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Abstract
This study evaluates the quality of dairy waste compost by assessing 
its effect on monocot and dicot seed germination using the tray method. 
Compost samples were mixed with soil in varying ratios, and germination 
rate, root, and shoot lengths of Vigna radiata (green gram) and Triticum 
aestivum (wheat) were recorded. The compost was produced using a 
Smartenviro Systems drum composter containing 40 kg of dairy sludge 
and 10 kg of sawdust as a bulking agent. Composting was carried out for 
12–15 days at 45–55°C under thermophilic conditions, with daily drum 
rotation using a 0.5 HP geared motor for uniform aeration and mixing.  
The sawdust improved the C: N balance, enhancing organic matter 
degradation and yielding stable, odor-free compost. The automated, 
enclosed design minimized labor and leachate loss. Germination assays 
indicated that the compost-soil mixtures were non-phytotoxic and promoted 
early plant growth. Pathogen analysis confirmed the absence of Salmonella 
spp. and Staphylococcus aureus; however, detectable Escherichia 
coli and elevated chromium (Cr) levels above regulatory limits indicate 
incomplete sanitization and highlight the need for additional stabilization 
or post-treatment before unrestricted agricultural application. Overall, the 
results demonstrate the potential of controlled compost-soil blending for 
sustainable dairy waste management, while emphasizing the importance 
of further treatment to ensure microbiological and chemical safety.
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Abbreviations

STP	 Sewage Treatment Plant
S:C	 Soil: Compost)
HP	 Horsepower
C/N	 Carbon to Nitrogen Ratio
NH4+ N	 Ammonium Nitrogen
NO3-–N	 Nitrate Nitrogen
ICP–OES	 Inductively Coupled Plasma - Optical Emission Spectrometry
FCO	 Fertiliser Inorganic, Organic or Mixed Control Order, 1985
EC	 Electrical Conductivity
CFU	 Colony Forming Units
MPN	 Most Probable Number
P2O5	 Phosphorus Pentoxide
EN	 European Norm
EPA	 OPPTS Environmental Protection Agency - Office of Prevention, 
	 Pesticides and Toxic Substances)
FWC	 Food Waste Compost
NFCE	 Non-Aerated Fermented Compost Extract
GI	 Germination Index

Introduction
The world is moving fast towards organic farming, 
and this study is an important step towards the same. 
The implementation of an environmentally friendly 
management strategy for solid waste is recognized 
as an urgent need worldwide, whereas reuse 
and recycling of these wastes through compost 
preparation are categorized as the most preferable 
approaches in an integrated solid waste management 
system under the clean Indian program and Smart 
City program.1 To improve soil aggregation, restore 
soil organic carbon and nitrogen, and increase 
agricultural sustainability, compost application 
is being advocated as a substitute for synthetic 
fertilizer.2 Composting is a microbially mediated 
stabilization process that converts organic waste 
into a nutrient-rich soil amendment suitable for 
agricultural use. Compost quality is crucial for its 
effectiveness in agriculture. Seed germination tests, 
particularly with dicotyledonous plants, provide 
a rapid and effective way to evaluate compost 
phytotoxicity and nutrient content.3-6 Here, we used 
both dicot and monocot plants for the study. This 
study aims to analyze compost quality by sowing 
dicot and monocot seeds in compost-soil mixtures 
using a controlled tray method.

The dairy industry produces substantial quantities 
of organic waste, including manure, wash water, 

and sludge from milk processing. Dlecta dairy 
waste, a byproduct generated during the processing  
of lactose-rich dairy streams, is high in organic 
matter and nutrients. When not managed properly, 
this waste poses serious environmental challenges, 
including water pollution, foul odors, and greenhouse 
gas emissions. In many industrial regions, the 
accumulation of such waste also adds to operational 
costs and regulatory pressures. As sustainability 
becomes a critical focus in industrial practices, the 
need for effective, low-cost, and eco-friendly waste 
management strategies is growing. Composting 
has emerged as a promising solution to transform 
dairy waste into valuable organic fertilizer, reducing 
environmental risks while promoting circular 
resource use.

