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ABSTRACT

This study aimed to evaluate the potential of plant extracts to serve as both organic fertilizers and bio-stimulants to
enhance the physicochemical plus biological properties of soil thereby facilitating plant growth. Generalized plant
extract (GPEX), with or without carbon source (sugarcane peel extract; SPEX) and mineral salt solution (MSS), were
used to amend garden and ground soil. Tomato seeds were sown in these soils and results were compared with those of
control. Among all the treatments, GPEX+SPEX+MSS significantly promoted both soil physicochemical properties
reflected by enhanced color, texture, aggregate formation, percent porosity, water holding capacity, organic matter
content, and pH balance. These combinations also significantly (P< 0.001) improved plant growth characteristics
related to seed germination percentage, seed germination rate, seedling vigor index, shoot development and leaf
production when compared to that of control. Phytochemical composition of extracts showed presence of saponins,
tannins, flavonoids, alkaloids, reducing sugars, carbohydrates. Concentration of total polyphenols (24.2 + 0.2) and
carbohydrates (4.3 £ 0.3) was highest in GPEX+SPEX+MSS. Microbiological analysis of treated soils revealed a
diverse fungal community, including Aspergillus spp. (A. terreus, A. fumigatus, A. flavus, A. niger), Penicillium
spp. (P. notatumand P. verrucosum), Cladosporium and Mucor species. Plant-extract combinations, particularly
GPEX+SPEX+MSS, can serve as both organic fertilizer and bio-stimulants, enhancing the physicochemical and
biological properties of soil thereby improving plant growth.
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INTRODUCTION

The microbial communities of soil, apart from decomposing organic matter, also conserve carbon reserves,
recycle nutrients and facilitate plant nutrient uptake (Chen et al., 2024) thereby promoting better growth. However,
the supplementation of fertilizers is required for constant provision of nutrients to the growing plant which maintains
the soil’s productivity (Asadu et al., 2024). Fertilizers are natural or synthetic chemicals that are applied on
plants/soil directly or by irrigation water, which not only supplements the nutrients, but also augment the plant/crop
growth and maintain soil fertility (Thomas et al., 2019). Fertilizers can be broadly categorized as chemical or
inorganic, natural or organic and biofertilizers. The inorganic fertilizers constitute phosphates, nitrate, ammonium,
and potassium salts (Schwarz et al., 2014), producing direct and fast impacts because of the presence of nutrients in
soluble form. The organic fertilizers derived from animal sources or plant materials such as manure or green
manure, improve mycorrhizal colonization, maintain soils’ nutrient reserves (specifically phosphorus) and organic
matter content (Viketoft et al., 2021). Bio-fertilizers on the other hand contain living microorganisms such as
bacteria, algae, protozoa, and some nematodes, significantly enhance biochemical processes including
decomposition of organic matter, formation of humus and transformation of nutrients (Javaid and Bajwa, 20113, b).
These help to maintain the productivity and physical properties of the soil including porosity, aeration, and water
movement by developing stabilized soil aggregates (Liu et al., 2021). In recent years, bio-stimulants have emerged
as an additional tool in sustainable agriculture. Unlike fertilizers, they do not directly supply the nutrients but rather
improve plant’s intrinsic capabilities for nutrient absorption, stress management, and overall growth (Bashir et al.,
2021). The major difference between bio-stimulants and fertilizers lies in their function and mode of action; yet both
aim to optimize plant growth and crop yield thus sharing a common ground. When used simultaneously as an
integrated approach, fertilizers provide the essential nutrients, while bio-stimulants enhance nutrient uptake , thus
stimulating soil and plant metabolic activities thereby increasing crop yield (Han et al., 2024).

Given the environmental concerns associated with synthetic inputs, there is growing interest in natural,
plant-based alternatives (Javaid, 2011). Organic fertilizers offer long-term soil health benefits and plant-based bio-
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stimulants can further enhance nutrient uptake and microbial activity. Though the plant extracts have been
extensively investigated as a sustainable approach to improve crop productivity (Muhie, 2023), and their utilization
as bio-stimulants has been reported to facilitate soil properties (Ahmed et al., 2022), their simultaneous role as
organic fertilizers and bio-stimulants has received less attention. Plant materials have been known to be rich in
phytochemicals and bioactive compounds which serve as the source of nutrients for microorganisms (Saleem et al.,
2025). When applied as fertilizers/bio-stimulants, these extracts can facilitate microbial growth and activity thereby
improving soils’ biological as well as physicochemical properties and improving plant health. Therefore, this study
is aimed at evaluating the potential of plant-based extracts to function dually as bio-stimulants and alternative for
solid organic fertilizers.

