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ABSTRACT

This study is to determine the effectiveness of crushed mussel (Perna viridis) shells and chicken’s (Gallus
gallus domesticus) eggshells as natural soil amendments in reducing acidity and enhancing the growth of
pechay (Brassica rapa subsp. chinensis). The methodology used was a six-week greenhouse experiment
employing a completely randomized design with treatments consisting of distilled water only, commercial
lime, and varying shell powder concentrations (5%, 10%, and 15%). Research findings and interpretation
revealed that soils treated with shell powders showed increased pH levels and improved plant growth
compared to distilled water, with the 10% and 15% treatments performing similarly to commercial lime
in terms of plant height, biomass, and leaf development. The conclusion drawn is that crushed mussel
shells and chicken eggshells are viable, eco-friendly, and low-cost alternatives to commercial lime in
reducing soil acidity and enhancing pechay growth, though further studies are recommended to assess
long-term impacts and scalability in larger farming systems.
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INTRODUCTION

Soil acidity affects crop productivity because it reduces the availability of nutrients and increases the levels
of toxic elements like aluminum (Khaled & Sayed, 2023). Low soil pH reduces the availability of nutrients
like calcium and phosphorus, which affects crop growth. The pechay (Brassica rapa subsp. chinensis) crop
is very sensitive to soil acidity, which makes it a good crop for use in soil amendment research (Lagon et
al., 2022). Lime is commonly applied as a soil amendment for acidity correction, but it is not easily
accessible by some local farmers. This treatment can also be very expensive and less available to small-
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scale farmers. At the same time, mussel shells (Perna viridis) and chicken egg shells (Gallus gallus
domesticus) can potentially increase the pH level in the soil since they contain calcium carbonate.
Although previous studies have already explored the use of shell materials in the treatment of the soil,
there is limited research done to study the combined effect of mussel shells and chicken eggshells in the
growth performance of pechay. This study evaluates the effectiveness of crushed mussel shells and
chicken eggshells as natural, low-cost soil amendments to reduce acidity and enhance pechay growth.
Research Questions

1. Is there a significant difference in soil pH among soils treated with different concentrations of shell

powder, commercial lime, and distilled water?

2. Is there a significant difference in the plant height of pechay under different soil treatments?

3. Is there a significant difference in the leaf length of pechay under different soil treatments?

4. Is there a significant difference in the leaf width of pechay under different soil treatments?

5. Is there a significant difference in the dry weight of pechay under different soil treatments?

6. Is there a significant difference in the number of leaves of pechay under different soil treatments?

7. Is there a significant difference in soil pH and pechay growth performance among the 5%, 10%, and
15% shell powder treatments?

METHODS

Study Design

This study utilized a quantitative experimental approach to examine the effects of shell-derived soil
amendments on selected soil properties and plant growth parameters. Key variables measured included
soil pH, plant height, total biomass, and leat dimensions. Pulverized shells from green mussels (Perna
viridis) and chicken eggs (Gallus gallus domesticus) were applied to the soil at percentage of 5%, 10%,
and 15%. For comparison, distilled water served as the negative control, while commercial lime functioned
as the positive control.

Pechay (Brassica rapa subsp. chinensis) was selected as the test crop. Plant responses were regularly
monitored to determine whether shell-based amendments could provide a viable and sustainable substitute
for commercialized liming agents in enhancing soil condition and crop performance. The controlled
experimental arrangement facilitated systematic comparison among treatments and enabled clear
evaluation of their effects on soil characteristics and plant development.

The collected data were translated using descriptive statistics to show overall trends. A one-way ANOVA
was conducted to determine if significant differences existed among treatments, followed by Tukey’s HSD
test to identify specific group differences. Careful measurement and proper research procedures were
followed to ensure reliable and credible results.

Prepamtion of Synthetic Acidic Sotl and Preparntion of Shell-hased Amendments Standardization of Expennmental

pH Cabibrution I'rcatments

|
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Figure 1. Flowchart of Data Procedures

Data Gathering Procedures

The study involved 75 pechay (Brassica rapa subsp. chinensis) plants grown in controlled greenhouse
conditions. The experiment used a Completely Randomized Design (CRD), with pots randomly assigned
to five treatments. This approach ensured unbiased distribution and equal replication (Zakharchenko &
Tunguz, 2020). Each treatment group had 15 plants, with each pot containing 1.25 kg or 1250 g of
synthetic acidic soil (Imakumbili et al., 2019).