While composting is an effective method for 
stabilizing organic waste, the quality of the final 
compost product can vary significantly depending 
on the raw materials used and the composting 
conditions.7,8 Poorly matured or contaminated 
compost can contain phytotoxic compounds such 
as ammonia, organic acids, or heavy metals, 
which may hinder plant growth rather than support 
it.9-12 Therefore, it is essential to assess compost 
maturity and safety before agricultural application.6,13 
Traditional chemical analyses provide insight into 
nutrient content and pH, but they may not reflect 
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the actual biological effects of the compost on plant 
development. As a result, bioassays have become 
a valuable complementary tool. Among these, the 
plant germination method stands out due to its 
simplicity, cost-effectiveness, and ability to directly 
indicate the presence of inhibitory substances 
through measurable effects on seed germination 
and root elongation.

In this context, the present study aims to evaluate 
the quality and phytotoxicity of compost derived 
from Dlecta dairy waste using the plant germination 
method. Seeds of selected indicator species 
were used to assess germination rate and root 
development in compost, serving as direct biological 
indicators of compost safety and maturity.14 We 
hypothesized that (1) moderate compost inclusion 
(>25%) would enhance seed germination and early 
plant growth due to improved nutrient availability, 
and (2) pure compost application would exhibit 
phytotoxic effects arising from residual ammonium 
or incompletely stabilized organic compounds.
By focusing on germination as a bioindicator, this 
study provides a practical approach for identifying 
potentially harmful byproducts in compost that 
might not be evident through chemical analysis 
alone. The outcomes of this work are particularly 
relevant for industrial compost producers, waste 
management facilities, and agricultural users 
seeking cost-effective tools to ensure compost 
reliability. Furthermore, by validating a simple and 
scalable testing method, this research contributes to 
environmentally responsible waste reuse practices, 
supporting the transition to circular and sustainable 
industrial systems. The findings also offer insight 
into optimizing Dlecta Dairy waste management at 
both operational and policy levels.

This study demonstrates that drum composters such 
as the Smartenviro Systems unit can play a significant 
role in sustainable waste management, particularly 
in urban and institutional settings where space 
availability, hygiene, odor control, and time efficiency 
are critical considerations. The novelty of the present 
study lies in the application of a temperature-
controlled rotating drum composting system with 
a short retention time for processing lactose-rich 
dairy STP sludge, a waste stream commonly 
associated with high organic load and phytotoxicity. 
Compared with conventional windrow composting, 

the controlled drum system enabled rapid pathogen 
reduction, enhanced organic matter stabilization, 
and effective mitigation of phytotoxic effects,  
resulting in mature, agronomically safe compost within  
a reduced timeframe. These process efficiencies 
were reflected in improved seed germination and 
early growth responses of both monocot and dicot 
crops at optimized soil–compost ratios.

Materials and Methods
Matured compost derived from Dlecta dairy STP 
Sludge waste was used as the test material. Control 
soil consisted of standard garden soil without 
compost. In the present study, a uniform, locally 
sourced garden soil was used as a baseline growth 
medium to conduct a preliminary phytotoxicity 
and early growth assessment. While detailed soil 
characterization (texture, pH, organic matter, and 
CEC) was not performed, the same homogenized soil 
batch was consistently used across all treatments to 
reduce variability and allow comparative evaluation 
of compost application rates. The primary aim was 
to assess compost suitability and plant response at 
different compost proportions rather than to elucidate 
detailed soil–compost interaction mechanisms. 
Seeds of commonly used test species-Green gram, 
wheat-were selected for their sensitivity and fast 
germination rates as different plant species respond 
variably to compost maturity and ammonium 
toxicity.9 Seed germination assays were conducted 
under consistent laboratory ambient conditions, 
following standard toxicity testing guidelines.10 
Chemical surface sterilization was not employed, 
as the objective was to assess phytotoxicity under 
conditions relevant to agricultural practice. Light 
exposure followed a natural photoperiod, and 
humidity was maintained through regular moisture 
adjustment and tray coverage. Experiments were 
conducted in uniformly sized trays (30 cm × 20 cm), 
with daily irrigation using clean water. Measurements 
were taken using basic tools such as a ruler, digital 
scale, and thermometer. All treatments were clearly 
labeled for consistent identification.