MATERIALS AND METHODS

Stock generalized plant extract (GPEX 20%wi/Vv), sugarcane peel extract (SPEX 25%w/v), and working extract
(GPEX, 2.5% vl/v), along with their combinations (GPEX+SPEX, GPEX+ mineral salt solution;(MSS,
GPEX+SPEX+MSS), were prepared according to the methods described by Saleem et al. (2025). Culture media,
both solid and liquid, were also prepared using same extracts namely GPEX, GPEX+SPEX, GPEX+MSS,
GPEX+SPEX+MSS. Potato dextrose medium was also prepared and used as a reference medium. The pH of all
media was found to be in the range of 5.5-6.9 (Saleem et al., 2025).

Amendment of Soil Samples, Sowing of Seeds and Plant Growth Analysis

Two different types of soil samples (garden and ground) each weighing 500 grams, were transferred in pot
size, 8.5 cm in height (Dahanayake et al., 2019) 6.00 cm diameter of base, 9.00 cm diameter of top. In the month of
June, the soil was amended with plant extracts i.e. GPEX (50 ml) along with its combinations GPEX+SPEX,
GPEX+MSS, GPEX+ SPEX+ MSS (50 ml respectively). The control soil was supplied with water (50 ml) at the
interval of 3 days for sixty days from the month of June-July. This process was continued till day 124 (total time
span of experiment 4 months). All the experiments were carried out in triplicates during the summer to wet summer
or monsoon period (June-September) in Karachi, Pakistan, under environmental temperatures ranging between, 31-35
°C with moderate humidity and light conditions characteristic of the season.

Healthy seeds were procured from fresh tomatoes purchased from local vegetable market. Each pot containing
control and amended soils were sown with 75 seeds on sixty-first day after soil amendment. The respective pots
were subsequently treated with aqueous extracts, either in combination or without combinations in specified volume.
The pots were examined daily for the sprouting of seedlings and parameters such as seed germination percentage,
germination percentage and rate, seedling vigor rate, shoot length, number of shoots and leaves were observed
(Kancherla et al., 2019).

Seed germination percentage and rate: The germination commenced on eighth day of sowing the seeds in the
month of August, after which the observations were made daily to count the sprouted seedlings to determine
germination percentage according to the formula:

Seed germination (%) = foo/ seed germinated , g

total no.of seed sown

Seed germination rate (R)=X n/X Dn

Where n is the number of seeds germinated in days, and D is the days counted from beginning of the test. Hence, the
germination rate was calculated by dividing total germinated seeds to total days from the first day of germination
to the final germination day; 8-13 (Wani et al., 2019).

Seedling vigor index (SVI): Seedling vigor index was determined by using formula:
SVI = Germination % x seedling length in cm (Wani et al., 2019).

Shoot length, number of shoots and leaves: The shoot length was measured by a normal scale in centimeters
(Brunes et al., 2016), the number of leaves were determined by manual counting (Wani et al., 2019). The shoots
numbers were also counted manually in later stages of experiment.

Analysis of the physical, chemical, and biological properties of soil

The texture of soil was determined as mentioned by Thien (1979), percent water holding capacity was recorded
by using slightly modified Keens method, porosity was calculated by using saturation method (Maingi et al., 2020).
whereas the color was observed visually. The determination of color, structure and presence of aggregates was based
on visual soil assessment methods described by Mueller et al. (2009).

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 23 (2): 267-278, 2026.




USE OF ORGANIC FERTILIZERS TO IMPROVE SOIL FERTILITY AND MICROBIAL DIVERSITY

269

The pH of soil was measured as stated by Erol et al. (2020). The soil organic matter content was determined by
hydrogen peroxide (H,0,) method. Soil samples (1-5 g) were transferred to a beaker, followed by the addition of 5
mL of 35% of H,0, along with 10 ml of distilled water. The beaker containing the suspension was placed in the
steam bath until the solution became clear and reaction ceased to occur. This process continued until the
disappearance of reaction between soil and the reagent.