The concentrations were derived relative to the soil mass of 1250 g per pot. For the positive control (T1),
the lime requirement formula used a soil texture factor of 4 for loamy soils. This resulted in 312.5 g of
commercial lime per pot (Guargoni & Sobreira, 2017). For the shell-based treatments, percentages were
calculated from the soil mass: 5% = 62.5 g, 10% = 125 g, and 15% = 187.5 g. Each amount was divided
equally between mussel shell and chicken eggshell powders (Tao et al., 2024). This method followed
greenhouse soil amendment protocols that base concentrations on soil weight to ensure uniformity and
comparability among treatments (Kaur et al., 2023; Lolas et al., 2024).

Table 1. Treatment Setup Based on Amendment Proportion by Weight

Total Amendment | Mussel
Treat t A d t % Eggshell
reatmen mendment % © Shell (g) ggshell (g)
Negative Control
TO 0 0 0
(Distilled Water) & g &
Positive Control
T1 (Calcium Carbonate | 312.5 g - -
Lime)
T2 5% 62.5¢ 3125 ¢ 3125 ¢g
T3 10% 125 ¢ 62.5¢ 62.5¢g
T4 15% 187.5¢g 93.75 ¢ 93.75¢
Instruments

The study employed a range of laboratory equipment, agricultural tools, and statistical instruments to
ensure accurate data collection and analysis. A calibrated digital soil pH meter was used weekly to monitor
changes in soil acidity, while a sieving mesh tool and food processor were utilized to prepare mussel shells
and chicken eggshells into fine powder with uniform particle size. Thermoformed red pots served as
planting containers, and distilled water was applied as a neutral medium and negative control. The
experiment was conducted inside a greenhouse to maintain controlled temperature, humidity, and light
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conditions, thereby minimizing external variability. Plant growth was measured using a digital caliper for
height and leaf dimensions, and an SF 400 digital weighing scale (10 kg capacity) was used to record dry
biomass after harvest. Data were systematically encoded in Microsoft Excel spreadsheets for organization
and analysis. Statistical treatments included descriptive statistics to summarize soil and plant growth data,
one-way ANOVA to test significant differences among treatments, and Tukey’s HSD post-hoc test to
identify specific treatment differences. All instruments were pilot-tested during the initial soil calibration
phase, with minor adjustments such as refining shell particle size and recalibrating the pH meter to ensure
measurement accuracy.

Data Analysis

The following statistical tools were employed to analyze the gathered data:

Descriptive Statistics (Mean and Standard Deviation) were used to summarize soil pH values and plant
growth indicators (height, leaf length, leaf width, number of leaves, and dry weight).

One-way ANOVA was applied to determine significant differences among treatments in terms of soil pH
and growth performance (Tae Kyun Kim, 2017).

Tukey’s Honest Significant Difference (HSD) Post-Hoc Test was conducted to identify specific treatment
groups that differed significantly from one another (Emile et al., 2024).

The Completely Randomized Design (CRD) served as the experimental framework, ensuring equal
probability of assignment and reducing systematic error (Hussain & Ali, 2019).

All measurements were encoded weekly into spreadsheets, with n = 15 plants per treatment, covering six
weeks of soil pH and growth monitoring. Outlier values were checked during entry, and missing data were
reduced through consistent measurement methods (Plate N). Derived variables such as mean soil pH per
week and average growth performance per treatment were calculated to provide a reliable basis for
comparison.

RESULTS

This section presents the findings of the study entitled “An Experimental Study on the Use of Crushed
Mussel (Perna viridis) Shells and Chicken (Gallus gallus domesticus) Eggshells as a Soil Amendment to
Reduce Acidity and Enhance the Growth of Pechay (Brassica rapa subsp. chinensis).” The results are
organized according to the research problems and supported by statistical analysis using one-way ANOVA
and Tukey’s HSD test.

Table 2. Mean Soil pH per Treatment After Six Weeks

Treatment Description Mean Soil pH | Interpretation

TO Distilled Water Only | 5.18 Strongly Acidic

T1 Commercial Lime 6.82 Slightly Acidic to Neural
T2 5% Shell Powder 5.94 Moderately Acidic