The Smartenviro Systems rotating drum composter 
proved to be an efficient and practical system for 
accelerating compost formation under controlled 
conditions. The rotating drum mechanism ensured 
proper aeration and uniform mixing of organic waste, 
thereby enhancing microbial activity and promoting 
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rapid organic matter decomposition leading to 
accelerated stabilization under thermophilic 
conditions.8 As a result of intense microbial 
metabolism, exothermic reactions led to a rapid rise 
in compost temperature, marking the onset of the 
thermophilic phase. During the active composting 
stage, temperatures increased to thermophilic 
ranges suitable for pathogen inactivation and 
accelerated organic matter breakdown.

The composting process was operated under 
aerobic conditions with an effective material retention 
time of 12–15 days within the drum, during which the 
system facilitated automatic temperature regulation 
through controlled rotation and heat retention, 
preventing excessive overheating while sustaining 
thermophilic conditions. Temperature and moisture 

were monitored manually at regular intervals, and 
operational adjustments were made as necessary to 
maintain conditions optimal for aerobic composting. 
Following the active heating phase, the compost 
gradually entered a cooling and stabilization 
phase, indicating reduced microbial respiration and 
progressive compost maturation.

Overall compost maturity was achieved after a 
subsequent curing period, resulting in a stable 
product characterized by dark brown color, crumbly 
texture, and earthy odor. Although continuous 
automated monitoring was not employed, periodic 
measurements were sufficient to maintain stable and 
reproducible composting conditions throughout the 
heating, maintenance, and cooling phases.

Table 1: Parameters taken in consideration for the study

Parameter	 Frequency	 Method

Germination rate (%)	 Day 3–7	 Count germinated seeds
Plant height (cm)	 Every 3–5 days	 Ruler from soil to tip
Root length (cm)	 At harvest	 Ruler after uprooting

Determination of Physical Properties of Compost
The physical properties evaluated in this study 
included compact density, moisture content, dry 
matter, ash content, and organic matter. Compact 
density was measured according to the procedure 
described in EN13040:2007,15 using calibrated 
cylinders of known mass and volume. The density 
of each sample was calculated and expressed 
in g/L (g/dm³). Moisture content and dry matter 
were quantified by drying 100g of fresh compost 
at 103±2 °C until a constant weight was achieved, 
following the methodology specified in EN13040.15 
The results were expressed as percentages of the 
original fresh mass. The determination of ash and 
organic matter content followed EN13039:2012.16 
Compost samples were initially dried for a minimum 
of 4hat103±2°C and subsequently combusted in a 
muffle furnace at 450±10 °C for at least 6h. The 
samples were re-weighed after each additional 
hour of ignition until a stable mass was obtained. 
Organic matter and ash contents were expressed 
as a percentage of the dry matter.

Analysis of Chemical Properties of Compost 
The chemical properties of compost were analyzed 
by determining pH, electrical conductivity (EC), 
total carbon and nitrogen, the C/N ratio, ammonium 
and nitrate nitrogen (NH4

