (F3)
treatment. The thousand-seed weight differed significantly
(P < 0.001) due to the fertilizer treatments (Figure 2). The

highest thousand seed weight (2.64 g) was obtained under
Fs+ 13.26 kg/ha Si (F4), which was statistically similar to
F1+ 13.26 kg/ha Si (F2). The lowest thousand seed weight
(2.21 g) was recorded under N-P-K-Zn-B @ 90-60-150-
4-2 kg/ha (Fs) treatment.
Seed yield of chia was highly significantly influenced
(P <0.001) by fertilizer treatments (Figure 2). The highest
seed yield (1.09 t ha') was recorded under F; + 13.26 kg/ha
Si (Fy), followed by Fs + 13.26 kg/ha Si (F4), Fs+ 13.26
kg/ha Si (Fs), F7 + 13.26 kg/ha Si (Fs), N-P-K-Zn-B @
90-60-75-4-2 kg/ha (Recommended dose) (F1). The lowest
seed yield (0.68 t ha'*) was obtained under N-P—-K-Zn-B
@ 90-120-75-4-2 kg/ha (F3), which is statistically similar
with N-P-K-Zn-B @ 90-60-150-4-2 kg/ha (Fs), Fs +
13.26 kg/ha Si (Fe), N-P-K-Zn-B @ 90-120-150-4-2
kg/ha (F7). Stover yield showed highly significant variation
(P <0.001) among the fertilizer treatments (Table 2). The
maximum stover yield (2.80 t ha'*) was recorded under N—
P-K-Zn-B @ 90-60-75-4-2 kg/ha (recommended dose)
(Fy), followed by Fs+ 13.26 kg/ha Si (Fs). The minimum
stover yield (2.26 t ha') was observed under F7 + 13.26
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ka/ha Si (Fs). The biological yield also varied significantly
(P < 0.001) among the treatments (Table 2). The highest
biological yield (3.65 t ha'!) was obtained under Fs+ 13.26
kg/ha Si (Fs), which was statistically similar to N-P-K—
Zn-B @ 90-60-75-4-2 kg/ha (F1) and F1 + 13.26 kg/ha Si
(F2). The lowest biological yield (3.03 t ha') was recorded
under N-P-K-Zn-B @ 90-120-150-4-2 kg/ha (F7), which
is statistically similar with F7 + 13.26 kg/ha Si (Fs). The
harvest index differed significantly (P < 0.001) among the
fertilizer treatments (Figure 2). The highest harvest index
(30.11%) was recorded under F; + 13.26 kg/ha Si (F2),
followed by Fs+ 13.26 kg/ha Si (F4). In contrast, the lowest
harvest index (21.16%) was observed under N-P—-K-Zn-B
@ 90-120-75-4-2 kg/ha (F3) treatment.