Table 1. Qualitative and quantitative phytochemical analysis of plant extracts.

Class of compound

Qualitative Test

Methodology

Alkaloids

Wagner’s test

Wagner reagent (2 drops) was transferred to 2 mL of extract
and thoroughly mixed. The production of reddish color
indicated the presence of alkaloids (Dahanayake et al.,
2019).

Dragondroff’s test

Dragendorff”s reagent (1 mL) was added to 2 mL of extract,
appearance of orange red precipitate indicated the presence
of alkaloids (Kancherla et al., 2019)

Carbohydrates

Molisch’s test

Few drops of alcoholic a-naphthol solution were added to 2
mL of extract followed by the addition of few drops of
concentrated H,SO, along the walls of test tube. At the
junction of two liquids, a violet colour ring appeared,
indicating that carbohydrates were present (Kancherla et al.,
2019)

Fehling’s test

Fehling’s (A & B) solution (2mL) was added in equal
volume of extract and heated for five minutes, the red/dark
red precipitate appearance indicated presence of
carbohydrates (Kancherla et al., 2019)

Phenols and Tannins

Lead acetate test

Pb (OAc),; 0.15 mL were added to 5 mL of extract and
mixed well. Formation of a yellow precipitate is indicative
of phenols (Dahanayake et al., 2019).

Ferric chloride test

FeCl; (5 drops) (0.25 mL) was added to extract and mixed
well. Appearance of a black precipitate indicated the
presence of tannins (Dahanayake et al., 2019).

Flavonoids

Alkaline reagent test

Few drops of diluted sodium hydroxide were added to 1 mL
of extract, resulting in the production of intense yellow
colour, which became colourless on the addition of a few
drops of dilute acid indicating the presence of flavonoids
(Shah and Hossain, 2014)

Glycosides

Keller Killani test

A solution of glacial acetic acid (0.5 mL) and 2-3 drops of
ferric chloride was mixed with 2 ml of extract. Followed by
addition of 1 mL of concentrated H,SO,, along the walls of
test tube. Appearance of deep blue colour at the junction of
two liquids indicated the presence of cardiac glycosides
(Kancherla et al., 2019).

Saponins

Foam test

Extract (ImL) was diluted with 20mL of distilled water and
shaken in a graduated cylinder for 15 minutes. Development
of stable foam suggests the presence of saponins
(Devmurari, 2010).

Terpenoids

Salkowski’s test

Plant extract: 5 mL was mixed with 2 mL of chloroform in a
test tube and 3 mL of concentrated H,SO, was added along
the sides of the test tube. Formation of reddish-brown color
is an indication of presence of terpenoids (Dahanayake et al.,
2019).

Quantitative analysis

Total Polyphenols

Folin—Ciocalteu
colorimetric method

Performed by the method described by Siddiqui et al.
(2017).

Total Carbohydrates

Anthrone method

Performed by the method as described by Devi et al. (2023)
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Isolation of fungi from control and soil amended with various nutrient sources.

Soil enrichment and culture enrichment techniques were employed to isolate fungi from the soil. Therefore, the
extract combinations used to amend soil were used to prepare the culture media for fungal isolation. The soil sample
(1 g) from the control and the soils with amendments (GPEX, GPEX+ SPEX, GPEX+ MSS and GPEX+
SPEX+MSS) were used to prepare master dilutions which were serially diluted, specified volume from respective
dilutions was transferred on to the surface of petri dishes containing media (Stefanis et al., 2013). The plates were
then incubated at an ambient temperature for up to a week and then observed for the presence of fungal growth. The
wet mounts were prepared as described by Sankhla et al. (2016).

Assessment of microbial diversity by Rossi and Cholodney’s buried slide technique: The slides in triplicates
were introduced in the control/amended soils and kept throughout incubation period of 92 and 124 days. After
ninety-two days the slides were taken out from the soil and processed as described by Mollenhoff et al. (1936).
Whereas the other slides were processed in a comparable manner after completion of rest of the incubation period.