+–N and NO3
-–N), and 

total phosphorus and potassium, following the 
specifications of the Fertiliser (Inorganic, Organic or 
Mixed) Control Order, 1985 (FCO 1985).17 The pH 
of compost was measured in a 1:5 (v/v) suspension 
prepared by mixing 60 ml of fresh compost with 
300 ml of deionized water, shaking for 60 minutes, 
and assessing the electrometric pH value using a 
calibrated pH meter according to EN 13037:2011.18 
Electrical conductivity was determined in the same 
suspension after shaking, using a conductometer 
in accordance with EN 13038:2011.19 Organic 
carbon content was analyzed by wet oxidation, 
wherein 50 mg of dry compost was digested with 
5 ml of 0.27 M K2Cr2O7 and 7.5 ml concentrated 
H2SO4 at 135 °C for 30 minutes, diluted to 100 
ml, centrifuged at 2000 rpm for 10 minutes, and 
measured spectrophotometrically at 585 nm using 
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glucose standards for calibration. Total nitrogen was 
quantified using the Kjeldahl digestion method, and 
nitrogen values were expressed as a percentage of 
dry matter. The C/N ratio was calculated from the 
measured concentrations of organic carbon and total 
nitrogen. Ammonium and nitrate nitrogen (NH4

+–N 
and NO3

-–N) were determined from 10 g of fresh 
compost following EN 13652:2001,20 with results 

expressed in g/kg dry matter. Total phosphorus 
was measured using the phosphorus-molybdenum 
blue method after acid digestion with nitric and 
hydrochloric acids, while total potassium was 
quantified from the same digest using inductively 
coupled plasma-optical emission spectrometry (ICP–
OES). Concentrations of P and K were expressed 
in g/kg of compost dry matter.

Table 2: Physical-Chemical, Biological properties of compost

Parameter	 Optimum / Permissible Range	 Tested Result

Moisture Content (%)	 25–35% (FCO says max 25% for	 36.8% (w/w)
	 saleable compost)
pH	 6.5 – 7.5	 5.70
Electrical Conductivity	 ≤ 4.0 dS/m	 0.655 dS/m
(EC) (1:5 dilution)
Organic Carbon (%)	 ≥ 12%	 53.66%
Total Nitrogen (N)	 ≥ 0.8%	 1.36%
Total Phosphorus (P2O5)	 ≥ 0.4%	 1.42%
Total Potassium (K2O)	 ≥ 0.4%	 0.38%
C:N Ratio	 20:1 – 30:1 (finished compost	 39.41
	 ideally < 20:1)
Pathogen Level	 Salmonella absent in 25 g sample; 	 Total Plate Count: 8 × 10⁷
	 < 1000 MPN/g fecal coliform)	 CFU/g
		  Salmonella: Absent/25 g
		  S aureus: Absent/g
		  E. coli: Present/g
Heavy Metals	 Below FCO Limits (listed below)	
Arsenic (As)	 ≤ 10 mg/kg	 < 0.01 mg/kg
Cadmium (Cd)	 ≤ 5 mg/kg	 < 0.01 mg/kg
Chromium (Cr)	 ≤ 50 mg/kg	 107.3 mg/kg
Copper (Cu)	 ≤ 300 mg/kg	 < 0.01 mg/kg
Mercury (Hg)	 ≤ 0.15 mg/kg	 < 0.01 mg/kg
Nickel (Ni)	 ≤ 50 mg/kg	 < 0.01 mg/kg
Lead (Pb)	 ≤ 100 mg/kg	 < 0.01 mg/kg
Zinc (Zn)	 ≤ 1000 mg/kg	 180.5 mg/kg

Germination Test 
In this study, seed germination and early growth 
assessments were performed using direct compost–
soil mixtures rather than compost extracts. Seeds 
were sown directly in trays containing compost 
blended with soil at 25%, 50%, 75%, and 100% 
(w/w) proportions, as presented in the tables and 
results section. Five treatments were prepared by 
mixing compost and soil in varying ratios: T1 (100% 
soil, control), T2 (75% soil + 25% compost), T3 (50% 