T3 10% Shell Powder 6.63 Slightly Acidic

T4 15% Shell Powder 6.79 Slightly Acidic to Neutral

The results show that soils treated with crushed shells exhibited increased pH levels compared to the
control (distilled water only). The 10% and 15% shell powder treatments (T3 and T4) significantly
improved soil pH, performing comparably to commercial lime (T1).
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The one-way ANOVA revealed a significant difference in soil pH among treatments (p < 0.05), leading
to the rejection of the null hypothesis. Tukey’s HSD test further showed that T3 and T4 were not
significantly different from commercial lime but were significantly different from the control group.
These findings confirm that crushed shells, which are rich in calcium carbonate, effectively neutralized
soil acidity. This supports the findings of Irfa’l et al. (2022), who reported that calcium carbonate extracted
from green mussel shells has liming properties comparable to commercial lime. The results imply that
natural shell waste can serve as a practical and sustainable alternative to synthetic soil amendments,
especially in areas experiencing soil degradation. According to Kalladithodi (2024), who experimented
using crab shell, mussel shell, and coconut shell charcoal, showed inconsistent effects across different
plant species, with some treatments failing to outperform conventional fertilizers. Additionally, Li et al.
(2025) stated that shell powder applications may alter cadmium dynamics in soil, requiring careful
management.

Table 3. Growth Performance of Pechay Under Distilled Water Only (Week 1-6)

Variable (Mean) W1 W2 W3 W4 W5 Wé
Plant Height (mm) 7.2 36.1 52.6 21.3 138.7 | 164.7
Leaf Length (mm) 54 30.8 48.5 78.9 116.4 | 135.6
Leaf Width (mm) 6.0 28.1 42.7 69.5 1043 | 124.0
No. of Leaves 1.0 3.0 3.7 4.0 4.3 4.3
Fresh Weight (g) - - - - - 19.7

Table 3 shows that pechay grown under distilled water alone exhibited gradual increases in plant height,
leaf length, leaf width, and number of leaves from Week 1 to Week 6. However, despite this upward trend,
the final fresh weight remained low at 19.7 g, indicating limited biomass accumulation and weaker overall
growth compared to amended treatments.

This finding is supported by Wiser & Blom (2016), who explained that distilled water serves only as a
neutral control and does not supply essential minerals needed for plant development. Similarly, Jia et al.
(2025) emphasized that proper soil pH correction is necessary to enhance nutrient uptake and improve
plant biomass, which explains the limited growth observed in this treatment.

Table 4. Growth Performance of Pechay Under 5% of Shell Powder (Weeks 1-6)

Variable (Mean) W1 W2 W3 W4 W5 W6
Plant Height (mm) 9.1 38.5 55.6 99.2 1534 | 175.2
Leaf Length (mm) 6.2 32.7 50.8 82.4 1209 | 134.6
Leaf Width (mm) 7.0 30.5 45.9 73.8 109.8 | 122.1
No. of Leaves 1.3 33 3.7 4.7 5.0 5.1
Fresh Weight (g) - - - - - 30.3

Table 4 shows that pechay treated with 5% green mussel and eggshell powder exhibited steady and
consistent growth from Week 1 to Week 6. All growth parameters—plant height, leaf length, leaf width,
and number of leaves—increased progressively, with higher values than the distilled water treatment. By
Week 6, the plants reached a fresh weight of 30.3 g, indicating improved biomass accumulation. These
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results suggest that even a low concentration of shell powder was able to enhance soil conditions and
promote better plant development.

This finding is supported by Khairnar & Nair (2019), who reported that powdered eggshells improved
vegetative growth due to their calcium carbonate content. Similarly, Wong et al. (2023) found that eggshell
amendments positively influenced plant height and leaf development. These studies support the observed
improvement in pechay growth under the 5% shell treatment.

Table 5. Growth Performance of Pechay Under 10% of Shell Powder (Weeks 1-6)

Variable (Mean) W1 W2 W3 W4 W5 W6
Plant Height (mm) 4.9 41.2 53.4 103.4 |173.2 | 206.8
Leaf Length (mm) 4.9 38.4 49.1 84.6 142.5 | 157.3
Leaf Width (mm) 5.6 31.8 46.5 77.3 130.6 | 143.7
No. of Leaves 1.0 33 3.7 43 5.0 5.2
Fresh Weight (g) - - - - - 50.2

Table 5 shows that pechay treated with 10% green mussel and eggshell powder demonstrated consistent
and accelerated growth over the six-week period. From Week 2 onward, plant height, leaf length, leaf
width, and number of leaves increased steadily. By Week 6, the plants reached a fresh weight of 50.2 g,
indicating greater biomass accumulation and more vigorous development compared to lower treatments.
This suggests that the 10% shell mixture more effectively improved soil conditions and nutrient
availability.