Data analysis

All experiments were carried out in triplicates and results were expressed as mean values with corresponding
standard deviations. The student t test was used to compare means between two groups, and the level of significant
difference was indicated using p-values (e.g., P < 0.05, 0.01, 0.001).
The effects of extract amendments (GPEX, GPEX+SPEX, GPEX+MSS, GPEX+SPEX+MSS on plant growth
parameters across various soil types were analyzed using two-way ANOVA. Prior to analysis, homogeneity of error
variances was confirmed by Levene’s test.

RESULTS AND DISCUSSION

Effects of plant extract amendments on the physical properties and pH of soil

In the present study plant extracts (either in pure form or with various combinations) were used as liquid
organic nutritive substrates to amend the soils instead of the supplication of solid organic fertilizers. The amended
soils were assessed for changes in their physical properties with respect to color, texture, structure, porosity, water
holding capacity followed by comparison to that of the control soils (Fig. 1).

Initially the color of garden soil appeared dark brown but changed from dark brown to brownish black
compared to ground soil which was light brown but turned deep brown to black after amendment of plant extracts as
organic materials. Upon further examination, amended soils were dark enough to leave stains on hand in comparison
to the control soil with colour intensity increasing notably by day 124 as compared to days 61 or 92 (Fig. 2 and
3 A-J). The darker colour of soil reflects increased organic matter concentration which serves as the key
indicator of its fertility. Organic matter (OM) forms mineral-organic complexes and its intense color is often
associated with humic acid composition (Vodyanoys and Savichev, 2017).

The texture of garden soil was crumbly with well-formed aggregates whereas, the ground soil was gritty and
granular containing moderate amounts of clay along with silt and sand particles. The control soils were easily
breakable into pieces and showed lesser aggregates compared to the soils with amendments indicating improved
structural stability. The percent water holding capacity of garden and ground soil ranged between 26 + 0.1- 39 +
0.02 (Fig.1). The lowest values were observed in ground soil amended with GPEX, while highest values were found
in garden soil amended with GPEX+MSS when compared to their respective controls; 38 + 0.1 and 29 + 0.13 (Fig.
1). The porosity values of both soils ranged between 30 £+ 0.1 and 38.4 + 0.2 indicating the soils remained fine-
textured and non-compacted (Han et al., 2024). The soils with such porosity allow adequate oxygen exchange
within the rhizosphere region thereby facilitating water percolation and mineral leaching (Maingi et al., 2020).
Despite these values being lower than those reported for some fine-textured soils, they were still sufficient to
maintain favourble physical conditions in soil. Reasonable increases in organic matter content were exhibited by
garden or ground soils amended with various extract combinations excluding GPEX. Notably, ground soil amended
with GPEX+MSS particularly showed significant increase (P = <0.001) as compared to unamended control soil
which already contained low OM (2.89 + 0.1). The rise in organic matter content also indicates an increase in soil
organic carbon reserves. OM plays an important role in improving soils physical properties related to water holding
capacity (WHC) and porosity due to its affinity for water. Consistent with earlier findings of Vodyanoys and
Savichev (2017), that organic amendments increase WHC, our study also shows that the application of plant-extract
combinations, particularly GPEX+MSS, produced significant increase (P = <0.001) in WHC. The amendments also
resulted in enhancing water-soluble aggregates formation. This improvement is possibly facilitated by the binding of
organic matter with metallic ions including calcium and magnesium, thereby improving structure and base ion
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concentration of soil (Zhan et al., 2022). The pH or acid base reaction is an important indicator of the environmental
status of soil. Findura et al., (2022) reported that the pH of soil was effectively decreased when biostimulants were
applied to the soil. The results of this research are in accordance with the findings of our study because the pH of
soil samples was also found to be in the range of 6.1-6.5, with a mean of 6.3 + 0.2.

Physical Properties of Soil
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Fig 1. Physical properties of soil.