Soil:50% compost), T4 (25% soil + 75% compost), 
and T5 (100% compost). Each treatment was 
replicated four times, with 2 seeds sown per replicate. 
Seeds were planted at equal depth and spacing, and 
trays were kept under ambient light conditions at 
a temperature of 25–30°C, either in a ventilated 
greenhouse or shaded area. Watering was done 
daily to maintain consistent moisture without flooding.  
Germination was observed daily for the first 7–10 
days. After the emergence of seedlings, parameters 
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such as germination percentage, plant height, and 
number of leaves, root length, and fresh biomass 
were recorded at regular intervals. Plant height was 
measured every 3–5 days using a ruler, while leaf 
count was recorded weekly. Root length and fresh 
biomass were assessed at harvest 10 days.

measures are required to ensure microbiological 
safety before agricultural application. Heavy metals 
are generally within safe limits, except chromium 
(107.3 mg/kg), which exceeds the permissible 
level (≤50 mg/kg). The observed chromium (Cr) 
concentration (107.3 mg/kg) in the compost reflects 
the initial composition of the dairy STP sludge, where 
Cr originates primarily from non-hazardous, food-
grade processing activities rather than from industrial 
or electroplating sources. During composting, 
chromium is predominantly present in the trivalent 
form (Cr³+), which is considerably less toxic and 
less bioavailable than hexavalent chromium 
(Cr⁶+). Moreover, the compost was not intended 
for direct field application; instead, it was applied 
as fractionated compost–soil mixtures (25–100%), 
which significantly dilute metal concentration and 
limit plant uptake. The controlled, temperature-
based composting process also promotes metal 
immobilization through organic matter complexation, 
thereby reducing chromium mobility and phytotoxic 
risk. Overall, the compost is nutrient-rich but requires 
further stabilization (lowering C: N ratio), pathogen 
control, and attention to heavy metal contamination, 
especially chromium, before being considered safe 
for agricultural application.21,7 

Germination Rate (%)
The study demonstrated that the soil-to-compost 
ratio has a significant effect on germination and 
growth of both Wheat and Green gram. In Wheat, 
optimal performance was observed in the 75:25 and 
50:50 soil-to-compost treatments, which achieved 
100% germination by Day 6–7. Growth in pure soil 
was comparatively delayed, while higher compost 
proportions (≥75%) considerably suppressed 
germination, with 100% compost showing negligible 
growth. A similar pattern was noted in Green gram, 
where the 75:25 mixes supported rapid germination, 
reaching full growth by Day 6, followed by the 
50:50 mix by Day 7. Although soil alone supported 
complete germination by Day 10, higher compost 
levels slowed growth, and pure compost resulted 
in minimal germination. These results indicate 
that a balanced soil-compost blend, particularly 
at 75:25, provides optimal conditions for seedling 
development, while excessive compost has an 
inhibitory effect.

Table 3: Composition of Soil–Compost 
Treatments Applied in the Study

T1	 100% soil, control
T2	 75% soil + 25% compost
T3	 50% soil+50% compost
T4	 25% soil + 75% compost
T5	 100% compost

Results
Compost Parameters
The tested compost sample shows mixed compliance 
with FCO standards. Moisture content (36.8%) is 
slightly higher than the acceptable limit for saleable 
compost, which may affect storage and handling. 
The pH value (5.70) is below the optimum range 
(6.5–7.5), indicating acidic conditions that could 
limit microbial activity and nutrient availability. 
Electrical conductivity (0.655 dS/m) is well within 
the safe limit, ensuring no salinity issues. Organic 
carbon content (53.66%) is significantly higher 
than the required minimum (≥12%), while nitrogen 
(1.36%) and phosphorus (1.42%) also exceed 
the standards, reflecting strong nutrient potential. 
However, potassium (0.38%) is slightly below 
the required threshold of 0.4%. The C:N ratio 
(39.41) is higher than the desirable range (<20:1 
for matured compost), suggesting incomplete 
decomposition.21The elevated C:N ratio (39.4) 
suggests that the compost has not yet reached full 
maturity and would benefit from further stabilization 
prior to large-scale application. Pathogen analysis 
confirmed the absence of Salmonella spp. and 
Staphylococcus aureus; however, the detection  
of Escherichia coli suggests incomplete sanitization 
and a potential biosafety concern. The microbial 
plate counts reflected overall microbial activity and 
represent total culturable bacterial populations rather 
than exclusively pathogenic E. coli. Nonetheless, 
additional pathogen reduction and stabilization 
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Table 4: Germination rate (%) = (Number of seeds germinated/Total seeds sown) ×100