This result is supported by Irfa’l et al. (2022), who confirmed that green mussel shells contain high levels
of calcium carbonate capable of neutralizing soil acidity. Likewise, Urjintseren & Byambaa (2024)
verified the high calcium carbonate content of eggshells, which contributes to improved plant growth
when used as a soil amendment. These findings support the stronger growth observed under the 10% shell
treatment.

Table 6. Growth Performance of Pechay Under 15% of Shell Powder (Weeks 1-6)

Variable (Mean) W1 W2 W3 W4 W5 Wo
Plant Height (mm) 7.8 453 60.2 112.5 |190.7 |231.6
Leaf Length (mm) 6.3 41.8 54.9 92.7 161.3 | 179.6
Leaf Width (mm) 6.9 35.2 49.8 85.1 1494 | 165.2
No. of Leaves 1.0 3.7 4.0 4.7 53 5.1
Fresh Weight (g) - - - - - 60.2

Table 6 shows that pechay treated with 15% mussel and eggshell powder experienced the most pronounced
growth from Week 1 to Week 6. Plant height increased substantially from 7.8 mm to 231.6 mm, while
leaf length and leaf width continuously improved throughout the experiment. The number of leaves
gradually increased, with a slight decrease in Week 6 that may indicate leaf maturation rather than reduced
growth. The fresh weight reached 60.2 g, reflecting strong biomass accumulation and vigorous plant
development. These results suggest that the 15% shell mixture was highly effective in improving soil
conditions and promoting optimal growth.

IJFMR260270740 Volume 8, Issue 2, March-April 2026 6



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

This finding aligns with Kaewprachu & Jaisan (2023), who confirmed that green mussel shells are rich in
calcium carbonate and can function as natural liming agents. Similarly, Khairnar & Nair (2019) reported
that higher levels of calcium-rich amendments significantly enhanced vegetative growth. These studies
support the strong growth performance observed under the 15% shell treatment.

Table 7. Growth Performance of Pechay Under Commercial Lime (Weeks 1-6)

Variable (Mean) W1 W2 W3 W4 W5 Wé
Plant Height (mm) 6.5 39.8 58.9 109.7 | 187.6 |231.1
Leaf Length (mm) 5.8 40.1 57.6 96.2 170.4 | 191.0
Leaf Width (mm) 6.2 33.9 52.3 89.6 158.8 | 174.8
No. of Leaves 1.0 3.7 4.3 4.7 5.0 53
Fresh Weight (g) - - - - - 40.9

Table 7 shows that pechay treated with commercial lime exhibited steady growth from Week 1 to Week
6. Plant height increased markedly from 6.5 mm to 231.1 mm, while leaf length and width also improved
consistently throughout the experiment. The number of leaves gradually rose to 5.3 by Week 6. However,
the fresh weight reached 40.9 g, which indicates moderate biomass accumulation compared to the higher
shell treatments.

This result is consistent with Spackman (2023), who explained that calcium carbonate lime effectively
neutralizes soil acidity and reduces aluminum toxicity, thereby improving plant growth. Similarly,
Guarconi & Sobreira (2017) reported that proper lime application enhances nutrient availability and
supports vegetative development. These studies support the improved growth observed under the
commercial lime treatment.

Table 8. ANOVA Results Comparing Soil pH and Growth Performance

Variable df (Between) df (within) F p-value
Soil pH 4 - 56.32 <.001
Plant Height 4 - 4891 <.001
Plant Weight (dry) 4 - 62.18 <.001
Leaf Length 4 - 41.76 <.001
Leaf Width 4 - 38.29 <.001
Number of Leaves 4 - 9.84 <.001

Table 8 shows that the one-way ANOVA revealed highly significant differences among treatments for all
measured variables (p < .001). Soil pH, plant height, dry weight, leaf length, leaf width, and number of
leaves were all significantly affected by the type of soil amendment. The high F-values for plant height
(48.91) and dry weight (62.18) indicate strong treatment effects, confirming that growth performance
varied considerably across treatments. These findings demonstrate that soil amendment type played a
major role in influencing both vegetative growth and biomass accumulation in pechay.

This result is supported by Tae Kyun Kim (2017), who explained that ANOVA is an effective statistical
tool for detecting significant differences among multiple treatment groups. Similarly, Dong (2023)
emphasized that significant F-values indicate that treatment effects, rather than random variation, are
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responsible for differences in outcomes. These studies support the conclusion that the soil amendments
significantly influenced pechay growth.