Assessment of Biological properties of soil

The qualitative microbiological assay for microbial diversity using Rossi and Cholodney’s buried slide
technique showed a clear increase in microbial population from day 92 to day 124, indicating gradual microbial
establishment over time. Notably both the soils amended with GPEX+SPEX+MSS showed highest microbial
population, followed by GPEX+SPEX, whereas control soils exhibited moderate growth. The lowest microbial
populations were observed in soils amended with GPEX alone and GPEX+MSS. Although, the same amendments
effectively improved the physical properties of soil, particularly organic matter content, but this did not progress into
immediate increase of the microbial population. This may be attributed to the slow release and temporary
immobilization of essential nutrients specifically nitrogen, potassium and phosphorus from organic reserved pools
(Shaji et al., 2021), which limits their short-term availability to microorganisms. In contrast, soils amended with
GPEX+SPEX+MSS combinations facilitated higher microbial density, possibly due to improved short-term nutrient
availability compared to GPEX or GPEX+MSS combinations.

The supplementation of these amendments may have also influenced microbial groups by modifying the
nutrient contents specifically C / N ratio thereby improving soil aggregation (Liu et al., 2021). Macroaggregates in
particular, possessing larger pore spaces enhance oxygen diffusion thus creating favorable growth conditions for
myceliated fungi (Wadria et al., 2024). This study also reports high abundance (71.8%) of the phylum Ascomycota
was found when soil was treated with both inorganic (NPK) and manure fertilizers. These observations are
consistent with the present study, in which the members of genera Aspergillus, Penicillium and Helminthsporium
(phylum Ascomycota) were found to be abundant in soils amended with organic nutrient sources particularly GPEX
and SPEX along with MSS (Table 2).

These observations are consistent with the present study, in which members of the genera Aspergillus,
Penicillium and Helminthsporium (phylum Ascomycota) were abundant in soils amended with organic nutrients
particularly GPEX and SPEX along with MSS (Table 2). The fungal isolation further corroborated the buried slide
observations.  All extract treatments supported growth of Aspergillus, Penicillium, Cladosporium and
Helminthosporium with growth comparable to that on the reference medium PDA, indicating growth supportive
ability of the extracts (Table 2). However greater fungal diversity and abundance varied among treatments with
highest number of isolates recovered from soils amended with GPEX+SPEX+MSS, followed by GPEX+SPEX. In
contrast, fewer fungal taxa were obtained from soils treated with GPEX, GPEX+ MSS, and controls.
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Table 2. Fungi isolated from soil on reference and laboratory formulated extract media

Media (reference/ extract combinations)
S.no Name of fungi SPEX T SPEX -

PDA GPEX SPEX GPEX + MSS SPEX + MSS

1. | Aspergillus niger + + + - +

2. | Aspergillus flavus + - + + +

3. | Aspergillus fumigatus + + + - +

4. | Aspergillus terreus + - + - -

5. | Penicillium verrucosum + - - - -

6. | Penicillium chrysogenum + - - +

7. | Cladosporium sp + - - -

8. | Helminthosporium sp + - - - +

9. | Rhizopus sp + + - - -

10. | Mucor sp + + + + +

Key: + growth - no growth

Assessment of plant growth characteristics

Plant growth characteristics were monitored from day 0 to day 124. Parameters including seed germination
percentage, germination rate, seedling vigor index (SVI), shoot length and number of leaves were assessed between
days 60 and 92, whereas shoot length, number of shoots and number of leaves were evaluated from day 93 to day
124 (Table 3a-c and 4).

Levene’s test confirmed homogeneity of variances (p > 0.05) across all five dependent variables prior to
analysis. The results of the two-way ANOVA including F-values, significance levels, and partial eta-squared (n%)
effect sizes are presented in Table 5.

The seed germination percentage, germination rate seedling vigor index (SVI) and number of leaves were
significantly higher (P = < 0.001) in garden soil amended with GPEX+SPEX+MSS compared to the control (Table
3a-c). Nevertheless, the shoot length was significantly raised (P = < 0.001) in both soils amended with GPEX alone
relative to their respective controls. Notably, most growth parameters in ground soil under various amendments were
significantly lower than those observed in garden soil and the control (Table 3a-c and 4).

Table 3a. Mean + Standard Deviation of plant growth parameters in garden soil under various amendments (n=3),
Day 0-92.