PLANT	 COMPOSITION	 Day 4	 DAY5	 DAY 6	 DAY 7	 DAY 10

Wheat	 T1	 -	 25	 50	 100	 100
(T. aestivum)	 T2	 87.5	 87.5	 100	 100	 100
	 T3	 62.5	 87.5	 100	 100	 100
	 T4	 25	 37.5	 37.5	 50	 75
	 T5	 -	 -		  -	 12.5

Green gram	 T1	 12.5	 25	 50	 75	 100
(V. radiata)	 T2	 50	 75	 100	 100	 100
	 T3	 62.5	 75	 87.5	 100	 100
	 T4	 12.5	 62.5	 62.5	 75	 87.5
	 T5	 -	 -	 -	 -	 12.5

Table 5: Germination performance of wheat (Triticumaestivum) and Green 
Gram (Vigna radiata) across different observation days. Values represent mean 

± standard deviation. Treatments sharing the same superscript letter are not 
significantly different according to Tukey’s HSD test (p< 0.05).

Day	 Wheat(T. aestivum)	 Green Gram(V. radiata)

Day 4	 4.67 ± 2.52ᵃ	 3.33 ± 2.08ᵃ
Day 5	 4.75 ± 2.63ᵃ	 5.67 ± 0.58ᵃ
Day 6	 5.75 ± 2.63ᵃ	 6.67 ± 1.53ᵃ
Day 7	 7.00 ± 2.00ᵃ	 7.33 ± 1.15ᵃ
Day 10	 6.40 ± 2.61ᵃ	 6.00 ± 3.37ᵃ

Shoot Height (cm)
The growth study showed that both Wheat and 
Green gram performed best in a balanced soil-to-
compost mixture, particularly at 75:25 (S: C). For 
Wheat, the 75:25 mix reached the highest plant 
height of 16.81 cm by Day 10, closely followed by 
the 50:50 mix at 16.31 cm, while pure soil reached 
only 10.23 cm. In contrast, higher compost levels 
suppressed Wheat growth, with 25:75 reaching just 

2.8 cm and 100% compost only 1 cm. A similar trend 
was observed in Green gram, where the 75:25 mixes 
achieved the tallest growth of 13.5 cm, followed by 
50:50 at 11.5 cm, and pure soil at 10.38 cm. Again, 
excessive compost limited growth, with 25:75 at 3.7 
cm and 100% compost at 3.5 cm. Overall; the results 
confirm that a moderate compost addition (around 
25%) enhances plant growth significantly, while too 
much compost reduces performance.14

Table 6: Day-wise Shoot Growth Response of Wheat and Green Gram under 
Different Soil Compost Compositions

PLANT	 COMPOSITION	 Day 5	 DAY6	 DAY7	 DAY 10

Wheat	 T1		  2.125	 3.275	 10.225
(T. aestivum)	 T2	 8.14	 10	 13.06	 16.81
	 T3		  6.25	 9.75	 16.31
	 T4		  3.33	 2.55	 2.8
	 T5		  -	 -	 1
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Root Length (cm)
Root length analysis indicated that both wheat and 
green gram exhibited optimal performance under 
balanced soil–compost conditions, particularly at 
the 75:25 (soil: compost) ratio, which promoted 
significantly stronger root development compared 
to other treatments. Pure soil also supported good 
root growth, although root length was slightly lower 
than that observed in the 75:25 mixtures. In contrast, 
higher compost proportions (50:50, 25:75, and 100% 
compost) consistently resulted in shorter and weaker 
root systems, demonstrating that excessive compost 
application can adversely affect root elongation. 
The marked reduction in green gram root length 
at the 50:50 treatment is likely due to changes in 
the physical and chemical properties of the growth 