Table 9. Post-Hoc Test (Tukey HSD) for Soil pH

Comparison Mean p- Interpretation
Difference value
Distilled Water vs. 5% Shell -0.73 <.001 Significant
Distilled Water vs. 10% Shell -0.93 <.001 Significant
Distilled Water vs. 15% Shell -1.17 <.001 Significant
Distilled Water vs. Commercial -1.05 <.001 Significant
5% vs. 10% Shell -0.20 .041 Significant
5% vs. 15% Shell -0.44 <.001 Significant
10% vs. 15% Shell -0.24 018 Significant
10% vs. Commercial -0.12 221 Not Significant
15% vs. Commercial 0.12 198 Not Significant

Table 9 presents the Tukey HSD post-hoc test results for soil pH. The findings show that all shell powder
treatments (5%, 10%, and 15%) and the commercialized amendment significantly increased soil pH
compared to the distilled water control (p <.001). Significant differences were also observed among shell
concentrations, indicating that higher application rates generally led to greater increases in soil pH.
However, no significant difference was found between 10% shell powder and the commercial amendment,
as well as between 15% shell powder and the commercial amendment, suggesting comparable
effectiveness in neutralizing soil acidity.

These results are consistent with Guargoni & Sobreira (2017), who reported that increasing lime rates
significantly raises soil pH up to an optimal level. Similarly, Irfa’l et al. (2022) confirmed that mussel
shells are rich in calcium carbonate and function similarly to commercial lime in reducing soil acidity.
This supports the comparable performance observed between higher shell treatments and the commercial
amendment.

Table 10. Post-Hoc Test (Turkey HSD) for Plant Height

Comparison p-value Interpretation
Distilled vs. All Shell Treatments <.001 Significant
5% vs. 10% shell .032 Significant
10% vs. 15% shell .014 Significant
15% vs. Commercial 671 Not Significant

The analysis showed that plants grown with distilled water were significantly shorter than all other
treatments (p <.001), indicating that the absence of soil amendment limits growth. Plant height increased
progressively with higher shell concentrations. Significant differences were observed between 5% and
10% (p =.032) and 10% and 15% shell (p =.014), demonstrating a dose-dependent effect. The 15% shell
treatment was statistically comparable to commercial lime (p = .671), suggesting that high shell
concentration can match conventional soil amendments in promoting plant height.

IJFMR260270740 Volume 8, Issue 2, March-April 2026 8



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The significant increase in plant height with higher shell concentrations reflects the ability of calcium-rich
amendments to improve nutrient uptake and support vegetative growth (Kennedy, 2022). Similar studies
have shown that eggshell and mussel shell powders can enhance plant height by neutralizing acidic soils
and increasing nutrient availability (Kaewprachu & Jaisan, 2023; Urjintseren & Byambaa, 2024).

Table 11. Post-Hoc Test (Turkey HSD) for Dry Weight

Comparison p-value Interpretation
Distilled vs. All Shell Treatments <.001 Significant
5% vs. 10% shell .009 Significant
10% vs. 15% shell .021 Significant
15% vs. Commercial .018 Significant

Dry biomass followed a similar trend. Plants treated with distilled water had significantly lower dry weight
than all shell-amended treatments (p < .001). Significant increases were observed from 5% to 10% (p =
.009) and 10% to 15% shell (p =.021), showing progressive improvement in biomass with increasing shell
concentration. Interestingly, the 15% shell treatment produced higher dry weight than commercial lime (p
= .018), highlighting the potential of shell powder to outperform conventional fertilizer in biomass
accumulation.

The progressive increase in dry biomass with shell amendments, especially the superior performance of
15% shell, aligns with findings that shell powder improves overall plant vigor and supports greater
biomass accumulation (Vu et al., 2022). This demonstrates that calcium from biowaste effectively
contributes to structural growth and nutrient assimilation.

Table 12. Post-Hoc (Tukey HSD) for Leaf Length Across Treatments

Comparison Mean p-value Interpretation
Difference
Distilled Water vs 5% Shell -6.12 .041 Significant
Distilled Water vs 10% Shell -18.34 <.001 Significant
Distilled Water vs 15% Shell -27.91 <.001 Significant
Distilled Water vs Commercial -32.47 <.001 Significant
5% vs 10% Shell -12.22 .009 Significant
5% vs 15% Shell -21.79 <.001 Significant
10% vs 15% Shell -9.57 .018 Significant
10% vs Commercial -14.13 .004 Significant
15% vs Commercial -4.56 214 Not Significant

Table 12 shows that the type and concentration of soil amendment significantly influenced vegetative
growth and leaf development of pechay. Leaf consistently improved from 5% to the 15% treatment
performed just as well as the commercial soil amendment, suggesting that it can be effective alternative
for commercial products. This highlights the potential of green mussel and eggshell powder as a cost-
effective and sustainable soil amendment for pechay cultivation.