Seed Seed Seedling vigor
Control/ R R ; Shoot f
Amendments germination germination index length (cm) No. of Leaves
percentage rate (SVI)
Control 66.67+2.67¢ 5.38+0.51b 62.26+4.23b 2.50+0.10c 102.00+2.0b
GPEX 32.00+2.67d 2.15+0.19c 20.31+2.50d 4.20+0.20b 44.00+2.0d
GPEX+SPEX 53.33+1.34c 3.71+0.75c¢ 36.47+2.36¢ 3.0£0.25¢ 80.00+2.0c
GPEX+MSS 12.04+2.67¢ 0.71+0.19d 5.84+1.57e 1.4040.20d 18.00+1.0e
GPEX+SPEX+MSS 93.44+2.50a 8.37+1.12a 109.00+7.94a 2.75x0.05c 140.00+2.0a

* Values are Mean + SD. Different letters within each column indicate significant differences (p < 0.05, Tukey's
HSD). Letters a-e indicate highest to lowest values.
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Table 3b. Mean * Standard Deviation of plant growth parameters in ground soil under various amendments (n=3),

Day 0-92.
Control/ Seed_ . Seed_ . Sgedll_n% Shoot length f
Amendments germination germination vigor index (cm) No. of Leaves
percentage rate (SVI)

Control 79.97+1.35b 7.22+0.57b 74.75+£3.31b 3.0£0.25¢ 120.00£1.0b
GPEX 53.32+2.67c 9.33+0.58a 39.17+3.33c 6.00+0.50a 80.00+2.00d
GPEX+SPEX 66.67+4.00b 8.3340.58a 58.96+5.24b 5.00+0.50b 100.00+1.00c
GPEX+MSS 66.67+2.67b 8.3340.58a 59.13+3.77b 2.50+0.20c 100.00+2.00c
GPEX+SPEX+MSS 66.67+1.34b 8.33+0.58a 61.44+4.79b 3.50+0.30c 100.00+1.00c

* Values are Mean + SD.

Different letters within each column indicate significant differences (p < 0.05, Tukey's
HSD). Letters a-e indicate highest to lowest values.

Table 3c. Overall means and Tukey's HSD letter groupings for all amendments across both soil types (Day 0-92).

Control/ Sz S cizzd L Seedling Shoot No. of
Amendments g::::r::ti\tg;gn grjzgarnlnatlon vigor index Length (cm) | Leaves
GPEX+SPEX+MSS 80.06a 8.35a 85.22a 3.13c 120.00a
Control 73.32b 6.30b 68.51b 2.75c 111.00b
GPEX+SPEX 60.00c 6.02b 47.71c 4.00b 90.00c

GPEX 42.66d 5.74b 29.74d 5.10a 62.00d
GPEX+MSS 39.33d 4.52c 32.49d 1.95d 59.00e

* Values represent overall means across both soil types (n=6). Means sharing the same letter within a column are not
significantly different at p > 0.05 (Tukey's HSD). Letters a-e indicate highest to lowest values.

Table 4. Plant growth characteristics (Day 93-124)

Plant growth parameters

Type of soil Amendments Shoot Length (cm) L\th:)rcr:tk;er of Number of leaves
Control 14+0.5 30+2 60+1
GPEX 7+0.5%** 2011 *** 4012***

Garden GPEX+SPEX 6.35+0.3*** 10£1*** 20£2%**
GPEX+MSS 6.35+0.2*** 35+1* T70£2%**
GPEX+SPEX+MSS 16 +£0.3** 4042** 80+1***
Control 3+0.2 1+1 2+1
GPEX 6.35+0.04*** 20+2%** 40+2%**

Ground GPEX+SPEX 6.35 £0.2*** 10£1*** 201 ***
GPEX+MSS 6.35+0.03*** B+1** 1241 %**
GPEX+SPEX+MSS 15.0 £0.2%** 20+2%** 40£2%**