medium, including increased bulk density and 
compaction, as well as osmotic or salinity stress 
associated with higher compost content. These 
conditions can impede root penetration and limit 
elongation despite sufficient nutrient availability. 
Overall, the results highlight that moderate compost 
addition enhances root growth, whereas excessive 
compost levels restrict root development. As shown 
in Table 9, the highest root length was recorded 
under the 75% soil treatment in both wheat and 
green gram, whereas the compost-only and 25% soil 
treatments exhibited the lowest values. Treatments 
sharing common superscript letters did not differ 
significantly (p> 0.05), confirming that soil-dominant 
treatments significantly enhanced root development.

Green gram	 T1		  4	 7.33	 10.375
(V. radiata)	 T2	 2.233	 5.5	 7.625	 13.5
	 T3		  5.714	 6.025	 11.5
	 T4		  1.6	 2.5	 3.7
	 T5		  -	 -	 3.5

Table 7: Effect of different soil–compost treatments on shoot height of Wheat (Triticumaestivum)
and Green gram(Vignaradiata). Values represent mean ± standard deviation. Different superscript 
letters indicate significant differences according to Tukey’s HSD test (p< 0.05).ᵃ → highest shoot 

growth ᵈ → lowest shoot growth

Treatment	 Wheat(T. aestivum) 	 Green gram(V. radiata)
	 Shoot height (cm)	 Shoot height (cm)

100% Soil (T1)	 17.8 ± 1.9ᵃᵇ	 19.6 ± 1.5ᵃᵇ
75% Soil+ 25% compost(T2)	 19.5 ± 1.6ᵃ	 21.2 ± 1.7ᵃ
50% Soil + 50% Compost(T3)	 14.6 ± 1.8ᵇ	 16.1 ± 1.6ᵇ
25% Soil+75% compost(T4)	 6.9 ± 1.5ᶜ	 7.8 ± 1.4ᶜ
100%Compost(T5)	 1.4 ± 0.5ᵈ	 1.9 ± 0.6ᵈ

Table 8: Root length of wheat and green gram under varying soil–compost ratios (cm)

COMPOSITION	 Wheat (T. aestivum)	 Green Gram (V. radiata)

100% Soil (T1)	 11.44 cm	 10.06 cm
75% Soil+ 25% compost(T2)	 16.88 cm	 8.44 cm
50% Soil + 50% Compost(T3)	 10.06 cm	 4.75 cm
25% Soil+75% compost(T4)	 1.51 cm	 2.64 cm
100%Compost(T5)	 1.5 cm	 2.5 cm
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Discussion
The results of this study indicate that compost 
derived from Dlecta dairy waste, when applied at 
moderate levels, can enhance seed germination 
and early plant development in both dicot(Green 
gram) and monocot (wheat) species. Specifically, 
treatments T2 (25% compost) andT3 (50% compost) 
supported the highest germination rates, as well 
as greater root and shoot lengths.11 No statistically 
significant difference (p &gt; 0.05) was observed 
between T2 (75:25) and T3 (50:50), indicating 
comparable performance of both soil–compost ratios 
despite minor numerical differences in mean values. 
Although a gradual increase in germination was 
observed with advancing days, the variation was not 
statistically significant. Both wheat and green gram 
exhibited comparable germination behavior across 
all observation days, indicating uniform germination 
potential under the experimental conditions. 
Green gram seedlings in T3 showed robust root 
development, likely due to improved soil structure 
and nutrient content. Wheat plants in T2 exhibited 
enhanced shoot elongation, suggesting optimal 
nutrient balance and moisture retention at this 
compost ratio. In contrast, the T5 treatment (100% 
compost) resulted in reduced growth, which may be 
attributed to excessive salinity or the presence of 
phytotoxic compounds that can persist in immature 
compost.11,22,14,8