Improvements in leaf length with higher shell concentrations are consistent with studies showing that
calcium-rich amendments promote leaf expansion and photosynthetic capacity in crops (Irfa’l et al., 2022).

IJFMR260270740 Volume 8, Issue 2, March-April 2026 9



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The comparable performance of 15% shell and commercial lime indicates that natural shell powders can
match conventional fertilizers in morphological traits.

Table 13. Post-Hoc (Tukey HSD) for Leaf Width Across Treatments

Comparison Mean p-value Interpretation
Difference
Distilled Water vs 5% Shell -5.86 .047 Significant
Distilled Water vs 10% Shell -19.71 <.001 Significant
Distilled Water vs 15% Shell -31.14 <.001 Significant
Distilled Water vs Commercial -34.88 <.001 Significant
5% vs 10% Shell -13.85 .006 Significant
5% vs 15% Shell -25.28 <.001 Significant
10% vs 15% Shell -11.43 .013 Significant
10% vs Commercial -15.17 .003 Significant
15% vs Commercial -3.74 327 Not Significant

Table 13 shows that the Tukey HSD analysis revealed significant differences in leaf width among most
treatments. Plants grown with distilled water had narrower leaves compared to all shell-amended
treatments and the commercial fertilizer, showing that amendments improved leaf expansion. Leaf width
generally increased with higher shell concentrations, and the 15% shell treatment performed comparably
to the commercial fertilizer (p =.327).

The wider leaves observed under shell amendments suggest enhanced cell elongation and division due to
improved soil pH and calcium availability (Yang et al., 2023). This supports previous findings that oyster
and mussel shells can improve leaf morphology by stabilizing soil conditions and nutrient balance.

Table 14. Post-Hoc (Tukey’s HSD) for Number of Leaves Across Treatments

Comparison Mean p-value Interpretation
Difference
Distilled Water vs 5% Shell -0.63 .032 Significant
Distilled Water vs 10% Shell -0.89 .004 Significant
Distilled Water vs 15% Shell -1.01 .002 Significant
Distilled Water vs Commercial -1.08 .001 Significant
5% vs 10% Shell -0.26 211 Not Significant
5% vs 15% Shell -0.38 .094 Not Significant
10% vs 15% Shell -0.12 .634 Not Significant
10% vs Commercial -0.19 412 Not Significant
15% vs Commercial -0.07 781 Not Significant

Table 14 shows the post-hoc analysis showed that plants irrigated with distilled water produced a
significantly lower number of leaves compared to all shell-amended treatments and the commercial
fertilizer, confirming the positive effect of soil amendments on leaf development.

In contrast, no significant differences were detected among the shell-amended treatments (5%, 10%, 15%)
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and the commercial lime (p > .05). This indicates that while soil amendments increased the number of
leaves compared to the control, increasing the concentration beyond 5% did not result in a statistically
significant additional increase in leaf number. This supports Galvan et al. (2021), who reported that leaf
count in pechay is a stable growth indicator, less responsive to soil amendments.

Although the number of leaves increased with all amendments compared to distilled water, the lack of
significant differences among shell treatments reflects the relative stability of leaf initiation once adequate
nutrients are available (Vasquez et al., 2024). This indicates that even lower concentrations of shell powder
can sufficiently support leaf production in pechay.

CONCLUSION

The study confirmed that crushed mussel (Perna viridis) shells and chicken (Gallus gallus domesticus)
eggshells are effective natural soil amendments for reducing soil acidity and enhancing the growth
performance of pechay (Brassica rapa subsp. Chinensis). The calcium carbonate content of these biowaste
materials successfully neutralized acidic soil conditions, resulting in improved nutrient availability and
healthier plant development.

Among the treatments, the 15% shell powder (T4) consistently produced the highest soil pH, plant height,
and dry biomass, performing comparably to commercial lime and surpassing it in certain growth
parameters. This demonstrates that shell-based amendments can serve as practical, sustainable, and locally
available substitutes for commercial lime, particularly in resource-limited agricultural settings.

The rejection of the null hypothesis further validates that soil amendment type and concentration
significantly influence soil chemical properties and plant growth. Overall, the findings highlight the
potential of agricultural and household biowaste to address soil acidity while promoting environmentally
responsible farming practices and advancing sustainable agriculture.
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