Key: <0.05=* < 0.01=** < 0.001="***

Higher number of shoots were consistently observed in both garden and ground soils supplemented with
GPEX+SPEX+MSS. A significant increase in plant length (P= < 0.001), along with a reduction in shoot and leave
number was recorded in soils amended with GPEX + SPEX on day 124 (Table 4). Similarly, a noticeable rise in
plant length (6.35cm) was observed in both types of soils supplemented with extract combinations
GPEX+SPEX+MSS, GPEX+SPEX and GPEX+MSS, although the combination of GPEX+SPEX showed marked
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decline in the number of shoots (10) and leaves (20) at this stage. Garden soil amended with GPEX+MSS exhibited
fewer shoots and leaves compared to the corresponding ground soil (Table 4). All plant growth parameters including
seed germination percentage, rate, seedling vigor, shoot length and number of leaves were significantly influenced
by soil type, amendment treatment, and their interaction (p > 0.001), with large effect sizes (n?=0.600-0.997) and
high model explanatory power (R? = 0.967-0.998). Among parameters, number of leaves exhibited the highest
effect, whereas shoot length demonstrated comparatively lower interaction impact.

Garden Soll Garden Soil Garden Soll Garden Soil
Control GPEX+SPEX GPEX+MSS GPEX+SPEX+MSS

Ground Soil Ground Soll Ground Soll Ground Soll
Control GPEX GPEX+SPEX GPEX+MSS GPEX+SPEX+MSS

Fig 2 . Pots containing garden and ground soil (with and without amendments) on day 92.

Garden Soil Garden Soil Garden Soil Garden Soil Garden Soil
Control GPEX GPEX+SPEX GPEX+MSS GPEX+SPEX+MSS

Ground Soil Ground Soil Ground Soil Ground Soil Ground Soil
Control GPEX GPEX+SPEX GPEX+MSS GPEX+SPEX+MSS

Fig 3. Pots containing garden and ground soil (with and without amendments) on day 124"

Across amendments, overall, the soils supplemented with GPEX+SPEX+MSS combinations consistently
produced superior plant growth responses, including maximum germination percentage (93.44 %), germination rate
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(8.37), seedling vigor index (109.0), and number of leaves (140.0). compared to the results of control (Table 3a-c-4,
Figure 2 E and J). Tukey’s HSD test further confirmed that GPEX+SPEX+MSS was significantly superior to most
of the treatments, while GPEX and GPEX+MSS frequently ranked lowest and were often statistically similar, with
other treatments showing intermediate performance. The effect produced by GPEX+SPEX+MSS may be attributed
not only to the adequate nutrient concentration but also to the presence of plant growth-supporting substances
thereby defining their role as bio-stimulants as well organic liquid fertilizers. Previous studies have demonstrated
that certain plant extracts have been shown to positively affect seed germination, thereby promoting plant growth
during various developmental stages (Han et al., 2024). Similarly, Zhang et al. (2023), observed significant
improvements in the root development, water assimilation capacity, and photosynthetic activity in tomato plants
under stressed conditions when treated with seaweed extracts, thus corresponding to the results of our study. Liaquat
et al. (2020) also observed that germination of tomato seeds thus emergence of seedlings, development of shoot
length and leaf number were found to be maximum with the use of organic fertilizers (coir pith). These findings are
consistent with the results of our study indicating that the application of nutrients in liquid form rather than in solid
state, resulted in improved growth parameters in plants. Despite the overall positive growth response, the reduction
in the number of shoots and leaves observed on day 124 might be due to environmental factors (Table 4, Figure 3 A-
J). Since the experiments were carried out during summer (June) and summer wet/monsoon season (June-August)
therefore, seasonal changes associated with light inadequacy, humidity and fluctuating temperatures seem likely
possibilities. Elevated temperatures have been reported to decline the branch and leaf production impaired
enzymatic activity and disrupt essential cellular processes involved in plant growth (Rosmaina et al., 2021). In
addition to the environmental factors, the gradual mineralization and slow release of nutrients from organic nutrient
pools may also limited nutrient uptake at later growth stages collectively contributing to the observed decline in
shoot and leaf development.

Table 5. Two-way ANOVA,; plant growth parameters (F-values, significance levels, and partial eta-squared effect sizes).