These findings highlight the potential of Dlecta 
compost as a partial soil amendment in sustainable 
agriculture.22,23 By recycling dairy waste into usable 
compost, industries can reduce landfill load, cut 
greenhouse gas emissions, and create low-cost 
organic inputs for farming. For large-scale compost 
producers or agri-industrial operations, using plant-

based bioassays such as germination tests offers a 
practical and affordable method to assess compost 
quality before distribution or field application.6,3

However, the study is limited to short-term growth 
metrics under controlled conditions. Further research 
should evaluate long-term plant performance, 
nutrient dynamics in the soil, and possible microbial 
interactions.5 In addition, testing a wider range of 
crops and compost maturation stages could help 
optimize application rates for different agro-climatic 
zones. Despite these limitations, the results suggest 
that well-managed Dlecta dairy compost, applied in 
moderate proportions, can be a valuable resource 
for enhancing early plant growth while contributing 
to circular waste management.

The present study highlights the positive influence 
of compost-soil integration on early plant growth 
parameters, including shoot elongation, root 
development, and germination efficiency in Triticum 
aestivum (wheat) and Vigna radiata (Green gram). 
The findings demonstrated that moderate compost 
incorporation, particularly within the 15–25% 
compost range, consistently enhanced plant 
performance compared to pure soil or compost 
treatments.

Conclusion
Compost quality plays a critical role in seed 
germination and early plant development. The tray  
bioassay employing dicot and monocot species 
proved to be a simple, sensitive, and effective 
approach for evaluating compost maturity and 
phytotoxicity. The compost exhibited key indicators 
of maturity and stability, including a dark, crumbly 
texture and earthy odor. Physicochemical parameters 

Table 9: Effect of different soil–compost treatments on root length of wheat (Triticumaestivum) 
and mung (Vignaradiata) at Day 10. Values represent mean ± standard deviation. Different 
superscript letters within a column indicate significant differences according to Tukey’s 

HSD test (p< 0.05). (ᵃ → highest root lengthᵇ → moderately high  ᶜ → lowest)

Treatment	 Wheat (T. aestivum)	 Green Gram (V. radiata)

100% Soil (T1)	 8.25 ± 0.41ᵃᵇ	 8.10 ± 0.39ᵃᵇ
75% Soil+ 25% compost(T2)	 8.85 ± 0.35ᵃ	 8.70 ± 0.33ᵃ
50% Soil + 50% Compost(T3)	 7.60 ± 0.42ᵇᶜ	 7.45 ± 0.40ᵇᶜ
25% Soil+75% compost(T4)	 6.40 ± 0.38ᶜ	 6.30 ± 0.36ᶜ
100%Compost(T5)	 6.20 ± 0.34ᶜ	 6.15 ± 0.32ᶜ
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such as pH and electrical conductivity were within 
acceptable limits, while the C: N ratio had stabilized 
to a range indicative of balanced nutrient availability 
and reduced nitrogen immobilization.

The germination index further confirmed the 
absence of phytotoxic effects at moderate compost 
inclusion rates, supporting the biological safety 
of the material. Optimal germination and early 
growth were generally observed at 25:75 and 50:50 
compost–soil ratios, underscoring the importance 
of compost moderation in agricultural applications. 
Higher compost proportions led to growth inhibition, 
likely due to residual ammoniacal nitrogen, salinity 
stress, or physical constraints, emphasizing the need 
for controlled application rates.

Although the compost demonstrated strong potential 
as a soil amendment at ≤50% inclusion, additional 
maturation is recommended to further reduce 
potential risks. Specifically, extended curing or 
post-treatment is necessary to ensure effective 
pathogen inactivation, stabilization of the C:N ratio, 
and mitigation of chromium (Cr) availability to meet 
agronomic and environmental safety standards. 
Overall, the germination bioassay proved to be a 
reliable indicator of compost maturity and safety, 
in agreement with previous studies, and provides 
a valuable tool for determining compost readiness 
prior to field-scale application.
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