Discussion

The findings of this study provide important insights of
integrated fertilizer management on the growth, and yield
performance of chia. The significant response was
observed in most growth and yield traits when silicon is
supplied along with other essential macro- and
micronutrients in a balanced manner. Similar trends have
been reported in other oilseed and medicinal crops, where
balanced fertilization enhanced physiological efficiency
and improved yield stability (Mamnabi et al., 2020; Y ousaf
etal., 2017). Silicon-enriched fertilizer treatments showed
significant increase in plant height across different growth
stages. This may be linked to silicon’s role in strengthening
cell walls, improving leaf erectness, enhancing
photosynthetic efficiency, which collectively supports
plant growth (Ali & Bijay-Singh, 2025; Hasan et al., 2025;
Singh et al., 2023). The superior plant height observed
under N-P-K-Zn-B-Si treatments suggests a synergistic
interaction, where Si enhances nutrient uptake and
utilization efficiency (Etesami, 2025). In contrast, reduced
plant height under higher phosphorus levels without silicon
suggests that nutrient imbalance may disrupt micronutrient
uptake and plant metabolism, which aligned with the result
of Malhotra et al. (2018). Branch development became
highly significant at the later growth stages, which suggest
that chia branching is closely linked to nutrient availability
during reproductive development. The greater number of
branches under silicon-supplemented treatments may
result from better assimilate supply and physiological
stability during the critical growth phases. Previous studies
have reported that Si application improves tillering and
branching by enhancing carbohydrate translocation and
reducing lodging stress (Dorairaj et al., 2020; Hu et al.,
2022). Increased branching ultimately contributes to a
higher yield potential by increasing the number of
reproductive sites. The highly significant variation in the
number of seeds inflorescence underscores the
importance of balanced fertilizer. Silicon-based treatments
produced significantly a higher number of seeds per
inflorescence, which may be linked to improved pollen
viability, reduced oxidative stress, and enhanced
photosynthate translocation during flowering (Ali & Bijay-
Singh, 2025; Miroshnychenko et al., 2023). The thousand-
seed weight also differed significantly among the
treatments, and the highest values recorded under silicon-
supplemented fertilizer regimes. A balanced nitrogen and
potassium supply supports photosynthetic production,

whereas silicon enhances nutrient-use efficiency and sink
strength, which ultimately resulted in heavier seeds
(Alharbi et al., 2024; Costa et al., 2023). Lower seed
weight under the treatments without Si further emphasizes
its role in improving grain-filling efficiency.

Seed yield was significantly influenced by the fertilizer
treatments. The highest yields were achieved with
balanced application of N-P-K-Zn-B at recommended
nutrient levels combined with Si supplementation,
demonstrating that optimal nutrient management is more
effective than applying higher fertilizer doses. Similar
findings have been reported in oilseed crops that integrated
nutrient management improved yield and reducing nutrient
loss (Dubey et al., 2011; Jat et al., 2015). The lower yields
observed under excessive phosphorus application without
Si, which supports the concept that nutrient imbalance
reduces yield efficiency (Rietra et al., 2017). Significant
variation in stover and biological yields was observed
across treatments, indicating differential biomass
accumulation. While certain silicon-enriched treatments
enhanced vegetative growth, greater biomass production
did not invariably result in increased seed yield. This
discrepancy highlights the significance of assimilate
partitioning rather than total biomass production
(Arthanari et al., 2025). The significantly higher harvest
index recorded under silicon-supplemented treatments
indicates improved translocation of assimilates toward
reproductive organs, resulting in greater yield efficiency.
Overall, the findings clearly show that the combined
application of N, P, K, Zn, B, and Si improved chia growth,
yield components, seed yield, and harvest index.
Especially, silicon contributed to better nutrient-use
efficiency, stronger reproductive performance, and
improved assimilate partitioning. These findings support
previous studies showing that silicon enhances sustainable
crop production by improving yield stability and resource-
use efficiency (Singhal et al., 2023). Therefore, silicon-
enriched integrated fertilizer management appears to be a
promising strategy for enhancing chia productivity under
similar agro-ecological conditions.

Conclusion

The findings of this study clearly demonstrate that
balanced fertilization  supplemented with  silicon
significantly improves the growth performance, yield
components, and overall productivity of chia under the Old
Brahmaputra Floodplain soils. Balanced application of N—
P-K-Zn-B @ 90-60-75-4-2 kg ha* supplemented with
Si @ 13.26 kg ha'! significantly enhanced yield efficiency
by improving seed set, seed weight, and harvest index.
Silicon-enriched treatments at recommended nutrient
levels outperformed higher fertilizer doses without silicon,
which emphasizes the importance of nutrient balance over
fertilizer intensity. The findings highlight silicon
supplementation as an effective and sustainable strategy
for improving chia productivity under similar agro-
ecological conditions. However, future research should
focus on conducting multi-location trials to validate the
consistency of silicon-supplemented balanced fertilization
across different soil types and climatic conditions.
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