Source Germination % Germination Rate Vigor Index (Schng;) 5 e No. of Leaves
. F=073.04 Feasa1l  peoool  F=3853 F=133.81 F=1441.71
Soil Type <0001 n2=0.932  n’=0947 p<0.001 p<0.001 p<0.001
<> ' ' n2=0.745 n2=0.870 n2=0.986
_ _ F=187.08 F=103.43 F=1646.36
Amendment F;g%%iiz_o 084 E;fé’gsg p<0.001 ' 0 001 p<0.001 p<0.001
p<>. - e n*=0.974 n?=0.954 n?=0.997
Soil X F=19958 F=4349  p<0.001 Eig%ﬁﬁ F=7.50 p=0.001 523%2041'93
Amendment p<0.001 n?=0.976 = n’=0.897 P 0,057 n2=0.600 P 0,905
R? 0.991 0.970 0.984 0.967 0.998

Table 6. Qualitative and quantitative chemical component analysis of plant extracts; without and with combinations.

S.no | Name of Components Plant extracts (without and with) combinations
GPEX GPEX+SPEX GPEX+MSS GPEX+SPEX+MSS

1 Saponins + + + +
2 Tannins + + + +
3 Flavonoids + + + +
4 Alkaloids - + - +
5 Reducing Sugars + + + +
6. Carbohydrates + + + +

% concentration

1. Total Polyphenols 72+0.1 16.7+0.2 7.3%£0.3 242+0.2

2. Total carbohydrates 15+0.2 25+0.1 15+03 43+0.3

Key: + Present - Absent
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Assessment of the phytochemical properties of extracts

The chemical components like saponins, tannins, flavonoids, reducing sugars and carbohydrates were detected
in all plant extracts without and with combinations including GPEX, GPEX+SPEX, GPEX+MSS and
GPEX+SPEX+MSS. However, alkaloids were found to be absent in GPEX and GPEX+MSS (Table 6). Percent
concentration of total polyphenols, and carbohydrates were found to be highest in GPEX+SPEX+MSS; 24.2 + 0.2
and 4.3 + 0.2 followed by GPEX+SPEX, 16.7 + 0.2 and 2.5 + 0.2 respectively (Table 6).

The efficacy of plant-extracts is attributed to the occurrence of various biologically active compounds or
phytochemicals like carotenoids, polyphenols, dietary fibers, saponins, phytosterols, glycosides, flavonoids, and
certain polysaccharides (Rashmi and Negi, 2022). These compounds may be extracted by using appropriate solvents.
Water being the most effective universal solvent may be used for an efficient extraction of phenolics and
carbohydrates (Kumar et al., 2023). Phytochemical analysis of our extracts, GPEX, GPEX+SPEX, GPEX+MSS and
GPEX+SPEX+MSS indicate the presence of saponins, tannins, flavonoids, reducing sugars and carbohydrates
(Table 6). Notably, the concentration of polyphenols and carbohydrates were found to be highest in
GPEX+SPEX+MSS and GPEX+SPEX alone contained carbohydrates, and polysaccharides (Table 6). Saleem and
Hakeem (2025) similarly reported that extracts from eucalyptus, neem or other plant species, possess bioactive
substances such as polysaccharides, polyphenols, and amino acids, which promoted fungal growth. Sugarcane plant
contains substantial quantity of sugars namely sucrose, fructose and glucose along with organic acids and amino
acids (Ungureanu et al., 2022). 1t’s likely that these sugars were released during extraction process therefore, when
GPEX was used along with SPEX, it provided additional carbon sources. The further addition of MSS along with
GPEX+SPEX supplied minerals. Together these components supported fungal growth, which in turn stimulated
plant development (Fig. 2 E and J). Consistent with this, Saleem et al. (2024, 2025) while studying dry cell weight
production of Candida albicans and Aspergillus niger observed that the growth became better when extract media
containing SPEX were used. The present findings similarly indicate efficient utilization of sugars in the extracts
during fungal growth thereby further facilitating plant production.

In the light of the above results, it can be concluded that the plant growth was delayed, and the organic matter
content remained low in the absence of extract supplementation. However, the addition of these extracts
significantly improved the soil organic matter content and overall soil quality. Supplementing the plants with these
extracts, rather than plain water, proved beneficial for plant growth and health. Among the tested combinations,
GPEX along with SPEX and MSS produced promising results serving effectively both as a nutrient-rich culture
medium to support fungal growth and as a bio-stimulant and liquid organic fertilizer that enhance plant growth while
improving physicochemical and biological properties of soil.
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